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Features of Physical science with Earth Science 

ee and section conelauons to the ore iie State Standard are listed. 

Chapter review and Standardized Test Practice in every chapter are correlated 
to the science Benchmarks. 

FCAT Vocabulary words are identified in each section, the chapter review, and 
in the glossary. 

Addi tional Florida Resources 

Sasceediie On the FCAT cy ROM i is a at dimeric and prescriptive student 
tutorial that provides FCAT questions and compiles class data to measure 
Benchmark mastery. 

StudentWorks™ Plus CD-ROM provides an all-in-one interactive Student 
Edition and student resources—a backpack solution in Spanish, Haitian 
Creole, and English. 

Interactive Chalkboard CD-ROM provides customizable Microsoft® 
PowerPoint® presentations correlated to the Sunshine State Standards. 

TeacherWorks™ CD-ROM is a complete lesson planner and resource center 
correlated to the Sunshine State Standards. 

- FCAT Pacing Guide is a year-long planning guide that prioritizes content, 
allowing you to focus class time on important FCAT concepts. 

- Florida Planning Guide for Continuous Improvement provides 
assignment plans, benchmark progress charts, and diagnostic and 
prescriptive tools to help you ensure that students of all ability levels master 
the FCAT. 

Curriculum Mapping provides correlations to the Sunshine State Standards 
for you to quickly identify how Physical Science with Earth Science meets and 

exceeds these standards. 

Mastering the FCAT provides Benchmark-based pretests and posttests in 
FCAT format. 

Reading Essentials, A Florida Interactive Student Textbook presents each 
chapter at a lower reading level to help struggling readers master the content. 

Video Labs, Virtual Labs, the Science Lab Manual, the Probeware Lab 

Manual, and the Science Inquiry Lab Manual provide additional 
opportunities to learn and practice laboratory techniques. 
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Special disposal proce- 
dures need to be fol- 

lowed. 

Organisms or other 
biological materials 

that might be harmful 
to humans 

Objects that can burn 
skin by being too cold 
or too hot 

Use of tools or glass- 
ware that can easily 
puncture or slice skin 

Possible danger to res- 

piratory tract from 
fumes 

Possible danger from 
electrical shock or 

burn 

Substances that can 
irritate the skin or 

mucous membranes of 
the respiratory tract 

Chemicals can react 
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and other materials 
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sonous if touched, 

inhaled, or swallowed. 

Flammable chemicals 

may be ignited by 

open flame, spark, or 

exposed heat. 

Open flame in use, 

may cause fire. 

Clothing 
Protection 

certain chemicals, 

living organisms 

bacteria, fungi, blood, 
unpreserved tissues, 
plant materials 

boiling liquids, hot 
plates, dry ice, liquid 
nitrogen 

razor blades, pins, 
scalpels, pointed tools, 
dissecting probes, bro- 
ken glass 

ammonia, acetone, 

nail polish remover, 

heated sulfur, moth 

balls 

improper grounding, 

liquid spills, short 
circuits, exposed wires 

pollen, moth balls, 

steel wool, fiberglass, 

potassium perman- 

ganate 

bleaches such as 

hydrogen peroxide; 
acids such as sulfuric 

acid, hydrochleric acid; 
bases such as ammo- 
nia, sodium hydroxide 

mercury, many metal 

compounds, iodine, 

poinsettia plant parts 

alcohol, kerosene, 
potassium perman- 
ganate 

hair, clothing, paper, 
synthetic materials 

Animal Safety 

Do not dispose of 
these materials in the 

sink or trash can. 

Avoid skin contact with 

these materials. Wear 

mask or gloves. 

Use proper protection 

when handling. 

Practice common- 

sense behavior and 
follow guidelines for 
use of the tool. 

Make sure there is 
good ventilation. Never 
smell fumes directly. 
Wear a mask. 

Double-check setup 

with teacher. Check 

condition of wires and 

apparatus. 

Wear dust mask and 
gloves. Practice extra 

care when handling 

these materials. 

Wear goggles, gloves, 
and an apron. 

Follow your teacher’s 
instructions. 

Avoid open flames and 
heat when using 
flammable chemicals. 

Tie back hair and loose 

clothing. Follow 

teacher’s instruction on 

lighting and extinguish- 
ing flames. 

Dispose of wastes as 
directed by your 
teacher. 

Notify your teacher if 
you suspect contact 

with material. Wash 

hands thoroughly. 

Go to your teacher for 

first aid. 

Go to your teacher for 

first aid. 

Leave foul area and 
notify your teacher 
immediately. 

Do not attempt to fix 
electrical problems. 
Notify your teacher 
immediately. 

Go to your teacher for 

first aid. 

Immediately flush the 
affected area with 
water and notify your 
teacher. 

Always wash hands 
thoroughly after use. 
Go to your teacher for 
first aid. 

Notify your teacher 
immediately. Use fire 
safety equipment if 
applicable. 

Notify your teacher 
immediately. Use fire 
safety equipment if 
applicable. 

Handwashing Eye Safety 
Proper eye protection 

should be worn at all 

times by anyone per- 
forming or observing 
science activities. 

This symbol appears 
when safety of ani- 
mals and students 

must be ensured. 

After the lab, wash 
hands with soap and 
water before removing 
goggles. 

This symbol appears 
when substances 

could stain or burn 
clothing. 
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WHAT IS THE FCAT? 
The Florida Comprehensive Assessment Test (FCAT) is part of Florida’s effort 

to improve the teaching and learning of a higher level of standards. The primary 

purpose is to assess student mastery of the skills represented in the Sunshine 

State Standards (SSS) in reading, writing, mathematics, and science. The SSS 

portion of the FCAT is a criterion-referenced test. 

A secondary purpose is to compare the performance of Florida students to the 

performance of students across the nation using a norm-referenced test (NRT) 

of reading and mathematics. All students in grades 3-10 take the Reading and 

Math FCAT in the spring of each year. All students in grades 4, 8, and 10 take the 

Writing FCAT. All students in grades 5, 8, and 11 take the Science FCAT. 

Interpreting Benchmark Identifiers 

The Sunshine State Standards are organized as eight major clusters called 
Strands: 

The Nature of Matter 

Energy 

Force and Motion 

Processes that Shape the Earth 

Earth and Space 

Processes of Life 
How Living Things Interact with Their Environment 

The Nature of Science BOAO Se 

Major topics under each Strand are called Standards. Each Standard has 
one or more Benchmarks. Florida uses a unique naming system to identify 

Strands, Standards, and Benchmarks. Here is how to interpret the Benchmark 

identifier SC.B.1.4.1. 

$C.8.1.4.1 

desig “4” identifies ee 
“1” identifies Pe “1” identifies 

Td gia te e gla e s OI the Standard soe the Benchmark 
this as a science number. number. 

Grades 9—12 are | 

level 4. ' 

ictus! 

Benchmark. 
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Every chapter begins with = 

a list of the Sunshine State in Nuclear. Changes 

Standards covered in the 

chapter. 

Benchmark correlations 

are listed at the beginning 

of a section. 
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SCH345 

Nuclear Decay 

Why it’s Important 

Nuc produces nuclear radi 
both harm people and 

New Vocabulary 

le 

Assessed Benchmarks are 

listed in the Chapter Review. 
Nuclear Radiation 

unstable_nucleus When an 

FCAT vocabulary words are 

identified in the vocabulary list 

at the beginning of a section 

and in the chapter review. 

Standardized Test Practice pages 

have assessed Benchmarks above 

chapter fo Standardized Test Practice applicable questions. 
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‘How should | prepare for the FCAT? 
When preparing for the FCAT, the best thing to do is practice. Solving example 
questions ahead of time will help you prepare and become more comfortable 
with the different types of question-and-answer formats that appear on the test. 

Depending on your grade and the subject matter of the test, questions have any 
of several different formats. 

Multiple Choice 

Multiple-choice items are worth one point each. These questions require you to 
choose the best answer from four possible choices. Answer choices are lettered with 

“A, B, C, D” or “FE, G, H, P. Choose your answer by filling in the correct bubble. 

A homeowner accidentally used a chemical treatment that eliminated the bacteria in the 

lawn. What would be the long-term effect of such an action? 

. an increase in nests in the lawn area 

1 OIGIGIO 
2 GIGIONO 

. aneed to pull more weeds from the lawn area 

. aneed to fertilize the lawn area with plant nutrients 

. an increase in the number of rodents in the lawn area 

«L9 FCAT TIPS 

Read Carefully Be sure you understand the question before you read the answer choices. Make special 

note of words like NOT or EXCEPT. Read and consider all the answer choices before you mark your answer 

sheet. 

When in Doubt If you don’t know the answer to a multiple-choice question, try to eliminate as many 

incorrect answers as possible. Mark your best guess from the remaining answers before moving on to the 

next question. 

Mark Your Answer Sheet Carefully Be sure to fill in the answer bubbles completely. Do not make any 

stray marks around answer spaces. 

FL5 



le to FCAT Success | 

=f Gridded Response 

Gridded response questions are worth one point each. These questions require 

you to solve problems and then mark your numerical answer on an answer 

erid. You must fill in the bubbles accurately to receive credit for your answer. 

Answer Grid Key Directions for Filling in Answer Grids 

© Print your answer with the first digit in the first box 

Answer boxes OR the last digit in the last box. 

Fraction bar + Print only one digit in each box. DO NOT leave a 

Decimal point blank box in the middle of an answer. 

e Include the decimal point or fraction bar if it is part of 

> Number bubbles the answer. 

e Fill in ONLY one bubble for each answer box. 

DO NOT fill in a bubble under an unused answer box. 

¢ DO NOT write a mixed number such as 21/2. If this is 

your answer, you must first convert it to an improper 

fraction, 5/2, or to a decimal, 2.5. 

ELS ECATTIPS 

Calculators When working with calculators, use careful and deliberate keystrokes. Calculators will 

display an incorrect answer if you press the wrong keys or press keys too quickly. Remember to check 

your answer to make sure that it is reasonable. 

Be Careful For each question, make sure that you are filling in the correct answer bubble for the 

question number you are working on. 

Be Prepared Bring at least two sharpened No. 2 pencils and a good eraser to the test. Before the test, 
make sure that your eraser erases completely. 

Clear Your Calculator When using a calculator, always press CLEAR before starting a new problem. 

FL6 



The graph below shows the percentage of municipal wastes that were recycled 

between 1960 and 2000. 

=f Municipal Solid Waste Recycled 

50.0% 

40.0% 

30.0% | 

20.0% 

10.0% 

Percent of municipal solid waste 
0.0% 

1960 1970 1980 1990 2000 

Year 

How much more waste, in percent, was recycled in 2000 than in 1960? 

Each of the four grids below shows an acceptable response. 

acceptable decimal answers acceptable fraction answers 
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Short Response 

Short-response items are worth zero to two points depending on your answer. 

These questions ask you to respond in your own words or to show solutions in 

a concise manner. Spend about five minutes answering each short-response 

question. 

Katrina collects a specimen in the forest. She wants to determine if the specimen 

is a living thing. Describe the characteristics the specimen must have to be con- 

sidered a living thing. 

/ he Sbecimen must be organized into a cell colle respond to stimuls use 

energy, grow and develop and. reproduce, 

ELS FCATTIPS 

Show All Your Work For “Read, Inquire, Explain” questions, show all of your work and any 

calculations on your answer sheet. 

Write Clearly Neatly write your explanations in clear, concise language. Use only the space provided in 

the answer book. 

Double-Check Your Answer When you have answered a question, reread your answer to make sure it 

is reasonable and that it is the best answer to the question. 

Practice Remember that test-taking skills can improve with practice. If possible, take at least one 

practice test to familiarize yourself with the test format and instructions. 

Get Enough Sleep Do not cram the night before the test. It can confuse you and make you tired. 

Pay Attention Listen carefully to the instructions from the teacher and carefully read the directions 
and each question. 



Extended Response 

Extended-response items are worth between zero and four points depending 
on your answer. These questions require you to provide a longer, more detailed 
response. Allow 10-15 minutes to answer each extended-response question. 

Reanne investigated the effect of temperature on cultures of bacteria. She found 

that as the temperature increased, so did the population of the bacteria. 

PART A Why is the temperature the independent variable in the experiment 

and the bacteria population the dependent variable? 

[empera ture 1° the independent variable because Keanne changes it dering the 

experiment, [he size of the bacteria population is the dependent variable because 

it responds to the change in Lemperalure, 

PART B- Why must other factors of the experiment remain constant? 

AY other fac tors should be held constant because if they ave not. Keanne will 

not be able to SAY for sure that temperature was the variable that caused the 

FESDONSE IM population GzE, 

Keep Your Cool Stay focused during the test and don't rush, even if you notice that other students are 

finishing the test early. 

List and Organize First For extended-response “Read, Inquire, Explain” questions, spend a few 

minutes listing and organizing the main points that you plan to discuss. 

Keep Track of Time Allow about five minutes to answer short-response questions and about 10-15 

minutes to answer extended-response questions. 

FLO 
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READING TO LEARN SCIENCE 

depend on the purpose of your reading. For example, you do not read a 

textbook or questions on the FCAT the same way you read a novel. You read 

a textbook for information. You read a novel for fun. To get the most out of your 

reading, you need to choose the right strategy to fit the purpose of your reading. 

T: strategies that you use to help you understand the material that you read 

ese USE READING AND SUCCEEDING 10 HELP YOU: 

* identify new words and build your vocabulary. 

* adjust the way you read to fit your reason for reading. 

* use specific reading strategies to better understand 

what you read. 

° use critical-thinking strategies to think more deeply 

about what you read. 



Identifying New Words and Building Vocabulary 
What do you do when you come across a word you do not know as you read? Do you 

skip the word and keep reading? You might if you are reading for fun. But if you are 

reading for information, you might miss something important if you skip an 

unfamiliar word. When you come to a word you don’t know, try the following 

strategies to figure out how to say the word and determine what the word means. 

Sounding Out the Word 

One way to figure out how to say a new word is to sound it out, syllable by syllable. 

Look carefully at the word’s beginning, middle, and ending. Inside the word, do you see 

a word you already know how to pronounce? What vowels are in the syllables? Use the 

following tips when sounding out new words. 

READING PRACTICE 

What letters make up the beginning sound or beginning syllable of the word? 

In the word coagulate, co rhymes with so. 

What sounds do the letters in the middle part of the word make? 

In the word coagulate, the syllable ag has the same sound as the ag in bag, and the 

syllable u is pronounced like the letter u. 

What letters make up the ending sound or syllable? 

In the word coagulate, late is a familiar word you already know how to pronounce. 

Now try pronouncing the whole word: co ag u /ate. 

Root and Base Words The main part of a word is called its root. When the root is a 

complete word, it may be called the base word. For example, bio, meaning “life,” is 

the root of biology, which is the study of life. Atomic is an adjective meaning “relating 

to atoms.” It is composed of the base atom and the suffix —ic, which changes the base 

word from a noun into an adjective. When you see a new word, identify its root or 

base word. It can help you pronounce the word and figure out the word’s meaning. 

Prefixes A prefix is a word part added to the beginning of a root or base word. For 

example, the prefix micro- means “small,” so microorganism means “small organism.” 

Prefixes can change, or even reverse, the meaning of a word. For example, non- 

means “not,” so nonvascular means “not vascular.” 

Suffixes A suffix is a word part added to the end of a root or base word to change the 

word’s meaning. Adding a suffix to a word also can change that word from one part 

of speech to another. For example, the word human, which is a noun, becomes an 

adjective when the suffix -oid (meaning “form”) is added. Humanoid means “human 

form.” 
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Using Syntax 
All languages have rules for the way words are arranged in sentences. The way a 

sentence is organized is called the syntax. In a simple English sentence, someone or 

something (the subject) does something (the predicate or verb) to or with another 

person or thing (the object). In the sentence “The rabbit ate the grass,” rabbit is the 

subject, ate is the verb, and grass is the object. 

> READING PRACTICE 

The blizzy kwarkles sminched the flerky fleans. 

At first glance, you might think you can’t determine anything about the meaning of 

this sentence. However, your experience with English syntax tells you that the action 

word, or verb, in this sentence is sminched. 

« Who did the sminching? The kwarkles « Whom did they sminch? The fleans 

¢ What kind of kwarkles were they? Blizzy « What kind of fleans? Flerky 

Using Context Clues 
You often can figure out the meaning of an unfamiliar word by looking at its context, 

that is, the words and sentences that surround it. 

1. Look before and after the unfamiliar word for: 

« a definition or a synonym. 

« a general topic associated with the word. 

« aclue to what the word is similar to or different from. 

* an action or a description that has something to do with the word. 

Connect what you already know with what the author has written. 

Predict a possible meaning. 

Use the meaning in the sentence. 

Try again if your guess does not make sense. am WwW N 

Recognizing Word Meanings Across Subjects 

Have you ever learned a new word in one class and then noticed it in your reading for other 

subjects? The word might not mean the same thing in each class. But you can use what you 

know about the word’s meaning to help you understand what it means in a different subject 
area. 

READING PRACTICE 

The meaning of the word product in one subject can help you understand its 
meaning in other subjects. 

Social studies: Cotton cloth is one of the major products manufactured in the southern 
United States. 

Math: After you multiply the two numbers, explain how you arrived at the product. 

Science: One product of photosynthesis is oxygen. 



Using Reference Materials 
Dictionaries and other reference sources can help you learn new words. 

¢ A dictionary gives the pronunciation and the meaning or meanings of words. A 
dictionary also might give other forms of words, their parts of speech, synonyms, 
and the historical backgrounds of words. 

¢ A glossary is a word list that appears at the end, or in the appendix, of a book or other 
written work. It includes only words that appear in that work. Like dictionaries, 

glossaries can have the pronunciation and definitions of words. 

¢ A thesaurus lists groups of words that have the same, or almost the same, meaning. 

Words with similar meanings are called synonyms. 

Reading for a Reason 
Why are you reading that paperback mystery? What do you hope to get from your 

science textbook? Do you read either of these books in the same way that you read a 

restaurant menu? How you read will depend on why youre reading. 

Choosing Reading Materials 

In school and in life, you will have many reasons for reading, and those reasons will 

lead you to a wide range of materials. 

e General Knowledge To learn and understand new information, you might read news 

magazines, textbooks, news on the Internet, books about your favorite pastime, 

encyclopedia articles, primary and secondary sources for a school report, 

instructions on how to use a calling card, or directions for a standardized test. 

¢ Specific Information To find specific information, you might read a Web page, a 
weather report, television listings, or the sports section of a newspaper. 

¢ Entertainment To be entertained, you might read your favorite magazine, emails from 

friends, the Sunday comics, novels, or poems. 

Adjusting How Fast You Read 
How quickly or how carefully you should read something depends on your purpose for 

reading it. Think about your purpose and choose a strategy that works best. 

¢ Scanning means quickly running your eyes over the material, looking for key words 

or phrases that point to the information you're looking for. For example, you might 

scan a newspaper for movie show times. 

¢ Skimming means quickly reading to find the main idea. You might skim the sports 

section of the daily newspaper to find out how your favorite teams are doing. You 

might skim a chapter in your textbook to prepare for a test. 

¢ Careful reading involves reading slowly and paying attention with a purpose in mind. 

Read carefully when you're learning new concepts, following complicated directions, 

or preparing to explain information to someone else. 
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Understanding What You Read 
Try using some of the following strategies before, during, and after reading to 

understand and remember what you read. 

Previewing 

When you preview a piece of writing, you are looking for a general idea of what to 

expect from it. Before you read, try the following. 

Look at the title and any illustrations that are included. 

Read the headings, subheadings, and anything in bold letters. 

Skim over the passage to see how it is organized. Is it divided into many parts? Is it a 

long poem or short story? 

Look at the graphics—pictures, maps, or diagrams. 

Set a purpose for your reading. Are you reading to learn something new? Are you 

reading to find specific information? 

Using What You Know 
Believe it or not, you already know quite a bit about what you are going to read. Your 

own knowledge and personal experience can help you create meaning in what you 

read. Before you read, ask yourself: What do I already know about this topic? 

Predicting 

A prediction is a guess about what will happen. You do not need any special knowledge 

to make predictions when you read. The predictions do not even have to be accurate. 

Try making predictions before and during your reading about what might happen in 

the story or article you are reading. 

Visualizing 
Creating pictures in your mind about what you are reading—called visualizing—will 

help you understand and remember it. As you read, picture the setting—city streets, 

the desert, or the surface of the Moon. Visualizing what you read can help you 

remember it for a longer time. 

Identifying Sequence 
When you discover the logical order of events or ideas, you are identifying sequence. 
Look for clues and signal words that will help you find how information is organized. 

Determining the Main Idea 
When you look for the main idea of a selection, you look for the most important idea. 
The examples, reasons, and details that further explain the main idea are called 
supporting details. 



Questioning 
Ask yourself questions as you read. Why is this important? How does one event relate to 
another? Do I understand what I just read? Asking and answering questions helps you 
understand what you read. 

Clarifying 

As you read, you might find passages that you do not understand. Reread the passage 
using these techniques to help you clarify the passage’s meaning. 

e Reread the confusing parts slowly and carefully. 

¢ Look up unfamiliar words. 

¢ “Talk out” the passage to yourself. 

Reviewing 

When you review in school, you go over what you learned the day before so that the 

information is clear in your mind. Reviewing when you read does the same thing. Take 

time now and then to pause and review what you have read. Think about the main 

ideas and organize them for yourself so you can recall them later. Completing study 

aids such as graphic organizers can help you review. 

Monitoring Your Comprehension 

As you read, check your understanding by using the following strategies. 

¢ Summarize When you read, pause from time to time and state the main ideas of what 

you have just read. Answer the questions Who? What? Where? When? Why? and How? 

Summarizing tests your comprehension because you state key points in your own 

words. 

¢ Paraphrase Use paraphrasing to test whether you really got the point. Paraphrasing 

is retelling something in your own words. Try putting what you have just read into 

your own words. If you cannot explain it clearly, you probably should reread the text. 

Thinking About Your Reading 
Sometimes it is important to think more deeply about what you read so you can get 

the most out of what the author says. These critical thinking skills will help you go 

beyond what the words say and understand the meaning of your reading. 

Interpreting 

To interpret a text, first ask yourself: What is the writer really saying here? Then use what 

you know about the world to help answer that question. 

Inferring 

Writers sometimes suggest information or meaning without stating it directly. In 

reading, you infer when you use context clues and your own experience to figure out 

the author’s meaning. 
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Drawing Conclusions 

When you find connections between ideas and events, you are drawing conclusions. 

The process is like a detective solving a mystery. You combine information and 

evidence that the author provides to come up with a statement about the topic. This 

gives you a better understanding of what you are reading. 

Analyzing 
Analyzing, or looking at separate parts of something to understand the entire piece, is 

a way to think critically about written work. In analyzing informational text, you might 

look at how the ideas are organized to see what is most important. 

Evaluating 
When you form an opinion or make a judgment about something you are reading, you 

are evaluating. Ask yourself whether the author seems biased, whether the information 

is one-sided, and whether the argument presented is logical. 

Synthesizing 
When you synthesize, you combine ideas (maybe even from different sources) to come 

up with something new. For example, you might read a manual on coaching soccer, 

combine that information with your own experiences playing soccer, and come up 

with a winning plan for coaching your sister’s team this spring. 

Distinguishing Fact from Opinion 

Distinguishing between fact and opinion is one of the most important reading skills 

you can learn. A fact is a statement that can be proved with supporting information. 

An opinion, on the other hand, is what a writer believes on the basis of his or her 

personal viewpoint. 

As you examine information, always ask yourself, Is this a fact or an opinion? 

Opinions are important in many types of writing. You read editorials and essays for 

their authors’ opinions. Reviews of books, movies, plays, and CDs can help you decide 

whether to spend your time and money on something. When opinions are based on 

faulty reasoning or prejudice, or when they are stated as facts, they become 
troublesome. 

meee READING PRACTICE 

Look at the following examples of fact and opinion. 

Fact: Spiders are arachnids. 

Opinion: Spiders are scary. 

You could prove that spiders are arachnids; it is a fact. However, not everyone would agree 
that spiders are scary. That is someone's opinion. 
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Understanding Text Structure 
Good writers structure each piece of their writing in a specific way for a specific 
purpose. That pattern of organization is called text structure. When you know the text 
structure of a selection, you will find it easier to locate and recall an author’s ideas. Here 
are four ways that writers organize text. 

Compare and Contrast 
Compare-and-contrast structure shows the similarities and differences between 
people, things, and ideas. When writers use compare-and-contrast structure, often they 
want to show you how things that seem alike are different or how things that seem 
different are alike. 

¢ Signal words and phrases: similarly, on the other hand, in contrast to, however 

Cause and Effect 

Just about everything that happens in life is the cause or the effect of some other event 

or action. Writers use cause-and-effect structure to explore the reasons for something 

happening and to examine the results of previous events. This structure helps answer 

the question that everybody is always asking: Why? Cause-and-effect structure is about 

explaining things. 

¢ Signal words and phrases: so, because, as a result, therefore 

Problem and Solution 

How did scientists overcome the difficulty of getting a person to the Moon? How will 

I brush my teeth when I have forgotten my toothpaste? These questions might be very 

different in importance, but they have one thing in common: each identifies a problem 

and asks how to solve it. Problems and solutions are part of what makes science 

interesting. Problems and solutions also occur in fiction and nonfiction writing. 

¢ Signal words and phrases: how, help, problem, obstruction, difficulty, need, attempt, have 

to, must 

Sequence 

Take a look at three common types of sequences, or the order in which thoughts are 

arranged. 
1. Chronological order refers to the order in which events take place. First you wake up; next 

you have breakfast; then you go to school. Those events don’t make much sense in any 

other order. 

+ Signal words: first, next, then, later, finally 

2. Spatial order tells you the order in which to look at objects. For example, read this 

description of an ice cream sundae: At the bottom of the dish are two scoops of vanilla ice 

cream. The scoops are covered with fudge and topped with whipped cream and a cherry. 

Your eyes follow the sundae from the bottom to the top. Spatial order is important in 

writing because it helps you as a reader to see an image the way the author does. 

¢ Signal words: above, below, behind, next to 

Order of importance is going from most important to least important or the other way 

around. For example, a typical news article has a most-to-least-important structure. 

¢ Signal words: principal, central, important, fundamental 

ae 
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Reading in the Science Classroom 
Teaching science, much like the act of reading itself, is a complex process that incor- 

porates a multitude of skills. Students come to the science classroom eager to learn, 

yet they sometimes flounder as they attempt to bridge the gap between reading the 

text and mastering the subject matter. Glencoe has provided a series of scientifically 

based reading strategies that enhance students’ access to the text, no matter what 

their reading level. In the Teacher Wraparound Edition, each section of a chapter has 

the following reading components: 

4 Reading Preview 

Vocabulary is a key component of reading comprehension, especially in science. 
Many students acquire a superficial understanding of vocabulary terms but fail to 
grasp the complex associations, applications, or facets of the key concepts they 

represent. Research reveals that students must have multiple exposures to a word to 

comprehend its meaning, so Glencoe has provided activities and strategies in each 
section to guide teachers in helping students unlock vocabulary before they begin to 
read. By examining new vocabulary through structural analysis, activating prior 
knowledge, and/or explicit instruction, students will learn more than new words; 
they will learn strategies for future encounters with difficult vocabulary. Once 
students develop an understanding of scientific concepts through word study, they 
will be introduced to additional strategies during and after reading to fully incorpo- 
rate the concept described by the word. Instructional techniques such as word 

charting, brainstorming, previewing, and setting a purpose for reading will ensure 
that students are prepared to comprehend the text. 

6m Reading Strategy 

Reading is constructing meaning from text. Teachers can help students construct 
meaning during reading by providing systematic instructional techniques that 
increase comprehension as students internalize strategies that hone their cognitive 

skills. Teachers and students will practice activities that build strong comprehen- 

sion skills such as reciprocal teaching, paired reading, questioning the author, and 
class discussions. Students also will learn when and how to use graphic organizers, 

charts, and notes to summarize, categorize, and clarify. Students will learn to rely 
on such tools when comprehension breaks down. A combination of individualized 
activities, cooperative learning, and meaningful dialogue will provide the differenti- 
ated instruction necessary to meet the needs of each student. 

® Post Reading 

Because reading is an active process, comprehension questions at the end of each chap- 
ter are not enough to ensure mastery of the content. Interactive projects in which stu- 
dents work together to gain deeper understanding, written responses that stimulate 
reflection, and extended learning based on interest, research and investigation will pro- 
vide the practice and engagement students need to “own” the concepts provided by the 
text, | 



The Florida Continuous Improvement Model: 
Implementing the 8-Step Instructional Process for 
Florida Physical Science with Earth Science 

The Continuous Improvement Model provides a structure for improving student 
achievement. Its implementation in the science classroom can improve student 
mastery of the Sunshine State Standards and aid in student preparation for the FCAT. 

The backbone of the Continuous Improvement Model is the 8-Step Process: 

Ei’ Disaggregate Data 

Fr Pere Timeline and Instructional 
Focus Calendar 

ry Deliver Focused Benchmark 

Lessons 

Eg Miministe Mini-Assessments 

of Benchmarks 

| Provide Tutorials for Non- 

Mastery Students 

ay Provide Enrichments for 

Mastery Students 

STEP ls 
ee 

7 { 
Monitor Instructional Delivery 

Fy) Mainsin Efficacy of the Process 

The cyclical Plan-Do-Check-Act nature of the 8-Step Process provides continuous 
feedback and results data that can be used to determine the effectiveness of instruc- 

tion and allow for modification as needed. 

Plan 

@ Disaggregate Data 

@ Develop Calendar 

Act 

@ Provide tutorials 

@ Provide enrichment 

Do 

@ Deliver Focused Lessons 

Check 

@ Assess 

@ Maintain 

® Monitor 

The following pages will describe how Florida Physical Science with Earth Science 

helps you work through each step. 
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Disaggregate Data 

Analyze Results 

The foundation of the Continuous Improvement Model is the determination of 

student strengths and weaknesses at the beginning of the school year. With this 

information, a plan will be formulated to address student needs. 

In addition to data provided by your district or the state, Florida Physical Science 

with Earth Science offers these data collection tools: 

ExamView® Pro Testmaker CD-ROM 

e Contains editable pretests for each chapter 

e Allows you to build Benchmark-specific tests 
e Provides disaggregated data by student or Benchmark 
when students test online 

Succeeding on the FCAT CD-ROM 

e Allows students to practice by Benchmark 
> succeeding ON.s.™. 

e Generates data reports by Benchmark for the class Te FCAT 
and for individual students 

@ Allows the teacher to set a mastery threshold 

e Generates NCLB data and reports 

Mastering 
the FC AT Mastering the FCAT 

e Offers an additional pretest that can be 

taken with paper and pencil or edited and 
taken online through ExamView® Pro 

e Contains a Student Tracking Chart to 
record student progress 

_ Grade 9 

| * Pretest and Post 
| 
| » Practice questions for each 
|” Science Benchmark 

| © Questions formatted to 
| match FCAT 

| ¢ Student Recording Chart 



Develop Timeline and 
Instructional Focus Calendar 

Make a Plan 

Once student needs are determined, it’s time to plan. Typically, a district or school 
time line will be developed based on this step. Once such an overall strategy is in 
place, you can plan your focused lesson instruction. 

Pacing Guide 

The Pacing Guide on pages FL29-FL41 is a sequence of single-session classes for 
teaching the Student Edition to cover all in-depth Benchmarks. This guide also 
includes scheduling for block classes. Both schedules allow time for review and 
practice. 

Chapter 13 Electricity 

__ 45-minute period 

Day1 Day2 \\Day3 \ Day4 DayS \Day6 —\ Day7&8\ Day9 
Launch LAB \, MiniLAB\, Section 13.2\\ Section 13.2\\ LAB (1-p) \, Section 133\, LAB (2-p)\ Chapter Review 

Section 13.1 MiniLAB ; \ Standardized Test Practice 

90-minute period 

Day 1 Day 2 \\ Day 3 X Day4 Day 5 ae 

Launch LAB \, Section 13.2\\ LAB(1-p) \, LAB (2-p) \ Chapter Review 

Section 13.1 MiniLAB Section 13.3 \\ Standardized Test Practice 

MiniLAB : 

TeacherWorks™ CD-ROM 

e Lists Benchmarks for each chapter and section 
e Contains Interactive Teacher Edition 

e Provides editable Florida Planning Guide for Continuous Improvement with 
Benchmark correlations and a list of all teaching resources. Pick and choose 

what you need when you need it. 
e Each lesson is available for three ability levels—L1, L2, and L3. 

— 

Glencoe TeacherWorks’ Ho ad +) oe oo % |? 
File Edit Add View Search Launch Help 

untitied.ip -o 4 A RESOURCES» CORR 

4 January 2006 Fabiuary 2006 > ws i Em 
SMTWTF 8 SMTWT PF 8B Monday 

A 1 2 9 4 6 1" Unit 4; Garth Materiel a2 
41,8) 5A) Ds B78 6 7 6 610 14 12 QD chapter 4: The Nature of Solanoe, pp, 4-34 

@ 10 11 12 19 14 16 19 14 16 16 17 16 19 W Section 1) Solanoe All Around, pp. 14 
4617 18 19 20 21 22 | 20 21 22 23 24 26 26 Objectives 

29 24 26 26.27 2820 «© (27 20 1. Desorlbe solantitio methods, 
2, Define solence and Barth solence, 30 34 Tuoedoy February 15 

9 AGGAOG 
Dally Resources _o sai bas E ment, p. 27 

GQ Unit 4: Barth Materialia? { 
GD Chapter 1. The Nature of Science, pp. 4.94 
D Section 1; Solence All Around, pp. 6:14 4 B) StudentWore Pil 
Objectives 8 Waanusaay on ; 

4. Desoriba solentific methods 
D Section 2. Solantifio Enterprige, pp, 16:94 

2. Define solenoe and Barth tolence 

3. Distingulah among Independant variables, depend 

Natlonal Solance Content Slandatde: UCP.1.9, A1-2, Fil 

Objectives: 

1, Explain why solenoce le always ohanging. 
a Bees 
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E Deliver Focused Benchmarks Lessons 

Teach the Lesson 

With your teaching plan developed, you are ready to focus on lessons that are 
structured around the Sunshine State Standards. Lessons should concentrate on 
covering required Benchmarks, some FCAT focus, and meeting students’ needs. 

Interactive Chalkboard™ CD-ROM 

e Includes editable Microsoft® PowerPoint® presentations for each section of 

every chapter 
e Contains animations with audio 
@ Provides an extensive image bank 

Florida Physical Science with Earth Science Student Edition 

e Lists all Benchmarks covered within each chapter and section 

@ Provides correlations to Benchmarks for assessment questions 

Florida Physical Science with Earth Science Teacher Wraparound Edition 

e Includes correlations to Sunshine State Standards, Mathematics 
e Shows chapter components at a glance on the Chapter Organizer pages at 

the beginning of each chapter 

End of Chapter Assessment 

Chapter Fasr Fire Resources 
Chapter Review, pp. 35-36 

Chapter Tests, pp. 37-40 

Standardized Test Practice, pp. 56-59 

DO MindJogger Videoquiz 

® Virtual Labs CD-ROM 
® ExamView® Pro Testmaker 

® TeacherWorks CD-ROM 
® Interactive Chalkboard CD-ROM 

Performance Assessment in the Science 
Classroom (PASC) 



Differentiated Instruction 

The following resources provide materials for use with diverse student needs. 

Florida Physical Science with Earth Science Teacher Wraparound Edition 

e Each chapter’s Resource Manager pages show reduced worksheets and transparen- 
cies, including options for reading and mathematics support. The following labels 
are used to help you decide which activities are appropriate for your students: 

appropriate for students with learning difficulties 
within the ability range of all students 
designed for students who have mastered the content 

e Features in the margins of the Teacher Wraparound Edition are labeled with the 
above learning levels and the following: 

‘LL. appropriate for English-language learners 

COOPLEARN designed for a small group 
strategies that address different learning styles 

ff students produce work appropriate for their portfolios 

StudentWorks™ Plus CD-ROM 

e StudentWorks™ Plus is ideal for auditory learners, English-language learners, or 
reluctant readers. It combines the Student Edition on CD-ROM with a full audio 

reading of the text in English so that students can simultaneously read and listen to 
the book. It also includes Spanish and Haitian Creole summaries of each chapter, 

as well as animations with audio. 

Reading Essentials for Florida Physical Science with Earth Science 

e This workbook contains the content of the Student Edition written at a reading 
level two to three grades lower than the Student Edition. It is appropriate for 
struggling readers and ELL students. To make the content accessible to all learners, 
it includes additional reading strategies and extra Foldables™ projects. 

Additional Components 

@ Dinah Zike’s Foldables™ are found in each chapter and provide a kinesthetic study 

organizer that students can use throughout the chapter. 

e The Glencoe Professional Series component ELL Strategies for Science helps meet 

the needs of English-language learners. 

e At fl.gpescience.com, you will find a multilingual science glossary that lists key science 

terms in English, Spanish, Haitian Creole, and seven other languages. You also will 

find tools for differentiation including an Interactive Tutor, Vocabulary 

PuzzleMaker, and WebQuests. 

e Virtual Labs provide application and enrichment opportunities for students as 

interactive simulations. 
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Check Progress 

Administer Mini-Assessments of Benchmarks 

Assessment is the heart of the Florida Continuous Improvement Model. 

Assessments will tell you how successful your instruction was and what adjustments 

need to be made. Using different assessment techniques will help you meet the 

diverse learning styles of your students. 

Assessment 

Section 

Chapter 

Student Edition 

Reading Checks throughout the text assess 

student comprehension. 

Technology and Online Resources 

More Section Review at ‘!.gpescience.com 

provides additional section questions. 

Section Reviews provide questions of 

different ability levels. 

Chapter Review pages include Using 

Vocabulary, Checking Concepts, Interpreting 

Graphics, and Applying Math assessments. 

Benchmark correlations are given. 

Each chapter ends with two pages of 

Standardized Test Practice. These questions 

are written in all four FCAT formats and are cor- 

related to Benchmarks. 

Unique section assessment questions 

correlated to Benchmarks follow each 

Interactive Chalkboard™ presentation. 

Chapter Review at f).gpescience.com 

provides additional chapter questions. 

ExamView® Pro Testmaker CD-ROM enables 

test generation by chapter or Benchmark. 
seas 

TeacherWorks™ CD-ROM contains transparen- 

cies, including Chapter Review, Chapter Test, 

and Assessment, and worksheets for each 

chapter. 

Standardized Test Practice at 

fl.gpescience.com provides additional 

questions. 

ExamView® Pro Testmaker CD-ROM includes a 

pretest, posttest, and practice questions for 

each Benchmark. These questions come from 

Mastering the FCAT. 

TeacherWorks™ CD-ROM contains the FCAT 

Transparencies book. There are two trans- 

parencies for each assessed Benchmark. 

Succeeding on the FCAT CD-ROM is a 

Benchmark-driven tutorial that can provide 

student feedback and teacher data. 



Re Provide Tutorials for Non-Mastery Students 

Provide Practice 

Assessment and daily observations will help you identify students who need addi- 
tional help mastering the Sunshine State Standards. The following resources will 
help you meet students’ needs. 

Tutorials for Reading and Science Skills 
Teacher Classroom Resources 
Reading Essentials for Florida Physical Science with Earth Science —a key resource for 
struggling and reluctant readers. Reading level is two to three grade levels below the 
Student Edition. 
Chapter Resources 

e Note-taking Worksheets—content outlines students can complete 

e Directed Reading for Content Mastery (English and Spanish)—consists of an 
Overview page, two pages of review by section, and a key terms page 

e Reinforcement worksheets—review chapter content 

e Teaching Transparency Activity—black and white copy of teaching transpar- 
ency with worksheet for students to complete 

Mathematics Skills Activities—allows students to practice mathematics skills while 

reinforcing science concepts; correlated to the Sunshine State Standards, 
Mathematics in the Teacher Wraparound Edition. 

Reading and Writing Skills Activities—offers science-based reading and writing activi- 
ties; models FCAT formats; correlated to the Sunshine State Standards, Language Arts 

Science Notebook—presents a step-by-step approach to improving student note-tak- 

ing ability with strategies based on the Cornell note-taking model; builds scientif- 
ic and academic vocabulary skills, scientific writing skills, and ability in reading 

for critical content; uses Bloom’s Hierarchy of Learning to indicate strategy levels 

Study Guide and Reinforcement—includes worksheets and study tools for each section 
Performance Assessment in the Science Classroom—contains rubrics and assessment- 

task checklists 

Technology 

Succeeding on the FCAT CD-ROM—Benchmark-based tutorials 

StudentWorks™ Plus CD-ROM—combines the Student Edition on CD-ROM with 

full audio reading of the text in English and chapter summaries in Spanish and 

Haitian Creole; contains student worksheets, Reading Essentials for Florida 

Physical Science with Earth Science, and Laboratory Activities Manual 

Video Labs—for student review, absent students, and students who have difficulty 

with labs; one lab per chapter; DVD and VHS 

fl.gpescience.com 

Standardized Test Practice—quizzes correlated to the Sunshine State Standards 

Vocabulary PuzzleMaker—word searches, games, and crossword puzzles 
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Provide Enrichment 

Students who master content will benefit from challenging, hands-on investigations 

that can be done in the classroom or a computer lab. 

Teacher Classroom Resources 

Differentiated Instruction, Challenge activities—in-depth strategies in the Teacher 

Wraparound Edition for mastery students 
Enrichment Worksheets—activites in Chapter Resources that extend chapter topics 

or explore related topics 
Science Inquiry Lab Manual—open-ended activities that develop critical-thinking in 

science 
Probeware Lab Manual—labs that use a probe or sensor to collect data 

Cultural Diversity—activities that put scientific achievements in a multicultural 
context 

Earth Science Critical Thinking/Problem Solving, Physical Science Critical 
Thinking/Problem Solving—two resources that help students develop higher-order 
thinking skills in science 
Study Guide and Reinforcement—includes worksheets and study tools for each section 
Performance Assessment in the Science Classroom—contains rubrics and assessment- 

task checklists 

Technology 

Virtual Labs CD-ROM—interactive lab simulations 

StudentWorks™ Plus CD-ROM—combines the Interactive Teacher Wraparound 
Edition, planning tools, and electronic versions of print resources 

fl.gpescience.com 

Standardized Test Practice—quizzes correlated to the Sunshine State Standards 



Ei Monitor Instructional Delivery 

Demonstrate Performance 

School leadership support and monitoring is an integral part of the 8-Step Process. 
Florida Physical Science with Earth Science provides options to track your 
Benchmark coverage. 

TeacherWorks™ CD-ROM 

e create printable lesson plans with Benchmark correlations and resources 

e customize lessons to align with various capabilities and skill levels of your 
students 

Florida Planning Guide for Continuous Improvement 

e focuses on ways teachers can intervene to help struggling students improve 
their performance 

@ contains Academic Improvement Plan, a daily assignment document that can 
be used to reflect and identify additional modified lessons for the diverse needs 
of students 

e includes Monitor Benchmark Progress chart, a weekly Benchmark proficiency 
document that provides a quick solution for each achievement level 

e includes Maintenance Progress chart, a weekly Benchmark review and evalua- 

tion document that records periodic reviews of each Sunshine State Standard 

and illustrates your Benchmark review progress 

e editable version of this guide also available on TeacherWorks™ CD-ROM 

Science YES 

e professional development modules that provide additional content support 

for key science concepts 

Curriculum Mapping for Florida Physical Science with Earth Science 

e incorporates the 8-Step Continuous Improvement Plan to prepare your 

students for the FCAT 

e correlates each Sunshine State Standard to all available Glencoe middle school 

print and technology materials 

e utilizes a scaffolding content approach to ensure that Benchmarks are 

reinforced throughout middle school 
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Maintain Efficacy of the Process 

Help Students Retain Knowledge 

Once students have mastered a skill, it is important that they retain what they have 
learned. Reinforcement should be an integral part of daily lesson plans. The Florida 
Physical Science with Earth Science program offers many options for skill and 

content reinforcement. 

Science Skills 

MindJogger Videoquizzes 
@ game show format to help students review every main idea and key term in 

the textbook 
e VHS and DVD 

ExamView™ Pro Testmaker CD-ROM 

@ includes questions from Mastering the FCAT test prep book 
® contains a pretest, posttest, and practice questions in FCAT formats for each 
Benchmark 

Interactive Tutor at fl.gpescience.com 

® vocabulary-based word searches, puzzles, and games 
® one per chapter 

FCAT Skills 

Mastering the FCAT 

@ provides Benchmark-based practice questions in FCAT formats 
@ includes student recording chart 

Succeeding on the FCAT CD-ROM 
@ Benchmark-based tutorial 

FCAT Transparencies 

® two transparencies for each Benchmark 
e can be used for pretests or posttests 

Standardized Test Practice at fl.gpescience.com 

@ quizzes correlated to the Sunshine State Standards 
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Pacing Guide for Integrated Science | to 
Florida Physical Science with Earth Science 
The pacing guide for Integrated Science I to Physical Science with Earth Science will 
allow you to concentrate on the Sunshine State Standards assessed on the grade 11 
FCAT. Items that cover Sunshine State Standards and Benchmarks are in red. 

Chapter 1 The Nature of Science 

45-minute period 

Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Days7&8 \ Day9 

Pretest Section 1 Section2 \ Section3 \ MiniLAB \ Lab (1-p) Lab (2-p) Chapter Review 

Launch Lab \ Section2 \ MiniLAB Standardized Test Practice 

90-minute period 

Day 1 Day 2 Day 3 Day 4 

Pretest Section 2 MiniLAB Lab (2-p) 

Launch Lab \ MiniLAB Section 3 Chapter Review 

(1-p) Section 1 Section 3 Lab Standardized Test Practice 

Chapter 2 Science, Technology, and Society 

45-minute period 
Day 1 x Day 2 \ Day 3 Day 4 ‘ Day 5 Day 6 Mt 7&8 \ Day9 

) Pretest % Launch Lab ‘ MiniLAB \ Section 2 \ Lab (1-p Section 3 \ Lab (2-p) Chapter Review 

\ Section?  \ Section2 \ MiniLAB Standardized Test Practice 

90-minute period 

Day 1 \ Day 2 \ Day 3 \\ Day4 

Pretest \ MiniLAB Lab (1-p) Lab (2-p) 

Launch Lab * Section2 \, Section 3 Chapter Review 

Section? \ MiniLAB \ Chapter Review \ Standardized Test Practice 
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Chapter 3 Motion, Acceleration and Forces 

45-minute period 
Day 1 Day 2 Day 3 Day 4 Day 5 Day 6&7 Day 8 

Launch Lab \ Section 1 Section2 \ Section3 \ Section 3 Lab (2-p) Chapter Review 

Section 1 MiniLAB MiniLAB Lab (1-p) \ Chapter Review \ Standardized Test Practice 

90-minute period 

Day 1 Day 2 Day 3 Day 4 

Launch Lab \ Section 2 Lab (1-p) Lab (2-p) 

Section 1 MiniLAB Lab (2-p) Chapter Review 

MiniLAB Section 3 Standardized Test Practice 

Chapter 4 The Laws of Motion 

45-minute period 

Day 1 Day 2 Day 3 Day 4 Day 5&6 Day 7 

Launch Lab \ Section2 \ Lab (1-p) \ Section3 \ Lab (2-p) Chapter Review 

Section 1 MiniLAB Chapter Review \ Standardized Test Practice 

90-minute period 

Day 1 Day 2 Day 3 Day 4 

Launch Lab oe 3 \ Chapter Review 

Section 1 Lab (1-p) \ Lab (2-p) \ Standardized Test Practice 

Section 2 
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’ Chapter 5 Energy 

45-minute period 

Day 1 Day 2 Day 3 Day 4 Day 5 Day 6&7 Day 8 

Launch Lab \ MiniLAB \, Lab (1-p) Section 2 \ MiniLAB \ Lab (2-p) Chapter Review 

Section 1 Section 2 Chapter Review \ Standardized Test Practice 

90-minute period 

Day 1 Day 2 Day 3 Day 4 Day 5 

Launch Lab \ Lab(1-p) \ MiniLAB Lab (2-p) \ Chapter Review 

Section 1 Section 2 Section 2 Standardized Test Practice 

MiniLAB 

Chapter 6 Work and Machines 

45-minute period 

Day 1 Day 2 Day 3 Day 4 Day 5 Day 6&7 Day 8 

Launch Lab \ MiniLAB Section 2 \ MiniLAB Section 3 \ Lab (2-p) Chapter Review 

Section 1 Section3 \ Lab(1-p) \ Chapter Review Standardized Test Practice 

90-minute period 

Day 1 ay 2 Day 3 Day 4 Day 5 

Launch Lab \ Section2 \, Section3 \ Lab (2-p) Chapter Review 

=e Lab (1-p) \ Chapter Review \ Standardized Test Practice 

MiniLAB \ 
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* Chapter 7 The Earth-Moon-Sun System 

45-minute period 
Day 1 Day 2 Day 3 Day 4 Day 5 Day6&7 \ Day8 

Launch Lab \ Section2 \ MiniLAB \ Lab(1-p) \ Section3 \ Section3 \ Chapter Review 

) Section 1 Section 3 \ MiniLAB Lab (2-p Standardized Test Practice 

90-minute period 

Day 1 Day 2 Day 3 Day 4 Day 5 

Launch Lab \ MiniLAB \ Section 3 Lab (2-p) Chapter Review 

Section 1 Lab (1-p) \ MiniLAB Chapter Review \ Standardized Test Practice 

Section 2 

Chapter 8 The Solar System 

45-minute period 

Day 1 Day 2 Day 3 

Launch Lab \ MiniLAB Section 2 

Section 1 MiniLAB 

Day 4 Day 5 Day 6&7 

Lab (1-p) \ Section3 \. Section 3 

Section 4 

Lab (2-p) 

Day 8 Day 9 

Lab (2-p) Chapter Review 

Chapter Review \ Standardized Test Practice 

90-minute period 

Day 1 Day 2 Day 3 Day 4 Day 5 

Launch Lab \ Section2 \ Section3. \ Section4 \ Chapter Review 

Section 1 Lab (1-p) \ MiniLAB Lab (2-p) \ Standardized Test Practice 

MiniLAB 
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Chapter 9 Heat and States of Matter 

45-minute period 

Launch Lab \ Section 2 Section 2 MiniLAB Lab (1-p) \ Section 4 Lab (2-p) Chapter Review 

Day 1 Day 2 Day 3 Day 4 Day 5 Day 6&7 vi 8 Day 9 

) 
Section 1 MiniLAB Section3 \ Section 3 Chapter Review \ Standardized Test Practice 

90-minute period 

Day 1 Day 2 

Launch Lab \ MiniLAB 

Section 1 Section 2 

Day 3 Day 4 Day 5 

Lab (1-p) Lab (2-p) \ Chapter Review 

Section 4 Standardized Test Practice 

Section 2 

MiniLAB x 

Chapter 10 Waves 

45-minute period 
Day 1 Day 2 Day 3 Day 4 Day 5 Day 6&7 Day 8 

Launch Lab \ Section 2 Section 2 Lab (1-p) \ Section 3 Lab (2-p) Chapter Review 

Section 1 MiniLAB MiniLAB Chapter Review \ Standardized Test Practice 

Lab (2-p) 

90-minute period 
Day 4 Day 5 

Lab (2-p) \ Chapter Review 

Standardized Test Practice 

Day 1 Day 2 Day 3 

Launch Lab \ MiniLAB Lab (1-p) 

Section 1 < Section 2 Section 3 

Section 2 

MiniLAB 
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' Chapter 11 Sound and Light 

45-minute period 
Day 1 \ Day 2 Day 3 Day 4 Day 5 Day 6 Day7&8 Day 9 

Launch Lab \ MiniLAB Section 2 \ MiniLAB Lab (1-p) \ Section 4 Lab (2-p) Chapter Review 

Section 1 Section 1 Section 3 \ Section 3 Chapter Review Standardized Test 

Practice 

90-minute period 

Day 1 Day 2 Day 3 Day 4 Day 5 

Launch Lab \ Section 2 Lab (1-p) Lab (2-p) \ Chapter Review 

Section 1 Section 3 Section 4 Standardized Test Practice 

MiniLAB MiniLAB 

Chapter 12 Earth’s Internal Processes 

45-minute period 

Day 1 Day 2 Day 3 Day 4 Day 5 Day 6&7 

Launch Lab \ Section! \, Section 2 Section4 \ Lab(1-p) \ Lab (2-p) 

Section 1 Section2 \ Section3 \ MiniLAB 

MiniLAB 

Day 8 Day 9 

Chapter Review \ Standardized Test Practice 

90-minute period 

Day 1 Day 2 Day 3 Day 4 Day 5 

Launch Lab \ MiniLAB Section4 \ Lab (1-p) Lab (2-p) 

Section 1 Section 3 MiniLAB Chapter Review 

Section 2 Standardized Test Practice 
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' Chapter 13 Electricity 

45-minute period 

Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day7&8 \ Day9 

Launch Lab \ MiniLAB \ Section2 \ Section2 \ Lab(1-p) \, Section3 \ Lab (2-p) \ Chapter Review 

Section 1 MiniLAB Standardized Test Practice 

90-minute period 

Day 1 Day 2 Day 3 Day 4 Day 5 

Launch Lab \ Section 2 Lab (1-p) Lab (2-p) \ Chapter Review 

Section 1 MiniLAB Section 3 Standardized Test Practice 

MiniLAB 

Chapter 14 Magnetism 

45-minute period 
Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7&8 Day 9 

Launch Lab \ MiniLAB MiniLAB \ Section 2 Section3 \ Lab(1-p) \ Lab (2-p) Chapter Review 

Section 1 Section 1 Chapter Review \ Standardized Test Practice 

90-minute period 
Day 1 S Day 2 Day 3 Day 4 

Launch Lab \ MiniLAB Section 3 Lab (2-p) 

Section]  \\ Section 2 Lab (1-p) Chapter Review 

MiniLAB  \ Chapter Review \ Standardized Test Practice 
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Chapter 15 Electromagnetic Radiation 

45-minute period 
Day 1 Day 2 Day 3 Day 4 Day 5 Day 6&7 Day 8 

Section 1 Section2 \ Lab(1-p) \ Section 3 Lab (2-p) Chapter Review 

Section 2 Chapter Review Standardized Test Practice 

MiniLAB MiniLAB 

Launch Lab 

Section 1 

90-minute period 

Day 1 Day 2 Day 3 Day 4 

Launch Lab Section 2 Section 3 Chapter Review 

Section 1 MiniLAB Lab (2-p) Standardized Test Practice 

MiniLAB 

Section 2 

Chapter 16 Energy Sources 

45-minute period 

Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 Day 8 

Launch Lab \ MiniLAB \ Section2 \ Section3 \ Section 3 Lab (1-p) \, Lab (2-p) Chapter Review 

Section 1 MiniLAB Chapter Review \ Standardized Test Practice 

Lab (1-p) 

90-minute period 

Day 1 Day 2 Day 3 Day 4 

Launch Lab \ Section 2 Lab (1-p) Lab (2-p) 

Section 1 Section 3 Chapter Review \ Chapter Review 

MiniLAB MiniLAB Standardized Test Practice 
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Chapter 17 Weather and Climate 

45-minute period 

Day 1 Day 2 Day 3 Day 4 Day 5 Days 6&7 

Launch Lab \ Section 1 Section 2 Section 2 Section 4 Lab (2-p) 

Section 1 Lab (1-p) MiniLAB Section 3 Chapter Review 

MiniLAB Standardized Test Practice 

90-minute period 

Day 1 Day 2 Day 3 Day 4 

Launch Lab \ Lab (1-p) Section 3 Lab (2-p) 

Section 1 Section 2 Section 4 Chapter Review 

MiniLAB MiniLAB Standardized Test Practice 

Chapter 18 The Living Cell 

45-minute period 

Day 1 Day 2 Day 3 Day 4 Days 5 &6 Day7 

Launch Lab \ Lab(1-p) \ Section2 \ Section2 \ Lab (2-p) Chapter Review 

Section 1 MiniLAB Chapter Review \ Standardized Test Practice 

MiniLAB 

90-minute period 

Day 1 Day 2 Day 3 

Launch Lab \ Lab (1-p) Lab (2-p) 

Section 1 Section 2 Chapter Review 

MiniLAB  \ Standardized Test Practice 
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Chapter 19 Properties of Atoms and the Periodic Table 

45-minute period 

Day 1 Day 2 Day 3 Day 4 Day 5 Days 6&7 

Launch Lab \ MiniLAB Section 2 MiniLAB Lab (1-p) Chapter Review 

Section 1 Section 2 Section3 \ Section3 \ Chapter Review \ Standardized Test Practice 

90-minute period 

Day 1 Day 2 Day 3 
Launch Lab \ Section 3 Lab (2-p) 

Section 1 MiniLAB Chapter Review 

MiniLAB Standardized Test Practice 

Section 2 

Lab (1-p) 

Chapter 20 Earth Materials 

45-minute period 

Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Days 7&8 Day 9 

Launch Lab MiniLAB Lab (1-p) \ Section2 \ MiniLAB \ Section4 \ Lab (2-p) Chapter Review 

Section 1 Section 1 Section 3 Chapter Review Standardized Test Practice 

90-minute period 

Day 1 Day 2 Day 3 Day 4 

Launch Lab \ Lab (1-p) MiniLAB Lab (2-p) 

Section 1 Section 2 Section 4 Chapter Review 

MiniLAB Section 3 Chapter Review Standardized Test Practice 
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Gl — Pacing Guide 

Chapter 21 Earth’s Changing Surface 

45-minute period 

Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 Days 8&9 

Launch Lab \ MiniLAB Lab (1-p) \ Section2 \ Section2 \, Section 3 Section 4 Lab (2-p) 

Section 1 Section 1 MiniLAB Chapter 

Review 

90-minute period 

Day 1 Day 2 Day 3 Day 4 

Launch Lab \ Lab (1-p) MiniLAB Lab (2-p) 

Section 1 Section 2 Section 3 Chapter Review 

MiniLAB Section 4 Standardized Test Practice 

Chapter 22 Chemical Bonds 

45-minute period 

Day 1 Day 2 Day 3 Day 4 Day 5 Days 6&7 Day 8 

LaunchLab \ Lab(1-p) \ Section2 \ Section 3 MiniLAB \ Lab (2-p) Chapter Review 

Section 1 MiniLAB Chapter Review \ Standardized Test Practice 

By Ss a a 

Day 10 

Chapter Review 

Standardized 

Test Practice 

90-minute period 
Day 1 Day 2 Day 3 Day 4 

Launch Lab \ Section 2 MiniLAB Lab (2-p) 

Section] \ MiniLAB Chapter Review \ Chapter Review 

Lab (1-p) Section3 \ Standardized Test Practice 
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‘ Chapter 23 Chemical Reactions 

45-minute period 
Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Days 7&8 Day 9 

Launch Lab \ MiniLAB \ Section2 \ Section4 \ Section4 \ Lab(1-p) \ Lab (2-p) Chapter Review 

Section 1 Section 3 \ MiniLAB Chapter Review \ Standardized Test Practice 

90-minute period 

Day 1 ‘ Day 2 Day 3 Day 4 

Launch Lab \ Section 3 Section 4 Lab (2-p) 

Section 1 Section 4 Lab (1-p) Chapter Review 

MiniLAB MiniLAB Chapter Review Standardized Test Practice 

Section 2 

Chapter 24 Solutions, Acids, and Bases 

45-minute period 

Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Days7&8 \ Day9 

Launch Lab \ MiniLAB \ Section2 \ Section3 \ MiniLAB \ Section 4 \ Lab (2-p) Chapter Review 

Section 1 Standardized Test Practice 

90-minute period 
Day 1 Day 2 Day 3 Day 4 

Launch Lab \ Section 2 Section 4 Chapter Review 

Section 1 Section 3 Lab (2-p) Standardized Test Practice 

MiniLAB MiniLAB 
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Chapter 25 Nuclear Changes | 

45-minute period 

Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Days 7&8 Day 9 

Launch Lab \ MiniLAB \ Section2 \ Section 4 Section4 \ Lab(1-p) \ Lab (2-p) Chapter Review 

Section 1 Section3 \ MiniLAB Chapter Review \ Standardized Test Practice 

90-minute period 

Day 1 Day 2 Day 3 Day 4 

Launch Lab \ Section 2 Lab (1-p) Lab (2-p) 

Section 1 Section 3 Chapter Review \ Chapter Review 

MiniLAB Section 4 

MiniLAB 

Standardized Test Practice 

Chapter 26 Stars and Galaxies 

45-minute period 

Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 Days 8&9 \ Day 10 

LaunchLab \ MiniLAB \ Section2 \ MiniLAB \ Lab(1-p) \ Section3 \ Section4 \ Lab (2-p) Chapter Review 

Section 1 Standardized Test 
Practice 

90-minute period 
Day 1 Day 2 Day 3 Day 4 

Launch Lab \ Section 2 Section 3 Chapter Review 

Section 1 MiniLAB Section 4 Standardized Test Practice 

) MiniLAB Lab (1-p Chapter Review 
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Sunshine State Standards Science Grades 9-12 

correlated to 

Florida Physical Science with Earth Science 
iS SASS TS lil al eS a Sa CN ANA ale aa caiaN ins mCi 

Strand A: The Nature of Matter 

Bold page numbers indicate 
in-depth coverage of Benchmark. 

Standard 1: The student understands that all matter has observable, measurable properties. (SC.A.1.4) 

chmark 

1. The student knows that the electron configuration in atoms determines how a substance 594, 694-700 

reacts and how much energy is involved in its reactions. 

2. The student knows that the vast diversity of the properties of materials is primarily due to 254, 260-261, 357, 371, 373-375, 

variations in the forces that hold molecules together. 610-614, 694-700, 768-769 

3. The student knows that a change from one phase of matter to another involves a gain or loss 261-263, 371-373, 618, 622, 630, 

of energy. 741-743, 762 

4. The student experiments and determines that the rates of reaction among atoms and 520, 612, 631, 633, 763 

molecules depend on the concentration, pressure, and temperature of the reactants and the 

presence or absence of catalysts. 

5. The student knows that connections (bonds) form between substances when outer-shell 

electrons are either transferred or shared between their atoms, changing the properties of 

substances. 

594, 610-611, 689, 693, 

694-700 

. The student knows that the number and configuration of electrons will equal the number of 

protons in an electrically neutral atom and when an atom gains or loses electrons, the 

charge is unbalanced. 

592, 694-696, 710-711, 786 

2. The student knows the difference between an element, a molecule, and a compound. 552-554, 608-609, 697, 701 

3. The student knows that a number of elements have heavier, unstable nuclei that decay, 652, 788-789, 790, 791-805, 

spontaneously giving off smaller particles and waves that result in a small loss of mass and 808-809 

release a large amount of energy. 

4. The student knows that nuclear energy is released when small, light atoms are fused into 

heavier ones. 

803 

5. The student knows that elements are arranged into groups and families based on similarities | 592-593, 693, 701-702, 
in electron structure and that their physical and chemical properties can be predicted. 710-711 

6. The student understands that matter may act as a wave, a particle, or something else 460-461 
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entirely different with its own characteristic behavior. 



Strand B: Energy 

_Standard 1: The student recognizes that energy may be changed in form with varying efficiency. (SC.B.1.4) 

Bold page numbers indicate 

in-depth coverage of Benchmark. 

1. The student understands how knowledge of energy is fundamental to all the scientific 
disciplines (e.g., the energy required for biological processes in living organisms and the 

energy required for the building, erosion, and rebuilding of the Earth). 

128, 129, 131, 142-143, 293, 522, 

530, 734-740 

2. The student understands that there is conservation of mass and energy when matter is 

transformed. 
139-141, 567, 634-635, 

721-722, 789, 802 

3. The student knows that temperature is a measure of the average translational kinetic energy 

of motion of the molecules in an object. 

| 133, 254-256 

eal 
4. The student knows that as electrical charges oscillate, they create time-varying electric and 

magnetic fields that propagate away from the source as an electromagnetic wave. 

456-461, 612 

5. The student knows that each source of energy presents advantages and disadvantages to its 487, 492, 497-500, 502-505, 

use in society (e€.g., political and economic implications may determine a society's selection 508-509 

of renewable or nonrenewable energy sources). 

6. The student knows that the first law of thermodynamics relates the transfer of energy to the | 276 

work done and the heat transferred. 

7. The student knows that the total amount of usable energy always decreases, even though 

the total amount of energy is conserved in any transfer. 

163-165, 179, 181, 277, 279 

Standard 2: The student understands the interaction of matter and energy. (SC.B.2.4) 

1. The student knows that the structure of the universe is the result of interactions involving 

fundamental particles (matter) and basic forces (energy) and that evidence suggests that the 

universe contains all of the matter and energy that ever existed. 

Murry Sill/Index Stock 

372, 789, 803, 836-837, 839 
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Strand C: Force and Motion 

Bold page numbers indicate 
in-depth coverage of Benchmark. 

Standard 1: The student understands that types of motion may be described, measured, and predicted. (SC.C.1.4) 

1. The student knows that all motion is relative to whatever frame of reference is chosen and 70-71 

that there is no absolute frame of reference from which to observe all motion. 

2. The student knows that any change in velocity is an acceleration. 76-80, 101 

Standard 2: The student understands that the types of force that act on an object and the effect of that force can be 

described, measured, and predicted. (SC.C.2.4) 

. The student knows that acceleration due to gravitational force is proportional to mass and 

inversely proportional to the square of the distance between the objects. 

104-105 

. The student knows that electrical forces exist between any two charged objects. 

— 

256, 260, 345-392, 393-394, 

395-396, 398-399, 420—421, 690 

3. The student describes how magnetic force and electrical force are two aspects of a single 439 

force. 

4. The student knows that the forces that hold the nucleus of an atom together are much 104, 787, 789, 803 

stronger than electromagnetic force and that this is the reason for the great amount of 

energy released from the nuclear reactions in the sun and other stars. 

5. The student knows that most observable forces can be traced to electric forces acting 394 

between atoms or molecules. 

6. The student explains that all forces come in pairs commonly called action and reaction. 113-115 

Strand D: Processes that Shape the Earth 

Standard 1: The student recognizes that processes in the lithosphere, atmosphere, hydrosphere, and biosphere interact 
to shape the Earth. (SC.D.1.4) 

. The student knows how climatic patterns on Earth result from an interplay of many factors 

(Earth's topography, its rotation on its axis, solar radiation, the transfer of heat energy 

where the atmosphere interfaces with lands and oceans, and wind and ocean currents). 

268-269, 525-527, 535-536 

. The student knows that the solid crust of Earth consists of slow-moving, separate plates that 

float on a denser, molten layer of Earth and that these plates interact with each other, 

changing the Earth’s surface in many ways (e.g., forming mountain ranges and rift valleys, 

causing earthquake and volcanic activity, and forming undersea mountains that can become 

ocean islands). 

82, 293, 354-361, 376, 674-675 

. The student knows that changes in Earth’s climate, geological activity, and life forms may be 

traced and compared. 
530, 535-538, 586,668, 669-671 
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. The student knows that Earth’s systems and organisms are the result of a long, continuous 
change over time. 

354-361, 372, 529, 535-536, 566, 

669, 672 



Bold page numbers indicate 
in-depth coverage of Benchmark. 

Standard 2: The student understands the need for protection of the natural systems on Earth. (SC.D.2.4) 

1. The student understands the interconnectedness of the systems on Earth and the quality of 
life. 

Strand E: Earth and Space 

529-530, 778 

Standard 1: The student understands the interaction and organization in the Solar System and the universe and 
how this affects life on Earth. (SC.E.1.4) 

1. The student understands the relationships between events on Earth and the movements of 

the Earth, its moon, the other planets, and the sun. 

2. The student knows how the characteristics of other planets and satellites are similar to and 

different from those of the Earth. 

110-111, 120, 190-195, 

197-198, 218-221, 222, 536 

189, 224, 226, 230, 231, 

239-240, 372 

3. The student knows the various reasons that Earth is the only planet in our Solar System that 

appears to be capable of supporting life as we know it. 

189, 238-239 

in it. (SCE.2.4) 

1. The student knows that the stages in the development of three categories of stars are based 

on mass: stars that have the approximate mass of our sun, stars that are two-to-three-stellar 

masses and develop into neutron stars, and stars that are five-to-six-stellar masses and 

develop into black holes. 

824-828 

2. The student identifies the arrangement of bodies found within and outside our galaxy. 831-833, 837-838 

3. The student knows astronomical distance and time. 377.191 19271977,1997220, 

820 

4. The student understands stellar equilibrium. 824-828, 830 

5. The student knows various scientific theories on how the universe was formed. 836-837 

6. The student knows the various ways in which scientists collect and generate data about our 

universe (e.g., X-ray telescopes, computer simulations of gravitational systems, nuclear 

reactions, space probes, and supercollider simulations). 

204-206, 223-228, 231-235, 

241, 580, 831-835 

7. The student knows that mathematical models and computer simulations are used in 

studying evidence from many sources to form a scientific account of the universe. 

454, 472, 838-840 
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2. The student knows that body structures are uniquely designed and adapted for their 

; } Strand F: Processes of Life 

Standard 13 The student describes patterns of structure and function in living things. (SC.F.1.4) 

Bold page numbers indicate 
in-depth coverage of Benchmark. 

168, 335, 340-343 

function. ie 

4, The student understands that biological systems obey the same laws of conservation as 142 

physical systems. | 

6. The student knows that separate parts of the body communicate with each other using 335, 340 

electrical and/or chemical signals. 

3. The student understands the mechanisms of change (e.g., mutation and natural selection) 

that lead to adaptations in a species and their ability to survive naturally in changing 

conditions and to increase species diversity. 

Standard 2: The student understands the process and importance of genetic diversity. (SC.F.2.4) 

238-239, 530-531 

Strand G: How Living Things Interact with Their Environment 

Standard 1: The student understands the competitive, interdependent, cyclic nature of living things in the 
environment. (SC.G.1.4) 

1. The student knows of the great diversity and interdependence of living things. as PLTS 

2. The student understands how the flow of energy through an ecosystem made up of 13971517536 

producers, consumers, and decomposers carries out the processes of life and that some 

energy dissipates as heat and is not recycled. 

3. The student knows that the chemical elements that make up the molecules of living things 522,956 

are combined and recombined in different ways. 

1. The student knows that layers of energy-rich organic materials have been gradually turned 

into great coal beds and oil pools (fossil fuels) by the pressure of the overlying earth and that 

humans burn fossil fuels to release the stored energy as heat and carbon dioxide. 

487-493 

2. The student knows that changes in a component of an ecosystem will have unpredictable 

effects on the entire system but that the components of the system tend to react in a way 

that will restore the ecosystem to its original condition. 

652, 663 

4. The student knows that the world ecosystems are shaped by physical factors that limit 

their productivity. 
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Bold page numbers indicate 

in-depth coverage of Benchmark. 

Standard 1: “The student us uses es the scientific p ic processes aa habits of mind to solve problems. (SCH.1 4) 

1. The student knows that investigations are conducted to explore new phenomena, to check 
on previous results, to test how well a theory predicts, and to compare different theories. 

7, 87-89, 105, 112, 118-120, 146, 

175, 206-207, 227, 235, 236-239, 

271, 278-279, 300, 310-311, 

354-361, 391, 406, 415, 419, 

460-461, 468, 507, 538, 633, 801, 

837 

2. The student knows that from time to time, major shifts occur in the scientific view of how 
the world works, but that more often the changes that take place in the body of scientific 
knowledge are small modifications of prior knowledge. 

7,105, 120, 218-221, 225, 

354-361, 370-372, 460-461, 

478, 538, 581, 801, 836-837 

3. The student understands that no matter how well one theory fits observations, a new 

theory might fit them as well or better, or might fit a wider range of observations, because 

in science, the testing, revising, and occasional discarding of theories, new and old, never 

ends and leads to an increasingly better understanding of how things work in the world, 

but not to absolute truth. 

12, 120, 206-207, 240-241, 

354-361, 460-461, 478, 580, 

801, 839 

4. The student knows that scientists in any one research group tend to see things alike and 

that therefore scientific teams are expected to seek out the possible sources of bias in the 

design of their investigations and in their data analysis. 

10, 87, 89, 112, 119, 175, 229, 468, 

538 

5. The student understands that new ideas in science are limited by the context in which they 

are conceived, are often rejected by the scientific establishment, sometimes spring from 

unexpected findings, and usually grow slowly from many contributors. 

7,12, 120, 219-221, 240, 312, 538, 

669, 801 

6. The student understands that, in the short run, new ideas that do not mesh well with 

mainstream ideas in science often encounter vigorous criticism and that, in the long run, 

theories are judged by how they fit with other theories, the range of observations they 

explain, how well they explain observations, and how effective they are in predicting new 

findings. 

12, 105, 120, 146, 219-220, 

354-361, 370-372, 478 

7. The student understands the importance of a sense of responsibility, a commitment to peer 

review, truthful reporting of the methods and outcomes of investigations, and making the 

public aware of the findings. 

+ 

10, 87, 89, 105, 112, 119, 134, 145, 

75) WI =178,-27.1500; 3. oo 

406, 415, 468, 477, 507, 509, 809 

1. The student knows that scientists assume that the universe is a vast system in which basic 

rules exist that may range from very simple to extremely complex, but that scientists 

operate on the belief that the rules can be discovered by careful, systemic study. 

Standard 2: The student understands that most natural events occur in comprehensible, consistent patterns. (SC.H.2.4) 

6, 105, 112, 119, 120, 218-220, 

310-311, 354-361, 406, 460-461, 

529-530, 538, 835-838 

2. The student knows that scientists control conditions in order to obtain evidence, but when 

that is not possible for practical or ethical reasons, they try to observe a wide range of 

natural occurrences to discern patterns. 

8-9, 77,89, 112, 119, 134, 144-145, 

279, 310-311, 507, 537, 608, 

634-635, 837-839 
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Guide to FCAT Success 

Standard 3: The student understands that science, technology, and society are interwoven and interdependent. (SC.H.3.4) 

Benchmark(s) 

Bold page numbers indicate 
in-depth coverage of Benchmark. 

Page(s) 

1. The student knows that performance testing is often conducted using small-scale models, 

computer simulations, or analogous systems to reduce the chance of system failure. 

55-56, 112, 176, 271, 468, 616, 

636-637 

. The student knows that technological problems often create a demand for new scientific 

knowledge and that new technologies make it possible for scientists to extend their 

research in a way that advances science. 

52-57, 77, 178, 238, 239, 

312, 464 

. The student knows that scientists can bring information, insights, and analytical skills to 

matters of public concern and help people understand the possible causes and effects of 

events. 

39,215, 312,510) 53/530, O00 

. The student knows that funds for science research come from federal government agencies, 

industry, and private foundations and that this funding often influences the areas of 

discovery. 

46-47, 312, 370 

. The student knows that the value of a technology may differ for different people and at 

different times. 

42-44, 153, 167, 176, 312, 415, 

463-465, 467, 472-475, 499, 502, 

504, 508-510, 614-615, 792, 794, 

806 

. The student knows that scientific knowledge is used by those who engage in design and 

technology to solve practical problems, taking human values and limitations into account. 

Gavin Heller/Robert Harding World Images/Getty Images 

38-45, 89, 112, 176, 264, 270, 276, 

312, 414, 463-465, 467, 498, 538, 

638, 806 

Miami skyline 

Biixanannic = = 
ms 

i. 



Glencoe Science 

New York, New York Columbus, Ohio Chicago, Illinois Peoria, Illinois + Woodland Hills, California 



Glencoe Science — 

Florida Physical | P y cal Science 
Science with Earth 

Science 

Moonrise over a rocky Pacific 

wit Farth SCIEnce. 

yb 
coast serves as the background 

for a color-enhanced image that 

shows the emulsifying property 

of a detergent and a computer- 

generated model of the chemical 

structure of vitamin Bo. 

raw Glencoe 

Copyright © 2006 by The McGraw-Hill Companies, Inc. All rights reserved. Except as permitted under 

the United States Copyright Act, no part of this publication may be reproduced or distributed in any 

form or by any means, or stored in a database or retrieval system, without prior written permission 

of the publisher. 

The National Geographic features were designed and developed by the National Geographic Society's 

Education Division. Copyright © National Geographic Society. The name “National Geographic Society” 

and the Yellow Border Rectangle are trademarks of the Society, and their use, without prior written 

permission, is strictly prohibited. 

The “Science and Society” and the “Science and History” features that appear in this book were 

designed and developed by TIME School Publishing, a division of TIME Magazine. TIME and the red 

border are trademarks of Time Inc. All rights reserved. 

Send all inquiries to: 

Glencoe/McGraw-Hill 

8787 Orion Place 

Columbus, OH 43240-4027 

ISBN: 0-07-868552-4 (Student Edition) 

ISBN: 0-07-868553-2 (Teacher Wraparound Edition) 

Printed in the United States of America. 

12345678910 071/043 09 08 07 06 05 

The McGraw-Hill Companies 



Authors 

NATIONAL Marilyn Thompson, EdD 
GEOGRAPHIC Assistant Professor, College of Education 

Education Division Arizona State University 

Washington, D.C. Tempe, AZ 

Ralph M. Feather, Jr., PhD Dinah Zike 
Educational Consultant 

Dinah-Might Activities, Inc. 

San Antonio, TX 

Assistant Professor, Physics Department 

Indiana University of Pennsylvania 

Indiana, PA 

Charles William McLaughlin, PhD 
Senior Lecturer 

University of Nebraska 

Lincoln, NE 

lencoe’s National Teacher Advisory Board gave the authors, editorial staff, and the 

Gree team feedback on the content and design of the Student Edition. They were 
instrumental in providing valuable input toward the development of the 2006 edition of 

Glencoe Physical Science with Earth Science. We thank these teachers for their hard work 
and creative suggestions. 

Melissa Shirley JoAnn Alverson Chuck Cambria 

Olentangy Liberty High School Pipestone Senior High Springfield North High School 

Powell, OH Pipestone, MN Springfield, OH 

Susan Gleason Christy Saddic Laura Schmitmeyer Jackie Barge 

Middletown High School Conestoga High School Memorial High School — Walter Payton High School 

Middletown, DE Berwyn, PA St. Marys, OH Chicago, IL 

eco 



Nancy Ross-Flanigan Sharon Nicholson, PhD 

Science Writer Heinz and Katharina Lettau Professor of Climatology 

Detroit, MI Meteorology Department 

Florida State University 

Tina C. Hopper Tallahassee, PL 
Science and Health Writer 

Rockwell, TX Margaret K. Zorn 
Science Writer 

Steve Hardesty Yorktown, VA 
Adjunct Professor 

Valencia Community College 

Orlando, FL 

SCIENCE MATH 

Jack Cooper Michael Hopper, DEng. 
Ennis High School Manager of Aircraft Certification 

Ennis, TX L-3 Communications 
Greenville, TX 

Elle Feth, MS 
Columbus State Community College READING 

Columbus, OH 

Constance Cain, EdD 
David G. Haase, PhD Literacy Coordinator 

North Carolina State University University of Central Florida 
Raleigh, NC Tallahassee, FL 

William C. Keel, PhD Maria Grant, EdD 

University of Alabama Hoover High School 

Tuscaloosa, AL San Diego State University 

San Diego, CA 
Steve Letro 

Meteorologist in Charge ReLeah Lent, MS 
WEO, National Weather Service Literacy Coordinator 

Jacksonville, FL University of Central Florida 
: Tallahassee, FL 

Madelaine Meek 
Physics Consultant Editor SAFETY 

Lebanon, OH 

Jack A. Gerlovich 
Professor Science Education Safety 

Drake University 

Cheryl Wistrom, PhD 
St. Joseph’s College 

Rensselaer, IN Des Moines, IA 

Carl Zorn, PhD Denis McElroy 
_ Staff Scientist Assistant Professor Technology Education 

Jefferson Laboratory Graceland University 
Newport News, VA Independence, MO 

LAB TESTERS 

Timothy Eimer Nicholas Hainen James Marshall Jack Minot 
Phil-Mont Christina Academy Worthington High School, Retired Ohio State University Bexley High School 

Erdenheim, PA Worthington, OH Columbus, OH Bexley, OH 



Sharla Adams 
IPC Teacher 

Allen High School 
Allen, TX 

Tom Bright 
Concord High School 

Charlotte, NC 

Nora M. Prestinari Burchett 
Saint Luke School 

McLean, VA 

Louise Chapman 
Mainland High School 
Daytona Beach, FL 

Obioma Chukwu 
J.H. Rose High School 

Greenville, NC 

Sandra Curtis 
Atlantic High School 

Port Orange, FL 

Inga Dainton 
Merrilville High School 

Merrilville, IN 

Robin Dillon 
Hanover Central High School 

Cedar Lake, IN 

Dwight Dutton 
East Chapel Hill High School 

Chapel Hill, NC 

Tracy Ebert 
Robert Hungerford Preparatory High School 

Eatonville, FL 

Carolyn Elliott 
South Iredell High School 

Statesville, NC 

Sueanne Esposito 
Tipton High School 

Tipton, IN 

Kye Ewing 
The Star Farm 

Venus, FL 

George Gabb 
Great Bridge Middle School 
Chesapeake Public Schools 

Chesapeake, VA 

Jan Gilliland 
Alonso High School 

Tampa, FL 

Erick Hueck 
Miami Senior High School 

Miami, FL 

Felecia Joiner 
Judson High School 

Converse, TX 

Joe Kowalski 
James “Nikki” Rowe High School 

McAllen, TX 

Bernie Leverett 
Sublette High School 

Sublette, KS 

Jeff McKay 
Spruce Creek High School 

Port Orange, FL 

Mike McKee 
Cypress Creek High School 

Orlando, FL 

Armando S Miccoli, Ill 
Adairsville High School 

Adairsville, GA 

Jane Nelson 
University High School 

Orlando, FL 

Jim Nelson 
University High School 

Orlando, FL 

Alicia K. Parker 
New Smyrna Beach High School 

New Smyrna Beach, FL 

Annette Parrott 
Lakeside High School 

Atlanta, GA 

Tom Schultz 
Charlevoix High School 

Charlevoix, MI 

Ben Stofcheck 
Citrus County Schools 

Inverness, FL 

Clabe Webb 
Permian High School 
Ector County ISD 

Odessa, TX 

Kim Wimpey 
North Gwinnett High School 

Suwanee, GA 





Teacher Handbook 

Table of Contents 

BOY T EO ISTUCEION, «<<. ss,i seta Uae eerie ooks psd te ony tne mn RR On 2T 

muttilevel Review and Assessimentan: ysten tome oe) os ee ee 3T 

Ne Savin Teacher ResOurcesaycn s.r as ye gear eran he em re me 4T 

EECHTIOIOO Y:SU DIDO Teme s Str neney rs pat eee ae ete ct hye Sak 5T 

Bela Pour StUdenisewitin ReadinGean VW itinG a.) eng sae ween ee en ee 6T 

ASSESSINICN iia «5 spemsum ies Ste Wet facts rset ee PCr CL i fe CRP MR CRE RO sore 8T 

Se mC SHIOUSTICCRUDIICS 3. teeter Rica ik oltre toys oe eee nee oT 

Mec NOe MICA NGOS satin aie tke ses ens A. at a Secs mevaaene Oe eee 10T 

elfen AOE ee CC ec). 12T 

PAN CaAL OMA Ale (Sill Dome jatee tap Mr is emai Anns Sh 0 geet een <0 ee 13T 

Bescanen eased Leaning Slate GCS mierctwteens ot te foe oth go ae eee 14T 

Bield BeSearcisanCimestuing .acm on ween o. he ae hoekedars crouse aman et een 15T 

Natici AEC Galil Ss LANOalC Sierra 2 ete. ci ntod cts oe Re res meen eae 16T 

AMO eL-ADOLALOly, sac en atime eM eo (hone oy Sane eta etn ewe 18T 

SALE ty APE AD OLALOMIy aia winrenns.ro gees «aioe « erage eects alates etene seetsee hate 19T 

Be MGAlES OlAG eranCeDISPOSall ecu tim ete mes oe aaine< sae se acayepadromurtes aon 20T 

B(ajersiveritelnweleers, (UiMl6)qs TOME mene Mebe « GaWOOME Nene se) DAD Er on GG Rene sob cy 2h 

ECM niemieatic WMatciAleIStancne cm tkt certian aanttn ce see lene yi ener 22T 

Sill eye) liclifsos cove, tee ee es Oe Ces th eer rn ore oamacnn. 2 sc genase coo « 26T 

T 



Dynamic Instruction 
The consistent instructional strategies in each chapter strengthen students’ learning—from the 

beginning of each chapter where students see “Chapter Preview,’ to the end where they have a 

chance to test the knowledge they have acquired and prepare for the next lesson. 
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Start-Up Activities Dinah Zike’s 

Foldables™ 

let students create 

interactive study 

guides. 

Chapter Preview 

at the beginning 
of each chapter 
introduces the 

main concepts. 

Launch Lab 

gives students an 

opportunity to 

explore new ideas 

at the beginning 
of the chapter. 

Science Journal 

promotes writing and 
critical-thinking skills. 

What You’ll Learn at the 

beginning of each section 
introduces the main concepts. 

Why It’s Important 

provides an answer to 

“Why do we have 

to learn this?” 

Model and Invent 

Care Piickage 

Reac‘ng Guide 

Goal 
®@ Model packaging and | 

consumer interest 
® Calculate the cost to 

produce a consumer 
product i 

@ Test your packaging 
design to see ifitkeeps | 

shipping a product for | uc 

| @ Real-World Problem 
Suppose you are a young business 

ping and keep your costs to a minimum 

© Make a Model 

s Wi 5 | io) . bul ae from being} 1. Choose the snack items that you would like to include in your care 
You'll Learn It’s Important Review Vocabulary package 

® Compare and contrast Earth's Gravity from the Earth-Moon-Sun orbit: curved path of one object, | Fouls Materials | 2. Plan how you are going to pack your items so that they are nicely 
shoe box c jayed and sa for si physical characteristics with those system directly affects what it’s like such as the Moon, around another “f Pee oe rated ances rors DIBON assorted snack foods 

of other planets. to live here on Earth. object, such as Earth packing peanuts 
® Explain Earth’s magnetic field. Sh eddedinews paper 

® Describe Earth's movement in New Vocabulary packing tape 
@ sphere @ ellipse wrapping paper space and how eclipses occur p p Wasser 
@ gravity | 

Safety Precautions | 

te } 6. Makes 

Investigating 

Charged Objects 

Procedure 

1. Fold over about 1 cm on 

the end of a roll of trans- 

parent tape to make a 

handle. Tear off a strip of 

tape about 10 cm long. 

2. Stick the strip to a clean, 

dry, smooth surface, such as 

a countertop. Make another 

identical strip and stick it 

directly on top of the first 

3. Pull both pieces off the 

counter together and pull 

them apart. Then bring the 

nonsticky sides of both tapes 

together. What happens? 

Now stick the two strips of 

tape side by side on the 

smooth surface, Pull them 

off and bring the nonsticky 

sides near each other again 

Review Vocabulary 

reviews a term that 

helps students better 
understand section 

content. 

New Vocabulary 

highlights new 
terms students will 

learn in the section. 

Labs Whether students are designing their own 
experiments or following well-tested procedures, 

they'll learn and practice science processes. 

Analysis 

1. What happened when 

you brought the pieces 

close together the first 

time? Were they charged 

alike or opposite? What 

might have caused this? 

2. What did you observe 
when you brought the 
pieces together the second 

time? How were they 

charged? What did you do 

differently that might have 

changed the 

behavior? 

leaves are 

Figure 10A. 

Suppose 

the metal is 

the leaves. MiniLABs offer students quick and easy-to-do 
ways to clarify concepts and reinforce skills. 

electrons, 

ilar charge, 

2T 



Multilevel Review 
and Assessment 
Each chapter provides five pages of review and testing to help you evaluate students’ knowledge 
and ability to apply science concepts. 
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Section Review 

seen) Selfcheck e Summary pinpoints 
Measuring Time on Earth etermine how long it takes Earth to make one com 

of Earth, the Moon, 

important concepts in 

the section. 

e Skill-based questions 
promote critical thinking 
skills. 

Study Guide 

e Main idea summary of each section 

e Concept mapping activity to help 

students visualize the main ideas CHAPTER STUDY GUIDE 417 

Chapter Review 

Using Vocabulary 

Checking Concepts 

Thinking Critically 

Performance Activities 

Applying Math 

Standardized 
_Test Practice chaprer Qi Standardized Test Practice _ 

~ 
eee Mere Chapter Review lLgpescencacom CHAPTER REVIEW. 747 

: 

: j 

_ ee mee Standardized Test Practice 
ea te oar e Multiple Choice 

e Gridded Response 

e Short Response 

e Extended Response 

64 STANDARDIZED TEST PRACTICE 
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Time-Saving Teacher Resources 
Glencoe Science provides an extensive array of support materials and resources designed to 

help you create and customize your science course quickly and easily. 

FAST FILE Chapter Resources 

For each chapter, Chapter 

Resources contain key reproducible masters 

along with additional teaching strategies, 
teacher support, and answer keys. 

Reproducible Student Resources include: 

e Worksheets for all MiniLABs and Labs 

e Directed Reading for Content Mastery (in 
English and Spanish), Reinforcement and 

Enrichment worksheets for each chapter 

¢ Section Focus, Teaching, and Assessment 
Transparencies masters 

e Chapter Review and Chapter Test masters 

Teacher Support and Planning includes: 

e Additional student preparation materials 

for each chapter 

e Spanish Resources provide translations of 

all objectives, vocabulary, and main ideas 

e Answer keys and teaching strategies 

Teacher Works” 
This CD-ROM is your all-in-one teacher resource 

center. Personalize a lesson plan, access resources 
from the Teacher Wraparound Edition, connect to 
the Internet, or make a to-do list. These are only a 

few of the many features that can assist you in the 
planning and organizing of your lessons. 

Includes: 

e A calendar feature 

° Access to all program blackline masters 

e Standards correlations and more 

Teacher Wraparound Edition 
The Teacher Wraparound Edition is your key to 

the teaching resources available. In addition to 
teaching strategies and suggestions, the Teacher 

Wraparound Edition provides a guide for all 

print and software materials available for each 

lesson. 

Transparencies 
e Section Focus Transparency 

e Assessment Transparency 

e Teaching Transparency 

e Transparency masters and worksheets 

ExamView ® Pro Testmaker CD-ROM 

e Create, edit, and customize tests 

e Create multiple versions of tests 

e Translate tests from English to Spanish and 
vice versa 

e Build tests aligned with state standards 

Video Labs 
¢ Step-by-step lab procedures for selected 

Student Edition labs 

¢ Lab safety skills 

e Teacher support 

e Troubleshooting advice 



Technology Support 

Student MMA$ 
This CD-ROM is a valuable resource for stu- 
dents to access content online and use online 
resources to continue learning chapter concepts. 

Includes: 
¢ Complete Student Edition on CD-ROM 

¢ Full read of Student Edition in English and 
summaries of each chapter in Spanish and 
Haitian Creole 

¢ Links to online activities and resources 

¢ Access to all student worksheets 

This CD-ROM brings 

Microsoft® Power- 
Point® presentations 

right to your door. 
With the large number 

of graphics provided, students can use a visual 
approach to learning chapter content. 

Includes: 
e A pre-made presentation for every chapter 

e Image bank and interactive graphics 
e Animations and audio clips 
e All new section and chapter questions 

e Standardized test practice 
e Transparencies 

¢ Foldables™ directions 
e Links to fl.gpescience.com 

INTERACT PE OE OE Ne 

Using TechCONNECT, 

reeh your students develop 
computer skills as they 

reinforce basic language arts, math, science, and 
social studies concepts. TechCONNECT pro- 

vides a solution for incorporating technology in 

the classroom, as states and districts fulfill No 

Child Left Behind (NCLB) requirements. This 
legislation sets the goal that “every student be 

technologically literate by the time the student 

finishes the eighth grade” and requires that 

states “improve the capacity to integrate tech- 

nology into their curriculum and instruction.” 

Visit the Web site for a FREE tour— 

techconnect.glencoe.com 

® Virtual Labs CD-ROM Program 
The Virtual Labs CD-ROM contains a collec- 
tion of labs that allow students to complete 
labs that are too expensive, take too long to 
complete, or might be too dangerous in a 
classroom laboratory. 

Science@N line 
fl.gpescience.com 

For students: 

e Prescreened Internet sites (Web links) that 

correlate to text chapters 

e Interactive activities that review chapter 

concepts 

e Internet Labs where students can share data 

with each other 

e Access to Student Edition online 

e Interactive self-check quizzes for each chapter 

section as well as the entire chapter 

For teachers: 

© WebQuest activities 

e Teacher Forum for teachers to share activities 

and ideas 

Learning 
Network 
mhin.com 

mhIn.com is an online teaching and learning 
space for teachers, students, and parents. 

¢ For students, mhln.com provides an interac- 

tive online textbook. This means a lighter stu- 
dent backpack. 

e For teachers, mhIn.com provides a customiz- 
able online learning space for posting assign- 

ments, web-based instruction, student 
resources, and a class calendar. 

¢ For parents, mhln.com provides tools to help 

their child succeed in school. Parents have 

instant access to their child’s progress and 

daily assignments. 
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Help Your Students with 
Reading and Writing 
Glencoe Science increases science literacy, improves reading comprehension, and deepens 

students’ understanding of ideas and concepts. The reading strategies are active, constructive, 

and engaging. 

In the Student Edition 

Reading Checks stimulate quick recall and 

keep students focused on the main idea. 

'Y, Reading Check 

Caption Questions offer a visual approach to 
learning. Students are asked to recall what they 
have read by interpreting the visual. 

Figure 18 Three allotropes of carbon 
are depicted here. 

identify the geometric shapes that 

make up each allotrope. 

Science Journals provide opportunities to 

write responses to questions that require critical 

thinking, to conduct research and write about 

it, or to practice creative writing skills. 

Skill Words such as compare and contrast, 

describe, explain, and state are included in the Self 
Check at the end of each section, in the goals of 
each Lab, and in the chapter reviews. 

Technology Support 
Vocabulary PuzzleMaker allows you to create 
crossword puzzles, jumble puzzles, or word 
searches in minutes to review chapter vocabu- 

lary. The puzzles can be printed or played on 

the computer screen. 

Reading Support Workbooks 
Reading Essentials provides summaries of 

each section of the textbook, focusing on the 
most important scientific concepts. 

Reading and Writing Skills Activities 

provides teachers with effective strategies for 
building students’ skills in reading and writing 

about science. 

Science Notebook presents a step-by-step 
approach to improving student note-taking abil- 

ity with strategies based on the Cornell 
note-taking model. This workbook builds scien- 
tific and academic vocabulary skills, scientific 
writing skills, and ability in reading for critical 

content. Bloom’s Hierarchy of Learning is used 
to indicate strategy levels. 

In the Teacher Wraparound Edition 

Project CRISS (Creating Independence 

through Student-Owned Strategies) strategies 
are highlighted in the Unit Openers where an 

activity is supplied that relates to unit content. 

For more information about Project CRISS™, 

visit Www. projectcriss.com. 

Use Science Words features encourage stu- 
dents to look up biology terms. Use these as a 
pre-reading activity, or have students keep a 
vocabulary journal. 

Use Science Words 

Word Origin Have students find 
the origin of the word friction. The 

word friction comes from the Latin 

word fricare, which means “to rub.” 

Additional Science Journal writing activities 
promote writing and critical thinking skills and 
extend the Student Edition journaling activity. 

Active Reading Strategies utilize a variety of 
learning styles, and encourage cooperative learning 
and intrapersonal reflection on chapter content. 



Making Concept Maps and Charts 
Bubble Map Students brainstorm and organize 
words in clusters to describe concepts. 

Flow Chart Students logically analyze and 
draw a sequence of events. 

Cause-and-Effect Chart Students visually 
represent the causes and effects of an event or 
process. 

Supporting-Idea Chart Students make a con- 

cept map to analyze relationships between a 

whole and its parts. 

Network-Tree Concept Map Students show a 

hierarchy and use branching procedures. 

Events-Chain Concept Map Students order 

steps or stages in a linear procedure. 

Cycle Concept Map Students show how a 

series of events interact. 

Spider Concept Map Students use for brain- 

storming and grouping nonrelated terms to a 

central idea. 

Using the Science Journal 
Double-Reference Journal Students read and 

record ideas. 

Metacognition Students analyze what and how 

they have learned. 

Learning Journal Students create notes and 

reflect on the content. 

Problem-Solution Journal Students analyze 

problems and suggest workable solutions. 

Speculation About Effects/Prediction 

Journal Students examine events and speculate 

about their possible long-term effects. 

Synthesis Journal Students reflect ona 

project, a paper, or a performance task and 

plan how to apply what they have learned to 

their own lives. 

Help Your Students with 
Reading and Writing 

Reflective Journal Students identify what 
they learned in an activity and record responses. 

Quickwrites Students use spontaneous writing 
to discover what they already know. 

Collaborative Learning Strategies 
Pair of Pairs Partners respond to a question 
and compare their response to other pairs and 
to the class. 

Write-Draw-Discuss Students write about and 

draw a picture of a concept, then share it with 

the class. 

( —___ Kctive Reading 

Learning Reading Have students divide a 
sheet of paper in half. Have them record 
research notes, lecture notes, and vocabulary 
terms related to the laws of motion in the left 

column. ‘Tell them to use the right column to 
respond, interpret, question, and analyze left- 

column entries. Intrapersonal 

Four-Corner Discussion The class works in 

four groups to debate a complex issue. 

Jigsaw Students work in groups to become 

experts on a portion of text and share what 

they've learned with the class. 

Buddy Interviews Students interview one 

another to find out what strategies they use to 
learn the text. 

Reciprocal Teaching Students take turns read- 

ing a section of text, retelling it in their own 
words, then asking questions about it. 

News Summary Students are given several 
minutes to summarize, retell, or analyze an 

activity for a “TV” audience. 

ReQuest The teacher reads aloud an article or 

story. Student pairs then construct discussion 
questions and review the content. 
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Assessment 
Glencoe Science offers the Glencoe Assessment Advantage, a system designed to give you all the tools 

you need to prepare your students for success in any testing situation. 

In the Student Edition 

Section Review and Applying Math ques- 

tions appear in every chapter. 

Applying Math | 

5. Solve One-Step Equations The overall charge 

on the polyatomic sulfate ion, found in 

some acids, is 2... Its formula is SO,2 . If the 

oxygen ion has a2 oxidation number, 

determine the oxidation number of sulfur 

in this polyatomic ion. 

Chapter Review questions help you evaluate 

students’ knowledge and ability to apply 
science concepts. 

Standardized Test Practice questions at the 
end of each chapter provide students with 

additional opportunities to practice their test- 
taking skills. 

In the Teacher Wraparound Edition 
Assessments located throughout the Teacher 
Wraparound Edition provide methods for 
assessing students’ comprehension with 
Performance, Process, and Content exercises. 

~~ Q ™ Assessment 

Content Many benefits result from nuclear appli- 
cations in medicine, but there are disadvantages, 

too. Ask students to write newspaper articles 
explaining how radiation can Cause as well as treat 
cancer. Possible answers: It can cause mutations in cell struc- 
tures, leading to tumor formation, or it can kill cancer cells. 
Use PASC, p. 141, 

Teacher Classroom Resources 

Performance Assessment in the Science 

Classroom 

e Guidelines for assessing the performance of 

a task 

e Reproducible activities for evaluating students 

e Sample rubrics and checklists 

Fast File Chapter Resources provides six 
pages of assessement for every chapter including 
Testing Concepts, Applying Concepts, and Writing 

Skills. 

Technology Support 
MindJogger Videoquizzes are interactive 

video quizzes set in game show format. Each is 
designed for the full range of student learning 
styles. 

ExamView® Pro Testmaker CD-ROM for 
Windows® and Macintosh® provides an easy 

way to create, edit, and customize your tests. 
Select your own test items by State Standard, or 

write and edit your own. Translate tests from 
English to Spanish and vice versa. 
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Science Holistic Rubrics 
The scoring rubrics below describe the characteristics of the answers required 
for each possible score for Short- and Extended-Response tasks. 

2 Points: 

Short-Response Tasks 

A score of two indicates that the student has demonstrated a thorough 
understanding of the scientific concepts and/or procedures embodied in the task. 
The student has completed the task correctly, in a scientifically sound manner. When 
required, student explanations and/or interpretations are clear and complete. The 
response may contain minor flaws that do not detract from the demonstration of a 
thorough understanding. 

1 Point: A score of one indicates that the student has provided a response that is only partially 

correct. For example, the student may arrive at an acceptable conclusion or provide an 

adequate interpretation, but may demonstrate some misunderstanding of the 

underlying scientific concepts and/or procedures. Conversely, a student may arrive at 

an unacceptable conclusion or provide a faulty interpretation, but could have applied 

appropriate and scientifically sound concepts and/or procedures. 

0 Points: 

4 Points: 

A score of zero indicates that the student has provided a response that 

demonstrates no understanding of the science embodied in the task. The student 

explanation may be incorrect, uninterpretable, or contain clear misunderstandings 

of the underlying scientific concepts and/or procedures. 

Extended-Response Tasks 

A score of four indicates that the student has demonstrated a thorough 

understanding of the scientific concepts and/or procedures embodied in the task. The 

student has completed the task correctly, used scientifically sound procedures, and 

provided clear and complete explanations and interpretations. The response may 

contain minor flaws that do not detract from a demonstration of a thorough 

understanding. 

3 Points: A score of three indicates that the student has demonstrated an understanding of the 

scientific concepts and/or procedures embodied in the task. The student's response to 

the task is essentially correct, but the scientific procedures, explanations, and/or 
interpretations provided are not thorough. The response may contain minor flaws that 
reflect inattentiveness or indicate some misunderstanding of the underlying scientific 

concepts and/or procedures. sduqny 
2 Points: A score of two indicates that the student has demonstrated only a partial 

understanding of the scientific concepts and/or procedures embodied in the task. 

Although the student may have arrived at an acceptable conclusion or provided an 

adequate interpretation of the task, the student's work lacks an essential under- 

standing of the underlying scientific concepts and/or procedures. The response may 

contain errors related to misunderstanding important aspects of the task, misuse of 

scientific procedures/processes, or faulty interpretations of results. 
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1 Point: A score of one indicates that the student has demonstrated a very limited 
understanding of the scientific concepts and/or procedures embodied in the task. The 

student's response is incomplete and exhibits many flaws. Although the student's 

response has addressed some of the conditions of the task, the student has reached 
an inadequate conclusion and/or provided reasoning that is faulty or incomplete. The 

response exhibits many flaws or may be incomplete. 

0 Points: A score of zero indicates that the student has provided a response that 
demonstrates no understanding of the science embodied in the task. The student 

explanation may be incorrect, uninterpretable, or contain clear misunderstandings 

of the underlying scientific concepts and/or procedures. 
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Meeting Individual Needs 

Teaching Strategies 
Following each suggested assessment and activ- 
ity, ability levels are supplied to accommodate 

all students. 

e [ Multiple Learning Styles logos are used 
throughout the text to indicate strategies that 
address different learning styles. 

e |\4] Level 1 activities should be appropriate for 
students with learning difficulties. 

e [12] Level 2 activities should be within the abil- 

ity range of all students. 

e [L3] Level 3 activities are designed for above- 

average students. 

e @® English-Language Learners activities 
should be within the ability range of English- 

Language Learners or students who speak 
English as a second language (ESL). 

© COOP LEARN Cooperative Learning activities are 

designed for small group work. 

° Problem-Based Learning activities apply 
real-world situations to learning. 

¢ Portfolio strategies represent student 

products that can be placed into a best-work 
portfolio. 

Identifying Misconceptions 
These short, diagnostic, and perscriptive lessons 
target common science misconceptions. 

Necessary Metals Students may 
think it strange that metals are 

needed by the body. Explain 
that the metals calcium, potas- 

sium, and sodium, for example, 
help transmit electrical signals 
within the nervous system. 

Multiple Learning Styles 
Look for these italicized designations under var- 

ious activities to help you target your lessons to 

each student’s preferred learning style. 

e Kinesthetic learners learn through touch, 
movement, and manipulating objects. 

Visual-Spatial learners think in terms of 

images, illustrations, and models. 

e Interpersonal learners understand and work 
well with other people. 

e Intrapersonal learners can analyze their own 

strengths and weaknesses and may prefer to 
work on their own. 

e Linguistic learners write clearly and easily 

understand the written word. 

Logical-Mathematical learners understand 

numbers easily and have highly-developed 
reasoning skills. 

Daily Interventions 
Found at the end of each chapter section, this 

feature is designed to intercept students who are 
struggling and prescribe a system to help them 
get back on track. Reteach provides reinforce- 

ment of the section’s concepts through visual 
activities. 

DAILY INTERVENTION 

Check for Understanding 
Kinesthetic Have a student light 

a match and allow it to burn. 

Also, place an ice cube in a glass 
container and allow it to melt. 
Have students explain what type 
of changes took place with each 
item and describe the final prop- 
erties of each. 



Meeting Individual 
Needs 
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Differentiated Instruction 
These activities present various teaching strate- 
gies designed to help you meet the special needs 
of students with learning disabilities, physical 
challenges, visual impairment, and hearing 
impairment. Challenge activities provide 
opportunities for students who excel to engage 
in activities and research projects that extend 
the chapter’s concepts. English-language learn- 
ers in the classroom will also find exercises that 
bridge the gap between language barriers and 
the chapter content. 

Differentiated Instruction 
English-Language Learners Have students make 
flashcards with the name of a gland on one side 
and the hormone it produces on the other. 
Student pairs can quiz each other using the 
flashcards. 

Cultural Diversity 
These readings provide insights into the unique 
ways in which people of different ethnicities 
and cultural heritage have approached science. 

The intent of these features is to build aware- 

ness and appreciation for the global community 

in which we live. 

Cultural Diversit 
Tsunami! ‘Tsunamis occur in many areas around 
the world and have been reported since ancient 
times. One of the earliest record tsunamis struck 
Syria around 2,000 B.c. Thera, one of the 

Cyclades Islands in the Mediterranean, may be 
the remnant of a volcano that erupted—causing 
tsunamis that ended the Minoan civilization on 

Crete. [Tsunami is a Japanese word for “harbor 

wave.” Many have struck the Japanese shore. 

Because Japan is an island nation, the threat of 

tsunamis is a national safety concern. ‘Today, by 

using expected tsunami characteristics, the Japan 

Meteorological Agency can forecast tsunami 

heights for the Japanese coastline. This provides 
residents with the knowledge necessary to move 
a safe distance away from the shore. 

Inquiry-Based Science 
The call for more inquiry-based science by the 
National Science Education Standards has been 
met by Glencoe Science. 

Glencoe Science recognizes the importance 
of conducting inquiry-based science activities 
in the classroom. The process of doing inquiry 

models actual science practice, encouraging 

problem-solving strategies and developing criti- 
cal thinking skills. Inquiry gets students actively 
involved in the learning process by allowing 
them to determine materials, procedures, or the 
topics and questions they want to investigate. 

Inquiry can range from a very structured 
activity for those students who need more guid- 
ance to a more open-ended approach where 
students lead the investigations. Glencoe 
Science recognizes that the inquiry activities 
suggested will not look the same in every class- 
room. We encourage teachers to modify the 
suggested activities in a manner that best sup- 
ports your students. 

Glencoe also provides teachers with 

Alternative Inquiry Labs, teaching strategies or 
suggestions for making existing labs more 
inquiry-based. 

Alternative In 
Extend the Experience Io make this Lab an 
Inquiry Lab, have students examine the mag- 

netic field around the motor, using a compass or 
iron fillings. Test the armature and rotor before 
final assembly, as it will be difficult to fit the 

compass inside the motor. Encourage students 
to make various adaptations to the motor. Ask 
them to figure out how to make the motor spin 

the other way, spin faster, and spin slower. How 
could the motor be turned into a generator? 
How could they make the motor consume less 
power? Finally, students might research how 
these issues are handled by industry or other 
questions they find interesting. 
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| Foldables 
Foldables are easy-to-make, three-dimensional, interactive graphic organizers that 

students create out of simple sheets of paper. These unique hands-on tools for studying 

and reviewing were created exclusively for Glencoe by education specialist Dinah Zike. 

Research Behind Foldables 

According to research (Bransford, 1979; Corno, 

1994), study strategies help students under- 

stand, organize, remember and apply new infor- 
mation presented in science textbooks. Some 
study strategies include concept mapping, high- 
lighting, outlining, note taking, summarizing, 
and underlining (Peverly, Brobst, Graham & 

Shaw, 2003). Glencoe Science offers Dinah 

Zike’s Foldables Study Organizers as an orga- 
nizational tool and study guide for students. 

Build Prereading Skills 

e Encourages students to prepare for what they 
will be learning 

¢ Gives students an opportunity to recall what 

they already know about a subject 

Encourage Active Reading and Writing 

® Practices basic reading and writing skills 

¢ Develops skills in finding and reporting main 

ideas 

° Organizes information 

e Reviews key vocabulary terms 

Summarize Content for Review 

° Creates a comprehensive, interactive snapshot 
of the chapter 

° Provides preparation support for chapter, 
unit, and end-of-course exams, as well as 
standardized tests 

FOLDABLES 
Study Organizer 

Acids, Bases, and Salts 

The very essence of life, 

DNA, is an acid. You also 

may be familiar with ascorbic acid, or 

vitamin C. Make the following Foldable to 

compare and contrast the characteristics 

of acids, bases, and salts. 

Fold one sheet of paper 
lengthwise. 

Fold into 

thirds. 

Unfold and draw overlapping 
ovals. Cut the top sheet along 
the folds. 

Label the ovals Acids, Salts, 

and Bases. 

Construct a Venn Diagram As you read 

the chapter, list the characteristics of 

acids, bases, and salts under the appro- 

priate tabs. 

Dinah Zike’s Teaching with Foldables™ 
Science 
e Sample presentations of Foldables™ 

instructions 

¢ Ideas on how to incorporate Foldables™ into 
your lessons 

° Easy-to-read folding instruction pages 



Educational Partnerships 
NATIONAL 
GEOGRAPHIC 

Some topics in the chapter either require or 

a NATIONAL 
GEOGRAPHIC VISUALIZING SEED DISPERSAL 

Sn fe Figure 18 
benefit from a larger, more detailed visual lants have many adaptations for dispersing <caraaats 

s j aD . = : seeds, oft , explanation. The National Geographic oe ep ay 

Society has created Visualizing features that 
call out an important concept from the 
chapter and illustrate it in a way that will 
inform, excite, and motivate your students. 

A Pressure builds within the seed- 
pods of this jewelweed plant until 

the pod bursts, flinging seeds far 
A Equipped with tiny and wide. 
hooks, burrs cling tightly 
to fur and feathers. 
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by animals, such as this 
squirrel, go uneaten and 

Y Dandelion seeds are ane Ge ee 
easily dislodged and sail ; ; 
away on a puff of wind. 

A Enaased ina thick, buoyant husk, 
‘ ; ‘ a | acoconut may be carried hundreds 

z ee ’ ' : # of kilometers by ocean currents. 

N,V sm SCIENCE: ee 
U HISTORY j in nna 

SECTION 3 Seed Reproduction 289 

TIME 
TIME Magazine brings science topics 
and history together to further explain 

the chapter’s main ideas and show 
how science relates to real life. 

Fixing the Problem 
% MD ff * Kountz discovered the root of the problem 
% eter, oe 

in, rpe? - why and how a patient's body rejected the trans: ey, lation hel no : 
° sa AC planted kidney. He dise 

ve jives pet cells attacked and des 

ygen. Froin this, doctors 

1ew when to give patients the 

right kinds of drugs, so that 

their bodies could overcome 

the rejection process 
In 1959, Kountz per 

formed the first successful 

kidney transplant. He went 

ested in kidney transplant on to develop a procedure to 
1 process that was still brand keep body organs healthy for 

up to 60 he after being 

taken fror He also set 

onor cards up a system of org 
through the N lk 

Foundation, And in his career, Dr 

But then a patient's | 

the kidney, and the patien 
Dr. Kountz was determined to see that 

kidney transplants saved lives and kept kidneys himself—and paved the way for 
Kountz transplanted more than 1,000 

patients healthy for year thousands more 

What kinds of medical breakthroughs has the last 

century brought? Locate an article that explains either a recent 

advance in medicine or the work that doctors and medical 

researchers are doing. Share your findings with your class 

13T 
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Research-Based Learning Strategies 
Glencoe Science incorporates the most current and applicable educational research on 

science learning and follows recommendations from the American Association for the 

Advancement of Science and the National Science Teachers Association. The following 

research-based strategies can be found throughout the text. 

Learning Strategies 
The following research-based strategies can be 
found throughout the text: 

© Using Prior Knowledge Glencoe Science 

encourages students to use their prior knowl- 

edge to learn information because this adds 
relevance to the material. Students are referred 
back to other parts of the text or to their own 
real-life experiences. 

¢ Practicing Important Tasks By offering stu- 
dents an opportunity to practice important 

tasks using a variety of labs and activities in 
the Student Edition, Teacher Wraparound 
Edition, ancillaries and technology, Glencoe 

Science makes learning fun and relevant for 
students. 

e Using Visuals to Communicate, Organize, 

and Reinforce Learning High-quality art 

and photos throughout the text communicate 
concepts more efficiently and reinforce learn- 
ing, while allowing students to organize 
information. 

White Paper 
The Glencoe Science White Paper outlines the 

educational strategies on which this program 
was based. This document provides specific 
examples from the Student Edition, Teacher 

Wraparound Edition, ancillary program, and 

technology resources, highlighting extensive 

use of educationally sound strategies that help 
students learn science. 

¢ Motivating Students to Achieve Active 

strategies and real-world experiences motivate 
students to achieve. Throughout Glencoe’s 
programs, students are encouraged to apply 

their knowledge in ways that will motivate 

them to learn. 

e Developing Decoding and Reading 

Comprehension Strategies Throughout the 

text, students are supplied with caption ques- 

tions, reading checks, and other strategies to 

aid in comprehension. 

e Using Study Strategies Through the use of 

highlighting, outlining, note-taking, summa- 
rizing, and other such strategies, students can 
monitor their own progress and organize 

information more effectively, thereby increas- 
ing their scientific literacy. These strategies are 
found throughout the text and ancillaries. 

The use of these strategies within Glencoe 

Science will help teachers to achieve the goals 
set forth by the National Science Education 
Standards. 

Spencer Grant/PhotoEdit, Inc 



Field Research and Testing 
Feedback from students, teachers, curriculum supervisors, department chairpersons, parents, 
learning specialists, and science content experts is invaluable in the development of Glencoe’s 
science programs. 

Prior to Publication 

¢ Detailed classroom teacher and curriculum 

supervisor surveys are conducted by inde- 

pendently contracted researchers. 

e A nationwide panel of science teachers, 
curriculum supervisors, and department 
chairpersons provide countless hours of feed- 
back and assistance throughout program 
development. 

e A wide range of educator and content 
reviewers provide in-depth reviews of 

and suggestions for manuscripts and 
pre-publication versions of Glencoe’s science 
programs. 

° Face-to-face interviews with science teachers 
provide insight into teachers’ day-to-day 

challenges. 

After Publication 

e Field tests are conducted in which students 

and teachers use a pre-publication manuscript 

in the classroom. 

¢ Follow-up interviews, observations, and 

surveys of Glencoe users provide ongoing 

opportunities for program development and 

verification of program success. 

Field-Test Results 

e Field-test research indicates that test scores 

increased among students using Glencoe’s 
science programs. 

Nine out of ten students earned higher 
scores after using Glencoe programs. 

Scores improved among both male and 
female students. 

Scores improved among both minority 
and non-minority students. 

Overall, the gap closed between the average 
pre-test score and a perfect score. Stated 
differently, on average, scores increased 

after students used Glencoe’s science 

programs. 
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National Education Standards 
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How Glencoe Science Aligns with the National Science Education Standards 

The correlations below show the close and gives students opportunities to make 

alignment between Glencoe Science and connections among the science disciplines. 

the grade-appropriate standards. Glencoe Hands-on activities and inquiry-based les- 

Science allows students to discover con- sons reinforce the science processes empha- 

cepts within each of the content standards sized in the standards. 

Correlation of Florida Physical Science with Earth Science to the National Science 

Education Standards. 

Content Standard Chapter and Section 
el 

(UCP) Unifying Concepts and Processes 
1. Systems, order, and organization 1-1) 1-2) 1-3, 251, 252, 253, 3-1,3-2,3-3,4-1,4-2, 4-3, 5-1, 5-2, 6-1, 6-2, 6-3, 7-1, 7-2, 7-3, 8-1, 8-2, 8-3, 8-4 9-1, 9=2,9-3, 

9-4, 10-1, 10-2, 10-3, 11-1, 11-2, 11-3, 11-4, 12-1, 12-2, 12-3, 12-4, 14-1, 14-2, 14-3, 15-1, 15-2, 15-3, 16-1, 16-2, 16-3, 

17-1, 17-2, 17-3, 17-4, 18-1, 18-2, 19-1, 19-2, 19-3, 20-1, 20-2, 20-3, 20-4, 21-1, 21-2, 21-3, 21-4, 22-1, 22-2, 22-3, 23-1, 

23-2, 23-3, 23-4, 24-1, 24-2, 24-3, 24-4, 25-1, 25-2, 25-3, 25-4, 26-1, 26-2, 26-3, 26-4 

2. Evidence, models, and explanation 1-1, 1-2, 1-3, 2-1, 2-2, 2-3, 3-1, 3-2, 3-3, 4-1, 4-2, 4-3, 5-1, 5-2, 6-1, 6-2, 6-3, 7-1, 7-2, 7-3, 8-1, 8-2, 8-3, 8-4, 9-1, 9-2, 9-3, 

9-4, 10-1, 10-2, 10-3, 11-1, 11-2, 11-3, 11-4, 12-1, 12-2, 12-3, 12-4, 13-1, 13-2, 13-3, 14-1, 14-2, 14-3, 15-1, 15-2, 15-3, 

16-1, 16-2, 16-3, 17-1, 17-2, 17-3, 17-4, 18-1, 18-2, 19-1, 19-2, 19-3, 20-1, 20-2, 20-3, 20-4, 21-1, 21-2, 21-3, 21-4, 22-1, 

22-2, 22-3, 23-1, 23-2, 23-3, 23-4, 24-1, 24-2, 24-3, 24-4, 25-1, 25-2, 25-3, 25-4, 26-1, 26-2, 26-3, 26-4 

3. Change, consistency, and 1-1, 1-2, 1-3, 2-1, 2-2, 2-3, 3-1, 3-2, 3-3, 4-1, 4-2, 4-3, 5-1, 5-2, 6-1, 6-2, 6-3, 7-1, 7-2, 7-3, 8-1, 8-2, 8-3, 8-4, 9-1, 9-2, 9-3, 

measurement 9-4, 10-1, 10-2, 10-3, 11-1, 11-2, 11-3, 11-4, 12-1, 12-2, 12-3, 12-4, 13-1, 13-2, 13-3, 14-1, 14-2, 14-3, 15-1, 15-2, 15-3, 

16-1, 16-2, 16-3, 17-1, 17-2, 17-3, 17-4, 18-1, 18-2, 19-1, 19-2, 19-3, 20-1, 20-2, 20-3, 20-4, 21-1, 21-2, 21-3, 21-4, 21-3, 

21-4, 22-1, 22-2, 22-3, 23-1, 23-2, 23-3, 23-4, 24-1, 24-2, 24-3, 24-4, 25-1, 25-2, 25-3, 25-4, 26-1, 26-2, 26-3, 26-4 

2-1, 2-2, 2-3, 7-3, 8-1, 8-2, 8-3, 8-4, 12-2, 12-3, 12-4, 17-4, 23-1, 23-2, 23-3, 23-4, 26-2, 26-3, 26-4 

5. Form and function Wl Dil =3 2-2-2) 2-3) 4-1 4-24-37 5-1 2-2,0- ll, O-2, 0-3, / all -2p/ 5,07, 0-2, 6-5 ,10-4, S-lyo -PpO=S nol O- O-2y 

HOS, IVa 27113) lil4, 2-1 2-212-312-4111 3-2,3-sy 14-1 14-2 14 Salon tlo-2) lo .O-lplo-2nlO=5, 

WAV M2 WS -4 NSW 9A, 9-2) 19-3; 20M 20-2)20-37 20 AN 22-22-2223 2a 2a poo, Dee eee 

24-3, 24-4, 25-1, 25-2, 25-3, 25-4, 26-2, 26-3, 26-4 

. Evolution and equilibrium 

(A) Science as Inquiry 

1. Abilities necessary to do scientific 1-1, 1-2, 1-3, 2-1, 2-2, 2-3, 3-1, 3-2, 3-3, 4-1, 4-2, 4-3, 5-1, 5-2, 6-1, 6-2, 6-3, 7-1, 7-2, 7-3, 8-1, 8-2, 8-3, 8-4, 9-1, 9-2, 9-3, 

inquiry 9-4,10-1, 10-2, 10-3, 11-1, 11-2, 11-3, 11-4, 12-1, 12-2, 12-3, 12-4, 13-1, 13-2, 13-3, 14-1, 14-2, 14-3, 15-1, 15-2, 15-3, 

16-1, 16-2, 16-3, 17-1, 17-2, 17-3, 17-4, 18-1, 19-1, 19-2, 19-3, 20-1, 20-2, 20-3, 20-4, 21-1, 21-2, 21-3, 21-4, 22-1, 

22-2, 22-3, 23-1, 23-2, 23-3, 23-4, 24-1, 24-2, 24-3, 24-4, 25-1, 25-2, 25-3, 25-4, 26-1, 26-2, 26-3, 26-4 

2. Understandings about scientific theory | 1-1, 1-2, 1-3, 2-1, 2-2, 2-3, 3-1, 3-2, 3-3, 4-1, 4-2, 4-3, 5-1, 5-2, 6-1, 6-2, 6-3, 7-1, 7-2, 7-3, 8-1, 8-2, 8-3, 8-4, 9-1, 9-2, 9-3, 

9-4, 10-1, 10-2, 10-3, 11-1, 11-2, 11-3, 11-4, 12-1, 12-2, 12-3, 12-4, 13-1, 13-2, 13-3, 14-1, 14-2, 14-3, 15-1, 15-2, 15-3, 

16-1, 16-2, 16-3, 17-1, 17-2, 17-3, 17-4, 18-1, 19-1, 19-2, 19-3, 20-1, 20-2, 20-3, 20-4, 21-1, 21-2, 21-3, 21-4, 22-1, 22-2, 

22-3, 23-1, 23-2, 23-3, 23-4, 24-1, 24-2, 24-3, 24-4, 25-1, 25-2, 25-3, 25-4, 26-1, 26-2, 26-3, 26-4 
7) 

2 6 (B) Physical Science 

= 1. Structure of Atoms 16-2, 21-4, 24-1, 25-1, 25-2, 25-3, 25-4 

s 2. Structure and properties of matter 4-1, 5-1, 5-2,9-1, 9-2, 9-3, 9-4, 10-1, 10-2, 10-3, 11-2, 11-3, 11-4, 13-1, 13-2, 13-3, 14-1, 14-2, 14-3, 15-1, 15-2, 15-3, 

wn 16-1, 16-2, 18-1, 18-2, 19-1, 19-2, 19-3, 21-4, 22-1, 22-2, 23-1, 23-2, 23-3, 23-4, 24-1, 24-2, 24-3, 24-4 25-1, 25-2, 
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25-3, 25-4, 26-1 

3. Chemical reactions 18-2, 20-1, 21-1, 23-1, 23-2, 23-3, 23-4, 24-1, 24-3, 24-4 

4. Motion and forces 3-1, 3-2, 3-3, 4-1, 4-2, 4-3, 5-1, 5-2, 6-1, 6-2, 6-3, 8-1, 8-3, 9-1, 9-3, 9-4, 10-1, 10-2, 10-3, 13-1, 13-2, 13-3, 14-1, 14-2, 
14-3, 15-1, 15-2, 15-3, 17-2, 17-3, 22-1, 22-2, 22-3, 26-1, 25-4, 26-2 

5. Conservation of energy and increase 5-2, 9-1,9-2, 9-4, 10-1, 10-3, 19-1, 19-2, 19-3 
in disorder 

. Interactions of energy and matter 6-1,6-2, 6-3, 9-1, 9-2, 9-3, 10-1, 10-2, 10-3, 11-2, 11-4, 13-3, 15-1, 15-2, 15-3, 17-2, 17-3, 18-2, 19-1, 19-2, 19-3, 22-1, 
22-2, 22-3, 23-3, 23-4, 24-2, 26-4 

(C) Life Science 

1. Biological Evolution 8-4 

2. Matter, energy, and organization in 8-4,17-3 
living systems 

3. The behavior of organisms 8-4, 11-4,17-1 

(D) Earth and Space Science as 
1, Energy in the Earth system | 7-1, 12-1, 12-2, 12-3, 12-4, 14-1, 15-1, 16-1, 16-3, 17-1, 17-2, 17-3, 17-4, 20-1, 20-2, 20-3, 20-4, 21-2 
2. Geochemical cycles 12-4, 16-1, 16-3, 17-1, 17-2, 20-1, 20-2, 20-3, 20-4, 21-2, 21-3 
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. The origin and evolution of the 7-1,7-3,8-1, 8-2, 8-3, 8-4, 12-2, 12-3, 12-4, 14-1, 16-1, 16-3, 17-4, 21-4 
Earth system 

. The origin and evolution of the 7-3, 8-1, 8-3, 8-4, 26-4 
universe 

(E) Science and Technology 

1. Abilities of technological design 2-1,2-2,2-3, 12-2, 21-4 

2. Understandings about science 2-1, 2-2, 2-3 
and technology 

(F) Science in Personal and Social Perspectives 

. Population growth 16-2, 16-3, 26-4 

20-1 

. Environmental quality 16-2, 16-3, 17-4, 21-3 

. Natural and human-induced hazards 1-1, 2-2, 12-2, 12-4, 17-4, 21-3 

. Personal and community health Pisa 25-3, 25-4, 26-1, 26-2, 26-4 

. Natural Resources 

. Science and technology in local, 13-3, 2-1, 2-2, 2-3, 12-2, 26-1, 26-2 
national, and global challenges 

(G) History and Nature of Science 

1. Science as a human endeavor 22-4 

2. Nature of scientific knowledge Ae 2S 2522-3) 52572 la, 25-4 

3. History of science 5-2, 8-1, 8-2, 8-3, 9-2, 10-3, 14-2, 14-3, 15-1, 15-3, 19-1, 19-2, 19-3, 20-1, 22-3, 23-1, 23-4, 25-1, 25-4, 26-3, 26-4 

How Glencoe Science Aligns with the NCTM Standards for Grades 9-12 
Throughout Glencoe Science, each Applying the NCTM Standards. These activities serve to 
Math activity provides students with the oppor- _ reinforce mathematical skills in real-life situa- 

tunity to practice and apply some of the mathe- _ tions, thus preparing students to meet their 
matical concepts and applications described in needs in an ever-changing world. 

Correlation of Florida Physical Science with Earth Science to NCTM Standards 

Math Standard 

1. Number and Operations DAT 33,05, 1 2; Go 27) Ol onloO slo 27 [Aor DO loon LO lmlae, 

Zl, 220) 2477255) 250, 205,291, 310,592); 5949, 95), 005,4 l, 

412,419,451, 459, 481,513, 537,545, 565, 603,621,641, 665, 

681, 728, 747, 781, 798, 813, 820 

2. Algebra DAS 3H7 2,93) 102, 1G, 123, S032, IA9P 156, 156,181, 198; 
220.2557 258,283,297, 2 lo; 3257397, 360;4 1 |, 402,419,451, 
481, 537,565,573, 705,715, 728, 747,781,845 

3. Geometry 255,258 

4. Measurement 16, 33,213, 247, 349, 545, 603, 621,641, 665, 681, 757 

spiepue}s 
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3 

5. Data Analysis and Probability P4765, 13 

6. Problem Solving 5/3, 10507 V5) 777 19678 le 

7. Reasoning and Proof 16, 24, 72, 102, 116, 130, 132, 156, 162, 198, 220, 255, 258, 297, 
325, 357,411, 412, 459, 537, 565, 621, 665, 705, 728, 757, 798, 820 

8. Communication 507/15 

9. Connections 2433703) 12,05 102)1 16, 123, 130; 132; 149, 156, 153, 181, 198, 

213, 220, 247, 283, 297,315, 325, 349, 357,385, 411,412,419, 

A54°481,513;,597,045, 505, 573, 603, 621,641,605, 681, 705, 

915,728, /477757,781, 798,813, 820, 845 

10. Representation 220, 728, 747 
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Learning in the Laboratory 

In the Student Edition 

Working in the lab is perhaps the most exciting 

part of science. Labs and MiniLABs give your 
students the hands-on opportunity to create, 
investigate, and explore science. Students will 
learn new material, while having fun. 

Traditional Labs provide guided inquiry as 
students hypothesize, plan investigations, and 
collect and analyze data. 

Design Your Own Labs challenge students to 
design their own experiments that will provide 

answers to lab problems. 

Model and Invent Labs allow students to 
create a model or invent a product that can 

demonstrate scientific concepts. 

Use the Internet Labs help students share and 

retrieve data from others around the country and 
world, by posting data they have collected on 
fl.gpescience.com. These activities show students 
the possible range of data, importance of collect- 
ing large amounts of data, and data analysis. 

MiniLABs and Applying Science activities are 

a quick way for students to practice specific 
process skills as they learn science concepts. 
Many of them can be classroom demonstrations 
or homework assignments. 

In the Teacher Wraparound Edition 
Quick Demos allow students to visualize 

biology concepts. 

Inquiry Labs in each chapter can be used to 
support inquiry-based science or as alternatives 
to traditional labs. 

Technology Support 
Virtual Labs CD-ROM includes a collection of 

interactive activities involving major chapter 
themes that allow students to understand sci- 

ence concepts in a virtual setting. These labs 
provide a way to conduct experiments without 

classroom time, cost, and safety constraints. 

Video Labs show students step-by-step lab 

procedures while emphasizing important lab 
safety skills. The lab videos also include teacher 
support, troubleshooting advice, and expected 

outcomes. 

Additional Resources 

Laboratory Activities offer a variety of tradi- 
tional laboratory experiences that reinforce the 

biology principles in the text. The Teacher 
Wraparound Edition provides full support. 

Probeware Labs present activities for students 
to explore scientific concepts using a probeware 

data collection system. These hand-held systems 
provide a fast and simple way to collect, view, and 
analyze data in the classroom or during a field 
investigation. Integrating technology in the class- 

room is made simple with step-by-step instruc- 
tions for setting up and using probeware. 

Science Inquiry Lab Manual gives students 

the opportunity to become increasingly inde- 

pendent in stating hypotheses, designing and 
performing experiments, and collecting 
and analyzing data. 



Safety in the Laboratory 
All activities are designed to minimize dangers in the laboratory. Careful laboratory plan- 
ning and management by both the instructor and the student are essential to a safe labora- 
tory experience. Local, state, and federal laboratory safety laws and regulations must be 
strictly followed. The information provided here is one of the many resources to which you 
can refer for information about laboratory safety. 

Classroom and Laboratory Preparation 
1. Label and store chemicals properly and securely. 

see p. 20T, 

2. Store equipment properly and securely and other 
thing. 

a. Clean and dry all equipment before storing. 

b. Protect electronic equipment and microscopes 

from dust, humidity, and extreme temperatures. 

c. Number, catalog, and organize equipment. 

3. Ensure adequate work space for each student. 

4. Ensure adequate classroom and storeroom 

ventilation. 

5. Explain and post safety and evacuation guidelines 

along with expectations of conduct. 

6. Ensure that all safety equipment is functioning 
properly and is clearly visible. 

7. Provide hot plates as a heat source whenever pos- 

sible. If gas burners are used, know where the 
central gas supply shutoff valve is located. 

8. Ensure that each workstation has a GFCI-protected 

electrical source. 

9. Provide safety goggles consistent with ANSI fofxe) 

Standard Z87.1 for each student, including stu- 

dents who wear corrective lenses. 

First Day of Class (with students) 

1 Distribute and discuss safety rules, safety symbols, 

and first aid guidelines. Have students to review 

safety symbols and guidelines. 

2. Review safe use of equipment and chemicals. 

3. Review use and location of safety equipment. 

4. Discuss safe disposal of materials and laboratory 

cleanup policy. 

5. Discuss proper laboratory attitude and conduct. 

6. Document students’ understanding of the preced- 

ing points. Have students sign a safety contract 

and return it. 
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Before Each MiniLAB or Lab 

1. 

2s 

Perform each investigation yourself before assign- 
ing it. 

Arrange the lab in such a way that equipment and 
supplies are clearly labeled and easily accessible. 

Have available only equipment and supplies 
needed to complete the assigned investigation. 

Review the procedure with students, emphasizing 
any caution statements or safety symbols that appear. 

Be sure all students know the proper procedures 
to follow if an accident should occur. 

Provide containers for disposing of chemicals, 
waste products, and biological specimens. 

Disposal methods should meet local guidelines. 

During the MiniLAB or Lab 
1. 

2. 

3. 

4. 

1. 

2: 

3. 

4. 

Make sure the lab is clean and free of clutter. 

Insist that students wear goggles and aprons. 

Never allow a student to work alone in the lab. 

Never allow students to use a cutting device with 
more than one edge. 

Students should not point the open end of a 

heated test tube toward anyone. 

Remove broken glassware or frayed cords from 
use. Also clean up any spills immediately. Dilute 

solutions with water before removing. 

Be sure all glassware that is to be heated is of a 
heat-treated type that will not shatter. 

Remind students that hot glassware looks cool. 

Prohibit eating and drinking in the lab. 

After the MiniLAB or Lab 

Be sure that the lab is clean. 

Be certain that students have returned all equip- 

ment and disposed of broken glassware and 
chemicals properly. 

Be sure that all hot plates and electrical connec- 

tions are off. 

Insist that each student wash his or her hands 
when lab work is completed. 
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Chemical Storage and Disposal 

General Guidelines 

Be sure to store all chemicals properly. The follow- 

ing are guidelines commonly used. Your school, city, 
county, or state may have additional requirements for 

handling chemicals. It is the responsibility of each 
teacher to become informed of the rules or guidelines 
in effect in his or her area. 

1. Separate chemicals by reaction type. Strong acids 

should be stored together. Likewise, strong bases 
should be stored together and should be separated 
from acids. Oxidants should be stored away from 
easily oxidized materials, and so on. 

2. Be sure all chemicals are stored in labeled contain- 

ers indicating contents, concentration, source, 

date purchased (or prepared), any precautions for 
handling and storage, and expiration date. 

3. Dispose of any outdated or waste chemicals prop- 
erly according to accepted disposal procedures. 

4. Do not store chemicals above eye level. 

5. Wood shelving is preferable to metal. All shelving 
should be firmly attached to the wall and should 
have anti-roll edges. 

Store only those chemicals that you plan to use. 

aa Hazardous chemicals require special storage con- 
tainers and conditions. Be sure to know which 
chemicals those are and the accepted practices for 
your area. Some substances must be stored out- 
side the building. 

8. When working with chemicals or preparing solu- 
tions, observe the same general safety precautions 
that you would expect from students. These 
include wearing an apron and goggles. Wear 
gloves and use the fume hood when necessary. 
Students will want to do as you do whether they 
admit it or not. 

9. If you are a new teacher in a particular laboratory, 
it is your responsibility to survey the chemicals 

stored there to be sure they are stored properly. If 
not, they should be disposed of. Consult the rules 
and laws in your area concerning which chemicals 
can be kept in your classroom. For disposal, con- 

sult up-to-date disposal information from state 
and federal governments. 

Disposal of Chemicals 
Local, state, and federal laws regulate the proper dis- 

posal of chemicals. These laws should be consulted 
before chemical disposal is attempted. Although many 

substances encountered in the science classroom can 
be flushed down the drain with plenty of water, it is 
not safe to assume that this is always true. Teachers 
who use chemicals should consult the following book 

from the National Research Council: 
Prudent Practices in the Laboratory. Washington, DC: 

National Academy Press, 1995. This book is useful and 
was revised in 1995. Current laws in your area would, 

of course, supersede the information in this book. 

DISCLAIMER 

Glencoe Publishing Company makes no claims 
to the completeness of this discussion of laboratory 
safety and chemical storage. The material presented 
is not all-inclusive, nor does it address all of the haz- 
ards associated with handling, storing, and disposing 
of chemicals, or with laboratory management. 

Clement Mok/PictureQuest 



Preparation of Solutions 
It is important to use safe laboratory techniques when handling all chemicals. Always check the 
MSDS (Material Safety Data Sheet) for each chemical before using it in the classroom. Many 
substances might appear harmless, but might be toxic, corrosive, or very reactive. Chemicals 
should never be ingested. Use proper techniques to smell any chemical, wear safety goggles and 
an apron in the laboratory, and observe the following precautions. 

1. Dilution of Acids and Bases When diluting acids with water, always add the 
acids to the water. Never add water to acids. When sulfuric acid and sodium 
hydroxide are added to water, a large amount of thermal energy is released. 
Use extra care when handling these substances. 

2. Poisonous and Corrosive Liquids or Vapors Use a fume hood if possible. 
Examples include hydrochloric acid, acetic acid, nitric acid, and ammonium 

hydroxide. 

3. Poisonous and Corrosive to Eyes, Lungs, and Skin Examples include acids, bases, 
silver nitrate, iodine, and potassium permanganate. 

Bremthymo! blue: Add 0.5 g bromthymol blue powder phenolphthalein. To make 1% solution, mash 

to 500 mL distilled water to make a BTB stock 4 tablets and pour the powder into 10 mL of - 

solution. Dilute 40 mL BTB stock solution to 2 L rubbing alcohol. Let mixture soak for 15 minutes. no 

with distilled water. Solution should be bright blue. Pour liquid into and store in a dropper bottle. oF 

If not, add one drop of NaOH at a time, swirling to = ni 
cca len Potassium pees anata! For a O0UM solution of 9S = 

potassium permanganate, dissolve 0.15 g KMnO, a) 

Hydrochloric acid (HCL) solution: To make a 5% solution, in 100 mL water. S. 

add 13.6 mL concentrated HCl to 73 mL water 
while stirring. To make a 0.1M solution, add Red cabbage concentrate: Put 5 leaves of red cabbage 

1 mL concentrated hydrochloric acid to 100 mL in a pot. Add 1 L of water, bring to a boil, and 
water while stirring. simmer until water turns a deep purple. Pour 

liquid through a strainer or piece of cheesecloth 
lodine solution/lodine stain: Dilute 1 part Lugol’s into a storage bottle. Keep refrigerated. 

solution with 15 parts water. 

Salt solution: For a 3.5% salt (NaCl) solution that 

simulates the concentration of ocean water, 

dissolve 35 g of salt (NaCl) in 965 mL of water. 

For a 1% solution (weak), dissolve 1 g of salt 

(NaCl) in 99 mL of water. For a 6% solution, 

dissolve 6 g of salt (NaCl) in 94 mL of water. 

Limewater solution: Add up to | gallon of distilled or tap 

water to 1 teaspoon of calcium hydroxide 

(Limewater is a saturated solution; a teaspoon will 

yield a fully saturated solution if you use one gallon 

of water or less.). Shake the jar vigorously for one 

to two minutes, then let it stand for 24 hours. Pour 

the clearer portion off the top of the solution 

through a coffee filter or filter paper, being careful 

not to stir up any sediment. Repeat the filtering if 

Silver nitrate solution: To make a 10% solution, put 

5 g of silver nitrate in 50 mL of distilled water. 

necessary to produce a clear limewater solution. Sugar solution: Add 1 tablespoon of sugar to 1 cup of 

Lugol's solution: Dissolve 10 g potassium iodide in warm water in a deep jar or flask. Stir to dissolve. 

100 mL distilled water. Then add and dissolve 
: Sodium hydroxide (dilute): To make a 1% solution, 

5 g iodine. Store in dark bottle. Keeps indefinitely. y : 
dissolve 1 g NaOH in 99 mL of water. 

Phenolphthalein indicator: From a drug store, buy 

a package of any laxative that contains 
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Equipment and Materials List 
These easy-to-use tables of equipment and consumable materials can help you prepare for 

your science classes for the year. Refer to the Chapter Organizer in front of each chapter for 

a list of equipment and materials used for each laboratory activity in the chapter. 

pS a a a a es ose ee A a te 

Consumables 

| Material Launch Lab (Chapter) MiniLAB (Chapter-Section) Lab (Chapter-Section) 

adding machine tape 8, 21 

| agar gel 23 

alum 24-4 

aluminum foil Sse alle ell Aa 15-2 

ammonia 24 

antacid tablet 24-3 

baking soda 23-4 

balloon 9 22-2 23-4, 26-4 

butter 9-3 

cabbage indicator (homemade) 244 

can of food 6-2 

_ candies (various colors) 25-1 

candle . 16-1 9-3 

cardboard 24 17-2 6-3 

cardboard box 5-1, 16-3 

cardboard tube 26 14-3 

chalk 7 

clay 25-3 

cloth 14-1, 16-3, 19-3 

coffee can 16 

construction paper (various colors) (5925 19-1 7-2, 16-3 
ao ee ; 
- a copper bromide (crystals) 23-4 

- ta cotton swab 24 

= < cream of tartar 24-4 

og dilute hydrochloric acid: HCI 24-3 20-4 

oS envelope (large) 19 

a3 filter paper 18-2 18-1, 24-4 

food coloring 18, 22 17-1 17-1 

fruit preservative 24-4 

hydrogen peroxide: H»0> (3%) 23-4 

index cards, 3-in < 5-in 23-1 

index cards, 4-in * 6-in 22-1 

leaf 19-3 

manganese dioxide: MnO» 23-4 

| milk 12-4 

| nail (iron, aluminum) 23 20-1, 20-4 

pancake mix 12-4 

| _ Paper (graph) 8-1 12-4 
|__Paper (white) ee 12-4 
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| Material Launch Lab (Chapter) MiniLAB (Chapter-Section) Lab (Chapter-Section) » 
| paper, 11-in < 17-in . 19-3 . ies | 

__ Paper clip 5, 10 5:3, 5-2, 14-1, 193 11-3 | 
pepper 9-3, 18-1 on 
| phenolphthalein 24 

plaster of paris 22-3 

__ plastic sheet (clear) 8-2 
plate (paper) 9-1 

rice | . 26-2 ¥: eee | 

rock eek j } 

rock samples 20-4 

salt 1-3, 9-1, 21-1, 20-3 18-1 
sand 15-2 8-4, 23-4 

soil 8-4 

splint (wooden) 23-4 | | 

steel wool 5 

string © SoZ, let pies ; 

sugar (granulated, cubes) 25 eis 21257 ee 18-1, 24-4 

taffy (large bar) 2 | 12-2, ae 

‘tape (double-sided) oe eee 

tape (electrical) 5 ; eT ini ee 

tape (masking) Zs 5-1 452; 9-2 Me eee Ze 

tape (transparent) 2 a 23-1 Oe 

thread He 

universal indicator 2 24-3 

vegetable oil 22 

vinegar 24 site 23-4 i eeers 
water (distilled) 24-4 eS eee 

waxed paper | SP as WIN ci) 

wire 13 ' 13-2 ald 2 tS ee ee 
wool 22-2 | 

| Monconeumailes se srs—‘“COC*C‘C@N’#C#CN. Uz? 
ammeter Inve ot 

baking sheet ____ 33, 21-2 Poblee a 5 

balance A 5-1 3-3, 4-3, 5-1, 6-3, 18-1 aa = 
ball (plastic, slotted) 4-1 an fi 

ball (rubber) 4-3, 5-1 

ball (white) 13 

baseball 19-3 4-2 

battery Delo 13-2 13-2 

bead (plastic) 9-3 

beaker, 10-mL 7-1 

beaker, 150-mL 15-2, 16-1 23-4 

beaker, 200-mL 18 7-1 
beaker, 250-mL 24-3, 25-3 18-1, 23-4, 24-4 

| beaker, 400-mL or 

beaker, 500-mL 9 9-3 9-3, WI" 

beaker, 1000-mL Ue 
26-4 | 
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(material SA "Launch Lab (Chapter) MiniLAB (Chapter-Section) Lab (Chapter-Section) 

block (wooden) oD 

board . 7 4-| 

bottle (plastic) 23-4 

bowl 1-3, 9-2, 22-3 (Be 

broom handles 6 

| calculator 2-4 

| _can opener (manual) 6-2 

cart 4-] 

| coiled spring toy 10-2 eee oe ee 

coins 5-1 6-3, 20-1, 20-4 

__ colored pencils 19-3 

| compass 1-3 12-4 

| copper wire stirrer 24-4 

crayon 1935 

cup (clear, plastic) 1-3 8-4 

cup (foam) 14-1 9-4 

dominoes 25-3 

__ drinking glass _ Te 2 22 

| dropper 18-2 17-1 

| .eraser r, 33 : 

evaporating dish 18 

feather 1955 

flashlight bulb 13 . 7-2 13-2, 15-2 

funnel | | E 12-4 18-1 
__ geologic cross-sections _ . : 21-4 

glass plate ? 20-1, 20-4 : 

globe ; eee se, 72 

_ golfball = . 19-3 

__ graduated cylinder 22 12 18-1, 23-4, 24-4 

hair dryer 22-3 

2 a __ hammer (rubber) at 22-3 rity 

= u“ hot plate 18 12-4 9-3, 9-4, 17-1, 23-4, 24-4 

2 = HR diagrams (star temperature and 
ag brightness diagrams) 26-2 

os iron filings 18-1 
= ladle 17-1 

lamp 73 7-2 

lenses 26-1 

lightbulb 13-2 

lightbulb holder 13-2 

magnet 14 14-1 14-3, 18-1 

magnifying lens 20-1 8-4, 18-1, 20-4 
mallet 10-3 

__ map of the Hawaiian Islands 12-4 

i map of the Moon 73 

| marbles 10 19-3, 25-3 

| marker (erasable) 8-2 

_marker (permanent) 9-2, 18-2 23-4, 26-4 
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Material "Launch Lab (Chapter) MiniLAB (Chapter-Section) Lab (Chapter-Section) 

tual’ : 57,825 Eee Cee 
microwave ee.” 15-2 

“mineralsamples ies —— i ee 

Mohs hardness scale : - — Se iad 20-1 i 

pan ae fi _ ae 
__ Paring knife 2 . Bre Ste) © 5 94 , 

mepend 1-2, 1-3 
periodictable | LS i, 0-1 a 

photograph of Mars _ ——-_e = a 82 ye 

prepite 2. Ce oe = ; 
__ plane mirror 7 ae MM 11-3 

_ plate tom? = eee ic Dae , 

porcelain tile (unglazed) 7 ik “aoe = a 20-1, 20-4 . 
__ Protractor a a _ ; tee et es 2 

Reference Handbook: Minerals _ . ee . : = 4 20-1 ‘ 

ringstand Lo . nae. bai 
rope (several meters) _ _. Bea Tana es . aaa a 10-3 

rubber band ; Si Ce co ne ee ee es 

_suler (metric) a been se ee ee hee 6-3, 12-4, 12-4, 19-3 

__sauce pan and lid — SE cs e203 ee eee i sata 
saucer = 7 eee 20-0 ; 

scissors — . > Eos * ee 4-2, 8-2, 14-3 

__ softball Za Cl 4-3 

spoon (metal) _ : pesos 121,935,203, 21-1 Z 
spoon (small, plastic) = te ot es eee 23-4 " 

spoon (wooden) 2 Ae er Peed he eee ee 7 ut 

spring scale a 7 - + Ee 3-3 
stopwatch or watch with a second hand 3,4 3-1, 6-1, 12-4, 21-1 4-2, 4-3, 10-2, 10-3, 16-3, 

=. 2 Wee a | Sa 23-4, 25-3 
_ tape measure _ ae a, ee 
teaspoons (ia. § 24-4 es Bae 

__ television and remote control a! Pe P 

| tennis ball Boa. ee __ rE ea : 

__testtube ee oie” EES SE - 
test tube holder er ee ee te a _, ee _ 

test tube rack. : - ———<<ke = EBA As 

__test tube stopper —_ ae 4 M3 Lee > 
thermal mitt 7 a 20-3 eae 

thermometer : Dit 15,161 7-2, 8-2, 9-4, 16-3, 24-4 

tongs 

toy car 

__tuningfork 
turntable 

) 
= 
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Suppliers 
Equipment 

Suppliers 

American Science & Surplus 

P.0. Box 1030 

Skokie, IL 60076 

(847) 647-0011 

www.sciplus.com 

Bio-Rad Laboratories 

2000 Alfred Nobel Dr. 

Life Science Group 

Hercules, CA 94547 

(800) 424-6723 

www. bio-rad.com 

Carolina Biological Supply Co. 

2700 York Road 

Burlington, NC 27215 

(800) 334-5551 

WWW. Carolina.com 

Chem Scientific, LLC 

1250 Washington St. 

Norwood, MA 02062 

(888) 527-5827 

www.chemscientific.com 

Edmund Scientific Company 

60 Pearce Ave. 

Tonawanda, NY 14150 

(800) 728-6999 

www.edmundscientific.com 

Fisher Science Education 

Educational Materials Division 

4500 Turnberry Dr. 

Hanover Park, IL 60133 

(800) 955-1177 

www.fisheredu.com 

Flinn Scientific 

P.O. Box 219 

770.N. Raddant Rd. 

Batavia, IL 60510 

(800) 452-1261 

www.flinnsci.com 

Frey Scientific, Div. of 

Beckley Cardy 

P.O. Box 8101 

Mansfield, OH 44901 

(800) 225-FREY (3739) 

www.freyscientific.com 

Nasco Science 

901 Janesville Avenue 

P.O. Box 901 

Fort Atkinson, WI 53538-0901 

(800) 558-9595 

www,enasco,com 

Nebraska Scientific 

3823 Leavenworth St. 

Omaha, NE 68105-1180 

(800) 228-7117 

nebraskascientific.com 

PASCO Scientific 

10101 Foothills Blvd. 

Roseville, CA 95747 

(800) 772-8700 

WWW.pasco.com 

Sargent-Welch/VWR 

Scientific Products 

P.0. Box 5229 

Buffalo Grove, IL 60089-5229 

(800) SAR-GENT 727-4368 

www.SargentWelch.com 

Science Kit and Boreal Laboratories 

777 East Park Dr. 

P.O. Box 5003 

Tonawanda, NY 14150 

(800) 828-7777 

www.sciencekit.com 

Ward's Natural Science Est. 

5100 W. Henrietta Road 

P.O. Box 92912 

Rochester, NY 14692-9012 

(800) 962-2660 

www.wardscl.com 

Audiovisual 

Distributors 

Bullfrog Films 

P.0. Box 149 

Oley, PA 19547 

(800) 543-FROG (3764) 

www. bullfrogfilms.com 

Coronet/MITI Film & Video 

2349 Chaffee Dr. 

St. Louis, MO 63146 

(800) 221-1274 

www. phoenixlearninggroup.com 

Discovery Channel School 

1 Discovery Place 

Silver Springs, MD. 20910 

(240) 662-2000 

www.discoveryschool.com 

Films for the Humanities 

and Sciences 

P.O. Box 2053 

Princeton, NJ 08543 

(800) 257-5126 

www.films.com 

Flinn Scientific 

P.O. Box 219 

770 N. Raddant Rd. 

Batavia, IL 60510 

(800) 452-1261 

www.flinnsci.com 

Frey Scientific, Div. of 

Beckley Cardy 

P.O. Box 8101 

Mansfield, OH 44901 

(800) 225-FREY (3739) 

www.freyscientific.com 

Media Design Associates 

1731 15th St. 

Suite 220 

Boulder, CO 80302 

(866) 546-9151 

www.indra.com 

National Geographic Society 

Educational Services 

1145 17th Street, N.W. 

Washington, DC 20036-4688 

(800) 647-5463 

www.nationalgeographic.com 

Scholastic, Inc. 

557 Broadway 

New York, NY 10012-3999 

(800) 246-2986 

www.scholastic.com 

Videodiscovery Inc. 

920N. 34th St. 

Seattle, WA 98103 

(800) 548-3472 

www.videodiscovery.com 

Software 

Distributors 

Boreal Laboratories, Ltd. 

399 Vansickle Rd. 

St. Catharines, Ontario, 

L2S 374 

Canada 

(800) 387-9393 

boreal.com 

Educational Activities, Inc. 

1937 Grand Ave. 

P.O. Box 87 

Baldwin, NY 11510 

(800) 645-3739 

www.edact.com 

IBM Education 

1133 Westchester Ave. 

White Plains, NY 10604 

(800) 426-4968 

www.solutions.ibm.com/k12 

J. Weston Walch, Publisher 

40 Walch Dr. 

P.0. Box 658 

Portland, ME 04104-0658 

(800) 341-6094 

www.walch.com 

Scholastic, Inc. 

557 Broadway 

New York, NY 10012-3999 

(800) 246-2986 

www.scholastic.com 

Sunburst Technology, Inc. 

1550 Executive Drive 

Elgin, IL 60123 

(888) 492-8817 

www.SUNBURST.com 
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1 The Methods of Science 

2 Standards of Measurement 

3 Communicating with Graphs 

1 Science and Technology 

2 Forces that Shape Technology 

3 Developing Technology 

While completing 
WD Juest : ae 

~~" Recycling Plastics, 
will investigate the 

history of plastics, what defines 

the seven classes of plastics and 

students 

their uses, the chemistry behind 

plastics, and how they can be 
recycled-compared to paper, 
glass, and aluminum. Completing 

a table listing each type of plastic, 
its normal use, and into what it 
can be recycled might help 
students become more active, 

responsible, and aware citizens. 

Unit 1 Science and Technology 

Billiards 2,Bottles ) 
P 

PROJECT Study Skills 
Active Reading Questions will arise in the students’ minds as they read. 
Encourage students to write these questions in their Science Journals to 
aid in their understanding of the diversity of matter. Questions about ele- 

ments, organic compounds, and newly-developed and versatile materials can be addressed in a 
whole-class discussion... 



a 
= 

A ene RE 

illiards, a popular table game of the 1800s, used balls carved from ivory. 
In the 1860s, an ivory shortage prompted one billiard-ball manufac- 

turer to offer a reward of $10,000 to anyone who could come up with a 
suitable substitute. In an attempt to win the prize, an inventor combined 
certain organic compounds, put them into a mold, and subjected them to 
heat and pressure. The result was a hard, shiny lump that sparked a major 
new industry—the plastics industry, By the mid-1900s, chemists had 
invented many different kinds of moldable plastic. Today, erie is made 
into countless products—everything from c car ar parts, ' 

unit 

History Have students explore 
the use of ceramics in society. 
Have students construct a time 

line of 20 uses of this ancient 
material and how it is being used 
in new and creative ways with 

constantly changing technology. 

Career Ask students to research 

Freidrich August Kekule and his 

contribution to chemistry and 

theory. Have students develop 12 
interesting facts about Kekule and 

present them in a question-and- 
answer-trivia format. 

Model Working with a partner, 
have students design a unique use 

for ceramics, polymers, alloys, or 
other new materials. Have stu- 

dents draw a “blueprint,” conduct 

a patent search for similar devices, 

and then modify their design 

based on their research. Using 

visual aids, students may then 

host presentations of their new 

product to fellow class scientists. 

unit 7 | Additional Resources Visit unit 
| projects at fl.gpescience.com for 

| more information, resources, 
Visit unit projects at to find project ideas and resources. 

Projects include: 

* History Explore the history of ceramics and the way it meets advanced 

technological needs as you construct a ceramics time line. 

» Career Develop 12 trivia cards on the life of dreamer Freidrich August 

Kekule, chemist and theorist. 

* Model Develop a new use for new materials, design blueprints, conduct a 

patent search, and present your idea to fellow class scientists. 

Recycling Plastics investigates the history of plastics, the seven 

classes of plastics, their chemistry, and how they canbe recycled. —| 

Become a more active, aware, and responsible citizen. 

and assessment rubrics. 

) Juest 

NATIONAL How Are Billiards & Bottles Connected? 

GEOGRAPHIC be classified into even more diverse 

e Ask students how they can identify plastics. categories. 

Have them write down their thoughts and e Ask students how the plastic in a billiard 

revise them as they study more about dif- ball differs from that in a bottle. Point out 

ferent types of materials. that the term p/astic refers to a type of 

e Ask students to define the term diverse. material, not a specific one. 

Emphasize to students that matter Is 

diverse, and different types of matter can 

Unit 1 Science and Technology 3 



sisiat (| 
Section/Objectives Standards Labs/Features 

Chapter Opener National State/Local Launch Lab: Understanding 
Measurements, p. 5 

See p. 161-17 fora Foldables, p.5 

Key to Standards. 

ae 

Section 1 The Methods of Science National Content | [orida Science Online, p. 7 

@ isession Standards: Benchmarks: Integrate History, p.9 

= UCP.1-3, UCP.5, SCAel, Integrate Earth Science, p.11 
CP 5 block A.1,A.2,.:5,.G;2 SCZ. 421; Science Online, p. 12 

1. Identify the steps scientists often use to solve SCH.2.4.2 

problems. 

2. Describe why scientists use variables. 

3. Compare and contrast science and technology. 

Section 2 Standards of Measurement National Content Applying Math: Centimeters, p. 16 
re so eeadienats Standards: Integrate Earth Science, p. 17 
eS UCP.1-3, UCP.5, Science Online, p. 18 

1 block A.1,A.2,G.2 MiniLAB: Determining the Density 

4. Name the prefixes used in SI and indicate what of a Pencil, p.19 [2D Video Lab 
multiple of ten each one represents. Visualizing SI Dimensions, p. 20 

5. Identify SI units and symbols for length, volume, 

mass, density, time, and temperature. 

6. Convert related SI units. 

Section 3 Communicating with Graphs National Content Applying Math: Temperature, p. 24 

@ 2sessions Standards: MiniLAB: Graphing Temperature 
s UCP.1-3, UCP.5, Change, p. 25 

CP 1 block A.1,A.2,G.2 Lab: What's my graph?, p. 27 

7. Identify three types of graphs and explain the Lab: Developing a Measurement 

ways they are used. System, pp. 28-29 
8. Distinguish between dependent and Science and Language Arts: 

independent variables. Thinking in Pictures: and other 

9. Analyze data using the various types reports from my life with autism, p. 30 
of graphs. 

4A CHAPTER 1 The Nature of Science 



Glencoe Exclusive! 

—— feniorks: : - TeacherW orks = 
All-In-One Planner and Resource Center 

Technology 

Launch Lab: yardstick, Chapter Fasr Fire Resources TeacherWorks includes: 
tape measure Foldables Worksheet, p. 17 «366 * Interactive Teacher Edition 

Note-taking Worksheets, ASSESSMENT * Lesson Planner with calendar 

pp. 33-34 %) G * Access to all program blacklines 

Directed Reading Overview, VantP * Correlations to standards 

p.19 * Web links 
= 

Chapter Fasr Fire Resources Performance é Section Focus Transparency 

N. Transparency Activity, p. 44 Applying Math, p. 13 ) Virtual Labs CD-ROM 
eed Materials 2 Enrichment, p. 30 Content ) Interactive Chalkboard 

Contact Science ie Reinforcement, p. 27 Section Review, p. 13 CD-ROM 
at 1-800-828-7775 oe Directed Reading, p. 20 ©) StudentWorks Plus 
WWw.sciencekit. com. Cultural Diversity, p. 29 

Science Inquiry Labs, pp. 13-14 

MiniLAB: unsharpened Chapter Fasr Fie Resources Portfolio & Section Focus Transparency 
pencil,-100-mL graduated Transparency Activity, p.45 Make a Model, p. 16 *) Interactive Chalkboard 

cylinder, 90 mL water MiniLAB, p. 3 Performance CD-ROM 

Enrichment, p. 31 Applying Math, p. 16 ®) StudentWorks Plus 

Reinforcement, p. 28 MiniLAB, p. 19 Video Lab 

Directed Reading, p. 20 Applying Math, p. 21 

Lab Activity, pp. 9-12 Content 

Section Review, p. 21 

MiniLAB: water, plastic Chapter Fasr Fire Resources Portfolio % Section Focus Transparency 
bowl, table salt, clear-plastic Transparency Activity, p.46 Science Journal, p. 24 é Teaching Transparency 

cup, thermometer MiniLAB, p.4 Assessment, p. 29 *) Interactive Chalkboard 

Lab: ruler, protractor, pencil, Enrichment, p. 32 Performance CD-ROM 

compass, circle template Reinforcement, p. 29 Applying Math, p. 24 2) StudentWorks Plus 

Lab: string, scissors, marking Directed Reading, pp. 21, 22 MiniLAB, p. 25 
pen, masking tape, Lab Worksheets, pp. 5-6, 7-8 Applying Math, p. 26 

miscellaneous objects for Transparency Activity, pp.47-48 | Content 

standards Lab Activity, pp. 13-16 Section Review, p. 26 

End of Chapter Assessment 
ASS SESSMENT 

"aac ee 
Chapter Fasr Fite Resources (O MindJogger Videoquiz 

Chapter Review, pp. 37-38 ) Virtual Labs CD-ROM 

Chapter Tests, pp. 39-42 ExamView® Pro Testmaker 
Standardized Test Practice, pp. 8-11 Teacher Works. CD=ROM 

Interactive Chalkboard CD-ROM 

Performance Assessment in the Science 

Classroom (PASC) 

Soe og Poe Oe 

CHAPTER 1 Chapter Organizer 4B 
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COR Splendid Science 

area, requiring them to have a broad t 
for example, needs to know a good deal of chemistry to understand 
cell functions. 

1, Voleanoes are a topic studied in Earth science. Why might you 
need to know some physical science when studying volcanoes? 

2, What is the general purpo: 
3, What do the three divisions of science have in common? 

This is a representation of key blackline 

masters available in the Teacher Classroom 

Resources. See Resource Manager boxes 

within the chapter for additional information. 

Key to Teaching Strategies 

The following designations will help you 
decide which activities are appropriate 
for your students. 

Level 1 activities should be 

appropriate for students with 

learning difficulties. 

Level 2 activities should be within 

the ability range of all students. 

Level 3 activities are designed for 

above-average students. 

@® ELL activities should be within 
the ability range of English 
Language Learners. 

COOP LEARN Cooperative Learning 

activities are designed 

for small group work. 

Multiple Learning Styles logos, 

as described on page 12T, are 

used throughout to indicate 

strategies that address different 
learning styles. 

P| These strategies represent student 
products that can be placed into 
a best-work portfolio. 

PBL} Problem-Based Learning activities 
apply real-world situations to 
learning. 

4C CHAPTER 1 The Nature of Science 

retinoic 

chapter 7m Mie Wature of Science 

Transparencies 

Section Focus 

ote 

( Bag Pick a Scale and Go with It ‘ce 

one says that the temperature is thirty 
they're using h 

that it's a hot summer's 
s frozen solid. 

|. Label the three pictures 32°F, 32°C, and 32 K. 

2. Why must a measurement include the units in order to be 
meaningful? 

3, What kind of units do you use to measure length? Mass? 

Assessment 

The Nature of Science 
i 

ables and answer the following questions. 

Approximate }{ | Approximate. 
Speed (ms) || Time(s) | Speed (mis) 

ted during an experiment to find out 
ropped from a tall building. Which type of 

A bar graph 
B pie graph 

ding to these data, about how the abject be 
ing after 11 seconds? 

F 90 mis H 110 m/s 
G 100 m/s } 120 m/s 

nt variable is the factor that affects the measure of 
ble, What independent varia 
xperiment? 

could have been 

© height 
B speed D graph 

ee 
\LA B, What's my graph? 

Lab Preview 
Directions: Answer theve quest 

Real-World Questions 

pcan 

@ voir Data by Graph Chapter 

Sometimes the best way to communicate information is with a 
graph. Circle graphs are a good way to show the parts of a whole— 
in this case, the U.S. a eS eae ee 
population by age United States Population by Age 

f 65 years and older epee <ats 

le graph provide? Could you have 
ooking at the photograph? 

display these data? 
1 be useful to list all the people in the U.S. along with their 

ages? Why or why not? 

Teaching 

clio, o 

Classroom Size Usnuary 20, 2004 

C =a Relationships 
Activity 

Hands-On Activities 

Strategy 

Materials 

Procedure 



Content Outline 

Date 

The Nature of Science Note-taking 

The Methods of Science Solving a Measurement Problem 
Section 1 The Methods of Science 

A studicn natural patterns Directions: Complete the following, ‘One type of problem-solving that we ofien encounter is determining the size of something. Wher 
ae 2 er 1, Place the follaveing in logical onder by weithny the numbers 1 through 4 tn the spaces provides Uhis type of problem « the apprapriate rseasuring tools available. For 

" ex into thive main calegorien aarnpile, you nay be " ‘0 wll ft Un the trunk 
analyze the data secre, and sk 
Ak teat the hypothenis 

ur measuring device. You will find the height and 
& forma hypottiess paper clip. Then you will ase this format 

to Find the Height ond length of your teatlsook using, a srvall paper cli 
Procedure 
1, Meus 

44 gather information 
Tpanived Set of investigation proses aia te 

f draw 
What 

height 
4 Ao experiment with variables 

" 
Figure 
widths aA variable changes value as other varialen chas 

Meeting Individual Needs 
1 large paper clip, Re 

inthe table Toxtbook 
See - =——- : height 

Why ie iCimportane to fol 
vartable \s changed to detertni 

Textbook | 
with 

How can u model be useful tow scientist? 

Dues technology always follow sciencet Explain, 

Analyze and Conclude 
1, How can you find the height und width of your textbook in small paper clips, without measuring 

it with a amall paper dlipt 

mall paper clip andr 

| tes 
| pai 

The Nature of Science 

= ig The Nature of Science 
The Methods of Science GUIS 

section © The Methods of Science 

Directions: Use the word bank to fill on the blanks inthe summary punagroph mabe io eres 
explanations Investigation observation wentla 
\nowledge modified overlap Lechnology 

@ Before You Read 
When you hear the word scientist, what comes to mind? 

1 Write ay: ii Brainstorm a list of words that describe a se 
lence comes from a Latin ed, (1) whieh means vortabes them on the lines below 

‘Scientists gather kn relge using (3) —__ mhontoconpwrend 

a) Though science dvd ino categories. the things cfentns sud ‘enol = 
often (5) Scientific (6) are Jeveloped und! 

| mvoified over time. Sometimes ew (7) ———________ or observations bring new 
| Iles to light and theories are (8) @ Read to Learn 

| What is science? 
Science is not just a subject in school, Science is a way of 

9, teat the hypothesis to the questo studying the world. The word science comes from a Latin 
word that means “knowledge.” Science is a way to learn or 

10. state the problem ge by observing and invest gain know! 
1. forma hypo 

12 raw conc Touan.es] understanding the pattern 6 
13. gather information © Build Vocabulary ™M hours c 

14, analyze date 
What are the major categories of science? 

lst fll the blanks, en many different topics. These topics fall 

physical 
(ernnddcep) 4 type of variable that changes according to changes in Earth science is the study of Farth and outer space, Physical 

ergy. In this textbook, 
you will study physical science. You will also learn how these 

other variable science is the study of matter and 

— (cottanns) something that does not change when other variables in three main categories sometimes overlap, 
iment change 

How does science explain nature? 
siba) what happens when Science helps us understand the natural world. Scientists 

views their experin use investigations fo get new information. Technolengy has 
helped scientiats learn more about the world, Som«times, this 
New information causes scien explanatio hang ange 

12 OUPTERY The Kin 

tute ate 

The Nature of Science Chapter The Nature of Science | 

Part A, Vocabulary Review 1, Testing Concepts 
Directions: Hrite the correct word fom the lst below next fits definition Directions: in the blank atthe lft, write the letter ofthe term or phrase that best completes each statement. 

precision las scientific method variable 

model mass graph hypothesis nent, the fest step 
accurey dependent variable independent varlable cs 

technology theory control volume be isto oa 
constant experiment sclentificlaw density A atanilard for 

A factor that changes in an experiment from mnunipulation of the independent 
ariable ithe 

8, contral © constant 
4, test of athypothesi b. hyp 1. dependent variable 
$, sandand for comparison that ie used in an experiment A fnetor that does not change in an experiment is the 

ate that ells you veal will happen 1. independent variable a, dependent voriable 
An organized process used fa yather observations and test a hypothesis is s(n) 

Number of Humans Jat the independent wariable in un experiment might change 
9, factor thaccan éhange the results ittan experiment 7 svt that describes what happens in nature is 4 

Assessment 

anotler Gertn far applied science 
3, The best conclusion to draw from these data ls that the population PP problem b hypothesi «theory AL variable 

Variable that docsn’¢ change in an experiinent 
a. decreasing Aw idea, event, oF object that cam be usedto represent something you are trying te 

planation based on many observtions supported b 

The Kater of rece The Naar of Shemce 

CHAPTER 1 Resource Manager 4D 
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Tacs The Methods of Science 
| ™/ Scientific Methods 

Many science educators are no 
4 longer using the term “the scien- 

tific reed? This is because there is re eally no 
one method; an astronomer works in ways that 
are very different from those of a medical 
researcher. Also, science does not always pro- 

ceed in the linear manner described by “the 
scientific method.” The term “scientific meth- 
ods” indicates that a variety of approaches are 
employed in scientific inquiry. 

Investigations will sometimes use a null 
hypothesis. This null hypothesis is usually 
the opposite of the scientist’s hypothesis for what 
will happen in the investigation. ‘Thus if a med- 
ical researcher thinks Drug PR will help cure 
disease PQ, a null hypothesis could be that there 
will be no difference in symptoms between peo- 
ple who received PR and those who didn’t 
receive it. If the data show that the null hypoth- 
esis is false, then this is evidence that the original 
hypothesis may be correct. 

The term experiment should be reserved for 
occasions when scientists or students manipulate a 
variable to see the result. The independent vari- 
able is the thing or variable that is changed. This 
is done to see the effect on the dependent variable. 

In human drug experiments, a drug is given 
to a treatment group and a placebo is given to a 
control group. A placebo is something, such 
as a sugar pill, that resembles medication but 
contains no drug. It is given because people 
often get better just because they believe they 

are taking something that will help even though 
they are not. The people i in the drug experiment 
don’t know whether they are taking the new 
drug or the placebo. 

4E CHAPTER 1 The Nature of Science 

ihe Nature of Science 

Using Science—Technology 
Pure science is often contrasted with applied sci- 
ence. Pure science seeks knowledge just for the 
sake of knowledge. Applied science seeks to 
develop technologies that improve people’s lives. 

While science certainly leads to the develop- 
ment of technologies, technologies also lead to 
the development of science. 
the light microscope advanced the field of cell 
biology. Other technologies that have influenced 
science include gel electrophoresis, telescopes, 
and particle accelerators. 

The invention of 

Science Content Background 

Barry L. Runk/Grant Heilman Photography, Inc. 



Helping You Prepare 

Standards of Measurement 
Measurement Systems 
The SI system of measurement 
allows easy conversions among SI 

units. ‘I’he SI system stops being easy when meas- 
urements are converted into English units. A gram 
is approximately the mass of one regular-size 
paper clip. A kilometer is 2.5 times around an 
Olympic track. A liter is just a bit more than a 
quart of milk. 

Measuring Distance 
A common metric unit for area is the hectare. 

One’hectare is equal to 10,000 square meters. 

Measuring Time and Temperature 
Three systems of units are commonly used for 
temperature. Almost all the people in the world 
use the Celsius system. People in the United 
States use the Fahrenheit system. While United 
States scientists typically use the Celsius or 
Kelvin system, many United States meteorolo- 
gists use Fahrenheit. The Kelvin is the official 
SI unit for temperature. 

Measuring Matter 
Water has a density of 1 g/cm’, so if you didn’t 
have a scale you could measure 5 g of water by 
using a graduated cylinder to measure 5 mL, 
which is 5 cm’, of water. Objects that have a den- 
sity greater than | g/cm’ sink in water and those 
with a lower density float. 

Internet Resources 

For additional content background, visit 

fl.gpescience.com to: 

e access your book online 

e find references to related articles in popular 

science magazines 

e access Web links with related content background 

access current events with science journal topics 

Chapter content reSOUrCeES 

Communicating 
with Graphs 
Choosing the Right Graph 
Line graphs are appropriate for 

continuous data. Continuous data are numerical 
data that have an uninterrupted range of values 
such as time of travel, growth in height of a 
plant, or current flow in a wire. Bar graphs are 
appropriate for categorical or nominal data. 
These are data that fall into defined categories 
or that have specific names such as boys and 
girls, types of primates, or types of fruits. 

Teacher to Teacher 
Erin Peters, Lead Science Teacher 

Williamsburg Middle School 

Arlington, VA 

“When discussing the nature of science it is important 

to distinguish between observation and inference. Place 

raisins in carbonated water with yellow food coloring and 

lead the students to believe that they are ‘sewer slugs,’ 

(fictitious) animals that purify sewage. When the students 

realize the ‘animals’ are fictitious, begin to analyze which of 

their statements were observations and which statements 

were inferences. In addition, discuss what statements are 

appropriate for a scientific discussion, as opposed to everyday 

conversations.” 

Erin Peters 

Print Resources 

Science and Technology, by Oxford 

University, 1993 

Classroom Critters and the Scientific Method, by 

Sally Kneidel, Fulcrum Publishers, 1999 

The Wild Side—Weird Science, by Henry Billings, 

Jamestown Publishers, 2001 

CHAPTER 1 Helping You Prepare 4F 



The student.understanas that mo 

chapter ™ fentpaterns 

Chapter Vocabulary 
scientific method, p. 7 

hypothesis, p. 8 

experiment, p. 8 

variable, p. 9 

dependent variable, p. 9 
independent variable, p. 9 

constant, p. 9 

control, p. 9 
bias, p. 10 
model, p. 11 
theory, p. 12 
scientific law, p. 12 
technology, p. 13 
precision, p. 14% 
accuracy, p.143® 

volume, p. 18 
mass, p. 19 

density, p. 19 

graph, p. 22 

¥ FCAT Vocabulary 

Student 

responses will vary, but may 

include learning about the uni- 

verse, or studying the weather. 

f chaprer preview | 

INTERACTIVE 
Cc AL BOARD The Methods of Science 

with Image Bank 
Standards of Measurement 

PowerPoint" Presentations Pear 2 Communicating with Graphs 
= ; ‘ What's my graph? 

This CD-ROM is an editable Daa ny 9 Ps : 
. : as leveloping a Measuremen 

Microsoft® PowerPoint® td 
; : System 

presentation that includes: ; 
pipes ee : ; a How is a controlled 

a pre-made presentation for 
experiment performed? 

every chapter 
interactive graphics 

* animations 
* audio clips 
image bank H 

* all new section and chapter ThemeConnection eout the Fae 
questions 0 eed ale P< 
| Systems and Interactions Scientific methods pro- Space Program ‘The space program was developed 
Standardized Test Practice . ; : : ' i vide a system for observing interactions in the in response to many unanswered questions. 

e ‘ eNnare TAG 

4 Bee cen eee world, testing those observations, and forming — Scientists all over the world have worked together 

SR ne co aiavesdencetarh hypotheses, theories, and laws about how and to develop ways in which to answer some of those 

why interactions occur and have the conse- questions. In this chapter, you will learn how sci- 

ea quences they do. entists learn about the natural world, the system 
that has been developed to standardize measure- 
ments, and how patterns are detected in data. 
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FOLDABLES 
| Study Organizer 

Scientific Processes Make 

the following Foldable to help 

identify what you already 

know, what you want to know, and what you 

learned about science. 

Ayia Fold a sheet of paper 

vertically from side to 

side. Make the front 

edge about 1.25 cm 

shorter than the 

back edge. 

Turn lengthwise and 

fold into thirds. 

i2e8 Unfold and cut only the top layer 
along both folds to make three tabs. 

Label each tab. 

Know? Uke tof \ earned? \ 
know? 

Identify Questions Before you read the chap- 

ter, write what you already know about science 

under the left tab of your Foldable, and write 

questions about what you'd like to know under 

the center tab. After you read the chapter, list 

what you learned under the right tab. 

Preview this chapter's content 

@niine and activities at 
"eesti em Se 

measuremen
t: 

Purpose Use the Launch Lab 

activity to introduce students to 

nonstandard measuring units. 

ii] GED COOPLEARN 
Interpersonal 

Materials yardstick, tape measure 

Teaching Strategy Have students 
estimate the length of the 

classroom before making any 
measurements. Have students 

work in groups. 

Think Critically 
Students should recognize that each 

person’s foot will not be the same length 

and will give a different measurement for 

the classroom. The calculated measure- 

ment should be about the same because a 

standard measurement was used. 

Assessment 
Oral Have students draw 

cartoons that explain the 
limitations of the measurements 

they made. It is difficult to measure 
fractions of units accurately and to com- 

pare data from groups that use different 

units. Use Performance 

Assessment in the Science 

Classroom, p. 133 

eyes Dinah Zike 
Tig otudy Fold 

Student preparation materials for 

this Foldable are available in the 

Chapter Fasr Fite Resources. 
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- ® 
An editable Microsoft® 

= PowerPoint® 

tion is available on Interactive 

Chalkboard CD-ROM. 

presenta- 

Bellringer 

Section Focus Transparencies 

also are available on the 

Interactive Chalkboard CD-ROM. 

[2] a 

Peaiiasty Splendid Science 

Scientists work in different areas and different ways. These photos 

illustrate the three main divisions of science—life science, Earth 

science, and physical science. Scientists often work in more than one 

area, requiring them to have a broad base of knowledge. A biologist, 
for example, needs to know a good deal of chemistry to understand 

cell functions, 

1, Volcanoes are a topic studied in Earth science. Why might you 

need to know some physical science when studying volcanoes? 

2. What is the general purpose of science? 

3, What do the three divisions of science have in common? 

Reading Preview 

Tie to Prior Knowledge 

What is science? Discuss with 
students what they believe sci- 
ence to be. Have them compare 

their ideas with the definition of 

science given in the text. 

Content Specific Words Pre- 

view and discuss Figure 3 to help 
students see that experiment is not 
listed on this flow-chart for the 
scientific method. Explain that an 
experiment is just one way of test- 
ing a hypothesis or a possible 
solution to a problem. Then, 
locate the six new vocabulary 
words related to an experiment in 
the text. 

6 CHAPTER1 The Nature of Science 

What ow Learn 

B Identify the steps scientists often 

use to solve problems. 

@ Describe why scientists use 

variables. 
@ Compare and contrast science 

and technology. 

Figure 1 Astronaut Michael 

Lopez-Alegria uses a pistol-grip 

tool on the /nternational Space 

Station. 

Observe What evidence do you 

see of the three main branches of 

science in the photograph? 

he Methods of Science 

Why it’s Important New Vocabulary 

Using scientific methods will help e scientific @ constant 

method @ control you solve problems. 
@ hypothesis @ bias 

® Review Vocabulary e experiment @ model 

investigation: to observe or study e variable @ theory 
by close examination e dependent e scientific law 

variable e technology 

@ independent 

variable 

What is science? 
Science is not just a subject in school. It is a method for 

studying the natural world. After all, science comes from the 

Latin word scientia, which means “knowledge.” Science is a 

process that uses observation and investigation to gain knowl- 

edge about events in nature. 
Nature follows a set of rules. Many rules, such as those con- 

cerning how the human body works, are complex. Other rules, 

such as the fact that Earth rotates about once every 24 h, are much 

simpler. Scientists ask questions to learn about the natural world. 

Major Categories of Science Science covers many differ- 
ent topics that can be classified according to three main categories. 

(1) Life science deals with living things. (2) Earth science investi- 

gates Earth and space. (3) Physical science deals with matter and 

energy. In this textbook, you will study mainly 

physical science. Sometimes, though, a scien- 

tific study will overlap the categories. One sci- 

entist, for example, might study the motions of 

the human body to understand how to build 

better artificial limbs. Is this scientist studying 
energy and matter or how muscles operate? 

She is studying both life science and physical 

science. It is not always clear what kind of sci- 

ence you are using, as shown in Figure 1. 

Chapter Fasr Fite Resources 

‘Transparency Activity, p. 44 

Note-taking Worksheets, pp. 33-34 

Enrichment, p. 30 

Directed Reading for Content Mastery, 
pp. 19-20 

Reinforcement, p. 27 

Reading and Writing Skill Activities, p. 3 

Cultural Diversity, p. 29 

Science Inquiry Labs, pp. 13-14 



Science Explains Nature Scientific explana- 
tions help you understand the natural world. 
Sometimes these explanations must be modified. 
As more is learned about the natural world, some 
of the earlier explanations might be found to be 
incomplete or new technology might provide 
more accurate answers. 

For example, look at Figure 2. In the late eigh- 
teenth century, most scientists thought that heat was 
an invisible fluid with no mass. Scientists observed 
that heat seems to flow like a fluid. It also moves 
away from a warm body in all directions, just as a 
fluid moves outward when you spill it on the floor. 

However, the heat fluid idea did not explain 
everything. If heat was an actual fluid, an iron bar 

at a temperature of 1,000°C should have more 

mass than it does at 100°C because it would have 

more of the heat fluid in it. Eighteenth-century 
scientists thought they were not able to measure 

the small mass of the heat fluid on the balances 
they had. When additional investigations showed 
no difference in mass, scientists had to change the 
explanation. 

Investigations Scientists learn new information about the 
natural world by performing investigations, which can be done 

many different ways. Some investigations involve simply 

observing something that occurs and recording the observa- 

tions, such as in a journal. Other investigations involve setting 

up experiments that test the effect of one thing on another. 

Some investigations involve building a model that resembles 
something in the natural world and then testing the model to 

see how it acts. Often, a scientist will use something from all 

three types of investigations when attempting to learn about the 

natural world. 

(4-2 Why do scientific explanations change? 

Scientific Methods 
Although scientists do not always follow a rigid set of steps, 

investigations often follow a general pattern. An organized set of 

investigation procedures is called a scientific method. Six com- 

mon steps found in scientific methods are shown in Figure 3. A 

scientist might add new steps, repeat some steps many times, or 

skip steps altogether when doing an investigation. 

Figure 2 Many years ago, scien- 

tists thought that heat, such as in 

this metal rod, was a fluid. 

infer how heat acts like a fluid. 

SciencawNiNe 
Topic: Prediction 

Visit fl.gpescience.com for Web 

links to information about why 

leaves change color in the autumn. 

Activity Filla glass with cold 

water and add a few drops of blue 

or red food coloring. Cut a piece 

of celery and place it in the glass. 

Over the next few days, observe 

what happens to the celery. Make 

a prediction about why this occurs. 

Support your answer with evidence. 
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Differentiated Instruction 

English-Language Learners While science can 

answer many questions about how things work, 

what they are made of, and where things come 

from, it cannot answer questions that are opin- 

ion-based. Science cannot answer questions 

about art, politics, or literature. Science cannot 

tell you what is right, wrong, good, or bad. Have 
students brainstorm both questions that science 
can answer and those that science cannot answer. 
Ask students to explain why science can answer 

some questions, but not others. PELL) 

Activity 
Venn Diagram Have students work 
as a class or in large groups. Have 
each group make a Venn diagram 
representing the three main 
branches of science. Place three 
overlapping circles on a large 
sheet of paper or a bulletin board 
and label each circle with one 
major category of science. Have 
them use pictures from newspa- 
pers and magazines to fill in the 
areas on the diagram. Be sure the 
overlap areas of the circles are 
large enough to accommodate 
examples that apply to more than 
one branch of science. Be sure 
students can justify each place- 

ment. [i] GBD COOP LEARN 
Visual-Spatial 

Caption Answers 
Figure 1 physical science—pistol grip 
tool and other instruments; Earth 
science—event taking place in space; 
life sclence—space suit that allows a 
human body to survive in space 

Figure 2 It flows from one location to 
another. 

(%, Reading Check 

Answer Scientists are constantly learn- 
ing new information by performing 
investigations. 

Visual Learning 

Figure 2 Discuss with students 
ways scientists study heat. 
Point out that scientists study 
the structure of the materials 
through which heat travels, 

why heat travels through them, 
and what heat really is. 

Logical-Mathematical 
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Use an Analogy 
Finding Class Ask students to 

describe how they found their 

different classrooms on the first 

day of school in this building. 

Explain that their methods are 

analogous to the way the scien- 
tific methods discussed in this 

section are used. 

Use Science Words 
Word Origin The word experiment 
is from the Latin word experimen- 

tum, which means “proof or test.” 
Have students write entries in 

their Science Journals explaining 

how the meaning of the word 

reflects the meaning of its root. 

Linguistic 

Experiments can be done to confirm 

a hypothesis about how an indepen- 

dent variable affects a dependent 
variable. They can also be done to 
confirm a null hypothesis. A null 
hypothesis states that the independ- 

ent variable does not affect the 

dependent variable. 

Discussion 

Hypothesis Confirmed Why are 
results that do not confirm a 

hypothesis important? These 
experimental results can help scientists 
adjust and restate hypotheses. 
Logical-Mathematical 

Caption Answer 
Figure 3. Form and test a new hypothesis. 

Reading Strategy 

Outline Have students outline this 

section in their Science Journals, 
using headings and subheadings. 
The ttle should be The Methods 
of Science. Tell students to write 
each highlighted vocabulary word 
in the outline and include a defini- 
tion by jotting down key words or 
phrases from the text as they read. 

Figure 3 The 
series of procedures 

shown here is one 

way to use scientific 

methods to solve a 

problem. 

Explain what Modify 

should be done if Rypomiets 

your hypothesis is 

not supported. 

Hypothesis 
not supported 
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state the problem 

Gather BESUOY 

Form a hypothesis 

Test the hypothesis 

Analyze data 

Draw conclusions 

Stating a Problem Many scientific 
investigations begin when someone 

observes an event in nature and won- 

v ders why or how it occurs. Then the 

question of “why” or “how” is the prob- 

lem. Sometimes a statement of a prob- 

v lem arises from an activity that is not 

working. Some early work on guided 

missiles showed that the instruments in 

the nose of the missiles did not always 

work. The problem statement involved 

finding a material to protect the instru- 

ments from the harsh conditions of 

v flight. 
Later, National Aeronautics and 

Space Administration (NASA) scientists 

v made a similar problem statement. They 
wanted to build a new vehicle—the 

space shuttle—that could carry people 

to outer space and back again. Guided 

\ missiles did not have this capability. 

NASA needed to find a material for the 

outer surface of the space shuttle that 

could withstand the heat and forces of 

re-entry into Earth’s atmosphere. 

Repeat 

v several 

times 

Hypothesis 
supported 

Researching and Gathering Information Before testing 
a hypothesis, it is useful to learn as much as possible about the 

background of the problem. Have others found information 

that will help determine what tests to do and what tests will not 

be helpful? The NASA scientists gathered information about 

melting points and other properties of the various materials that 

might be used. In many cases, tests had to be performed to learn 
the properties of new, recently created materials. 

Forming a Hypothesis A hypothesis is a possible explana- 
tion for a problem using what you know and what you observe. 

NASA scientists knew that a ceramic coating had been found to 

solve the guided missile problem. They hypothesized that a 
ceramic material also might work on the space shuttle. 

Testing a Hypothesis Some hypotheses can be tested by 
making observations. Others can be tested by building a model 
and relating it to real-life situations. One common way to test a 
hypothesis is to perform an experiment. An experiment tests 
the effect of one thing on another using controlled conditions. 

Cultural Diversity 

Herbal Medicine Principles of science have been 
used to solve problems throughout the world and 
throughout history. In the rain forests of Central 
and South America, plants are used to promote 
healing. For thousands of years the local people 
have observed and tested plants and learned which 

8 CHAPTER1 The Nature of Science 

ones can be used for medicines. Today scientists 
from industries that specialize in manufacturing 
prescription drugs are working with these herbal 
healers to identify the materials in the plants that 
have medicinal value. 



Variables An experiment usually contains at least two vari- 
ables. A variable is a factor that can cause a change in the results 
of an experiment. You might set up an experiment to determine 
the amount of fertilizer that will help plants grow the biggest. 
Before you begin your tests, you would need to think of all the 
factors that might cause the plants to grow bigger. Possible fac- 
tors include plant type, amount of sunlight, amount of water, 
room temperature, type of soil, and type of fertilizer. 

In this experiment, the amount of growth is the dependent 
variable because its value changes according to the changes in 
the other variables. The variable you change to see how it will 
affect the dependent variable is called the independent variable. 

Constants and Controls To be sure you are testing to see 
how fertilizer affects growth, you must keep the other possible fac- 

tors the same. A factor that does not change when other variables 

change is called a constant. You might set up one trial, using the 

same soil and type of plant. Each plant is given the same amount 

of sunlight and water and is kept at the same temperature. These 

are constants. Three of the plants receive a different amount of 

fertilizer, which is the independent variable. 

The fourth plant is not fertilized. This plant is a control. A 

control is the standard by which the test results can be compared. 

Suppose after several days, the three fertilized plants grow 

between 2:and 3 cm. If the unfertilized plant grows 1.5 cm, you 

might infer that the growth of the fertilized plants was due to the 

fertilizers. 
How might the NASA scientists set up an experiment to 

solve the problem of the damaged tiles shown in Figure 4? What 

are possible variables, constants, and controls? 

A Sr eB Why is a control used in an experiment? 

Classification Systems 
Through observations of 

living organisms, Aristotle 

designed a classification 

system. Systems used 

today group organisms 

according to variables 

such as habits and physi- 

cal and chemical features. 

Research to learn recent 

reclassifications of organ- 

isms. Share your findings 

with your class. 

Activity 
Create a Hypothesis Organize the 
class into teams and give each 
team a large index card on which 
to write a problem for an experi- 
ment. Have teams exchange their 
cards. Each team should generate 
a hypothesis for the question they 
hold and write it on the card. 
Have students exchange cards 
with a different group. Ask each 
team to devise an experiment 
based on the question and hy- 
pothesis on the card the team 
now has. Students should be sure 
to identify the constants, inde- 
pendent variable, fae 
variable, and control in the 

experiment. (ia) COOPLEARN [J 
Logical- Geter 

Classification Systems The science 
that deals with the naming and classify- 
ing of organisms is called taxonomy. 
Taxonomists continually collect and 
analyze data, sometimes changing the 
way organisms are classified as a result 
of their findings. Fungi, for example, 
were classified as plants until data con- 

Figure 4 NASA has had an 

ongoing mission to improve the 

space shuttle. A technician is 

replacing tiles damaged upon 

re-entry into Earth’s atmosphere. 

vinced scientists to put fungi in their 
own kingdom. 

Text Question Answer 

They might make tiles of many different 
materials and subject them all to the heat 

and other stresses encountered by the 
shuttle. The variables would be the mate- 

rials used, the constants would be the 

conditions to which the tiles were sub- 

jected, and scientists could use additional 

tiles that are made from the same materi- 

als as the tested tiles for the controls. 

ry, Reading Check 

Answer A control is a standard to which 

test results can be compared. 

9 SECTION 1 The Methods of Science 

ReQuest Io improve listening skills, have 
students listen carefully as you read the 

discussion of scientific methods in this section. 

After the reading, have students construct 

questions to be discussed in class. You can have 

students reread the section and participate in 

the questioning with other students. 
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Use Science Words 

Word Meaning Some of the terms 
used when analyzing data are 
mean, mode, median, and average. 

These terms have. slightly 

different meanings and can be 
confusing. Have students define 
each one. mean: a value that is com- 
puted by dividing the sum of a set of 

values by the number of values; mode: 

the most frequent value of a set of data; 

median: a value in an ordered set of val- 

ues below and above which there is an 

equal number of values, or, if there is no 
one middle number, a value which is 

the arithmetic mean of the two middle 

values; average: same as mean. 
Linguistic 

CS) Quick Demo 
<x The Scientific Method 

Material thermometer, two bea- 

kers of hot water, one stirrer, 

stopwatch, ice cubes 

Estimated Time 15 minutes 

Procedure Do ice cubes melt faster 

in hot water when stirred or when 

left untouched? Perform the steps 
of the scientific method out of 

order in front of the class. Ask 

students to rank the steps in the 
order they should have occurred. 
Have them explain why it makes a 
difference if the scientific method 

is performed out of order. Repeat 
the steps in the order the students 
ranked them. Ask students which 

way makes more sense. 

Caption Answer 

Figure 5 Answers may include: meet- 
ings, journals, presentations. 

(% Reading Check 

Answer A bias occurs when what the 

scientist expects changes how the 
results are viewed. 

Analyzing the Data An important part of 

every experiment includes recording observa- 

tions and organizing the test data into easy-to- 

read tables and graphs. Later in this chapter 

you will study ways to display data. When you 

are making and recording observations, you 

should include all results, even unexpected 

ones. Many important discoveries have been 

made from unexpected occurrences. 

Interpreting the data and analyzing the 

observations is an important step. If the data 

are not organized in a logical manner, wrong 

conclusions can be drawn. No matter how 

well a scientist communicates and shares that 

Figure 5 Anexciting and : data, someone else might not agree with the data. Scientists 

important part of investigating : share their data through reports and conferences. In Figure 5, a 

something is sharing your ideas : student is displaying her data. 

with others, as this student is : 

doing at a science fair. : Drawing Conclusions Based on the analysis of your data, 
Identify possible methods ofhow —_:_-you decide whether or not your hypothesis is supported. When 

scientists can share their research : lives are at stake, such as with the space shuttle, you must be very 
data. > sure of your results. For the hypothesis to be considered valid 

and widely accepted, the experiment must result in the exact 

same data every time it is repeated. If your experiment does not 

support your hypothesis, you must reconsider the hypothesis. 

Perhaps it needs to be revised or your experiment needs to be 

conducted differently. 

Being Objective Scientists also should be careful to reduce 
bias in their experiments. A bias occurs when what the scientist 

expects changes how the results are viewed. This expectation 
might cause a scientist to select a result from one trial over those 

from other trials. Bias also might be found if the advantages of 
a product being tested are used in a promotion and the draw- 

backs are not presented. 

Scientists can lessen bias by running as many trials as possi- 

ble and by keeping accurate notes of each observation made. 

Valid experiments also must have data that are measurable. For 

example, a scientist performing a global warming study must 

base his or her data on accurate measures of global temperature. 

This allows others to compare the results to data they obtain 

from a similar experiment. Most importantly, the experiment 

must be repeatable. Findings are supportable when other scien- 

tists perform the same experiment and get the same results. 

VLU B what is bias in science? 

10 CHAPTER1 The Nature of Science 

Curriculum Connection Differentiated Instruction 
Language Arts I:mphasize to students that being Challenge When analyzing the results of many differ- 
objective is important in reporting information in — ent trials, scientists use the methods of statistics. One 
all areas. Have them search through magazines and of the most useful tools of statistics is normal 
newspapers and find articles in which the writer’s distribution. Have students find out what this tool is. 
bias has influenced the article. Linguistic A normal distribution is a distribution of values that produces a 

symmetrical bell-shaped curve. It shows the distribution of values 
that results from many random variables. Logical- 
Mathematical 
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Visualizing with Models 
Sometimes, scientists cannot see everything that they are test- 

ing. They might be observing something that is too large, too 
small, or takes too much time to see completely. In these cases, 
scientists use models. A model represents an idea, event, or 
object to help people better understand it. 

Models in History Models have been used throughout his- 
tory. One scientist, Lord Kelvin, who lived in England in the 
1800s, was famous for making models. To model his idea of how 

light moves through space, he put balls into a bowl of jelly and 

encouraged people to move the balls around with their hands. 
Kelvin’s work to explain the nature of temperature and heat still 

is used today. 

High-Tech Models Scientific models don’t always have to be 
something you can touch. Today, many scientists use computers 
to build models. NASA experiments involving space flight 

would not be practical without computers. The complex equa- 

tions would take far too long to calculate by hand, and errors 

could be introduced much too easily. 

Another type of model is a simulator, like the one shown in 

Figure 6. An airplane simulator enables pilots to practice prob- 

lem solving with various situations and conditions they might 

encounter when in the air. This model will react the way a plane 

does when it flies. It gives pilots a safe way to test different 

reactions and to practice certain procedures before they fly a 

Computer Models 

Meteorology has changed 

greatly due to computer 

modeling. Using special 

computer programs, mete- 

orologists now are able to 

more accurately predict 

disastrous weather. In your 

Science Journal, describe 

how computer models 

might help save lives. 

Computer Models Journal entries 
should include that predictions of severe 
weather, such as tornadoes, hurricanes, 

and flooding rains, can warn residents 

of an area to take precautions or evacu- 
ate the area. 

Activity 
Studying Models Have students 
make posters showing situations 

in which models are used to study 
something too large to study 
directly, too small to be studied 
directly, and too dangerous to be 
studied directly. Possible answers: 
the solar system, which is too large to be 
studied directly; the tiny particles that 
make up matter, which are too small to 

be studied directly; and a plane crash, 
which is too dangerous to be studied 
directly Visual-Spatial 

Caption Answer 
Figure 6 Pilots and astronauts Figure 6 They don’t always mimic the real plane. 
use flight simulators for training. 

Explain how these models differ 

from actual airplanes and spacecraft. 
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Science Journal 

Universal Theories Have students investigate theories 

about the origin of the universe and explain why 

these theories are not scientific laws. The current main 

theory is the Big Bang Theory. This theory is not a law because 

it tries to explain how or why something happens. A law sim- 

ply describes a pattern. Logical-Mathematical 

Visual Learning 

Figure 6 Ask students whether they have used a 
driving simulator in a video game. Ask them to 

explain what it taught them about driving and 
why it does not really equip them to drive. The sim- 

ulation might give them practice in steering, accelerating, 

and stopping, but it does not involve roadway experience 

with other cars. Visual-Spatial 

real situation exactly. They also don’t 
cause any damage to people or materials 
when the pilot makes a mistake and 

crashes. 

Discussion 

Modeling with Computers Why 
are computers useful for model- 
ing situations? Computers can slow 
down or speed up action and can show 

how a process changes over time. They 

also can be programmed to make predic- 

tions based on data put into them. 
Logical-Mathematical 
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The Path of Theory Development 

Purpose Io have students get a 
better grasp of the evolution of 
scientific knowledge and the 
application of scientific method. 

Possible Materials index cards 

Safety Precautions 

¢ As this lab may involve social 
commentary, caution students to 
remain objective. 

¢ Have students use topics from 

news items only, not from ob- 
servations about events within 

the school or about their peers. 
Make a rule against ‘picking on' 
individuals. 
Estimated Time one class period 

Teaching Strategies 

¢ Have students record at least 
three observations about a psy- 
chological, social, or scientific 

phenomenon in their experience. 

¢ Mix the cards up and have 
students suggest an experiment 
that could be done to test a 
hypothesis for each observation. 
Encourage objective discussion 

of the viability of each experi- 
ment suggested. 
¢ The game can demonstrate 
that a hypothesis can't be proven, 
only disproved. 
* For each hypothesis that 
students disprove with observa- 
tions, have them create a further 

hypothesis. Explain that this is 
how real science develops. 

For additional inquiry activities, see 
Science Inquiry Lab Manual. 

Virtual Labs a 
ee 

o. Data Collection How is a 

Science INC 

Topic: Archimedes’ 

Principle 

Visit fl.gpescience.com for Web 

links to information about 

Archimedes’ principle. 

Activity Place a full soft-drink 

bottle, water bottle, or container 

of milk in a tub of water. What 

happens to the pop bottle or milk 

container? Would you classify 

Archimedes’ principle as a scien- 

tific theory or scientific law? 

Figure 7 Science can’t answer 

all questions. 

Analyze Can anyone prove that 

you like artwork? Explain. 
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Scientific Theories and Laws 
A scientific theory is an explanation of things or events based 

on knowledge gained from many observations and investigations. 

It is not a guess. If scientists repeat an investigation and the results 

always support the hypothesis, the hypothesis can be called a the- 

ory. Just because a scientific theory has data supporting it does not 

mean it will never change. Recall that the theory about heat being 

a fluid was discarded after further experiments. As new infor- 

mation becomes available, theories can be modified. A theory 

accepted today might at some time in the future also be discarded. 

A scientific law is a statement about what happens in nature 

and that seems to be true all the time. Laws tell you what will 

happen under certain conditions, but they don’t explain why or 

how something happens. Gravity is an example of a scientific 

law. The law of gravity says that any one mass will attract 

another mass. To date, no experiments have been performed 

that disprove the law of gravity. 
A theory can be used to explain a law. For example, many the- 

ories have been proposed to explain how the law of gravity works. 

Even so, there are few theories in science and even fewer laws. 

What is the difference between a scientific 

theory and a scientific law? 
(vy, Reading Check 

The Limitations of 

Science 
Science can help you explain many 

things about the world, but science 
cannot explain or solve everything. 

Although it’s the scientist’s job to make 

hypotheses, the scientist also has to make 

sure his or her hypotheses can be tested 

and verified. How do you prove that 

people will like a play or a piece of 

music? You cannot and science cannot. 

Most questions about emotions and 

values are not scientific questions. They 

cannot be tested. You might take a survey 

to get people's opinions about such ques- 

tions, but that would not prove that the 

opinions are true for everyone. A survey 

might predict that you will like the art in 

Figure 7, but science cannot prove that 

you or others will. 

controlled experiment performed? 
rr 

} Post Reading 

Discussion After reading Using Science and 
Technology, take time to discuss additional sci- 

entific advances that may be controversial. Iden- 

tify ethical issues that would be challenging 

topics for debate. Talk about personal values, 
ethics, and bias related to a controversial issue. 

How can expert scientists ignore their personal 
values? 

12  CHAPTER1 The Nature of Science 



Using Science—Technology 
Many people use the terms science and tech- 

nology interchangeably, but they are not the same. 
Technology is the application of science to help 
people. For example, when a chemist develops a 
new, lightweight material that can withstand great 
amounts of heat, science is used. When that material 
is used on the space shuttle, technology is applied. 
Figure 8 shows other examples of technology. 

Technology doesn’t always follow science, 
however. Sometimes the process of discovery can 

be reversed. One important historic example of 

science following technology is the development 

of the steam engine. The inventors of the steam engine had little 

idea of how it worked. They just knew that steam from boiling 

water could move the engine. Because the steam engine became 

so important to industry, scientists began analyzing how it 

worked. Lord Kelvin, James Prescott Joule, and Sadi Carnot, who 

'Y, Reading Check 

Answer A theory can change if its 
supporting data changes. A law is 
assumed to be true and doesn’t 
change. Also, a law tells what happens 
but does not explain why. Theories try 
to explain why things happen. 

Caption Answers 
Figure 7 No, it cannot be tested. 

Figure 8 The top picture shows applica- 

tions of physical science (computer) and 
life science (medical image). The lower 

picture shows the application of physical 

science (instruments) and life science 
(measuring levels of sugar in blood). 

lived in the 1800s, learned so much from the steam engine that Figure 8 Technology is the caiemanmenane 

they developed revolutionary ideas about the nature of heat. : application of science. 3 Assess 

Science and technology do not always produce positive : Identify the type of science (life, ” 
results. The benefits of some technological advances, such as : arth, or physical) that is applied in 
nuclear technology and genetic engineering, are subjects of : ese examples of technology. 
debate. Being more knowledgeable about science can help soci- : 

ety address these issues as they arise. : Check for Understanding 

Visual-Spatia Review with stu- 
dents the scientific method. On 
sparate sheets of paper, write the 
parts of the scientific method. 
Have students place these sheets 
on a chart in the correct order. 

| ARTE 

section 

Summary Self Check 

What is science? . Define the first step a scientist usually takes to solve a 

® Scientists ask questions and perform investi- problem. 

gations to learn more about the natural world. . Explain why a control is needed in a valid experiment. 

Scientific Methods . Think Critically What is the dependent variable in an 

® Scientists perform the six-step scientific experiment that shows how the volume of gas changes 

method to test their hypotheses. with changes in temperature? 

Visualizing with Models 

Reteach 
Freezing Water Ask students to 
design an experiment that will 
determine whether hot water 

® Models help scientists visualize concepts. Applying Math 

Scientific Theories and Laws . Find the Average You perform an experiment to 
determine how many breaths a fish takes per minute. 

Your experiment yields the following data: minute 

1: 65 breaths; minute 2: 73 breaths; minute 3: 67 

breaths; minute 4: 71 breaths; minute 5: 62 breaths. 

Calculate the average number of breaths that the fish 

@ Technology is the application of science in takes per minute. 

our everyday lives. 

freezes faster than cold water 

does. Make sure that constants 

include the amount of water, the 

size and kind of container, the 

amount of time in the freezer, and 

the freezer used. Logical- 
Mathematical 

® A theory is a possible explanation for observa- 

tions, while a scientific law describes a pat- 

tern but does not explain why things happen. 

Using Science—Technology 

More Section Review fl.gpescience.com SECTION 1 The Methods of Science 13 (4 Assessment 

Performance Have students de- ty ree ge ee 

secrion Gl revielu sign and perform an experiment 

to determine whether micro- 
wave popcorn pops better when 
it has been frozen. Have them 

me MA.E.1.4, MA.1.4.2 identify constants, variables, and 

a control for the experiment. 
Use PASG) p95: 

1. Identify the problem. 4. The fish takes an average of 68 

2. to provide a standard against which breaths per minute. 

test results can be compared 

3. volume of gas 

SECTION 1 The Methods of Science 13 



An editable Microsoft® 

PowerPoint® presenta- 

tion is available on Interactive 

Chalkboard CD-ROM. 

Bellringer 

Section Focus Transparencies 

also are available on the 

Interactive Chalkboard CD-ROM. 

[2] 

ty PickaScaleandGowithit oenee 

What does it mean if someone says that the temperature is thirty- 
two degrees? It depends entirely on the scale that they're using. 
Referring to a temperature of 32 might mean thatit’s a hot summer's 
day or that it’s so cold that even oxygen is frozen solid. 

1. Label the three pictures 32°F, 32°C, and 32 K. 

2. Why must a measurement include the units in order to be 

meaningful? 

3, What kind of units do you use to measure length? Mass? 

Reading Preview 

Tie to Prior Knowledge 

Measuring Students are familiar 
with measurements. Ask them to 

name the units they commonly 
use to measure length, mass, vol- 

ume, and temperature. 

Visualize Focus students’ atten- 

tion on the review and new 

vocabulary words. Activate prior 

knowledge about length, volume, 

mass and density by reading 
together and discussing Figure 
15, Visualizing Dimensions. 

Make associations between the 

illustrations and the concepts of 

volume, mass, and density. 

Standards of 

Measurement 

Oy ee ET PS EN ET EST 

Reading Guide 
# FCAT Vocabulary 

Meas You'll Learn Why It’s Important New Vocabulary 

Name the prefixes used in Sland — By using uniform standards, nations = * precision 

ee what multiple of ten can exchange goods and compare # accuracy 

each one represents. information easily. e volume 

m {dentify SI units and symbols for ; @ mass 

length, volume, mass, density, 19) Review Vocabulary e density 

time, and temperature. measurement: the dimensions, 
m Convert related SI units. capacity, or amount of something 

Units and Standards 
A standard is an exact quantity that people agree to use to 

compare measurements. Look at Figure 9. Suppose you and a 
friend want to make some measurements to find out whether a 

desk will fit through a doorway. You have no ruler, so you decide 

Figure 9 Hands areaconvenient : to use your hands as measuring tools. Using the width of his 

measuring tool, but usingthemcan : hands, your friend measures the doorway and says it is 8 hands 

lead to misunderstanding. : wide. Using the width of your hands, you measure the desk and 

find it is 7; hands wide. Will the desk fit through the doorway? 

You can't be sure. What went wrong? Even though you both 

used hands to measure, you didn’t check to see whether your 

hands were the same width as your friend’s 

Precision and Accuracy 
You are watching an archery event. The first person shoots five 

bull’s-eyes in a row. The second person does not hit the bull’s-eye 

at all, but the arrows all are in a similar location. What can be said 

about these two participants? The first person’s aim was both pre- 

cise and accurate. The second person’s aim was only precise. 

Precision describes how closely measurements are to each other 

and how carefully measurements were made. Accuracy compares 

a measurement to the real or accepted value. When taking meas- 

urements, it is important to be precise and accurate. 
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Section 2 Resource Manager 

Chapter Fasr Fie Resources Reinforcement, p. 28 
‘Transparency Activity, p. 45 Physical Science Critical Thinking/Problem Solving, 
Enrichment, p. 31 p.2 

Directed Reading for Content Mastery, p. 20 

MiniLAB, p. 3 

Lab Activity, pp. 9-12 

Mathematics Skill Activities, p. 61 

Reading and Writing Skills Activities, pp. 13, 41 
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International System of Units 
In 1960, an improved version of the metric system 

was devised. Known as the International System of Units, 
this system is often abbreviated SI, from the French Le 
Systeme Internationale d’Unites. SI is an improved, 
accepted version of the metric system that is based on 
multiples of ten. It is understood by scientists throughout 
the world. The standard kilogram, which is kept in 
Sevres, France, is shown in Figure 10. All kilograms used 
throughout the world must be exactly the same as the 
kilogram kept in France. 

Each type of SI measurement has a base unit. The 
meter is the base unit of length. Every type of quantity 
measured in SI has a symbol for that unit. These names 
and symbols for the seven base units are shown in Table 1. 

All other SI units are obtained from these seven units. 

} $I Precision Students may think 
| that SI is more precise than the 

English system because scien- 
tists use it. Point out that both 

systems can yield equally precise 
measurements. For instance, a 

micrometer used by machinists 

can measure the diameters of 

bolts to the nearest 0.0001 inch. 

Scientists use SI because it | 

is easier to use and easier to 

convert units. Have students 

measure the length of their 
textbook using a metric ruler 
and a ruler calibrated in inches. 

Have them compare results 
and note that both measure- 

ments can be precise. 

SI Prefixes The SI system is easy to use because it is based on 
multiples of ten. Prefixes are used with the names of the units to 

indicate what multiple of ten should be used with the units. For 

example, the prefix kilo- means “1,000.” This means that one 

kilometer equals 1,000 meters. Likewise, one kilogram equals 

1,000 grams. Because deci- means “one-tenth,” one decimeter 

equals one-tenth of a meter. A decigram equals one-tenth of a 

gram. The most frequently used prefixes are shown in Table 2. 

-~ 5 
‘Reading Check How many meters are in 1 km? How many 

grams are in 1 dg? 

Table 1 SI Base Units 

Figure 10 The standard for 
mass, the kilogram, and other 

standards are kept at the 

International Bureau of Weights 

and Measures in Sevres, France. 

Explain the purpose of a standard. 

Caption Answer 

Quantity Measured Unit symbol ' Table 2 Common SI Prefixes Figure 10 It provides an accepted and 
understood value for a base unit. 

Length meter m Prefix Symbol Multiplying Factor 

(%, Reading Check 
Mass kilogram kg Kilo- k 1,000 3 

Answer 1,000; one tenth 
Time second 5 Deci- d 0.1 

Electric current ampere A Centi- c 0.01 , Reading Strategy 

Temperature kelvin K Milli- m 0.001 Double-Entry Notes Ask stu- 

. dents to take notes on this section 
Amount of substance _—mole mol Micro- a 0.000 001 byfidinadimon the im-panen eerie 

Intensity of light candela cd Nano- n 0.000 000 001 vertical line. Students should write 
bold headings in the left column. 
On the right side, students should 
include vocabulary definitions, for- 
mulas, words in italics, summaries, 

and responses that correlate to the 
headings. 

SECTION 2 Standards of Measurement 15 

Differentiated Instruction 

Challenge Have students research the standardiza- 

tion of currency. When did it occur? Why? ‘They 

Science Journal 

Standards Have students record in their Science 

Journals the physical standards for mass, length, 

and time. The standard mass is the 1 kg of platinum- 

iridium alloy shown in Figure 10. The standard length, 1 

meter, is defined as the distance light travels ina vacuum 

in 1/299,792,458 of a second. The standard time, 1 second, 

is defined as 9,192,631,770 periods of the radiation of cesium- 

133 atoms. 

can compare the need for standard units of meas- 
urement with the need for standard currency. It is 
believed that the first standard coins were produced in Lydia, 
part of present-day Turkey, in the 600s 8.c. The coins were 
standardized so people knew the exact value of the metal 
pieces. Linguistic 
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Caption Answer 
Figure 11 3.1. cm; 31mm 

Make a Model 

Measurment System Model a new 

metric measurement system. 

Organize the class into groups 

and have each group choose an 
object to be the basis for its new 
metric standard of length. Have 

students make or draw models 

showing a unit, a deciunit, a cen- 
tiunit, and a kilounit. 

Visual-Spatial [J 

Applying Math 

Math Standards 

National: 4 

Florida: MA.B.1.4.2 

Answers to 
Practice Problems 

1. 1cm= 10mm 

11cm X 10mm/cm = 110mm 

2. 1 mi = 1.6 km 

20,000 mi X 1.6km = 32000 km 

Discussion 

Measuring Day Time Point out to 
students that while in SI the units 

for time less than 1 s are divided 

into multiples of ten (the millisec- 

ond, nanosecond, etc.), the units 

for time greater than | s are not. 

Have each student devise a metric 

system for measuring the amount 
of time in a day. Accept all responses 
in which time is divided into units that 
are multiples of ten. Logical- 
Mathematical 

(% Reading Check 

Answer avoiding large digit numbers 
and numbers with many decimal places 
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meses 

a aa aa a 

Figure 11 One centimeter 

contains 10 mm. 

Determine the length of the 

paper clip in centimeters and in 

millimeters. 

Applying Math 

Converting Between SI Units Sometimes quantities are 

measured using different units, as shown in Figure 11. A conver- 

sion factor is a ratio that is equal to one and is used to change one 

unit to another. For example, there are 1,000 mL iia il Ibs So) 

1,000 mL = 1 L. If both sides in this equation are divided by I L, 

the equation becomes: 

1,000 mL _ 1 

IH We. 

To convert units, you multiply by the appropriate conversion 

factor. For example, to convert 1.255 L to mL, multiply 1.255 L 

by a conversion factor. Use the conversion factor with new units 

(mL) in the numerator and the old units (L) in the denominator. 

1,000 mL _ 2, iL i vasyems ani b 1.255 4 X 

Convert Units 

CENTIMETERS How long in centimeters is a 3,075 mm rope? 

IDENTIFY 

Identify the known values: 

known values and the unknown value 

The rope measures 3,075 mm; 1 m = 100 cm = 1,000 mm 

Identify the unknown value: 

How long is the rope in cm? 

| SOLVE | the problem 

This is the equation you need to use: 

¢cm = 3,075 mm X 

Cancel units and multiply: 

3,075 FAR X 

@le@ your answer 

100 cm 

1,000 mm 

166 cm 
1,006 3 07255emn 

Does your answer seem reasonable? Check your answer by multiplying the answer by 

1,000 mm 

100 cm 

Practice Problems 

. Did you calculate the original length in millimeters? 

1. Your pencil is 11 cm long. How long is it in millimeters? 

2. The Bering Land Bridge National Preserve is a summer home to birds. Some birds 

migrate 20,000 miles. Assume | mile equals 1.6 kilometers. Calculate the distance 
birds fly in kilometers. 

For more practice problems, go to page 879 and visit Math Practice at fl.gpescience.com. 
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Teacher 
Early Measurement Early measurements were 
based on body parts. One of the earliest meas- 
urements ever recorded was length. The 
Egyptian cubit was derived from the length of 
the arm from the elbow to the outstretched 

fingertips. France’s unit of length was the 
meter, which was deine’ as eae one ten- 1.3. | ert ; ether 

millionth part of a quarter of Earth’s circum- 
ference. The production of this standard. 
required a very careful survey to be done — 
which took several years. As more accurate 
instruments became available, the standard 
was called into GucsuOl . awe teers eens 



Pe ai Figure 12 One meter is slightly Caption Answers 

Yard gee = tM longer than 1 yard, and 100 m is Figure 12 slightly more 

aS a — slightly longer than a football field. Figure 13 micrometers 

gee a SS —— Meter AL a lead ve oe 

a -m dash would be slightly Activity 
Be more or less than your time for a nae 

100-yard dash. Rulers Distribute metric rulers 

Measuring Distance and have students identify the 
: millimeter, centimeter, and deci- 

The word length is used in many different ways. For example, : meter markings on the ruler. 
the length of a novel is the number of pages or words it contains. Have them measure common 
In scientific measurement, length is the distance between two. : objects. As they are measuring, 
points. That distance might be the diameter of a hair or the dis- have each student choose an 
tance from Earth to the Moon. The SI base unit of length is the: object that best represents a 
meter, m. A baseball bat is about 1 m long. Metric rulers and : Astronomical Units The centimeter. Allow them to make 
metersticks are used to measure length. Figure 12 compares a py Se CWleEMGI ince enles a estimations and use their rulers 

for the distance from . : ; 
meter and a yard. : to check their estimations. |L2 

* Earth to the Sun is called 
’ , : the astronomical unit, AU. Kinesthetic 

Choosing a Unit of Length As shown in Figure 13, the size : The distance is about 
of the unit you measure with will depend on the size of the : 150 billion (1.5 X 1017) m. 
object being measured. For example, the diameter of a shirt but- ; In your Science Journal, 
ton is about 1 cm. You probably also would use the centimeter to: eee ie ae 

Jt : ss would equal in kilometers. 
measure the length of your pencil and the meter to measure the q 

a Per et 

Patn Science id 

length of your classroom. What unit would you use to measure: Astronomical Units Venus is 0.72 AU 
the distance from your home to school? You probably would : from the Sun and Pluto is 39.6 AU from 
want to use a unit larger than a meter. The kilometer, km, which: | the Sun. 1 AUis about 1.5 X 10°km = 
is 1,000 m, is used to measure these kinds of distances. 150,000,000 km. 

By choosing an appropriate unit, you avoid large- 

digit numbers and numbers with many decimal places. 

Twenty-one kilometers is easier to deal with than 

21,000 m, and 13 mm is easier to use than 0.013 m. 

Career Astronomers study objects 
where they cannot use all of their 
senses. They cannot touch or 
smell stars, comets, or planets 
other than Earth. Astronomers 
do need good observations skills. 
The majority of the astronomers 
do not look through telescopes. 
They teach and do research in 
colleges and universities. 

i ey Nite | | ila ‘fey Quick Demo 

ry, Readina Check Why is choosing the correct unit of 
a length important? 

’ Accurate Measurements 
Materials meterstick, tape mea- 
sure, round object 

Estimated Time five minutes 

Purpose Use a meterstick to 

measure the circumperence of a 

round object. Repeat the meas- 
SECTION 2 Standards of Measurement 17 urement with a metric tape 

Figure 13 The size of the 
object being measured determines 

which unit you will measure in. A tape 

measure measures in meters. The micrometer, 

shown on the left, measures in small lengths. 

State what unit you think it measures. 

measure. Ask the students to 

: . H y explain why the measurement 

Cultural Diversit Visual Learning made with the tape measure is 
more accurate. The meterstick 

can’t bend to accurately measure 
Length Through Time Accurate length measure- Figure 12 Discuss with students the difference 

ment was important for ancient engineering tes a oe and et the cous ee teacearp On a ih 

projects, such as the Nazca lines, the pyramids in _across the classroom or blackboard in both meters era 

Central America and Africa, and the great public — and yards and make sure students understand the gical-Mathematica 

buildings found in many cultures. Have students —_ measurements. Review with students how to con- 

identify some of the units of length used in the __ vert meters into yards. 

ancient world. Lengths used include the cubit and the 

Roman mile. Linguistic 
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Activity 
Relative Volume Provide a number 

of irregularly-shaped containers 
and a graduated cylinder. Have 
each student make a hypothesis 
about the relative volumes of the 

containers and write down the 

hypothesis. Then have students 
test their hypotheses by measur- 
ing the volume of each container. 

Tell them to fill each container 

completely with water, pour the 
water into the graduated cylinder, 

and measure the amount the con- 

tainer held. [L Kinesthetic N 

Caption Answer 
Figure 14 1,000 cm? are in 1 dm’, 

Sciencap ING 
Topic: International 

System of Units 

Visit fl.gpescience.com for Web 

links to information about the 

International System of Units. 

Activity Measure four different 

things in your classroom using a 

different unit—distance, volume, 

time, or temperature—for each. 

Use each unit only once. Write the 

measurements down and using 

the common prefixes in Table 2, 

convert them to different units. 

Figure 14 The large cube has a volume 

of 1. dm?, which is equivalent to 1 L. 
Calculate the cubic centimeters (cm?) in 

the large cube. 

Measuring Volume 
The amount of space occupied by an object is called its 

volume. If you want to know the volume of a solid rectangle, 

such as a brick, you measure its length, width, and height 

and multiply the three numbers and their units together 

(V=1X wX h). For a brick, your measurements probably 

would be in centimeters. The volume would then be expressed 

in cubic centimeters, cm*. To find out how much a moving van 

can carry, your measurements probably would be in meters, and 

the volume would be expressed in cubic meters, m°, because 

when you multiply, you add exponents. 

Measuring Liquid Volume How do you measure the volume 
of a liquid? A liquid has no sides to measure. In measuring a liq- 

uid’s volume, you are indicating the capacity of the container 

that holds that amount of liquid. The most common units for 

expressing liquid volumes are liters and milliliters. These are 

measurements used in canned and bottled foods. A liter occupies 

the same volume as a cubic decimeter, dm’. A cubic decimeter is 

a cube that is 1 dm, or 10 cm, on each side, as in Figure 14. 

Look at Figure 14. One liter is equal to 1,000 mL. A cubic 

decimeter, dm°, is equal to 1,000 cm’. Because 1 L = 1 dm‘, it 

follows that 

lim = lem- 

Sometimes, liquid volumes such as doses of medicine are 

expressed in cubic centimeters. 

Suppose you wanted to convert a measurement in liters to 

cubic centimeters. You would use conversion factors to convert 

L to mL and then mL to cm’. 

MSs 1,000 +e x 1 cm =" 500 cme 

1+ lsat 

1cm3=1mL 
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Curriculum Connection 

Math Have students find and record the equa- 
tions for determining the volumes of shapes such 
as a cylinder, sphere, square pyramid, and cone. 
The equation for calculating the volume of a cylinder is ar°h. 

The equation for the volume of a sphere is : mr, The equation 
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for the volume of a square pyramid is z bh. The equation for 

the volume of a cone is $ ah. [3] 

Logical-Mathematical 



Table 3 Densities of Some Materials at 20°C 

Material Density (g/cm?) — Material ~—_Density (g/cm?) 

Hydrogen 0.000 09 Aluminum | 

Oxygen 0.001 4 Iron 79 

Water 1.0 Gold 19.3 

Measuring Matter 
A table-tennis ball and a golf ball have about the same volume. 

But if you pick them up, you will notice a difference. The golf 
ball has more mass. Mass is a measurement of the quantity of 
matter in an object. The mass of the golf ball, which is about 
45 g, is almost 18 times the mass of the table-tennis ball, which 
is about 2.5 g. To visualize SI units, see Figure 15 on the follow- 
ing page. 

Density A cube of polished aluminum and a cube of silver that 

are the same size not only look similar but also have the same 

volume. The mass and volume of an object can be used to find 

the density of the material the object is made of. Density is the 
mass per unit volume of a material. You find density by dividing 

an object’s mass by the object’s volume. For example, the density 

of an object having a mass of 10 g and a volume of 2 cm? is 
5 g/cm?. Table 3 lists the densities of some familiar materials. 

Aa rr er. How is density determined? 

Derived Units The measurement unit for density, g/cm’, is a 
combination of SI units. A unit obtained by combining different 

SI units is called a derived unit. An SI unit multiplied by itself 

also is a derived unit. Thus the liter, which is based on the cubic 

decimeter, is a derived unit. A meter cubed, expressed with an 

exponent—m>—is a derived unit. 

Measuring Time and Temperature 
It is often necessary to keep track of how long it takes for 

something to happen, or whether something heats up or cools 

down. These measurements involve time and temperature. 

Time is the interval between two events. The SI unit for time 

is the second. In the laboratory, you will use a stopwatch or a 

clock with a second hand to measure time. 

SECTION 2 Standards of Measurement 

1. 

ae 

Determining the 

Density of a Pencil 

Procedure Wd Tad KE 
Find a pencil that will fit in 

a 100-mL graduated 

cylinder below the 90-mL 

mark. 

. Measure the mass of the 

pencil in grams. 

. Put 90 mL of water (initi 

volume) into the 100-mL 

graduated cylinder. 

Lower the pencil, eraser 

first, into the cylinder. 

Push the pencil down until 

it is just submerged. Hold 

it there and record the 

final volume to the nearest 

tenth of a milliliter. 

Analysis 
Determine the water dis- 

placed by the pencil by 

subtracting the initial vol 

ume from the final volume. 

. Calculate the pencil’s den- 

sity by dividing its mass 

by the volume of water 

displaced. 

. Is the density of the pencil 

greater than or less than 
the density of water? Ho 

do you know? 

al 

WwW 
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Curriculum Connection 

Math The SI prefix pico- is used for tiny measure- 

ments. The diameter of a hydrogen nucleus is about 

78 picometers. Have students find out what pico- 

means and find the diameter of a hydrogen atom 

in meters. The prefix means one-trillionth. A hydrogen 
atom has a diameter of 78 trillionths (78 10> 2) of a 

meter. Logical-Mathematical 

Differentiated Instruction 

Behaviorally Disordered Have these students read 
through the lab a day or two before the class does 

it. Show them how it works and ask whether they 

have any questions. Make sure they understand 
the purpose of the water. When they do the lab, 
pair them with students who work well in the lab. 

Purpose Students measure the 
mass and volume of a pencil and 
use these data to find its density. 

GED jf Logical-Mathematical 
Materials water, 100-mL grad- 
uated cylinder, unsharpened 
pencil, balance 

Teaching Strategy The mass 
measurement should be made 

using a dry pencil. 

Analysis 

1. Students should use the equation 
d = m/v. Remind them that 1 mL 
=1cm’. 

2. Check students’ paper. 

3. Because the pencil floats, its density 
is less than that of water. Also, its 
calculated density is less than that 
of water—1.0. 

Assessment 

Performance Have students use 
the same procedure to test the 
density of another object such 
as a cork or a rubber stopper. If 
possible, they could compare 
their results with the density 
given in Table 3 on this page 
or another density table. Use 
Performance Assessment in 
the Science Classroom, p. 97. 

[% Reading Check 

Answer divide mass by volume 
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NATIONAL 
GEOGRAPHIC 

Visualizing SI 

Dimensions 
Have students examine the 

pictures and read the cap- 

tions. Then ask the following 

questions. 

In what units would you 

measure your height? meters The 
distance a runner covered in a 

marathon? kilometers The mass of 

a pencil? grams 

Why wouldn’t you measure 

the distance from Dallas, Texas 

o Miami, Florida in millime- 

ters? The number of millimeters would 

be an extremely large number, too big to 

be able to visualize. What unit 

should you use? kilometers 

Activity 
Different Measurements Set up 
three stations and allow groups 

to rotate through them. One sta- 
tion should have a balance and 

several objects that students can 

mass. Another station should 

have several containers of liquids 

and a graduated cylinder so they 
can measure volumes. The third 

station should have a metric 

ruler and meterstick and several 

objects whose lengths students 

can determine. Have students 

measure the objects and com- 

pare their measurements when 

all have finished. 

IN Kinesthetic 

Challenge [lave students find the high temperature 

for the day in Fahrenheit, Celsius, and Kelvin. They 

can obtain the temperature, probably in Fahrenheit, 

from a weather report. Have them use the following 

7 
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Figure 15 

he characteristics of most of 

| these everyday objects are meas- 

| | ured using an international 
| 

| 

| 

system known as SI dimensions. These 

dimensions measure length, volume, 

mass, density, and time. Celsius is not 

an SI unit but is widely used in 

scientific work. 

Adime -RS Afootballfield > The distance 

is about 1 mm thick. is about 91 m long. from your house to a store can 

be measured in kilometers. 

s\, 
This car- MILLILITER \ 

ms holds 1.98 L of ipsa ne stone sinks The macs of a them: 

rozen yogurt. us rae is _—_— it - tack and the winks Of 4 tenticok 

enon 2 me: ener Nas can be expressed in grams. 
more grams per 

| : Xe cubic meter— 

fo \" at than water. 

| | WN PL 

4 | TARA The speed of a 
, — J roller-coaster car 

4 | DSK can be measured in aa Lene! 
| meters per second. 

Water 
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20 CHAPTER 1 The Nature of Science 

wry 

\ 4 } Post Reading 

Creating Charts After reading the section on 
time and temperature, have students make a 

chart that shows Fahrenheit, Celsius, and Kelvin 
equations | © =P 2 2)0. G2 ee in O12) ane for the boiling point of water 

Logical-Mathematical ( ), an extremely hot day (100°F), a perfect 

20 CHAPTER1 The Nature of Science 

day (72°F), a chilly day (45°F), a freezing day 
(BY F) ae dasecotet cold days (0°F). 



What’s Hot and What’s Not You will learn the scientific 
meaning of the word temperature in a later chapter. For now, think 
of temperature as a measure of how hot or how cold something is. 

Look at Figure 16. For most scientific work, temperature is 

measured on the Celsius (C) scale. On this scale, the freezing 

point of water is 0°C, and the boiling point of water is 100°C. 

Between these points, the scale is divided into 100 equal divi- 

sions. Each one represents 1°C. On the Celsius scale, the average 
human body temperature is 37°C, and a typical room tempera- 
ture is between 20°C and 25°C. 

Kelvin and Fahrenheit The SI unit of temperature is the 
kelvin (K). Zero on the Kelvin scale (0 K) is the coldest possible 

temperature, also known as absolute zero. Absolute zero is equal 

to —273°C, which is 273° below the freezing point of water. 
Most laboratory dick tpenaie are marked only with the 

Celsius scale. Because the divisions on the two scales are the 
same size, the Kelvin temperature can be found by adding 273 to 

the Celsius reading. So, on the Kelvin scale, water freezes at 
273 K and boils at 373 K. Notice that degree symbols are not 

used with the Kelvin scale. 

The temperature measurement you are probably most famil- 

iar with is the Fahrenheit scale, which was based roughly on the 

temperature of the human body, 98.6°. 

What is the relationship between the Celsius 
scale and the Kelvin scale? 

section. 2 

Summary 

Precision and Accuracy 

® Precision is the description of how close measurement. 

measurements are to each other. 

International System of Units 

®@ The International System of Units, or SI, was 

established to provide a standard of measure- 

ment and reduce confusion. 

® Conversion factors are used to change one 

unit to another and involve using a ratio 

Measuring 

® The size of an object being measured deter- 

mines which unit you will measure in. 

More Section Review fl.gpescience.com 

Teview 

Self Check 

. Explain why it is important to have exact standards of 

Figure 16 These three ther- 

mometers illustrate the scales of 

temperature between the freezing 

and boiling points of water. 

Compare the boiling points of the 

three scales. 

. Explain why density is a derived unit. 

. Think Critically Using a metric ruler, measure a shoe 

box and a pad of paper. Find the volume of each in 

cubic centimeters. Then convert the units to mL. 

Applying Math 

. Convert Units Make the following conversions: 27°C 

equal to 1. to Kelvin, 20 dg to milligrams, and 3 m to decimeters. 

. Calculate Density What is the density of an unknown 

metal that has a mass of 158 g and a volume of 20 mL? 

Use Table 3 to identify this metal. 

SECTION 2 Standards of Measurement 21 

é Section A) 

1. They provide a consistent, known, 

and accepted value for a base unit. SI units. 
3. Check students’ work. 

2. It is obtained by combining two 4. 300K; 2000 mg; 30 dm 
5. 158.0.g/20.0 mL = 7.90 g/mL; iron 

| MA.B.2.4.1, MA.D.2.4.1 

Caption Answer 
Figure 16 The boiling point of water is 
373 K, 100°C, and 212°F. 

(%, Reading Check 

Answer The units are the same size, but 

zero on the Kelvin scale is 273 units 

lower than zero on the Celsius scale. 

Check for Understanding 
Kinesthetic Being able to convert 

between SI units is important in 
understanding how scientists 

operate on a daily basis. Have 
students measure various objects 

in centimenters. Then have stu- 

dents convert from centimeters 

to meter, from meter to kilome- 

ter, and centimeter to kilometer. 

Reteach 

Have each student calculate his 

or her mass in kilograms. ‘Tell 

students that at Earth’s surface, 

an object weighing 1 pound has a 
mass of 0.45 kg. Sample: A student 
weighing 120 pounds has a mass of 
54 Ny hi .2] IN pO -Mathematical 

T™, Assessment 

Performance Have students dev- 

elop their own standards and 

units for measuring time. Have 
them evaluate their units in terms 

of how easy it is to replicate 
results using their standards. Use 
PASC yp alle 

SECTION 2 Standards of Measurement 21 



A Motivate 

INTERACTIVE. 
CHALKBOARD | 

tion is available on Interactive 

Chalkboard CD-ROM. 

| An editable Microsoft® 

PowerPoint® presenta- 

Bellringer 

Section Focus Transparencies 

also are available on the 

Interactive Chalkboard CD-ROM. 

[2] a> 

3 ESC Data by Graph 
Transparency 

Sometimes the best way to communicate information is with a 
graph. Circle graphs are a good way to show the parts of a whole— 
in this case, the U.S. 

population by age. United States Population by Age 

65 years and older 
0-14 years 

\ 

|, What information does the circle graph provide? Could you have 
obtained that information by looking at the photograph? 

2, How else could you display these data? 
3, Would it be useful to list all the people in the U.S. along with thei 

ages? Why or why not? 

Reading Preview 

Tie to Prior Knowledge 

Finding Graphs Assign students to 
find graphs in newspapers and 
magazines and bring them to 
class. Have student groups de- 
velop a classification system for 
the graphs. Interpersonal 

Charts and Graphs Preview 

the text and identify types of 
graphs and illustrations in this 
section. Ask “Have you ever 
used or seen any others types of 

graphs?” Students may think of 
picture graphs and coordinate 

graphs. Have students talk 
about the differences between a 
chart and a graph. 

What You Learn 
= Identify three types of graphs 

and explain the ways they are 

used. 

and independent variables. 

types of graphs. 

Figure 17 This graph tells the 
story of the motion that takes 

place when a girl takes her dog 

for an 8-min walk. 

Distance from Home 

Distance 

Communicating 
with Graphs 

Reading Guide 

® Distinguish between dependent 

& Analyze data using the various 

© Review Vocabulary 
data: information gathered during 

an investigation or observation 

Why It’s Important 

Graphs are a quick way to communi- 

cate a lot of information in a small 

amount of space. 
New Vocabulary 

@ graph 

A Visual Display 
Scientists often graph the results of their experiments 

because they can detect patterns in the data easier in a graph 

than in a table. A graph is a visual display of information or 

data. Figure 17 is a graph that shows a girl walking her dog. The 

horizontal axis, or the x-axis, measures time. Time is the inde- 

pendent variable because as it changes, it affects the measure of 

another variable. The distance from home that the girl and the 

dog walk is the other variable. It is the dependent variable and is 

measured on the vertical axis, or y-axis. 

Graphs are useful for displaying numerical information in 

business, science, sports, advertising, and many everyday situa- 

tions. Different kinds of graphs—line, bar, and circle 

appropriate for displaying different types of information. 

(42 What are three common types of graphs? 

Graphs are useful for displaying numerical information in 

business, science, sports, advertising, and many other everyday 

situations. Graphs make it easier to understand complex pat- 

terns by displaying data in a visual manner. Scientists often 

graph their data to detect patterns that would not have been evi- 

dent in a table. Different graphs use different methods for dis- 

playing information. The conclusions drawn from graphs must 

be based on accurate information and reasonable scales. 

are 

Chapter Fasr Fite Resources 

‘Transparency Activity, pp. 46, 47-48 

Directed Reading for Content Mastery, 

pp. 21-22 

MiniLAB, p. 4 

Enrichment, p. 32 
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Reinforcement, p. 29 

Lab Activity, pp. 13-16 

Lab Worksheet, pp. 5-6, 7-8 

Lab Management and Safety, p. 71 

Reading and Writing Skill Activities, p. 47 



Line Graphs 
A line graph can show any relationship where the 

dependent variable changes due to a change in the 
independent variable. Line graphs often show how a 
relationship between variables changes over time. You 
can use a line graph to track many things, such as how 
certain stocks perform or how the population changes 
over any period of time a month, a week, or a year. 

You can show more than one event on the same 
graph as long as the relationship between the variables 
is identical. Suppose a builder had three choices of 

thermostats for a new school. He wanted to test them 

to know which was the best brand to install through- 
out the building. He installed a different thermostat in 

classrooms A, B, and C. He set each thermostat at 

20°C. He turned the furnace on and checked the tem- 

peratures in the three rooms every 5 min for 25 min. 

He recorded his data in Table 4. 

The builder then plotted the data on a graph. He could see from 
the table that the data did not vary much for the three classrooms. 

So he chose small intervals for the y-axis and left part of the scale 
out (the part between 0° and 15°), as shown in Figure 18. This 

allowed him to spread out the area on the graph where the data 
points lie. You easily can see the contrast in the colors of the three 

lines and their relationship to the black horizontal line. The black 

line represents the thermostat setting and is the control. The con- 

trol is what the resulting room temperature of the classrooms 

should be if the thermostats are working efficiently. 

| The break in the vertical axis between 0 

| and 15 means that numbers in this range 

| are left out. This leaves room to spread the 

| scale where the data points lie, making the 

graph easier to read. 

Temperature (°C) 

Table 4 Room Temperature 

Classroom Temperature (C°) 
Time* A B c 

0 16 16 16 

5 17 17 16.5 

10 19 19 17 

> 20 21 17.5 

20 20 23 18 

25 20 25 18.5 

*minutes after turning on heat 

Figure 18 The room tempera- 
tures of classrooms A, B, and Care 

shown in contrast to the thermo- 

stat setting of 20°C. 

Identify the thermostat that 

achieved its temperature setting 

the quickest. 

Classroom Temperature 

10 15 

Time (min) 

SECTION 3 Communicating with Graphs 23 

Visual Learning 

Figure 18 Have students practice interpolation 

(finding data between reference points) and 

extrapolation (finding data past the range of the 

reference points) by examining the data provided. 

Ask them what they would expect the tempera- 

ture to be in the classroom using thermostat A 

after 8 min and after 30 min. 18°C and 20°C 

G® jf Visual-Spatial 

Differentiated Instruction 

Challenge Graphs are not always a completely 
objective presentation of data. Graphs are fre- 
quently used in advertising to conceal or 
distort data. Ask students to think of ways that 
information could be emphasized or underplayed 
on a graph. A stretched-out vertical scale would emphasize 
highs and lows. A compressed vertical scale would conceal 
them. [L2| GMD JR) Logical-Mathematical 

Answer line, bar, and circle graphs 

Caption Answer 
Figure 18 thermostat A 

Discussion 

Interpolation v. Extrapolation 
Explain to students that 
interpolation is reading graph 
values between data points, and 
extrapolation is reading graph 
values beyond data points. Ask 
students which process is likely to 
produce more error. Extrapolation; it 
goes beyond what has actually been 

measured in an experiment. 
Logical-Mathematical 

Activity 
Graphing Have students look in 
the newspaper for information 
that can be presented as graphs. 
Have each student explain why 
they chose that particular graph. 
Examples can be weather data, 
motor vehicle ads, or sports 
statistics. 

Reading Strategy 

Summarize Ask students to 
write a summary sentence in their 
Science Journals after studying 
the line graph in Figure 18, the 
bar graph in Figure 20, and the 
circle graph in Figure 21. Have 
students compare their summary 
statements. 

SECTION 3 Communicating with Graphs 23 



Constructing Line Graphs Besides choosing a scale that 

makes a graph readable, as illustrated in Figure 18, other factors 

are involved in constructing useful graphs. The most important 

factor in making a line graph is always using the x-axis for the 

independent variable. The y-axis always is used for the depend- 

ent variable. Because the points in a line graph are related, you 

connect the points. 

Another factor in constructing a graph involves units of mea- 

surement. For example, you might use a Celsius thermometer for 

one part of your experiment and a Fahrenheit thermometer for 

another. But you must first convert your temperature readings to 

the same unit of measurement before you make your graph. 

In the past, graphs had to be made by hand, with each point 

CS) Quick Demo 
<~ Data Tables 

Materials none 

Estimated Time ten minutes 

Purpose Use students’ clothing or 
shoes to demonstrate how to 

make a data table. For example, 

you could collect data such as shoe 

type, shoe color, sleeve length, or 

clothing type. After completing 

the data table, complete a bar 
eraph of the information. Rein- 

force the idea that a bar graph : plotted individually. Today, scientists use a variety of tools, such 

rather than a line graph would be Figure 19 Graphing calculators: as computers and graphing calculators like the one shown in 
used because a line graph must are valuable tools for making : Figure 19, to help them draw graphs. 

contain two sets of numbers, while graphs. 
a bar graph can use categories. 

GD ff} Visual-Spatial ry hatte meta: Make and Use Graphs 

TEMPERATURE In an experiment, you checked the air temperature at certain hours of the 
Applying Math 

Math Standards 
National: 1, 2,5, 9 

Florida: MA.D.1.4.1 

Answer to 
Practice Problem 
1. Students could use either bar graphs 

or line graphs to represent this data. 
In either case, running time should 
be on the y-axis and year should be 
on the x-axis. 

2. Check students’ work. 

3. The difference in time is 1.2h. 
% Improvement = 
1.2/5.2h X 100 = 23.1% 

day. At 8 A.M., the temperature was 27°C; at noon, the temperature was 32°C; and at 4 P.M., 

the temperature was 30°C. Graph the results of your experiment. 

‘ail known values 

time = independent variable, which is the x-axis 

temperature = dependent variable, which is the y-axis 

| GRAPH | the problem 

Graph time on the x-axis and temperature on the y-axis. Mark the equal increments on 

the graph to include all measurements. Plot each point on the graph by finding the time 

on the x-axis and moving up until you find the recorded temperature on the y-axis. 

Place a point there. Continue placing points on the graph. Then connect the points from 

left to right. 

Practice Problems 

As you train for a marathon, you compare your previous times. In year one, you ran it in 

5.2 h; in year two, you ran it in 5 h; in year three, you ran it in 4.8 h; in year four, you ran it 

in 4.3 h; and in year five, you ran it in 4 h. 

1. Make a table of your data. a — 

_ Teacher i] ~ 
ChartsandGraphs The earliest sur- 
viving chart, an illustration of the 
orbits of the planets over time, 

— dates back to the tenth century. 
4 The art of charting and graphing 
| didn’t appear again until the 18th 24 CHAPTER 1 The Nature of Science 

2. Graph the results of your marathon races. 

1 3. Calculate your percentage of improvement from year one to year five. 

For more practice problems, go to page 879 and visit Math Practice at fl.gpescience.com. 

Science Journal Differentiated Instruction 
Birth Months ‘Take a class survey of the month in Learning Disabled Have students conduct a survey 
which each student’s birthday occurs and tally — in class to determine how many of their peers walk 
these data on the board. Have students record this to class, how many ride a bike, vet a ride, and take 
information in their Science Journals. Ask each _ the bus. After students gather their data, have them 
student to make both a bar graph and a circle determine which graph will best display the data. 
graph to show the information. Logical-_ = Why did they choose that particular graph? What | 
Mathematical [EJ made the other graphs a bad choice? 

24 CHAPTER1 The Nature of Science 



Bar Graphs 
A bar graph is useful for comparing information collected by 

counting. For example, suppose you counted the number of stu- 
dents in every classroom in your school on a particular day and 
organized your data as in Table 5. You could show these data in 
a bar graph like the one shown in Figure 20. Uses for bar graphs 
include comparisons of oil or crop productions, costs, or data 
in promotional materials. Each bar represents a quantity 
counted at a particular time, which should be stated on the 

graph. As on a line graph, the independent variable is plotted on 
the x-axis and the dependent variable is plotted on the y-axis. 

Recall that you might need to place a break in the scale of the 

graph to better illustrate your results. For example, if your data 

were 1,002, 1,010, 1,030, and 1,040 and the intervals on the scale 

were every 100 units, you might not be able to see the difference 

from one bar to another. If you had a break in the scale and 

started your data range at 1,000 with intervals of ten units, you 

could make a more accurate comparison. 

Describe possible data where using a bar graph 
would be better than using a line graph. 

Table 5 Classroom Size 

Figure 20 The height of each 

Graphing Temperature 

Change 

Pr 

1 

Analysis 
ils 

7) 

Classroom Size (January 20, 2005) 

. Add 1-c of cold water to a 

. Filla clear-plastic cup 2/3 

. Measure and record the tem- 

ocedure MW Tl PAK 

medium-sized plastic 

bowl. Add 1/2 ¢ of ice to the 

water. Put 2 tbs of table 

salt into the iced water. 

full with room temperature 

water. Measure the temper- 

ature of the water using a 

thermometer. Place the 

plastic cup with the ther- 

mometer into the bowl of 

iced water. Make sure the 

iced water surrounds the liq- 

uid in the cup. Do not allow 

any iced water into the cup. 

perature every 30s for 5 min. 

Identify the dependent and 

independent variables. 

Make a line graph of the 

data recorded in 

step 3. 

Numbet of Number of ‘ ree ae 

Students Classrooms sia ae ieee 
classrooms having a particular 

20 1 number of students. 

21 3 

De 3 

23 2 

24 3 E 
2 

25 5 & 

6 
26 5 a 

2 

E 

27 3 é 

f rT = 

Number of students 

SECTION 3 Communicating with Graphs 

j5N Gee 

(i) TAB DEMONSTRATION 

Purpose Students measure the 

change in temperature over 

time and graph the data. 

GD jf) Visual-Spatial 

Materials cold water, room- 

temperature water, table salt, 
medium-size plastic bowl, 

clear-plastic cup, alcohol ther- 
mometer, graph paper, timer 

with second hand 

Teaching Strategy Show students 
how to estimate a reading 
between marks on the ther- 

mometer. 

Analysis 

1. dependent variable—temperature; 
independent variable—time 

2. Check students’ work. The graph 
will show decreasing temperature 
as time increases. The slope of the 
line would be negative. 

Assessment 
Process Have students sketch a 

graph of what they would 
observe if they heated the water 
in an open container. The graph 

will show increasing temperature as 
time increases. The slope of the line 
would be positive. 

(%, Reading Check 

Answer Answers will vary but might 
include the number of points scored by 
the local football team for each game of 

the season. 

Assessment Purpose to show students how to draw circle 

graphs 

Preparation Write the following data on the 

board: Of the people who attended a play, 42 

were under 10 years old; 27 were ages 11 to 

20, and 11 were over 21. 

Procedure Determine what percentage of the 

whole each part represents (percentage = 

part + whole X 100%). For those under 10, this is 
42/80 100% = 52%. A circle contains 360°. To find 
the number of degrees needed to show each percentage, 

change the percentage toa decimal number and multiply 

it by 360°. For those under 10, 360° x 0.52 = 187°. 

ee Te RS | MRR SS EE, 0 AS 

What percentage of the audience were ages 

11 to 20? * x 100% = 34% from 11 to 20 Over 
Bile - < 100% = 14% How many degrees of 

the circle graph are required for each of 

these groups? 360° X 0.34 = 122° from 11 to 20; 

360° 0.14 = 50° over 21 

SECTION 3 Communicating with Graphs 25 



Caption Answer 
Figure 21 180° 

% Post Reading 

Cooperative Learning In groups, 
have students talk about a sports 
activity that is familiar to them. Ask 
students to write the three types of 
graphs in their notes and tell what 
type of sports information could be 
illustrated by each type of graph. 
What title and labels would be 
needed for the graphs? Share 
results as a group. 

' DAILY INTERVENTION 

Check for Understanding 

Logical-Mathematical ‘Tell students 
that four students scored a D ona 

test, ten scored a C, seven scored 

a B, and four scored an A. Have 

each student make a bar graph 
and a circle graph of the data. 

Reteach 

Candle Wicks Stick ten birthday 
cake candles in holders in a long 
piece of plastic foam. Light the 
second candle and let it burn for 
only 5 s. Light the remaining 
candles in turn, letting the third 

candle burn for 10 s, the fourth 
for 15 s, etc. Remove the candles 

from the holders, clip their wicks, 

and place them side-by-side, 
bases aligned, on an overhead 
projector. Discuss with students 
what the silhouette displays. 

Visual-Spatial 

Heating Fuel Usage 

Figure 21 A circle graph shows 

the different parts of a whole 

quantity. 

Calculate the angle of gas usage. 

© Section 

Summary 

A Visual Display 

® Graphs are a visual representation of data. 

© Scientists often graph their data to detect 

patterns. 

® The type of graph used is based on the con- 

; clusions you want to identify. 

Line Graphs 

@ A line graph shows how a relationship 

between two variables changes over time. 

; Bar Graphs 

@ Bar graphs are best used to compare informa- 

tion collected by counting. 

Circle Graphs 

© A circle graph shows how a fixed quantity is 

broken down into parts. 

26 CHAPTER1 The Nature of Science 

Circle Graphs 
A circle graph, or pie graph, is used to show how 

some fixed quantity is broken down into parts. The 

circular pie represents the total. The slices represent 

the parts and usually are represented as percentages 

of the total. 

Figure 21 illustrates how a circle graph could be 

used to show the percentage of buildings in a neigh- 

borhood using each of a variety of heating fuels. You 

easily can see that more buildings use gas heat than 

any other kind of heating fuel system. What else does 

the graph tell you? 
To create a circle graph, you start with the total of 

what you are analyzing. There are 72 buildings in the 

neighborhood. For each type of heating fuel, you 

divide the number of buildings using each type of fuel by the 

total (72). You then multiply that decimal by 360° to determine 

the angle that the decimal makes in the circle. Eighteen build- 

ings use steam. Therefore, (18 + 72) X 360° = 90° on the circle 

graph. You then would measure 90° on the circle with your pro- 

tractor to show 25 percent. 

When you use graphs, think carefully about the conclusions 

you can draw from them. You want to make sure your conclu- 

sions are based on accurate information and that you use scales 

that help make your graph easy to read. 

) FEVIELL 

Self Check 

. Identify the kind of graph that would best show 

the results of a survey of 144 people where 75 ride 

a bus, 45 drive cars, 15 carpool, and 9 walk to 

work. 

. State which type of variable is plotted on the x-axis 

and which type is plotted on the y-axis. 

. Explain why the points in a line graph are connected. 

. Think Critically How are line, bar, and circle graphs 

similar? How are they different? 

Applying Math 

. Percentage Ina survey, it was reported that 56 out 

of 245 people would rather drink orange juice in the 

morning than coffee. Calculate what percentage of a 

circle graph this data would occupy. 

More Section Review fl.gpescience.com 

™ Assessment 
Performance Have students find 
a graph in a newspaper or a mag- 
azine. Identify the kind of graph 
and explain what the graph shows. 
Use PASC? o: 113: 

1. 

Z 
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6 AS nm ae Rt eee cr ror em UR rer ced 

aT Section 

bar graph 

The independent variable is shown 

on the x-axis and the dependent 

variable is shown on the y-axis. 

3. 

4, 

a) ‘Tevieww 

Points are connected because they 
are related. 

All three graphs are used to dis- 
play data. A line graph shows 

relation-ships between two vari- 

ables. A bar graph can be used to 
compare information. A circle 

graph can be used to show 
percentages. 

5. 22.9% 

Be | MA.E.1.4,3 
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_——— What’s MY SP@Ph? 

You have heard that a picture is worth a thousand words. For scientists, it is also true that a graph is 
worth a thousand numbers. Graphs give us a visual display of data collected during experiments. 
Graphs are also useful in the world of business, sports, and other situations. 

© Real-World Problem———. 
How are line, bar, and circle graphs used for 

analyzing different kinds of data? 

Goals 
@ Compare and contrast the three different 

types of graphs and how they are used. 

@ Distinguish between dependent and inde- 

pendent variables. 

Materials 
Science Journal pencil 

small ruler compass 

protractor *circle template 

*Alternate material 

© Procedure— 
1. Copy the data tables into your Science 

Journal. Examine the data listed in the 

tables. 

2. Discuss with other students the type of 

graph to be used for each data table. 

3. Graph the data for each table in your Science 

Journal. 

Type of Energy Use Percentage 

Heating and Cooling 44% 

Water Heating 14% 

Refrigerator 9% 

Light Cooking and Other 33% 

Data Table 2 Motion of an Object 

Time (s) Distance (m) 

0 0 

5 3 

10 6 

15 9 

Data Table 3 Average Number of — 

tornadoes by month 

Month Average # of Tornadoes 

March 53 

April 107 

May 176 

June 168 

July 94 

© Conclude and Apply —— 
1. Explain why you chose the type of graph 

you made for each data table. 

2. Define the independent and dependent 

variables. 

3. Discuss the advantages of looking at a 

graph instead of just looking at numbers in 

a data table. 

Fr ommunicating 
Your Data_ 

As a class, compare the type of graph made 

for each data table. 

LAB 27 

™, Assessment 

© Real-World 
Problem ——— 

Purpose Students demonstrate 
how line, bar, and circle graphs 
are used for analyzing different 

kinds of data. 

Process Skills analyze results, 
classify, communicate, design, 

draw and label, interpret data, 

list, make and use graphs, organ- 
ize data, summarize, record 

Time Required one class period. 

Alternate Material circle tem- 
plate for circle graph 

@ Procedure ——— 

Teaching Strategy Have stu- 
dents discuss and debate their 
selection of graph type for the 
three data tables. Have students 
work independently when mak- 
ing their graphs. 

© Conclude and 

Apply 
1. Circle graph: shows total percentage 

is broken down by parts. Line graph: 
shows change in relationship of a 
variable over time. Bar graph: com- 

pares information collected by 
counting. 

2. For the line graph choice, time is the 
independent variable and distance is 
the dependent variable. 

3, Visual image can be used to quickly 
analyze data. 

Performance Give students data to determine the 

proper graph to use. Have them explain why they 

selected the graph they used. Use Performance 

Assessment in the Science Classroom, p. 111. 
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Design Your Own 

© Real-World 
Problem — 

Developing a 
Measurement Sysiem 

Goals © Real-World Problem 
@ Design an experiment To develop the International System of Units, people had to agree on 

that involves devising set standards and basic definitions of scale. If you had to develop a 

and testing your own new measurement system, people would have to agree with your 

measurement system new standards and definitions. In this lab, your team will use string to 

for length. devise and test its own SI (String International) system for measuring 

Measure various length. What are the requirements for designing a new measurement 

objects with the string system using string? 

Purpose Students will design 
and carry out an experiment to 
show the necessary components 
of an acceptable measurement 

Interpersonal 

Process Skills measure, collect 

and organize data, make and 
use tables, separate and control 
variables, communicate, form 

operational definitions, make 

models, use numbers, classify, 

observe and inter 

measurement system. 

Possible Materials © Form a Hypothesis 
string Based on your knowledge of measurement standards and systems, 

scissors form a hypothesis that explains how exact units help keep measuring 

marking pen consistent. 

masking tape 

miscellaneous objects for >) Test Your Hypothesis 

standards 

Make a Plan 
Safety Precautions 

1. As a group, agree upon and write out the hypothesis statement. 

aoe) 2. 

Time Required one class period 
to brainstorm; one-half to one 
class period to complete the activ- 
ity and summarize results 

Materials Have various colors 

of string available. 
As a group, list the steps that you need to take to test your hypoth- 

esis. Be specific, describing exactly what you will do at each step. 

© Forma 
Hypothesis ——— 

3. Make a list of the materials that you will need. 

Possible Hypothesis Students 
may hypothesize that using a 
defined measurement standard 

will make it possible for other 

students to measure objects 

consistently. 

© Test Your 
Hypothesis —— 

Possible Procedures Choose 
an object such as a piece of chalk, 

a paper clip, or a book as the 

standard. Mark the units on the 
string with a marker or tape. 
‘Try several different-sized scale . j - divisions of the base unit to Real-World Connection Have students research and — Researching the history of standards of measure- 
measure halves, quarters, and iscuss why other standards in science are neces- ment in antiquity also can be fascinating. Possible 
tenths of units. sary. Examples include graphing rules, writing in : t 

pen in permanently bound laboratory notebooks 
topics include the precision of the construction of 

eee : the Egyptian pyramids, geometry, astronomy, and 
the debacle of the Cold Fusi “xperiments Is ; ithic c ructl ‘ 1 ( . d Fusion experiments is a monolithic construction, the ancient Chinese, the . 
good illustration), and standards in experimental Mayans, the ancient Muslim scientists, and units stan May ‘ we 
procedures and reporting format. for trade and barter. . 
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4. Design a data table in your Science Journal so it is ready to use 
as your group collects data. 

5 As you read over your plan, be sure you have chosen an object 
in your classroom to serve as a standard. It should be in the 
same size range as what you will measure. 

6. Consider how you will mark scale divisions on your string. Plan 
to use different pieces of string to try different-sized scale 
divisions. 

7. What is your new unit of measurement called? Come up with 
an abbreviation for your unit. What will you name the smaller 
scale divisions? 

8. What objects will you measure with your new unit? Be sure to include objects 

longer and shorter than your string. Will you measure each object more than 

once to test consistency? Will you measure the same object as another group 

and compare your findings? 

Follow Your Plan 

1. Make sure your teacher approves your plan before you start. 

2. Carry out the experiment as it has been planned. 

3. Record observations that you make and complete the data table in your 

Science Journal. 

© Analyze Your Data—— . 
1. Explain which of your string scale systems will provide the most accurate mea- 

surement of small objects. 

2. Describe how you recorded measurements that were between two whole 

numbers of your units. 

@ Conclude and Apply ———_—_—_$__— 
1. Explain why, when sharing your results with other groups, it is important for 

them to know what you used as a standard. 

2. Infer how it is possible for different numbers to 

represent the same length of an object. ommunicating 
Your Data 

Compare your conclusions with other 

students’ conclusions. Are there differences? 

Explain how these may have occurred. 

LAB 29 

Ty, Assessment 

Portfolio Have students tape a sample of their 
measuring string to an explanation of their stan- 
dard and measuring system. Then have them 
write about any problems they solved in the 
process of developing this system. Students 
should include this paper in their portfolio. Use 
Performance Assessment in the Science 
Classroom, p. 159. 

ommunicating 

To test their measurement systems, have students 
exchange strings and use them to measure the same item. 

Teaching Strategy Use heavy 
string to make handling easy. Be 
sure metersticks and other stan- 

dard measuring devices are not 

available to students. Encourage 
students to use common class- 

room objects as standards. 

Expected Outcome Students 
will devise and test a measuring 
system that other groups can use 
to make consistent measurements. 
‘They may encounter errors due to 
stretching of the string and esti- 
mating between units. 

Discussion Discuss with stu- 
dents that measurements between 

two marked units will include one 

estimated digit. Different people 
using the same measuring device 

will be more likely to get the same 
measurement if the scale divisions 

are small. The ability to measure 

and get the same answer is called 
precision. 

© Analyze Your 
Data 

1. the system with the smallest divi- 
sions, because it is the most precise 

2. The final digit was estimated. 

Error Analysis Have students 
analyze how errors could result 

from the method used to mark 

their string into smaller units. 

© Conclude and 

Apply 
1. so they can reproduce your results 
2. When the size of the unit of measure- 

ment varies, the number of units used 
to measure an object also must vary. 

LAB 29 



Understanding 

Literature 
Identifying the Main Head Pos- 
sible answer: The main idea of 

this selection is that thinking in 

pictures—has allowed Temple 

Grandin to solve design prob- 

lems as an equipment designer. 

Answers to Questions 

1. They think in pictures, 

2. photographs at the cow’s eye level 

3. kites and model airplanes 

4. Linking Science and Writing 
Remind students that maps and 

pictures can be models as well as 

three-dimensional objects. 

Modeling The design and use of 
models can help people predict 
the characteristics of any sys- 
tem. Because a model can be 
built, tested, and modified at a 

reasonably low cost, scientists, 

architects, and other designers 
use models to predict the per- 
formance of a prototype. If the 
results obtained from a model 
are to be applicable to the pro- 
totype, a strict set of conditions 
must be met by the model or 
the deviations from these con- 
ditions must be considered 
when predicting the behavior 
of the prototype. 

Temple Grandin is an animal 

Ba scientist and writer who also 

happens to be autistic. People 

with autism are said to think in 

pictures. 

I think in pictures. Words are 

like a second language to me. I translate both spoken 

and written words into full-color movies, complete 

with sound, which run like a VCR tape in my head. 

When somebody speaks to me, his words are 

instantly translated into pictures. Language-based 

thinkers often find this phenomenon difficult to 
understand, but in my job as equipment designer for 
the livestock industry, visual thinking is a tremen- 
dous advantage. 

... 1 credit my visualization abilities with help- 
ing me understand the animals I work with. Early in 
my career I used a camera to help give me the 

animals’ perspective as they walked through a chute 
for their veterinary treatment. | would kneel down 
and take pictures through the chute from the cow’s 

eye level. Using the photos, I was able to figure out 
which things scared the cattle. 

Every design problem I’ve ever solved started 

with my ability to visualize and see the world in pic- 
tures. I started designing things as a child, when I was 

always experimenting with new kinds of kites and 
model airplanes. 

1 Autism is a complex developmental disability that usually appears 

during the first three years of life. Children and adults with autism typi- 

cally have difficulties in communicating with others and relating to the 

outside world. 

30 CHAPTER1 The Nature of Science 

‘Thinking in Pictures: and other 

reports from my life with autism’ 
By Temple Grandin 

Respond to the Reading 

1. How do people with autism think differ- 

ently from other people? 

2. What did the author use to see from a 

cow’s point of view? 

3. What did the author use for models to 

design things when she was a child? 

4, Linking Science and Writing Research 

the use of a scientific model. Write a 

paragraph stating the main ideas and 

listing supporting details. 

Models enable sci- 

wee i entists to see things 

that are too big, too small, or too complex. 

Scientists might build models of DNA, air- 

planes, or other equipment. Temple Grandin’s 

visual thinking and ability to make models 

enable her to predict how things will work 

when they are put together. 

Resources for Teachers and Students 

Dr. Temple Grandin Video-Visual Thinking of a 

Person with Autism, by Temple Grandin, Future 
Horizons, 1999 

Unraveling the Mystery of Autism and Pervasive 
Development Disorder: A Mother's Story of Research 
and Recovery, by Karyn Seroussi and Bernard 
Rimland Ph.D., Simon & Shuster, 2000 
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chapter FP 

Study Guide 
chapter ry Study Guide 

Reviewing Main Ideas 
3. The most commonly used SI units include 

length—meter, volume—liter, mass—kilo- 

gram, and time—second. 

“Section 1 | The Methods of Science 

1. Science is a way of learning about the natu- 
ral world, such as the hurricane shown 
below, through investigation. 4. Any SI unit can be con- 

verted to any other related 

SI unit by multiplying by 

the appropriate conver- 

sion factor. These towers 
are 45,190 cm in height, 

which is equal to 451.9 m. 

Summary statements can be 
used by students to review the 
major concepts of the chapter. 

Sciencep NE 

Visit fl.gpescience.com 

More Section Review 

Interactive Tutor 

Vocabulary PuzzleMaker 

More Chapter Review 

Standardized Test Practice 

5. Precision is the descrip- 

tion of how close meas- 

urements are to each 

other. Accuracy is com- 
paring a measurement to 
the real or accepted value. 

Section Communicating with 
Graphs 

1. Graphs are visual representations of data 

that make it easier for scientists to detect 

4. Scientific laws are repeated patterns in patterns. 

nature. Theories attempt to explain how 2 

and why these patterns develop. 

2. Scientific investigations can involve making 

observations, testing models, or conducting 
experiments. 

Assessment Transparency 
For additional assessment ques- 
tions, use the Assessment 

Transparency located in the trans- 
parency book. 

3. Scientific experiments investigate the effect 

of one variable on another. All other vari- 

ables are kept constant. 

. Assessment 
. Line graphs show continuous changes So 
among related variables. Bar graphs are 

used to show data collected by counting. 

Circle graphs show how a fixed quantity 

The Nature of Science 

Approximate Approximate 
Time (s) Speed (m/s) Speed (m/s) ow Standards of Measurement 

. A standard of measurement is an exact 

quantity that people agree to use as a basis 
of comparison. The International System of 

Units, or SI, was established to provide a 

standard and reduce confusion. 

2. When a standard of measurement is estab- 

lished, all measurements are compared to 

the same exact quantity—the standard. 

Therefore, all measurements can be com- 

pared with one another. 

Interactive Tutor fl.gpescience.com 

can be broken into parts. 

3. To create a circle graph, you have to deter- 
mine the angles for your data. 

4. Ina line graph, the independent variable is 

always plotted on the horizontal x-axis. The 

dependent variable is always plotted on the 

vertical y-axis. 

Use the Foldable that you made at the begin- 

ning of this chapter to help you review scientific processes. 

CHAPTER STUDY GUIDE 31 

1, The above data were collected during an experiment to find out 

the speed of an object dropped from a tall building. Which type of 

graph would be the best way to display this information? 
A bar graph C circle graph 

B pie graph D line graph 

2. According to these oe about how fast would the object be 
dropping after 11 seconds? 
F 90 m/s H 110 m/s 
G 100 m/s } 120 m/s 

3. An independent variable is the factor that affects the measure of 
the other variable. What independent variable could have been 

added to this experiment? 
A time C height 

B speed D graph 

@ Have students use 
FOLDABLES the Foldables that 
they made at the beginning of 
the chapter to help them review 
scientific processes. 

CHAPTER STUDY GUIDE 31 
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1. accuracy 

2. volume 

3. technology 

4, mass 

5. dependent variable 

6. graph 

7. experiment 

8. constant 

9. density 

10. hypothesis 

LEK 15. A 

12. D 16. B 

13. C 17. D 

14. D 

18. Independent variable: pot; 
constant: vegetables; ingredients; 
dependent variable: heat required, 

iron content, taste, cooking time 

See student page. 19 

20. Possible answer: The next king's 
arm would be a different length. 

Possible advantages: SI is based on 
powers of 10 conversion is easy 

because the same prefixes are used 
for all types of measurements most 
countries use it. Possible disadvan- 
tages: Conversion to SI would be 

expensive; people are reluctant to 
change from a familiar system. 

22. Bias occurs when a scientist's expec- 
tations about the experiment change 
how he views the results. Running 
multiple trials, keeping accurate 

records of measurable data, and 
designing experiments that can be 

repeated reduces bias and helps 
validate data. 

21 

32. CHAPTER1 The Nature of Science 

| 
SC.H.1.4.4, SC.H.2.4.2 

~~ Using Vocabulary 

# accuracy p.14 independent variable p.° 

bias p. 10 mass p.11 

constant p.9 model p. 1} 

control p.9 ¥% precision p.14 

density p. 19 scientific law p. | 2 

dependent variable p.9 scientific method p. 7 

experiment p.& technology p. 13 

graph p. 22 theory p.12 

hypothesis p.8 variable p.9 

volume p. 18 

# FCAT Vocabulary 

Match each phrase with the correct term from 

the list of vocabulary words. 

1. comparing a measurement to the real or 

accepted value 

. the amount of space occupied by an object 

. application of science to help people 

. the amount of matter in an object 

wu b&b WwW N . a variable that changes as another variable 

changes 

6. a visual display of data 

7. a test set up under controlled conditions 

8. a variable that does NOT change as 

another variable changes 

9. mass per unit volume 

10. an educated guess using what you know 

and observe 

Choose the word or phrase that best answers the 

question. 

11. Which question CANNOT be answered by 

science? 

A) How do birds fly? 

B) How does a clock work? 

C) Is this a good song? 

D) What is an atom? 

32 CHAPTER REVIEW 

chapter © Review 

12. Which is an example of an SI unit? 

A) foot © pound 
B) gallon D) second 

13. One one-thousandth is expressed by 

which prefix? 
A) centi- © milli- 

B) kilo- D) nano- 

14. What is SI based on? 

A) English units 

B) inches 

©) powers of five 

D) powers of ten 

15. What is the symbol for deciliter? 

A) dL QC dkL 
B) dcL D) Ld 

16. Which is NOT a derived unit? 

A) dm? © cm? 

B) m D) g/mL 

17. Which is NOT equal to 1,000 mL? 

iW Walis © 1 dm 

B) 100 cL D) 1 cm? 

Interpreting Graphics 

Use the photo below to answer question 18. 

18. Define The illustrations above show the 

items needed for an investigation. Which 

item is the independent variable? Which 

items are the constants? What might a 

dependent variable be? 

Vocabulary PuzzleMaker fl.gpescience.com 

Use the ExamView® Pro Testmaker CD-ROM to: 

* create multiple versions of tests 

* create modified tests with one mouse click for inclusion students 

* edit existing questions and add your own questions 

* build tests aligned with state standards using built-in State 
Curriculum ‘Tags 

¢ change English tests to Spanish with one mouse click and vice versa 



chapter ©7% Review 

19. Concept Map Copy and complete this con- 
cept map on scientific methods. 

State the 

problem. 

Gather 

information. 

Forma 

hypothesis. 
modify _, 

hypothesis 

Use 
Test the pest standard S| _ )~=«—several 

measurements./ \ hypothesis. times 

Communicate Analyze 

with graphs. the data. 

Draw Hypothesis 

conclusions. is supported, 

Thinking Critically — 

20. Communicate Standards of measurement 

used during the Middle Ages often were 

based on such things as the length of the 
king’s arm. How would you go about con- 

vincing people to use a different system of 

standard units? 

21. Analyze What are some advantages and dis- 

advantages of adopting SI in the United 

States? 

22. Identify when bias occurs in scientific 

experimentation. Describe steps scientists 

can take to reduce bias and validate exper- 

imental data. 

More Chapter Review fl.gpescience.com 

23. Demonstrate Not all objects have a volume 

that is measured easily. If you were to 

determine the mass, volume, and density 

of your textbook, a container of milk, and 

an air-filled balloon, how would you do it? 

24. Apply Suppose you set a glass of water in 

direct sunlight for 2 h and measure its 

temperature every 10 min. What type of 

graph would you use to display your data? 

What would the dependent variable be? 

What would the independent variable be? 

25. FormaHypothesis A metal sphere is found to 

have a density of 5.2 g/cm? at 25°C anda 
density of 5.1 g/cm? at 50°C. Forma 
hypothesis to explain this observation. 

How could you test your hypothesis? 

26. Compare and contrast the ease with which 

conversions can be made among SI units 

versus conversions among units in the 

English system. 

Applying Math 

27. Convert Units Make the following 

conversions. 

A) 1,500mLtoL ©) 5.8 dg to mg 

B) 2 km to cm D) 22°C to Kk 

28. Calculate the density of an object having a 

mass of 17 g and a volume of 3 cm’. 

Use the illustration below to answer question 29. 

0.7m 

29. Solve Find the dimensions of the box in 

centimeters. Then find its volume in 

cubic centimeters. 

CHAPTER REVIEW 33 

7 Assessment 
\@iy Reproducible Masters 
Chapter Fast File Resources 

Chapter Review, pp. 39-40 
Chapter Tests, pp. 41-44 
Assessment Transparency Activity, p. 51 

Glencoe Science Web site 
Chapter Review Test 
Standardized ‘lest Practice 

Ti Assessment 
Glencoe Technology 

® Assessment ‘Transparency 
@® ExamView® Pro Testmaker 
TO MindJogger Videoquiz 
¥ : ; 
(® Interactive Chalkboard 

chapter a 

Review: 

23. Textbook volume could be deter- 
mined by multiplying its length, 
width, and height. The volume of 
the balloon could be determined by 
measuring the volume of water it dis- 
places. The volume of any irregular 
object, such as the milk carton, must 

be determined indirectly. If the object 
is not harmed by water, volume can 
be measured by water displacement. 

24. Aline graph; time would be the inde- 
pendent variable and temperature 
would be the dependent variable. 

25. The metal expands when heated. 
The hypothesis can be tested by 
measuring the volume of the ball 
at the two temperatures. 

26. S| measurements are based on pow- 

ers of ten. There are many different 
divisions in the English system. Thus, 
it is easier to convert in SI than in the 
English system. 

‘Applying Math 
Math Standards 
National: 1,2,4,9 

Florida: MA.1.4.1, MA.B.2.4.1, 

MA.D.2.4.1 

27 5a. 15 

b. 200,000 cm 

28. D = 

29. 0.4m = 40cm; 

0.2m = 20cm; 

0.7m = 70cm 

v = length X width < height 
v = 40cm X 70cm X 20cm 

= 56,000 cm3 

CHAPTER REVIEW 33 
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Standardized Test Practice 

Record your answers on the answer sheet provided by your teacher or on a sheet of paper. 

The assessed Florida Benchmark appears above the question. 

(Multiple Choice 
3. Which is a statement about something that Answer Sheet An answer sheet 

can be found at fl.gpescience.com. happens in nature which seems to be true 

all the time? 

Students drop objects from a height and AM hear Standardized Test Practice Answer Sheet 

measure the time it takes each to reach the fear 
. scientific law 

ground, ; 

Object Falling Time 

B 

Cc. hypothesis 

D . conclusion 
6 = 

3) 

eel 4. Which best defines mass? 
ao) 
< - : 
9 3 A. the amount of space occupied by an 
av : 
YW > d object 

1 : B. the distance between two points 
0 — Ht = — —— 

C. the quantity of matter in an object paper book rock shoe tissue 

SC.H.1.4.2 Object D. the interval between two events 

1. What is the dependent variable in this ; 
experiment? Use the graph below to answer questions 5 and 6. 

(~~ Multiple Choice 
A. drop height Density of Common Liquids 

1.8 B. falling time far} et oe 
Dat = = — 3.8 C. paper 5 ra 

. > | = 

D. shoe 3 | 4.( é | 
5.B a i = = 
6.8 2. Which graph is most useful for showing Oil Water Corn Orange 

; how the relationship between independent SUE emis 
7.( and dependent variables changes over time? Liquids 

A. bar graph 

ridded Response B. circle graph 5. Which two liquids have the highest and the 
etn re: (Peal lowest densities? 

Dopicnecan A. oil and water 

B. oil and corn syrup 
Test-Taking Tip 

Recheck Your Answers Double check your answers before 

turning in the test. 

C. orange juice and water 

D. corn syrup and orange juice 

ee 
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Standardized | 

—Test Practice _ chaprer J 

Standardized Test Practice 

- Convert 615 mg to grams. 

A. 0.00615 g 

B. 0.615 ¢ 

C..6.15 2 

D. 61.5¢ 

7. What does the symbol ns represent? 

A. microsecond 

B. millisecond 

C. nanosecond 

D. picosecond 

BY" GriddedResponse | 

8. Calculate the volume of the cube shown. 

READ ied ort Response 
EXPLAIN 
=I 

9. Describe several ways scientists use inves- 

tigations to learn about the natural world. 

Standardized Test Practice fl.gpescience.com 

10. Why do scientists use graphs when analyz- 
ing data? 

=m Extended Response 

aie 

12. 

13. 

14. 

1S, 

You must decide what items to pack for a 

hiking and camping trip. Space is limited, 

and you must carry all items during hikes. 
What measurements are important in 

your preparation? 

What is the standard unit shown in this 

illustration? Why is it kept under cover in 

a vacuum-sealed container? 

Define the term technology. Identify three 

ways that technology makes your life eas- 

ier, safer, or more enjoyable. 

Describe the three major categories into 
which science is classified. Which branches 

of science would be most important to an 

environmental engineer? Why? 

A friend frequently misses the morning 

school bus. Use the scientific method to 
address this problem. 

STANDARDIZED TEST PRACTICE 35 

¢ Short Response 

9. Ascientist may make and record 

observations about something that 

is taking place. She might set up an 

experiment or build a model, run 
tests, and gather data about her 

observations. 

10. It is easier to detect patterns when 

examining data in graph form than 

chart form. 

Rubrics 
For more help evaluating 
Short- and Extended-Response 
questions, see the rubrics on 

p. LOT: 

¢~ Extended Response _ 

11. 

12. 

13. 

14. 

1D: 

The length, width, and height of the 
packing areas help determine which 
items will fit in which spaces. The vol- 
ume or total amount of space in the 

duffel bag and car also determine the 
items which will fit into each. Mass is 
important, as massive objects which 

must be carried on hikes will be diffi- 
cult to manage. 

This is the kilogram, the standard 
for mass. It is covered in a vacuum- 
sealed container to prevent any 
erosion or corrosion with air, and to 

keep airborne materials from set- 
tling on it, changing its mass. 

Technology is the application of 
science to help people. Examples 
of technology are nearly limitless, 
but may be grouped into cate- 
gories including medical tools, 
equipment designed for entertain- 

ment, modes of transportation, or 
home appliances. 

Life science deals with living things, 
Earth science with Earth and space, 

and physical science with matter 

and energy. An environmental engi- 

neer would be connected with all 
three branches. For example, he 

might study how heat and waste 
materials emitted by an industrial 
plant (physical science) affect the 
air, water, and soil (Earth Science) 
and living organisms (life science) 
near the plant. 

The Problem: Your friend misses 
the morning school bus. Gather 

information: Learn about the time 

and location of the bus’ arrival and 
the morning routines in the home. 
Possible hypothesis: Your friend 
should wake earlier, lay her clothes 
out the night before, or leave the 
house earlier in order to make the 
bus. Test hypotheses, analyze data, 
and conclude. Test each hypothesis 
several times over different morn- 

ings. If your friend consistently 
catches the bus, you can conclude 

that the hypothesis tested was sup- 

ported. 

STANDARDIZED TEST PRACTICE 35 
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Section/Objectives 

Chapter Opener 

Standards 

National 

See pp. 16T-17T fora 

Key to Standards. 

State/Local 

Labs/Features 

Launch Lab: Technology in Your 

Life, p. 37 
Foldables, p. 37 

Section 1 Science and Technology National Content Florida MiniLAB: Researching the 

engineer differ. 

8. Explain how technological problems often 

create a demand for new scientific knowledge. 

9. Describe the general process used to find 

36A CHAPTER 2 Science, Technology, and Society 

technical solutions to problems or human needs. 

@ 1 session Standards: Benchmarks: Past, p. 40 

< WGP l= 5; SEAS. 3, Visualizing Technology Supplying 
CP 5 block A.1,A.2, SC.H.3.4.5, Basic Needs, p. 44 

1. Discuss how the study of science leads to a E.1,E.2, SC.H.3.4.6 Science Online, p. 45 
better understanding of natural events. F.6 

2. Describe the different types of technology. 
3. Explain why the value of technology may differ 

for different people and at different times. 

Section 2 Forces that Shape Technology National Content | lorida MiniLAB: Evaluating the Benefits 

@  2sessions Standards: Benchmarks and Consequences of Technology, 
cp UCP.1-5,A.1 SC.H.3.4.4 p.47 

1 block AQ El E2) Integrate Environment, p. 48 
4. Discuss how funds for science research come oe ee Applying Science: What impact 

from the federal govermment, private industries, G.3 does the accident at Chernobyl 
and private foundations. have on the future of nuclear 

5. Explain how consumers affect technological power?, p.49 

development. Science Online, p. 50 

6. Describe the importance of responsible Lab: Who contributes CO2?, p. 51 

technological development. 

Section 3 Developing Technology National Content | Florida Integrate Life Science, p.54 
@ 3. sessions Standards: Benchmarks Integrate Career, p.56 

5 UGR lb, Ac! SC.H.3.4.1 Lab: Care Package, pp. 58-59 
CP 1.5 blocks A.2, £.1, £2, SC.H.3.4.2 ees 
7. Discuss how the roles of a scientist and an F.6 Oops! Accidents in Science: A 

Slippery Situation, p.60 



Lab Materials 

Launch Lab: Science 

Journal, pencil 

Reproducible Resources 

Chapter Fasr Fie Resources 

Foldables Worksheet, p. 13 

Directed Reading Overview, 
oy IS 

Note-taking Worksheets, 

pp. 30-31 

ident Works? =. 
Section Assessment 

ENCo, ‘ 
ey es 

Nea 
Glencoe Exclusive! 

All-In-One Planner and Resource Center 

Technology 

TeacherWorks includes: 

* Interactive Teacher Edition 

* Lesson Planner with calendar 

- Access to all program blacklines 

* Correlations to standards 

+ Web links 

cher Works = 

MiniLAB: Science Journal, 
pencil or pen 

Chapter Fasr Fite Resources 

Transparency Activity, pp. 40 

MiniLAB, p.3 

Lab Activity, pp. 9-10 

Enrichment, p. 26 

Reinforcement, p. 23 

Directed Reading, p. 16 

Portfolio 

Activity, p. 41 

Performance 

MiniLAB, p. 40 

Applying Math, p.45 

Content 

Section Review, p. 45 

MiniLAB: Science Journal, 

pencil ° 

Lab: Science Journal, pencil 

or pen 

aod Materig]s2 
ontact Science i at 1-800-828-7755 Pe enCeliecan, 

Chapter Fasr Fie Resources 

Transparency Activity, pp. 41, 

43-44 

MiniLAB, p. 4 

Enrichment, p. 27 

Reinforcement, p. 24 

Directed Reading, p. 16 

Lab Worksheets, pp. 5-6 

Life Science Critical 

Thinking/Problem Solving, 

p.4 

Portfolio 

Check for Understanding, p. 50 
Performance 

MiniLAB, p.47 
Applying Science, p. 49 

Applying Math, p. 50 

Content 

Section Review, p. 50 

Teaching Transparency 

Interactive Chalkboard 

CD-ROM 

©) StudentWorks Plus 

oR ted a 

Section Focus Transparency 

Lab: packages of snack 

foods, shoe box, packing 

peanuts, shredded 

newspaper, packing tape, 
wrapping paper, markers 

gre 
ASSESSMENT 
% & Ova nce? 

Chapter Fasr Fite Resources 
Chapter Review, pp. 33-34 

Chapter Tests, pp. 35-38 

Standardized Test Practice, pp. 12-15 

Chapter Fasr Fite Resources 

Transparency Activity, p. 42 

Lab Activity, pp. 11-12 

Enrichment, p. 28 

Reinforcement, p. 25 

Directed Reading, p. 17 

Lab Worksheets, pp. 7-8 

Home and Community 

Involvement, p. 27 

Portfolio 

Differentiated Instruction, p.56 

Performance 

Applying Math, p. 57 

Content 

Section Review, p. 57 

End of Chapter Assessment 

v 
A 
v 
a 

bf 
4 

TD MindJogger Videoquiz 

’ ExamView® Pro Testmaker 

TeacherWorks CD-ROM 

' Interactive Chalkboard CD-ROM 

& Section Focus Transparency 

©) Interactive Chalkboard 

CD-ROM 

*) StudentWorks Plus 

Video Lab 

CHAPTER 2 Chapter Organizer 

Performance Assessment in the Science 

Classroom (PASC) 
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E E ion Focus. ce Shuttle gas 
( EY Air Traffic Controller Goo | é ES Three Mile Island Nuclear | Section Foes Challenger Spa 

| “Transparency CREEICNS Generating Station 

| | 
. On Jan. 28, 1986, the space shuttle Challenger exploded with 

The air traffic control | ~ 5 on the $1.2 billion 

equipment that = 

larity 
| cern is safety, but controllers also must direct planes efficiently to 
| clays. Some regulate airport traffic; others regulate flights 

at Three Mile Island had t 1. On February 1, 2003 NASA lost anoth 
1, What are the four types of technology indicated in this picture? einthe Untied States’ 

| FH 2. What is the difference between science and technology? heudeosues 

sign of the Challenger and the 
design of a commercial jumbo jet? Why are the designs different? 

Pr] 

This is a representation of key blackline Assessment 
masters available in the Teacher Classroom 

Resources. See Resource Manager boxes 

within the chapter for additional information. 

Science, Technology, 
RRS and Society 

Directions: Carefsly review the graphs and answer the following yoest 

DEMOCRATIC REPUBLIC UNITED STATE 
OF THE CONGO 

Key to Teaching Strategies | 
What percent of the population of the United States is female and is 
between the ages of 25 

The following designations will help you 
decide which activities are appropriate 

for your students. 

Level 1 activities should be 

appropriate for students with 

learning difficulties. 

Level 2 activities should be within 

the ability range of all students. 

Level 3 activities are designed for 

above-average students. 

G® ELL activities should be within 
the ability range of English 

Language Learners. 

COOP LEARN Cooperative Learning 

activities are designed 

for small group work. 

1. What percent of the population of the United States is female and is 
bet o 2. Which country has the greatest proportion of individuals older 

than 602 

Which country has the greatest proportion of school-age children? | 
| 
| | 

Which country is most likely to have a population that is decreasing 
every year? 

5. Which country is likely to be spending the largest proportion of its 
total income on elementary education? 

atic Republic of the 
ngo and Germany 

Which country is likely to be spend proportion of its 
me on retirement benefit: 

ae | i ? (LAB. Who contributes C0,? 

Lab Preview 
Directions: Answer these 

Hands-On Activities Multiple Learning Styles logos, 

as described on page 12T, are 

used throughout to indicate 

strategies that address different 

learning styles. 
Real: World Problem 

P| These strategies represent student 

products that can be placed into 

a best-work portfolio. 

PBL| Problem-Based Learning activities 
apply real-world situations to 
learning. 

Rogulttor “oat 

A] 
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Content Outline 

ate os 

Science, Technology, and Society 

Section! Science and Technology 

A. The discipline that Keads 0 a better understanding of the natural 

tific immight toto tbe 

1. Computers and radi 
2 How (@ make glass is an example of ts 

Meeting Individual Needs 

Science and Technology 

Directions; Motch the scientific principle onthe Jet withthe ichneogy on the night 
1 Different substances expand by different amounts ure wateh 

when heated 
rocket 

‘energy ts readily alyartved by water molecates centriluge 
+ retract Hy 10 focus nage 

Artiticial gray roalineal by the acceler a teterence 

le in cryatalt are characterize by natural (requencie 

A system is in eyuilibriuny when both the net force and net misrowuve oven 
onjue exerted a (Care zero. 

7, When un object exerts 4 rearwan force an its environment 
spelled forward 

Meeting Individual Needs 
Directions: Answer the following questions an the lines provided. 
9. What isthe difference between an artifact and a technological device? 

12. What are some posible benefits of changing the DNA of an agricultueal plant 

Enrichment 

Directions: Ae the fllowing passage and summarize the Information i the passage with an outine, concept 
mop, or flow chan. 

Plague ie disease causen by the bacterium Yersinia pestis. The term te also used te 
qpiddernics generally. The bacterium i¢ named after French scientist Alexamire Yervin, sl 
Wemtified 101 Hang Kong in 1494. Since eadly times. ¢ 0 1c have killed h 
" le Mague bacteria infect rodents wich as rats, ground squirrels, and prairie dogs 
The bite mit the germs from rodent to rodent and from rodents to huinans oF pe 

The three main forms af plague are (1) bubonic, (2) septi and (3) ps nic. Bubanic 
(plague is by fae the most common form. I results when a person is bitten by’ an infextea flea. The 
plague bacteria invade lymph nodes near the bite, causing painful swellings called buboes, The 
bbuboen usually appear in ie legs, neck, armpits, or Magu is called septicernic when the 
hacteria infect the bloodstream and spread fo other the body, Preumonic plague occurs 
when the bacteria infect the lings: Preun gue is the most dan nam bsccause 

include high 
fe ogainst pla 

iver 
five day 

2A Seine, Tecalog, and Secety 

| 

Overview 

Science, Technology, and Society c 
section © Science and Technology 

iin the War the term 
What You'll Learn, ®@ Before You Read 

A quigetis # technological device that is no longer in use ON ete Os 70 7 nd technology, Name " r [encircle Machines area form of since ad ecology Ns 
The United States is considered a developing country the world describe a machine you use 

dierent pest 
s ———— A researcher who brings technology to the cnwumerin an enginer technology z ser ve van of 
2 Agricultural biotechnology isthe modiicatlon of a plant range fo 
= rate of growth Silereol prople belt 
Ey steven teres 
= Soviety sa group of people who share similar volues and belicts. 

= Technology secks 10 know what the world is made of, what forces 
a est anid what laws control inature @ Read to Learn = Information As you 
s Directions: Mavth the ictentifié principle ow the left with the techwology‘om the right tions hich eo Scientific Discovery 
= The study of science usually leads to o better understanding. } 7. Different whistances expand by different amounts a. Quarte watch scoveries have hele | vee heated xday avoid many of the problems that faced earlier 

A. Microwave energy i readily sinorbed by water molecules Rocket jpeople. For example, scientists have discovered the causes of 
many diseases and illnesses 

Aniificial gravity i produced by the acceleration of a Gyroscope How have scientific discoveries helped prevent 

reteroca rashes . : diseases? Today, we know that microorganisms cause illnesses and 
Molecules in erysals are characterize by natural Thermostat diseases and can be spread from person to person, Before the 
freuencies of exllavon, mid: 1804s, people did not know this. In the Middle Ages, 
A sytem is i equilibrium when both the net. force Snereaespe |FouDARLES} people believed the plague, a deadly illness, was spread by 

ved on i oe 1 © Organize ad air” Doctors wore protective clothes and tried t0 rid 
Information Makes two tab their areas of “bad air” to prevent the spreading of disea ject cxertea rearward force on ks Nalance Sake Foldable to help you organize Tn ie abd ODDS Leonie dicaveres cuanped pean 

environmen ts prapeled forward rater about xtnce and : note abou Understanding of disease and illness. Louis Pasteur, a French 

infections and disease 
Alesander Yersin,a used Pa 

Yersin went to Hong K dy ap 
wanted to find the microbe that caused the p 
We discovered the miiérébe: Once he found the mfcrobe, i 

a 2:2 QURTERD See Intodoy acy 

ous fm ao ae be as = ote am 

Chapter Science, Technology, and Society Science, Technology, and Society 
Review 

1. Testing Concepts Part A. Vocabulary Review 1. Testing Concepts 
Directions: Match the terms in Colum II with the definitions in Column |. Weite the letter of the correct term in 

Directions: Determine wtether the italicined term mas ach statement true o fate. the statements tue, the blenk ot the lef Directions: Determine whether the razed term mates each statement rue or fale. (the statement itr, 
rite erve in the bland. Ifthe staternert bs fate, write kn the bank the tera or terms thot make the statement true ; on fn ‘write true in the blank. if the statement i false, write in the blank the term oe terms that make the statement true 

Column | column 
buena 1, The discovery that mi ns caused many human 

seeds ic kighle pees be now of production ejulprnent The of safe drinking weiter is highly Jmportont ta 

he proce 4, liybrid engines 1 ethane. 

jroey a0 al bei | protect typ ted by patent 

Directlons Complete the paragraphs by using the listed terms. Se terms may be used more thon once Part'B, Concept Review Directions: Complete rhe parugraphs by using the listed terms. Some terms may be used more than once 
Directions: Write the answers to these questions in the swace provided. : 

laws and regulations. technology sodety < 1, What is an example of « scleril wer Jaws and regulations technology society re 
ie ccahl Ce ard od ets H environmental consumers moral and ethical = 

3 3 y are lowly connected. The development of & is affected 2 Science and saxiety are clisely connecteal The development of 6 ‘atfocted by 3 

10 end heir money devermincs where rsinexses will invest her fur 0 spend their money determines where businesses vill nvew their fund 
ses wll not det research in areas of 1 hi Isinenses wil not do reseorch in areas of M1 tien 

Pg _ do mot tay profucts related that 13 Jo noubuy products related to that 13 
He consequern seiucoea ofatn) 1 sre usual 

J ifthe benefits to 15. J the benefits 0 15 wcigh the negative 
gat sences frequently involve 16 decide whether negative consequences frequently involve 16 dite whether 

| to pursue a new 17, 18 must be reviewed. Als lo pursue new 17 18 runt be reviewed: Al 
” ____ questions should be considered questions ahoukl be cons\lered DI 

_.... [regs scat aa er 
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chaprer (4) 

MeCeiu! Science and Technology 
™/ Understanding Science and 

Technology 
‘, Many students do not understand 

the connection between science and technology. 
Science usually is the practice of learning new sci- 
entific information about how the natural world 
works. For example, finding the virus that causes 
a particular strain of influenza is considered sci- 
ence. Technology is the use of science to solve a 
human need or solve a problem. Finding a vaccine 
for a particular strain of influenza is an example of 
technology. 

History and Scientific Achievements 
History is full of examples of how science led to a 
better understanding of why something occurs. 
For example, influenza has caused many deaths 
through the centuries. A pandemic during the 
1918-1919 flu season caused about 20 million 
deaths worldwide. Now scientists are able to iso- 
late the specific virus that causes a particular strain 
of flu and make a vaccine for it. Flu outbreaks still 
occur, but the number of deaths has dropped dra- 
matically since the process for developing flu 
vaccines has been developed. 

This example shows how science and tech- 
nology go hand-in-hand. The scientific discovery 
of finding the virus that causes a strain of flu was 
the scientific information needed for the tech- 
nology of the vaccine to be developed. 

Types of Technology 
It is important for students to understand that 

there are many different types of technology. 
The term technology is a universal term that 
encompasses many different things. ‘Technology 

can be an object, a method of doing a task, the 

skill needed to perform a task, or a system that 

includes all of the other types of technology. 
This airplane pilot is sitting in an airplane 

that is a technological object. She has the techno- 

logical skills needed to operate this aircraft. The 
act of going from one location to another by air- 
plane is technology. She also is part of a system of 
transportation that is considered technology. 

36E CHAPTER 2 Science, Technology, and Society 

Science, Technology, and Socie 

science Content Background 
Boooieay Forces that Shape 

*¢ Technology 
Technology and Society 
Developments in technology often 

are driven by society. In the example of the flu 
vaccine, the needs of society fueled the scientific 
search for the cause of flu which ultimately led 
to the vaccine. Members of society are not 
always in agreement in the value of scientific 
research. Controversial scientific investigations 
are hotly debated by people on both sides of the 
issue. Some scientific investigations, such as 
stem-cell research, are strictly regulated. Other 

types of research, particularly those that involve 
human subjects, are forbidden by law. Society 
can demand that scientific research and technol- 
ogy be pursued or they can demand that 
research stop. 



Developing Technology 
Methods 
Scientists and engineers do not 
develop technology in a haphazard 

fashion. hey use methods similar to the scien- 
tific method in their development process. 
Many professionals from the fields of science, 
engineering, and business work together to pro- 

duce products that are marketable, safe, reliable, 

and environmentally friendly. 

Product Protection 
Intellectual property such as new technology is 
legally protected by patent laws. Patent laws 
give companies exclusive rights to manufacture 

their products without unfair competition from 
other companies. These laws give companies 

the opportunity to recover the investment costs 
in developing the new product. 

Helping You Prepa 

€faprer content resources. 

Internet Resources 

For additional content background, visit 

fl.gpescience.com to: 

e access your book online 

e find references to related articles in popular 

science magazines 

e access Web links with related content background 

access current events with science journal topics 

Print Resources 

Science and Technology in World History: An 

Introduction, by James E. McClellan and Harold 

Dorn, John Hopkins University Press, 1999 

Science, Technology, and Democracy, by Daniel Lee 

Kleinman, State University of New York Press, 2000 

Taking Sides: Controversial Issues in Science, 

Technology, and Society, by Thomas A. Easton 

(editor), McGraw-Hill, 2002 

CHAPTER 2 Helping You Prepare 

re 
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. 
See RRR Ee 

chapter chaprer : 

Chapter Vocabulary 
agricultural biotechnology, p. 45 

society, p. +6 

engineer, p. 53 

constraints, p. 55 

computer simulation, p. 55 

prototype, p. 56 

pilot plant, p. 56 

control system, p. 56 

Science Journal | Student 
responses may vary, such as 

using the nanotubes to keep 

coffee mugs warm, clothes that 

can keep a person warm in 

winter, or defroster for front 

windshield on a car. 

ATERACTIVE 
CAL SE 

Image Ban 

DoF arrnesoneriaraNaaNe. 

PowerPoint® Presentations 

This CD-ROM is an editable 

Microsoft® PowerPoint® 

presentation that includes: 
a pre-made presentation for 

every chapter 

interactive graphics 
animations 

audio clips 

image bank 

all new section and chapter 
questions 

Standardized ‘Test Practice 

transparencies today. 

Foldables directions 

links to fl.gpescience.com 

i 

Science and Technology Science and technology 

are interdependent. Advances in technology 

often are the result of advances in science. 

Advances in science often are accomplished 

because there is a need for new technology. 

36 CHAPTER 2 Science, Technology, and Society 

Peas ina Pod 
What looks like peas in a pod are actually carbon 

atoms inside a tube also made of carbon atoms. 

The width of the tube is less than one billionth 

the width of a human hair! Advancements in 

technology allow scientists to view and create 

these small-scale systems. 

Science Journal 

cience, 

lechnology, 

List 10 types of technology you have used 

Nanotechnology ‘The photo is a computer model of 

carbon atoms in the shaped of buckyballs inserted 

into a made from carbon atoms. 

Discovered in 1991, carbon nanotubes are 100 

times stronger and six times lighter than steel and 

have the potential to revolutionize science and 

nanotube 

technology. Nanotechnology is expected to affect 
everything from how doctors treat diseases to how 
engineers design cars. 



Preview this chapter's content 

Mniine and activities at 

FOLDABLES 
| Study Organizer 

Science and Technology Make 

the following Foldable to help 

organize information about sci- 

ence and technology. 

| STEP 1 | Fold a sheet of 

paper vertically 

in half from top 

to bottom. 

GEEZ Fold in half from 
side to side with 

the fold at the top. 

Unfold the paper 

once. Cut only 

the fold of the 

top flap to make 

two tabs. 

Turn the paper 

vertically and label 

the flaps Science 

and Technology. Technology 

Science 

Read for Main Ideas As you read the chapter, 

list the characteristics of science and technology 

under the appropriate flap. 

Purpose Use this launch lab to 

demonstrate to students the 

abundance of technology that 
surrounds them. 

Preparation Have students make a 
list of their activities the day 
before this lab. 

Materials Science Journal, pencil 

Teaching Strategy 

¢ Ask student volunteers to give 
definitions for science and 
technology. 

After students have completed 
this lesson, have them look at 

their activities and see if they 
should make changes. 

Think Critically 
Possible answers: read a book, go for a 

walk, play outdoors, visit a friend 

Assessment 
Oral Ask students how would life 

differ if the medical technology 

that we have today were not avail- 
able? Possible answer: The conditions 

would be similar to those of the Middle 

Ages and earlier. Many infants and chil- 

dren would die of childhood diseases 

and the life expectancy of adults would 

be much lower. Use Performance 

Assessment in the Science 

Classroom, p. 91. 
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recente and Technology 

_ ee 
tion is available on Interactive 

Chalkboard CD-ROM. Mee You'll Learn Why it’s Important © Review Vocabulary 

Discuss how the study of science — Science provides information, technology: the application of 

Bellringer ae to a better understanding of insight, and analytical skills to help _—_ science to help people 

natural events. people understand the possible 

Section Focus ‘Transparencies ™ Describe the different types of causes and effects of natural events. New Vocabulary 

also are available on the technology. e agricultural biotechnology 
m Explain why the value of technol- 

ogy may differ for different peo- 

ple and at different times. 

Interactive Chalkboard CD-ROM. 

jee 

The air traffic control system is a vast network of people and 

equipment that ensures the safe operation of commercial and private 
aircraft. Air traffic controllers coordinate the moyement of air traffic 
to make certain that planes stay a safe distance apart. Their immediate 

concern is safety, but controllers also must direct planes efficiently to 
minimize delays. Some regulate airport traffic; others regulate flights 

between airports. 

Scientific Discovery 
The study of science usually leads to a better understand- 

ing of the world around you. For example, some scientists in 

the Middle Ages believed that the plague was spread by breath- 

ing “bad air”. Doctors wore protective clothing to protect them- 

selves, as shown in Figure 1. Various measures were taken by 

local doctors to rid homes of this “bad air” in an attempt to 

stop the plague. History is full of breakthroughs in science that 

have changed the course of human history. One such break- 
through is the discovery that microorganisms cause illnesses 

and disease. Before the mid-1800s, people had no idea that 

microorganisms caused many human illnesses. Many diseases 
were easily passed from person to person because people had 

no idea why the disease was spreading. 

In the mid-1800s, Louis Pasteur, a French scientist, discov- 

ered the cause of most infectious diseases. He informed the 

1, What are the four types of technology indicated in this picture? 

2, What is the difference between science and technology? 

Reading Preview Figure 1 Physicians in the : public that microorganisms brought about infections and dis- 
Tie to Prior Knowledge Middle Ages treated peoplewho = :_ eases. Knowing how infectious diseases spread, Alexandre 
iis UE alan ee eal ERCOULERS| Tho seh uh: - Yersin, a bacteriologist, traveled to Hong Kong. A plague epi- 
the meaning of science and the protective mask contains a mixture: demic was underway. He was hoping to isolate the bacteria that 
Wirioie tools that <cienticcace: of materials to filter the “bad air. : caused this disease. In 1894, Yersin was able to isolate the 

Contrast the methods used to help 

prevent the spread of diseases dur- 

ing the Middle Ages against meth- 

ods used today. 

In this section they will learn microbe that caused the disease. Once scientists discovered what 

the difference between science 

and technology. 

was causing the disease, they could focus on how the disease 

spread through the population. It took another four years before 
ies scientists discovered that fleas spread this microbe to humans. 

Prediction Have students break 
the new vocabulary term agri- 
cultural biotechnology into parts 

to determine meaning. Have 
students define agricultural, bio, 
and technology. Then, ask stu- 

ae dents to predict the meaning Chapter Fasr Fire Resources Directed Reading for Content Mastery, 
for the whole term. After read- ‘Transparency Activity, p. 40 aye ne a bos alts) ; 
ing, have students decide if 
their guesses were right. 
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Note-taking Worksheets, pp. 30-: Earth Science Critical Thinking/Problem Solving, p. 11 
MiniLAB, p. 3 Physical Science Critical Thinking/Problem Solving, p. 1 
Lab Activity, pp. 9-10 Lab Management and Safety, pp. 58-60 

Mathematics Skills Activities, pp. 7-8 
Enrichment, p. 26 

Reinforcement, p. 23 
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Scientific Insight 
Once scientists found the source of the plague, scientists 

brought the information to the public’s attention. The informa- 
tion provided an explanation of why the plague occurred. 
Outbreaks of the plague took place throughout history. One 
outbreak in the 14th century killed approximately one-fourth 
of the population of Europe. When people clearly understood 
why the disease was spreading, actions could be taken to stop 
the disease. 

Disease Prevention Today The fact that microbes spread 
illnesses is not news today. Young children are taught to wash 
their hands before eating. Restrooms contain water, soap, and 
towels to use to prevent the spread of microbes. Sterile band- 
ages, cleansers, and medicines are sold in stores for use on 

injuries to prevent infection. Doctors and hospitals use sterile 

instruments for each patient to prevent the spread of disease. 

These measures are taken now because we know how contagious 

diseases are spread from person to person and what causes 
infections in wounds. 

Weather Forecasting Scientific insight also is used in many 
other ways, including weather forecasting. If you had lived in the 

1800s, you only could have guessed the type of weather that 
was approaching by looking at the sky. Today, meteorologists 

use a variety of specialized instruments to predict the weather. 

Their instruments can detect approaching conditions that are 

dangerous. With advance warning, people can seek shelter or 

leave areas that are threatened by violent 

weather. Figure 2 demonstrates the impor- 

tance of forecasting dangerous weather con- 

ditions. 
Science has changed the way people 

respond to natural events, such as the spread 

of microbes and hazardous weather. The 

study of science can lead to an understand- 

ing of why a natural process occurs. Once 

there is a clear understanding, people learn 

how to respond to the event and try to con- 

trol the outcome. 

— t is another example Reading Check |aisapamaang 
of science being used to 
change people's behavior? 

Figure 2 |n 1900, a hurricane 
struck Galveston, Texas, killing 

about 8,000 people. Today early- 

warning systems alert people of 

an approaching storm, which saves 

many lives. 

Identify a type of hazardous 

weather that occurs in your area 

that requires an early-warning 

system. 

SECTION 1 Science and Technology 39 

Curriculum Connection 

Caption Answer 
Figure 1 During the Middle Ages, peo- 
ple did not know about washing their 
hands, covering their mouths, or clean 

and sterilize medical instruments. In 

order to prevent diseases today, people 
are vaccinated. Medical instruments are 

sterilized. 

2 Teach 

Discussion 

Disease Prevention What are addi- 
tional examples of things that 
are done to prevent the spread 
of illnesses and diseases? Accept 
all reasonable responses. 

What are additional examples of 
science giving people insight into 
why or how something occurs? 
Accept all reasonable responses. 

(%, Reading Check 

Answer Possible answers: seat belts in 

vehicles, car seats for infants 

Caption Answer 
Figure 2 Possible answers: tornadoes, 
floods, thunderstorms with lightning 
and hail 

de Reading Strategy 

Double-Entry Notes Ask students to create a 

two-column chart as they read the text under the 

headings Scientific Insight and What 1s ‘Technol- 

ogy? In the left column, they should take specific 
notes from the text, focusing on main ideas. In the 

right column, they should record comments, opin- 

ions, and sketches. 

History Before satellites and radar, people used 

observations of nature to predict the weather. 

They did not know why things happened, but 

they noted patterns. For example, they knew rain 

often follows a halo around the moon. Have stu- 

dents research other weather folklore and make 

posters describing what they find. 
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What is technology? 
The terms science and technology often are used interchange- 

ably. However, these terms have very different definitions. 

: Science is an exploration process. Scientific processes are used to 

Researching the Past : gain knowledge to explain and predict natural occurrences. 

Procedure - Scientists often pursue scientific knowledge for the sake of 

1. Prepare at least five ques- : Jearning new information. There may or may not be a plan to 
tions to ask a senior citizen : 

le ee a it When scientific knowledge is used to solve a human need or 
or she was a teenager. 
Perform the interview > problem, as shown in Figure 3, the result is referred to as tech- 

. Write the responses to > nology. Technology is the application of scientific knowledge of 

your questions in your : materials and processes to benefit people. Given this definition, 

Purpose Students will discover 

that many technological ad- 
vances have occurred in recent 

years. use the knowledge. 

Materials Science Journal, pen 
or pencil. 

Teaching Strategy Encourage stu- 

ae nae euene pane vaiee Science Journal. > is an aspirin tablet technology? Is a car technology? What about 

me gan Analysis the national highway system? Although these examples appear 

alalyss Compare and contrast at least > to be very different, they all represent examples of technology. 
Check students’ responses. five differences in technology : Technology can be: 

between then 
and now. ¢ any human-made object (such as a radio, computer, or pen), 

Assessment 

Content Have students search 
for contrasting photographs 
that depict technology in the 
past and the technology of 
today. For example, students 
may find a photograph of some- 
one writing a letter or sending a 
telegraph. The other photo- 
graph could be of someone 
using a cell phone or email. Use 
Performance Assessment in 
the Science Classroom, p. 89. 

¢ methods or techniques for making any object or tool (such 

as the process for making glass or ceramics), 

¢ knowledge or skills needed to operate a human-made 

object (such as the skills needed to pilot an airplane), or 

* asystem of people and objects used to do a particular 

task (such as the Internet, which is a system to share 

information). 

Technological Objects? The value of a technological object 
changes through time. What is considered technology today 

might be considered an antique tomorrow. For 

example, special feathers called quills were used 

long ago to write with ink. The quill pen was the 

height of technology for over one thousand 

years. Then, in the middle of the nineteenth cen- 

tury, metallic pens and writing points came into 

use. The modern ballpoint pen was not widely 

used until the 1940s. 

What are five additional objects 
that are considered technology? 

[%, Reading Check 

Answer Possible answers: transistor 

radio, electric lamp, digital thermome- 
ter, electric toaster, microwave oven 

Caption Answer 
Figure 3 technological methods or 
techniques 

Figure 3 This figure shows technology. This image is 

a technological object. The knowledge needed to create 

and interpret this image is technology. 

Identify the technologies used to make a car. 
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Differentiated Instruction 

English-Language Learners Ilave ELL students cre- 
ate a poster showing different types of technology. 
‘The poster should have something to represent a 
technological object, method or technique, knowl- 

edge or skill, and a technological system. 
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Technological Methods or Techniques Just as writing 
instruments have changed through time, so have techniques for 
performing various tasks. Figure 4 shows the results of how the 
techniques for making books have changed. Long ago, people 
would sit for hours copying each page of a book by hand. They 
used whatever writing materials were available during that time. 
Books were expensive and bought only by the very rich. Today, 
books can be created in different ways. They can be made ona 
computer, printed with a computer printer, and bound with a 

simple machine. Modern printing presses are used to produce 

the majority of books used today, including your textbook. 
The methods used to print books have changed through 

time. Each technique is technology. Other techniques that char- 

acterize technology are using a compact disc to store informa- 

tion, using a refrigerator to preserve food, and using email to 

correspond with friends. 

Technological Knowledge or Skills Technology also can 
be the knowledge or skills needed to perform a task. For exam- 

ple, computer skills are needed to use the software that is used 

to make books and other documents. Printing press operators 

must use their skills to print books successfully. Anytime a com- 

plex machine is used to perform a task, technological skills must 

be used by the operator. 

Technological Systems A network of people and objects 
that work together to perform a task also is technology. One 

example of this technology is the Internet. The Internet is a col- 
lection of computers and software that is used to exchange infor- 

mation. A technological system is a collection of the other types 

of technology that are combined to perform a specific function. 

The airline industry is an example of technological systems. This 

industry is a collection of objects, methods, systems, knowledge, 
and procedures. The airports, pilots, fuel, and ticketing process 

form a technology system that is used to move people and goods. 

Figure 4 Technology changes 

through time. As new scientific 

knowledge and techniques are 

learned, the processes used to 

create objects change. 

Identify another process used to 

create objects that has changed 

through time. 
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Visual Learning 

Activity 
Technology Have students look 
in a library for copies of scien- 

tific journals such as Nature, 
Discover, Scientific American, or 

Popular Science. Have them write 
a paragraph describing three 
scientific achievements and 

three technological achieve- 
ments. Have students share their 

paragraphs with the class. [J 

‘ey Quick Demo 
Types of Technology 

Materials a computer. 

Estimated Time 5 minutes 

Procedure Use a desktop or laptop 
computer as something that repre- 
sents all types of technology. Point 
out the following information to 
students. The computer repre- 
sents a technological object. The 
use of the computer to calculate 
grades is an example of a new 
method or technique for doing 
something. The knowledge or 
skill that the teacher has to use the 
computer represents a knowledge 
or skill needed to operate a 
human-made object. Using the 
computer to communicate with 
other people in the school system 
about grades, class schedules, ete. 

represents a technological system. 

Caption Answer 
Figure 4 Possible answer: Tools used to 

be handmade by a single person, now 

they are manufactured on assembly lines 
ina factory. 

Figure 4 Johannes Guttenberg, an artisan and a single raised letter on its face. Ink was then 

inventor, modernized the printing of books. His rolled over the blocks where the letters were 

invention, known as the Guttenberg press, transferred to a sheet of paper. Guttenberg’s 

remained the standard until the twentieth cen- invention allowed the price of printed materials 

tury. The printing press was a wooden frame to drop which meant that more people could 

that contained a series of blocks. Each block had afford books. 
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Fun Fact 
The library in ancient Alexandria, 

Egypt held most of the ancient 
writings of its time. It is thought to 
have had 500,000 volumes or rolls 
and an annex containing another 

43,000 volumes. Many ancient 
works have survived to modern 

times because of this great library. 

Answer Possible answers: inexpensive 

portable water filtration systems and 
inexpensive electrical generation systems 

Figure 5 The technological 
needs of this Kenyan family center 

around providing the basic needs 

for survival, such as provisions for 

safe water and food supplies, 

health care, education, and a safe 

environment in which to live and. 

work. 
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Global Technological Needs 
The example of how books were made explained how tech- 

nology has changed through the ages. The value of technology 

may differ for different people and at different times. The tech- 
nology that is valued in the United States is not necessarily val- 

ued in other parts of the world. The needs for technology are 

different in developing and industrialized countries. 

Developing Countries The people of some countries work 
hard for basic needs such as food, shelter, clothing, safe drinking 

water, and health care. For example, the Kenyan family shown in 

Figure 5 lives without electricity and running water in their 

home. Health care is limited for many families in Africa. The 

lack of health care results in a life expectancy for rural Kenyans 

to be in the mid-forties. Tropical diseases, as well as infection by 

the human immunodeficiency virus (HIV) are a severe prob- 

lem. In addition, droughts often cause shortages of food sup- 
plies in some parts of this country. 

Technological solutions in developing countries focus on 

supplying basic needs for these families. Technology that would 

supply adequate and safe drinking water and food supplies 

would be valued. Increasing the accessibility of basic health 

care would improve the quality of life and increase the life 

expectancy in developing countries. The technology valued by 

rural people contrast with the technology valued by people in 

industrialized Kenyan cities. 

What are two examples of technology that 
would be valued in developing countries? 
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Industrialized Countries The United States is considered an 
industrialized country. Technology gives people the ability to 

clean polluted waters. Improving the quality of the food supply is 

also valued. But the level of urgency and focus appears to differ in 
developing countries. Most areas of the United States have ade- 
quate and safe water and food supplies. Most homes have electric- 

ity and running water. Quality health care is available to many 

people. The life expectancy of Americans is the late-seventies. 

Look at the home in Figure 6 and compare it to the home 

shown on the previous page. Does one of the homes have 

more technology? Look at the materials used to build each 

home. The materials used to build the home in Figure 6 are 

technology, too. 

Because the needs for survival are met in industrialized 
nations, money often is spent on technology. Technology is 

designed to improve the quality of life of individuals. Most 

homes in the United States contain many different types of 
technology, including computers, telephones, and televisions. 

People living in industrialized countries may value faster and 

faster computers. They may value small devices such as com- 

pact discs that store large amounts of information. Advances 

in health care can improve the quality of life due to the abil- 

ity to cure diseases. Money is spent on such medical proce- 

dures as cosmetic surgery to remove wrinkles, and eye surgery 

so that a person no longer has to wear glasses. 

Contrasting Needs 
As you can see, the 

human needs for devel- 
oping and industrialized 

countries are very differ- 

ent. Both developing 

and industrialized coun- 

tries value technologies 

that supply basic human 

needs as discussed in 

Figure 7. The actual 

technology required in 

each country may be 

very different. 

Figure 6 The basic needs for sur- 

vival are available in industrialized 

nations. In these countries, value is 

placed on technology that improves 

the quality of life such as devices 

that make tasks easier and devices 

that provide entertainment. 

Describe three technological 

objects that you value that would 

be of less value to the Kenyan family 

on the previous page. Explain your 

answers. 
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Africa Students may think that 
all the inhabitants of Africa 

live in rural areas like those 

shown in Figure 5. Africa is a 

diverse continent that contains 

large, modern cities, as well as 

rural, undeveloped areas. 

Caption Answer 
Figure 6 Possible answers: portable 
compact disc player, DVD player, or televi- 
sion; There is no electrical power available 

and they cannot afford to purchase bat- 
teries for these items. 

Cultural Diversit 

Contributions from Africa Egypt, which is located in Alexandria, and built a thriving economy. Have 

Northern Africa, was the location of one of the students research the contributions to the world 

greatest civilizations in history. Ancient Egyptians made by ancient Egyptians. 

built the great pyramids, compiled a vast library in 
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NATIONAL NATIONAL VISUALIZING TECHNOLOGY 
GEOGRAPHIC GEOGRAPHIC SUPPLYING BASIC NEEDS 

Figure 7 

Visualizi ng a | echnology is used to help supply the basic requirements 

Techn ology Su pplyi ng of people across the globe. Many of life’s necessities that 
Basic Nee d S we take for granted in the United States are lacking or 

inadequate in other countries. 
Have students examine the pic- 

tures and read the captions. ‘Then 

ask the following questions. 

How does modern agriculture = “ Caer ee ae, 

increase yields over traditional = A Modern Agriculture Farming 

methods: | es 1 — = with tractors on vast fields 
=. Shim: and using pesticides and 

specially engineered seed can 

increase the amount of food a 

country produces. 

How does the construction of 

roads affect the other technolo- | A Water Treatment 
Polluted water can cause oe 
diseases. Treating the water . ee “3 Vaccines Diseases like polio, 

with chlorine kills germs. : | measles, and tetanus kill hundreds 
. "| of thousands of people a year. 

Vaccines cause the human body to 

make antibodies for a specific bac- 

4 teria or virus. If this bacteria or virus 
Divide the classroom into several | . enters the body, the antibodies 

groups and ask them to do the destroy it. 

giesr 

following exercise. If you were in 

charge of bringing technology to 

a developing country and could 
only bring one technology a year, 

in what order would you bring 

the technologies? Why? 

@® Post Reading 

Technological 

advances range from the inven- | , 

tion of the ballpoint pen to the | A Power Plants Electricity is necessary for ¥ = 
Hee Gnene helt leo Ack many technologies. Electricity can be produced A Transportation Systems Technology allows 
Ped ene ta Cee hours the in many ways including burning coal, using countries to build roads, airports, and canals 

moving water, absorbing the heat of solar rays, that let food, medicine, and information travel technological advancements they ; ; : : 
and using heat deep in the earth. quickly to where it is needed. 

have seen in their lives. Have 

them respond to this prompt: 
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How has technology changed 

your life? 

Challenge Have students make a detailed list of — pollution, cultural disruption, ecological damage, 
the pros and cons of using technology to move — forced relocation, and diseases of the wealthy like 
from a developing country to a developed coun- obesity and diabetes. Ask students to evaluate 
try. Pros include more food, longer life spans, how the pros and cons would affect their decision 
hew conveniences and job creation. Cons include to implement a technology. 
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Bioengineering and Food Can technology stop world 
hunger and starvation? Agricultural biotechnology can increase 
the yields of farm crops. It also can increase the nutritional value 
of the food produced. Agricultural biotechnology is a collec- 
tion of scientific techniques, including genetic engineering, that 
are used to create, improve, or modify plants, animals, and 
microorganisms. For example, changing the DNA of a plant 
such as corn can improve its tolerance to drought. Other bene- 
fits could make it disease and insect resistant, or improve its 
nutritional value. The end result may be a higher crop yield and 
a product that provides more nutritional value per serving. 

Genetically altering plant species is a highly controversial 

practice. Some people argue that the practice is too dangerous. 

They argue that humans should not alter species that occur nat- 

urally on Earth. Others argue that new species could harm nat- 
ural ecosystems. New crops could pose human health risks such 
as food allergies or toxins. 

A discussion also exists over whether more food really is 

needed to feed the world population. One argument is that 

enough food is produced, but it is not equally distributed 

throughout the world. As you can see, using technology to solve 

human problems is not always an easy task. Often there are 

many obstacles and issues involved. 

Sciencapn line 
Topic: Biotech Foods 

Visit fl.gpescience.com for 

Web links to information about 

agricultural biotechnology and 

biotech foods. 

Activity Create a pamphlet 

explaining the risks and benefits 

of biotech foods. 

“section OG | 

Summary 

Scientific Discovery 

@ The study of science leads to a better under- 

standing of natural events that occur. 

Scientific Insight 

@ Once there is an understanding of why a nat- 

ural process occurs, people learn how to 

respond to the event and try to control the 

outcome. 

® Scientific insight changes human behavior. 

What is technology? 

® Technology can be an object, a technique, a 

skill, or a system. 

® The value of technological objects varies over 

time. 

Global Technological Needs 

@ Technological needs vary around the world. 

More Section Review fi.gpescience.com 

FeVIeLU 

Self Check 

. Describe a situation in which scientific insight changed 

people’s understanding, resulting in behavior change in 

response to a natural event or process. 

. Classify List the types of technology and give at least 

two examples of each type. 

. Explain why the types of technology valued varies from 

location to location. 

. Think Critically Cell phones are a technology that is 

popular throughout the world. Would this technology 

be of use in rural areas of the world? Explain your 

answer. 

Applying Math 
. Calculate Approximately 38 million people are 

infected with HIV worldwide. Two-thirds of this group 

lives in sub-Saharan Africa. Calculate how many sub- 

Saharans are affected. 
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secrion revieLw 

DAILY INTERVENTION 

Check for Understanding 
Interpersonal Divide the class into 
small groups. Have each group 
compile and share a list of items 
or actions that are scientific 

achievements and a list of items or 

actions that are technological 
achievements. 

Reteach 

Technology Write examples of 

technology, such as radio or 

Internet, on the board. Ask stu- 

dents to identify the type of 
technology represented. Radio is a 
human-made technology object. The 

Internet is an example of a technological 
system. 

(= Qo pa Ee iE 
7% Assessment 

Content Divide the students into 
small groups. Have students debate 
whether or not agricultural 
biotechnology should be used for 
food crops. Half of each group 
should be assigned "for biotech- 
nology development" and_ the 
other half should be "against 
biotechnology — development." 
Allow each group some time to 
brainstorm their ideas before the 
debate begins. Use PASC, p.,169 

cell phones. There are few areas in 
which the phones would work 
because the entire country does not 

have cell phone coverage. 
5. approximately 27 million 

ee MA.A.3.4.1 

knowledge, driving a car; system, homes. Any electrical device would 
airport be useless in these locations and 

not valued. 
4. |t would be of value only in the 

large cities. In the rural areas, there 
is no electrical power and the peo- 
ple do not have the money to buy 

1. Possible answer: Today people 
understand that microbes transmit 

illnesses and disease. People now 3. Locations around the world vary in 

take precautions against spreading the amount of technology and 

microbes. resources that are available to the 

2. Possible answer: object, ball-point public. For instance, many locations 

pen; method, building a house; do not have electrical power in 
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inT ERACTI WE | 
CHALKBOA 

An editable Microsoft® Te ch n O ; 0 gy 

PowerPoint® presenta- 

tion is available on Interactive 

Chalkboard CD-ROM. , 
Reading Guide 

Bellringer 
Oe You'll Learn Why It’s Important © Review Vocabulary 

Section Focus Transparencies 
: Discuss how funds for science Society and economic forces influ- ecosystem: a complex community 

also are available on the ge fea come from the federal ence which technologies will be of organisms that function together 

Interactive Chalkboard CD-ROM. government, private industries, developed and used. in a particular environment 

TELL) and private foundations. 
L2 

@ Explain how consumers affect New Vocabulary 

technological development. @ society 

= Describe the importance of 

responsible technological 

development. 

eaty Three Mile Island Nuclear Chapter 

CUES Generating Station 

On March 28, 1979, a nuclear reactor near Harrisburg, Pennsylvania 

suffered a partial core meltdown. Unlike the meltdown at Chernobyl, 
no radioactive material was released into the atmosphere, However, 
it furthered a serious decline in the public popularity of nuclear 
power. By coincidence, the event occurred just days after the release 
of the movie The China Syndrome which portrayed a similar, yet 
fictional, incident. 

Social Forces that Shape Technology 
Science and society are closely connected. Society is a group 

of people that share similar values and beliefs. Discoveries in sci- 

ence and technology bring about changes in society. In turn, 

society affects how new technologies develop. The development 

of technology is affected by society and its changing values, pol- 

itics, and economics. 

In the past 100 years, attitudes in the United States have 

changed toward automobiles. Many people were able to own cars 

due to the changes in technology and manufacturing. As car own- 

ership increased, so did fossil-fuel consumption. With rising gaso- 

line prices, some consumers began buying more fuel-efficient 

cars. The automotive industry has researched and developed tech- 

nologies that make cars more fuel-efficient. Today we have hybrid 

cars that use both gasoline and electricity. 

1, What impact do you think the accident at Three Mile Island had 
on the development of nuclear power in the United States? 

2, Can you think of any disadvantages of nuclear power? 

3. What are the advantages of nuclear power? 

Reading Preview 

Tie to Prior Knowledge Figure 8 Consumers often 
Ecosystems Remind students that decide which technologies willbe : Consumer Acceptance Purchasing technology is a direct way 
an ecosystem consists of the liv- developed. If consumers do not : in which people support the development of technology, as shown 
ing and nonliving parts of an purchase a product, additional : in Figure 8. For example, if consumers continue to purchase fuel- 
environment that are interde- money usually willnot be spenton : efficient cars, additional money will be spent on improving the 
pendent. Altering an ecosystem the production orimprovementof = technology. If consumers fail to buy a product, companies usually 
affects the organisms, including the product. : will not spend additional money on that type of technology. 
humans, that depend on that 

physical environment for survival. 
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Word Map Have students make 

a concept map with the new 
e By 

vocabulary word society in the Section 2 Resource Manager x 
center. Have them connect 

ae . reste pevovaletio ahewerd: Chapter Fasr Fie Resources Directed Reading for Content Mastery, p. 16 

ae students to write the defi- ‘Transparency Activity, pp. +1, 43-44 Lab Worksheets, pp. 5-6 
nition in one oval. In another, MiniLAB, p. 4 Life Science Critical Thinking/Problem Solving, p. 4 

Reading and Writing Skills Activities, pp. 9-10 
have them create a sentence 
using the term. In the last oval, 
have students make a sketch of 
the word’s meaning. Ss 

Enrichment, p. 27 

Reinforcement, p. 24 
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Personal Values People will support the development of tech- 
nologies that agree with their personal values, directly and indi- 
rectly. For example, people vote for a congressional candidate 
based upon the candidate’s views on various issues. This is an 
indirect way in which people’s personal values influence how 
technology projects receive funding. People support the develop- 
ment of technology directly when they give their money to organ- 
izations committed to a specific project, such as cancer research. 

How do the personal values of consumers influ- 

ence which technologies will be developed? 

Economic Forces that Shape Technology 
Many factors influence how much money is spent on tech- 

nology. Before funding is given for a project, several questions 

should be answered. What is the benefit for this product? What 

is the cost? Who will buy this product? All these questions 

should be answered before money is given for a project. Various 

methods exist to fund new and existing technology. 

Federal Government One way in which funds are allocated 

for research and development of technology is through the fed- 

eral government. Every year, Congress and the president place 

large amounts of money in the federal budget for scientific 
research and development. These funds are reserved for specific 

types of research, such as agriculture, defense, energy, and trans- 

portation. This money is given to companies and institutions in 

the form of contracts and grants to do specific types of research. 

Citizens can influence elected officials by telling them how they 

want the official to vote, as shown in Figure 9. 

Private Foundations Some scientific research is funded using 
money from private foundations. A private foundation, which is 

an organization not associated with the government, is a group of 

people who work together for a common goal. Funds are 

raised for various types of disease research, such as breast 

cancer and muscular dystrophy. Money is raised by 

events such as races and telethons. Many private founda- 

tions focus on research for a specific cause. 

Figure 9 Participating in the political process is one way in 

which people can influence which technologies are developed 

and which are not. 

Explain how voting for someone in the Congress influences which 

technologies will be developed. 

Evaluating the 

Benefits and 

Consequences of 

Technology 

Procedure 

ik Choose a technology that 

you value and do not want 

to live without. 

. Make a two-column table. 

Label one column Benefits 

and the other column 

Consequences. 

. Provide at least three 

entries for each column. 

Analysis 
il Do the benefits of the 

technology outweigh the 

consequences? Explain. 

. Infer who funded the 

development of your 

technology. Explain. 

. Infer how you may 

influence future funding 

on this type of technology. 
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(Reading Check 

Answer People influence the develop- 
ment of technology indirectly when they 
vote for members of Congress. They influ- 
ence technology directly by giving their 
money to various organizations. 

Purpose Students reflect on the 

benefits and consequences of a 

technology that they do not 
want to live without. 

Materials Science Journal, pencil 

Teaching Strategy 

¢ Encourage students to think 
about the raw materials that 
are used to make the product. 

e Encourage students to think 
about environmental conse- 
quences their technology may 
have. 

e After all of the above are con- 

sidered, the students should 

evaluate the benefits and con- 

sequences of their technology. 

Analysis 

1. Accept all reasonable responses. 

2. Answers will vary. 
3. In most cases, purchasing the item 

will impact the future funding of 
similar technologies. 

Assessment 
Oral Is it possible to improve 
the benefits and reduce the con- 
sequences for your chosen 
technology? Answers will vary 

Caption Answer 
Figure 9 Members of Congress are 
elected by the voters in their districts. 
These representatives vote on the fed- 
eral budget which funds many types of 
technology. Voting is an indirect way 
that people affect which technologies 

will be developed. 
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Activity 
Current Issues Have 
research a technological issue 
that is part of an election debate. 
The issue can be part of a local, 
state, or federal election. Have 

students find arguments from 
both sides of the debate. 

students 

2 Eee gt eo 

Pa _ Teacher FY! i 
cher aaa 

pesticide DDT we 
sed to ae ek ai and 

b banned or strictly een 
after it was | | discovered t that it 

.: was adversely Nese a 
ys 

UETViFOnIMGHED » 

Environmental Protection Agency 
The EPA does more than just 

protect the health of humans 
and the environment. The organ- 
ization develops and enforces 
regulations. They offer financial 
assistance through grants to 
states, non-profit organizations, 
and educational institutions for 
environmental projects. The 
scientists who work for EPA per- 
form environmental research. 

Environmental Protection 

Agency The purpose of the 

EPA is to protect human 

The EPA was established 

in 1970 by the White House 

and Congress. Cleaner 

air and water, along with 

cleaner land, were things 

that U.S. citizens have 

demanded. Pnor to the 

establishment of the EPA, 

the government had no 

organized method to reduce 

pollutants. Research the 

water quality for your city 

or state. 

Figure 10 In March 1989, 
approximately 42,000 kiloliters of 

oil were spilled in Prince William 

Sound, Alaska. Animals, such as 

ducks and birds, are affected by 

human-made environmental 

disasters. 

health and the environment. 
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Private Industries Research and development also is funded 

by private industries. Industries budget a portion of their prof- 

its for research and development. Investing in research and 

development often makes money for the company. Bringing 

new products to the marketplace is one way companies make 

profits. 

Responsible Technology 
Humans have the ability to invent tools and processes that 

can have an impact on other living things. Humans are part of 

many ecosystems on Earth. It is important that any technology 

that is used does not destroy the environment, as shown in 

Figure 10. It is important that both positive and negative conse- 

quences of a particular technology be considered. 

Environmental Issues Sometimes the consequences of tech- 
nology are known, but the benefits are perceived to outweigh the 

risks. One example of technology that has both positive and neg- 

ative consequences is gasoline-powered cars. Gasoline- 

powered cars give the benefit of reliable transportation. The neg- 

ative consequences are the environmental problems created by 

drilling for oil, air pollution, and disposal of unwanted cars. The 

disposal of used petroleum products, such as motor oil, also is a 

problem. 

Sometimes the benefits of technology are known immedi- 
ately, but the consequences are not known for a period of time. 

For example, at one time, the pesticide DDT was eagerly accepted 

by people. It killed insects that were damaging agricultural crops. 

The fact that DDT was 

damaging the environ- 

ment was not known 

immediately. When the 

damage was discovered, 

DDT was banned and 

other pesticides were 

developed. Consumers 

and voters have a 

responsibility to weigh 

the benefits and conse- 

quences of technology. 

They play a major role 

in determining which 

technologies are used 

and which are rejected. 

Visual Learning 

Figure 10 No one knows the exact number of 
wildlife harmed or killed by the oil spill. Oil can 
injure wildlife by coating the fur and feathers, caus- 
ing them to ingest the oil while trying to clean 

Differentiated Instruction 

Learning Disabled Pair students with learning dis- 
abilities with other students that can assist them 
in finding the Ukraine on the globe or atlas. 

themselves, or by making them incapable to pro- 
tect themselves. Liquid dish detergent is used to 
clean the oil from the animals. Have students 
research to determine which wildlife has not yet 
recovered from the oil spill. 
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The Chernobyl Accident Possibly the Discussion 
worst technological accident in modern ‘ Responsibility How does _ the 

times occurred on April 26, 1986, at the Chernobyl nuclear Chernobyl accident exemplify irre- 
power plant in the Ukraine. Large areas of land were contami- sponsible technology? Safeguards 
nated and more than 400,000 people had to be relocated. The were not in place to prevent the accident 
city of Pripyat had to be abandoned, as shown in Figure 11. An from occurring, 
accumulation of radioactive fallout in the upper layers of soil has 
destroyed important farmland. Groundwater and surface waters 
were contaminated. Some water wells had to 

be sealed. Structures had to be built to pre- 
vent rivers and streams in the area from 

contaminating additional rivers in the water- 
shed, which led to the Black Sea. 

The radiation also affected many animals 

and plants around Chernobyl. As the radia- 

tion diminished, plants and animals started 

to repopulate the area. 

Figure 11 This town once was 

home to about 45,000 residents. 

It is now abandoned because 

radioactive contamination has 

made it unsafe to live in. 

Identify possible health effects 

that Ukrainians faced. Applying Science 

Answers 

1. Possible answers: Benefits—Safe 
systems can be built based on 
proven technologies without the 
risk of a preventable nuclear disas- 

ter. Consequences—Developing 

countries may build an unsafe sys- 
tem because they do not have the 
knowledge or experience needed to 
build safe systems. 

2. Benefits—Many countries bene- 
fit because a safe system is built 

and a tragedy similar to 
Chernobyl is averted. 
Consequences—Developing coun- 

tries may use the technology to 

develop nuclear weapon systems. 

Why did the residents near 
the accident have to move? 

[% Reading Check 

Applying Science 

What impact does the accident at Chernobyl have on the 

future of nuclear power? om i 

he nuclear accident at Chernobyl in 1986 

demonstrates the far-reaching impact of a ! 
nuclear disaster. Not only were the residents and : Caption Answer 

environment surrounding the facility influenced, fe 

but nuclear fallout was spread across most of the 

northern hemisphere. Parts of the USSR and 

Figure 11 leukemia, thyroid cancer, 

cancer, genetic problems, radiation 

a poisoning 
Europe were seriously affected. 

Identifying the Problem Solving the Problem Content 
Many countries, including the 1. What are the benefits and conse- Background 

United States, use nuclear power as a quences of allowing developing Ariana dioactive: clermentcetear 

source of electric power. Is it impor- countries that do not have the mere released Gmtorthe ar were 

tant for industrialized countries, such experience that developed countries iodine-131, cesium-137, and 

as the United States, that have vast have to develop nuclear power on eronttinOOn MED etmComeelite 

resources and knowledge about their own? release, much of the area will 

nuclear power generation, to assist . What are the benefits and conse- rematn unimbabited tomecntmres 
developing countries in their nuclear quences of assisting developing The land affected by the accident 

power generation programs? countries? is approximately the size of 

Kentucky. The reactor, which 
caused the accident, is buried in a 

concrete tomb. It will remain 
radioactive for centuries. 
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A. Reading Strategy Curriculum Connection 
Panel Discussion After students read the text Geography Have students find the location of the 
titled Responsible Technology, form a panel of Chernobyl nuclear power plant on a globe or in 

. : bY? ¢ ¢ : . . : 

students to respond to the following prompt: 2” atlas. It is located in the country of Ukraine, which was once 

Space exploration poses risks to society and to the part of the Soviet Union. Have students identify the 

astronaut. Are the benefits worth the risks? Have Countries surrounding the Ukraine. 

the class add to the discussion by asking questions 

to the panel. 
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4 } Post Reading 

Essay Have students consider 

technology issues they have read 
about that might be controversial. 
Ask them to write an essay in 
which they present their opinions 
regarding the issue. For instance, 
an essay topic might involve the 
engineering of disease-resistant 
wheat through crossbreeding. 

JAILY INTERVENTION 

rounding the topic. 

Sciencepnline 
Topic: Morals and Ethics 

in Science 
Visit fl.gpescience.com for Web 

links to information about morals 

and ethics in science. 

Activity Choose a topic and 

write an essay describing the 

moral and ethical arguments sur- 

Moral and Ethical Issues When people need to distinguish 

between right and wrong, what is fair, and what is in the best 

interest of all people, moral and ethical issues are raised. Ethical 

issues in science pose questions and establish rules about how 

scientific hypotheses should be tested and how society should 

use scientific knowledge. 

Ethics help scientists establish standards that they agree to 

follow when they collect, analyze, and report data. Scientists are 

expected to conduct investigations honestly and openly. 

Honesty is important because scientists share the results of their 

investigations with each other. As a result, one scientist's dishon- 

esty can harm the investigations of many scientists. 

Other ethical questions in science concern the use of animals 

and humans in scientific investigations. In the past, the inhu- 

mane treatment of humans and animals in experiments has led 

to public outcry. For example, human test subjects have been 

subjected to experiments against their will, or without inform- 

ing them of risks associated with the research or the true nature 

of the experiments. Ethical questions about these practices 

helped to create laws and guidelines to prevent unethical treat- Check for Understanding 
Linguistic Write a paragraph 
explaining why morality and 
ethics are important in science. 

Reteach 

Responsible Technology Have stu- 

dents explain why humans must 
practice responsible technology. 
Because humans can have an enormous 
impact on other living things through the 
use of technology. 

ee oe ee 
[™ Assessment 

Content Have students work in 
small groups to write a newspaper 
article about the nuclear disaster 
at Chernobyl. Use PASC, p. 141. 

Summary 

| Social and Economic Forces that Shape 

| Technology 

| e Societal and economic forces influence which 

technologies will be developed and used. 

e The federal government, private foundations, 

and private industries fund research and 

development of technology. 

® Consumers influence which technologies will be 

developed by their voting and buying habits. 

; Responsible Technology 

e@ Humans must be responsible in their techno- 

logical choices because the technology may 

have an enormous impact on other living 

things and the environment. 

@ The risks and benefits of technology must be 

considered before developing and using it. 

® Consumers and scientists must consider moral 

and ethical issues when choosing which tech- 

nologies should be developed. 
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ment of both humans and animals in scientific research. 

review 

Self Check 

. Describe how private citizens have a voice in which 

projects the federal government will fund. 

. Explain how you can influence whether or not funding 

will be spent on developing certain technology. 

. Describe a situation in which technology had unex- 

pected consequences. 

. Think Critically Many products carry a message on 

their label that no animals or humans were used in the 

testing of the product. Is this good or bad for the con- 

sumer? Explain your answer. 

Applying Math 

. Use Percentages In 2001, approximately $41 million 
was spent by the Department of Defense for Research, 

Development, Test, and Evaluation. If the total 

amount of money spent by the department was over 

$305 million, what percent of the defense budget 

does this represent? 

More Section Review fl.gpescience.com 

_ section 

1. Private citizens have an indirect 

voice because they elect the people 
that make the decisions. 

2. You can influence funding by voting 

and by contributing money to pri- 
vate foundations that are involved 
in developing the technology. 

problems. 
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gs SecTOre Gam 
3. Possible answer: Gasoline-powered 

cars created smog and air-pollution 

4. This can be good and bad. It is good 

because humans and animals were 
not harmed in the testing. It is bad 
because the product may not have 

review 

been fully tested before it was sold 
to the consumer. 

5. 13 percent 

Be | MA.A.1.4.4 



= eae 

Many scientists believe that Earth’s sur- 

face temperature is rising because of 

== Who contributes CO,? 

increasing levels of heat-trapping carbon CO, Emissions Total Population (0, 
dioxide, CO, in Earth’s atmosphere. The Country (millions of (millions of) Produced 

combustion of fossil-fuels contributes CO, Seen oe ous person) 

to Earth’s atmosphere. Significant United 1,446.8 263.8 5.48 
amounts of CO, are produced by cement States 
production and gas flaring. China 918.0 1,210.0 0.76 

Russian 431.1 149.9 2.88 

© Real-World Problen— "7" 
Which countries produce the most carbon ial Suk, as ot 

dioxide from the combustion of fossil she te ae 0.29 
fuels? Canada AUHLe7/ 28.4 3.93 

France 98.8 58.1 1.70 
Goals 
@ Compare and contrast the total 

carbon dioxide emissions from selected 

countries. 

@ Calculate the average annual per capita 

amount of carbon dioxide for each country. 

@ Forma hypothesis that explains the 

amount of carbon dioxide produced by each 

country. 

Materials 

Science Journal 

pen or pencil 

© Procedure 
1. Copy and complete the data table in your 

Science Journal by calculating the amount of 

carbon dioxide produced per person for each 

country. 

2. Formulate a hypothesis that explains the 

amount of carbon dioxide produced by the 

inhabitants of the countries listed in the 

table. For each country, consider the follow- 

transportation requirements; heating and 

cooling requirements; development and 

industry; means of generating electricity. 

© Conclude and Apply: a 

1. Graph the data of carbon dioxide produced 

per person using a bar graph. 

2. Think Critically Why might more devel- 

oped, industrial countries have more carbon 

dioxide produced per person? 

3. Evaluate Did the results obtained from 

your calculations support your hypothesis? 

Y ommunicating 
we Your Data mm 

Compare your bar graphs with those of 

other students. Discuss any differences, 

particularly if some students used computer 

graphing programs to prepare their graphs. 

ing factors: size; population density; 
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™ Assessment 

Oral Have students formulate and present ideas 
regarding ways that countries and individuals can 

reduce their carbon dioxide emissions and, 

thereby, do their part to combat global warming. 

ommunicating 
eee Your Data 

Have students prepare their bar graphs using computer 

graphing programs. Emphasize that data and results 

should be presented clearly and concisely for others to 

follow and understand. 

© Real-World 
Problem ——— 

Purpose Students compare 
total and per capita carbon 
dioxide emissions of selected 

countries, evaluate their results, 

and graph their data. 

Process Skills analyze results, 
communicate, compare and con- 
trast, evaluate, form hypotheses, 

interpret data, make and use 
graphs, think critically, calculate 

Time Required 45 minutes 

© Procedure 

Teaching Strategies 

° Suggest that students work in 
pairs or groups to make and 
check their calculations and dis- 

cuss the comparative amount of 

CO2 produced for various 

countries. 

Have students work individu- 
ally to prepare their graphs and 
write answers to questions. 

© Conclude and 

Apply 
1. See student page for the amount of 

carbon dioxide produced per person. 

Check students’ work for the bar 
graph. 

2. Answers will vary. In general, more 

developed and industrialized countries 
tend to have higher C02 emissions. 
Persons living in these countries drive 
more automobiles and use more 
power-consuming conveniences and 

devices. 
3. Answers will vary. 
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An editable Microsoft® 

: PowerPoint” presenta- 

tion is available on Interactive 

Chalkboard CD-ROM. 

Bellringer 

Section Focus Transparencies 

also are available on the 

Interactive Chalkboard CD- ROM. 

2] > 

cule 

On Jan, 28, 1986, the space shuttle Challenger exploded with 

seven crew members aboard. The explosion on the $1.2 billion 
shuttle came at one minute, 15 seconds after launch when the 

shuttle was about 11 miles high and nine miles down range from 
the Kennedy Space Center. It was the 25th shuttle flight and tenth 

for Challenger. The disaster was the worst for NASA since the first 
Apollo moon capsule burned on its launch pad Jan. 27, 1967, killing 

Section Focus 

“Transparency 

Challenger Space Shuttle  “uaresr 

three astronauts. 

1, On February 1, 2003 NASA lost another space shuttle, the 
Columbia. What, if anything, could have prevented this disaster 

after what was learned about Challenger? 

2, What are the differences in the design of the Challenger and L2I 
design of a commercial jumbo jet? Why are the designs differe 

Reading Preview 

Tie to Prior Knowledge 

Scientific Methods ‘Tell students 

that finding a solution to a 

technological problem is much 

like using the scientific method 

in research. Both processes are 
very methodical and deliberate. 

Word Associations Have stu- 

dents write a new vocabulary 
word in the center of a sheet of 
paper. They should draw four 
lines emanating from the cen- 
tral term. Each line will extend 
to words associated with the 
vocabulary term. For example, 
engineer might be associated 
with “problem solver” or 
“analytical.” 

Figure 12 This meteorologist is 
collecting data on an approaching 

tornado. This information can be 

used in the study of tornadoes and 

how to protect people and property 

from damage. 

What \ouN Learn 
@ Discuss how the roles of a scien- 

tist and an engineer differ. 

@ Explain how technological prob- 

lems often create a demand for 

new scientific knowledge. 

m Describe the general process used 

to find technical solutions to 

problems or human needs. 

Reading Guide 

Why It’s Important New Vocabulary 

Understanding how technology is @ engineer 

developed can help you make better —@ constraints 

decisions as a consumer. e computer simulation 

@ prototype 
e pilot plant 

@ control system ® Review Vocabulary 
system: a group of devices that work 

together to perform a specific function 

Scientists and Engineers 
How do a scientist and an engineer differ? This may seem to 

be a very odd question, but it is important to learn the roles of 

these two types of professionals. Recall that a scientist is some- 

one who has knowledge about science. He or she works to learn 

more information about science. Scientists may not know how 

or if the results of their work will be used, but they pursue 

knowledge for the sake of learning new things. 

Scientists have knowledge of scientific principles. Most sci- 
entists have some knowledge of basic chemistry, physics, and 

biology. Many scientists specialize in one area of science. For 

example, a scientist may have a chemistry background but spe- 

cialize in Earth science. This scientist will study the chemical 

and physical changes that occur on Earth. An Earth scientist 

may specialize even further and study 

topics such as glaciers, earthquakes, or 
volcanoes. 

Scientists often work in research 

laboratories doing research. In addi- 

tion, scientists also work in the field, as 
shown in Figure 12. An Earth scientist 

is an example of a scientist that would 

conduct investigations and research in 

the field, as well as in the laboratory. 

VS gee what is a scientist? 

Chapter Fasr Fite Resources 

‘Transparency Activity, p. 42 

Lab Activity, pp. 11-12 

Enrichment, p. 28 

Reinforcement, p. 
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Directed Reading for Content Mastery, p. 17 

Lab Worksheets, pp. 7-8 

Home and Community Involvement, p. 27 

Performance Assessment in the Science Classroom, 

pp. 46-47 



Engineers A researcher 
who is responsible for 

bringing technology to 
the consumer is called an 
engineer. Using scientific 

information or an idea, 
an engineer creates a 
way to solve a problem 

or to produce a product. 

For example, decreasing 

petroleum deposits and 

high prices for gasoline 

have created a demand 

for cars that get better gas 

mileage. Engineers are 

working to improve an engine 

called a hybrid. The hybrid 

engine operates on electricity 

and gasoline or diesel to power 

the car. Fuel efficiency increases 

by combining the two power 
sources. Cars currently are 

available using this technology. 

As this example demonstrates, 

consumers want cars with 
better gas mileage. Engineers 

worked to create technology 

that would satisfy this con- 

sumer demand. 

Technological problems often create a demand for new 

scientific knowledge. Time and money are devoted to 

finding new scientific information, which makes it possible 

for scientists to extend their research in a way that advances 

science. Many unexpected discoveries happened when scien- Identify at least three different 

tists were looking for a technical solution. In addition, new : technological advances that have 

technology often creates a need for even more technology, aS : poen made in the automobile since 

shown in Figure 13. : 1950. 
Engineers not only design automobiles, they work in many _: 

areas of science. There are aeronautical, aerospace, biomedical, 

chemical, computer, electrical, mechanical, and many other 

types of engineers. At some point of the manufacturing process, 

engineers are involved in the development of the products you 

use every day. 

Figure 13 New technology often 
creates a demand for even more 

technology. Many technological 

advances have been made in the 

automobile since 1950. 

ACU Lee How do scientists and engineers differ? 
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Differentiated Instruction 

Learning Disabled The vocabulary in this section is 
complex. Have students create an illustrated glos- 
sary of the terms. Students can write the word and 
definition on an index card. Students should draw 

an illustration or glue a photo on the card that 

illustrates the meaning of the word. 

~ Fun Fact 

1603. The purpose of the Accademia del Cimento 

was to exchange scientific information. 

One of the first scientific societies formed in Italy in 

(% Reading Check 

Answer A scientist is someone who has 

knowledge of science and works to learn 

more information about science. 

Discussion 
Demand for New Technology What 
is another example of where tech- 
nology created a demand for new 
technology? Possible answer: The 
invention of the airplane has created a con- 

tinuous demand for new technology. 

How has the demand for technol- 

ogy led to advances in science? 

Possible answer: The advances made in 
air travel made it possible to go to space. 

Many advances in space science have 
been made because of our ability to do 
space travel. 

Caption Answer 

Figure 13 Possible answers: automatic 
transmission, catalytic converter to con- 

trol emissions, power doors and locks 

(%, Reading Check 

Answer Scientists study science to 
find new information and engineers 

use science to solve human needs or 
mass produce products. 

Teacher [ 34 
areung} A driving fone ie ae { 

_ development of ‘technology is ism 
whether or not the roduct or | 4 
technology will sell. arketing 
considerations often override 4 
other issues in the development * 
of technology. — wer, 

os = 

re re 

E 
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Young Owl Gets Help Research on 
animals is beneficial in several 

ways. Zoo and domestic animals 

can be treated with new tech- 

nologies when the need arises. 
Species of animals that are near 

extinction can be saved and can 

produce offspring. 

Finding Solutions 

Purpose to model the process for 
finding a solution 

Possible Materials poster board, 
newspaper ads 

Estimated Time 1 week 

Teaching Strategies 

Students have a budget of $500.00 
to design the perfect bedroom for 
a iriend. They are to propose 
solutions, identify constraints, 

comply with all rules set by the 
friend and the friend’s parents, 

and create a scale drawing to 
make sure that everything fits in 
the room. Encourage students to 
cut pictures out of the newspaper 
showing prices for items they 
want to purchase. 

For additional inquiry activities, see 
Science Inquiry Lab Manual. 

Caption Answer 
Figure 14 scientific method 

(% Reading Check 

Answer to find a possible solution 

thread. 

nylon thread; ring stand; ring; 
small weights. 

Purpose to test the strength of two types of 

Materials spool of cotton thread; 

Procedure Attach the ring to the top of the 
ring stand. Tie the cotton thread to the 

SRS I IP RCI ME NN A NS RO NR art SIE renee | 

Young Owl Gets Help 

Technology can be 

used in unusual ways. 

A young, great-horned 

owl was observed sitting 

on a fence for several 

days without moving. It 

seems the owl could not 

see and could not search 

for food. Veterinarians 

removed the owl’s 

cataracts and fitted the 

owl with new artificial 

lenses. The owl recov- 

ered and was returned 

to the wild. Research 

other medical procedures 

that can be used to help 

animals. 

nical problems. 

Identify the type of system scien- 

nological solutions. 

Figure 14 Scientists and engi- 
neers work together to solve tech- 

tists and engineers use to find tech- 

: Finding Solutions 
Scientists and engineers work together to find technological 

solutions, as shown in Figure 14. They often use a system much 

like the scientific method. The general process is outlined in this 

section. However, there are many variations to this procedure, 

just as there are many kinds of technical problems. 

Identifying the Problem The first step in finding a techni- 
cal solution is to define clearly the problem that you are trying 

to solve. The problem must have a narrow enough focus so that 

a solution is possible. For example, it would not be helpful to 

define the problem as, “Create and build a new vehicle.” This 

definition of the problem is too broad. What type of vehicle is 

needed? Should the vehicle be designed to carry passengers or 

heavy loads or both? What type of fuel should the new vehicle 

use? What types of materials should be used to construct the 

vehicle? Is there a market for the vehicle once it is built? All of 
these questions and many more should be answered in the def- 

inition of the problem. A better statement of the problem may 

be, “Build a new passenger vehicle from readily available mate- 

rials that has an improved gas mileage of at least 20 percent over 

current, similar-size models and is competitively priced.” 

Proposing Solutions Once the problem is clearly defined, 
the search for the solution can begin. This is not always an easy 

process. There are many factors to consider when searching for 

the best solution to a problem. The best solution must be found 

while working with many limitations. 

Why is it important to have a clearly defined 
problem? 

(Y, Reading Check 

spool of 

assorted 

string breaks. Record the total amount of 
weight attached. Repeat the procedure 
with the same length of nylon string. 
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ring stand. Cut the thread so that it will 
not touch the table after the weights are 

attached. Measure the length of the string. 

Attach weights to the string until the 

Expected Outcome The nylon thread sup- 
ports more weight. 

Assessment 
Which thread would provide the strongest 
seam? nylon. 



Constraints Design restric- 
tions for products from out- 

side factors are known as 

constraints. Examples of 

constraints are cost, environ- 

mental impact, and available 

materials. Constraints also 

include limited time to com- 

plete the task, limited funding, 
and design changes that must 

be made to satisfy laws and 

regulations. In addition, work- 

ing with too little information 

or technical data can be con- 

straints. Some designs may be 

perfect solutions but they can- 

not be built. Some materials 

may not be available or do not 

exist. Money may not be available. The solution to the problem 

may be a compromise because of many design constraints. 

Performance Testing Once design ideas are accepted, 

drawings or models usually are constructed. These are carefully 

evaluated to identify possible design flaws. It is important to 

find design flaws as early in the process as possible. The later a 

design flaw is found in the process, the more expensive it is to 

correct. 

After the drawing or model has been thoroughly evaluated, 

the design must be tested to make sure everything operates as 

planned. Many ways exist to performance test a design. The type 

of performance test used depends upon the design. For exam- 

ple, a chemical process may be tested initially by using a com- 

puter simulation. A computer simulation uses a computer to 

imitate the process to collect data or to test a process or proce- 

dure. Computer software is designed to mimic the processes in 

the design, as shown in Figure 15. 

Complying with Laws and Regulations Local commu- 
nities, states, and the federal government have laws and regu- 

lations regarding manufacturing processes, products, or 

buildings. These regulations often cover topics such as worker 

safety, environmental protection, product transportation, and 

how pleasing the manufacturing facility looks in the commu- 

nity. Products also must meet ethical or moral standards in their 

production, testing, and use. All of these factors must be consid- 

ered when designing technology. 

Figure 15 This is a computer 
simulation of an aircraft in a wind 

tunnel. The lines and colors sur- 

rounding the aircraft show airflow 

and turbulence. Scientists who use 

computer simulation can work to 

improve the aircraft design. 

List other ways that a computer 

simulation can be used. 
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Visual Learning Science Journal 

Reading Strategy 

Set a Purpose Have students 

scan the following sections: 

Identifying the Problem, Pro- 

posing Solutions, and Constraints. 
Remind them to pay attention to 

headings, bold print, and figures. 
Have them set the purpose by 

writing down what they expect 

to learn from each section. As 

they read, have each student 
note if his or her purpose has 

been met. 

Activity 
Product Features and Solutions 
Show the students a laptop com- 
puter bag. Allow students to 
examine the bag closely. Have 
students make a list of features 
that the bag must have to protect 
the laptop computer. Then, have 

students make a list of features 
the bag has that are added for 
convenience such as pen holders, 
straps, etc. 

\ Quick Demo 
The Best Protection 

Materials polyester batting (used 
in quilting), sheet of firm foam 

(used in upholstery) 

Estimated Time 10 minutes 

Procedure Engineers must select 

the best materials for a product. 
Allow students to examine both 

materials. Ask students which 

would be the best material to 

place in a laptop computer bag 

to protect the computer. Place 
both samples on a desk or table. 

Place a laptop computer or a 

heavy textbook to simulate a 

computer on each material. 

Which material is depressed 

less? the foam Which material 

would provide more protection 

for the computer? the foam Why? 

The foam will absorb more force which 
Local Laws Have students attend a local planning 
and zoning meeting. Have students write in their 

Figure 15 Computer simulation or modeling 

started with the Manhattan Project. Scientists 

used the computer to simulate the process of 

nuclear detonation. Today, researchers use com- 
puter modeling to study all areas of natural science 

will protect the computer. 

journals the different laws that citizens and com- : 
aes Caption Answer 

Figure 15 testing cars, wind speed test 

on airplanes, designing a house, design- 
ing clothes 

panies are required to follow when building or 

remodeling a structure. 

and social science. 
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Make a Model 

Bridges Have students make a 

model of a bridge using tooth- 
picks and glue. Students’ bridges 

should span a distance of 30 cm. 

Have students design a way to 
performance test the bridges to 

see which bridge will support the 

most weight. 

Use Science Words 
Word Origin The prefix proto 
means "first in time”. Have stu- 

dents write entries in their 

Science Journals explaining how 
the meaning of the word proto- 
type is derived from the mean of 

its prefix and root word. 

Use an Analogy 
Control Systems ‘Tell students that 

control systems are similar to 
traffic lights and stop signs on 
streets. Both are designed to con- 
trol the flow of: objects and 

processes. 

Gareer 

Flight-Test Engineer A flight test 
engineer must have an engineering 
degree from a college or university. 
Additional training in flight testing 
usually is required before an engi- 
neer begins to work as a flight test 
engineer. 

Caption Answer 
Figure 16 A prototype allows engineers 
and scientists to thoroughly performance 
test a design before it goes into production. 

j= Post Reading 

Cooperative Projects Have 

groups of three to four students 
choose a profession in the field of 
science or engineering. Students 
might choose, for example, a civil 
engineer. Have them develop a 
presentation that discusses both 
the challenges and rewards of the 
profession, 
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Figure 16 This robot, which is 
39 cm tall, can be controlled by a 

cellular phone or by voice com- 

mands. The robot can be used in 

schools to teach about engineering 

and computer programming. 

Explain why it is important to 

make a prototype of a new product. 

Flight-Test Engineer 

One of the crew members 

responsible for flight-testing 

an airplane or helicopter 

prototype is a flight-test 

engineer. The flight-test 

engineer is responsible 

for planning the test, 

acquiring the test equip- 

ment, writing the test plan, 

conducting the test, and 

then writing the test report. 

Research the educational 

requirements of a flight-test 

engineer. 

Prototypes and Pilot Plants Constructing a prototype or 

manufacturing in a pilot plant are methods of performance test- 

ing. A prototype is a full-scale model that is used to test a new 

product such as a new car design or a new airplane product. A 

prototype, as shown in Figure 16, is the first full-scale product 

that is built. A pilot plant is a smaller version of the real pro- 

duction equipment that closely models actual manufacturing 

conditions. A pilot plant would be used to test a new manu- 

facturing process, such as a production line to produce a new 

medicine. 

Limiting System Failure Performance testing is one way to 
limit system failures. A system is a group of devices that work 

together to perform a specific function. Other ways to limit sys- 

tem failures are to put redundant systems within a design. A 

redundant system performs the same function within a design. 

These systems are used for important processes that would force 

the entire system to shut down if there is a failure. When redun- 

dancy is built into the design, if one part fails the other system 

will take over, keeping the entire system from failing. 

Control systems, such as a fail safe system, also are incorporated 

into designs to keep the system from failing. A control system is a 

device or collection of devices that monitors a system. This device 

makes corrections to keep the system operating at preset condi- 

tions. A simple control system is the thermostat on an air con- 

ditioner or heater. An air conditioner thermostat turns the unit 

on when the air temperature rises to a preset high temperature. 

When the air temperature drops to the preset low temperature, 

the unit is turned off. Control systems can be simple, like a ther- 

mostat, or very complicated, like an elaborate computer system 

that controls heating and cooling. The purpose of control sys- 

tems is to keep the system operating at desired conditions. 
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‘ Active Reading 

ReQuest ‘Io improve listening skills, have stu- 

dents listen carefully as you read the discussion 
about limiting system failure in this section. 

After the reading, have students construct 

questions to be discussed in class. You can have 

Differentiated Instruction 

Challenge Have students research the process 
that is required to get a patent on a new inven- 

tion. Have students prepare an informative 
visual aid that can be presented to the class that 
explains the process. 

students reread the section and participate in 
the questioning with other students. 



Intellectual Property Once a new product is introduced, it 
is important that a company protects its investment. Research 
and development of a new product is costly. Often, it takes years 
to bring a new product to the consumer. Companies protect 
their rights to sell their new product or process by applying for 
a patent. A patent is a legal document granted by the govern- 
ment giving an inventor the exclusive right to make, use, and sell 
an invention for a specific number of years. In the United States, 
a new patent lasts for 20 years. A patent allows a company to get 
the money back that they have spent on creating the new prod- 
uct or process. 

A patent is one example of intellectual property. Intellectual 
property is any type of creative work that has financial value and 

is protected by law. Patent laws protect technological inventions. 
Copyright laws protect literary and artistic works such as music, 
plays, poetry, and novels. The compact discs shown in Figure 17 

are examples of copyrighted products. Trademark laws protect 

words or symbols that identify brands, goods, or services in the 
marketplace. 

What are three types of intellectual property, 
and can you give an example of each type? 

i a 

Section 3 FeVIGLL 

Figure 17 Music compact discs 

are copyrighted. Copyright protec- 

tion lasts for the author's life plus 

an additional seventy years after 

the author's death. 

Summary 

Scientists and Engineers 

® Scientists seek new scientific knowledge, but 

they may not have a plan to use that knowledge. 

@ Engineers use science to find solutions to 

Self Check 

. Compare and contrast the roles of scientists and engineers. 

. Describe a specific situation in which new technology 

created a demand for even more technology. 

. Describe Briefly describe the general process that is 

used to find technological solutions. 

[% Reading Check 

Answer patents—the chemical process 
to make a new medicine such as a high 

blood pressure medication; copyright—this 
text-book; trademark—the Nike swoosh 

DAILY INTERVENTION 

Check for Understanding 
Interpersonal Divide students 

into small groups. Have students 
create a flow chart that describes 
the process for developing tech- 
nology. Check students’ charts. 

Reteach 

Scientists and Engineers Have stu- 
dents write a description of the 
work of a scientist and the work 
of an engineer on two pieces of 
paper. Have students exchange 
papers with a neighbor. See if 
the neighbor can identify which 
description is that of an engineer 
and which is that of a scientist. 

problems or human needs. 

. Think Critically Some foreign countries do not have 

intellectual property laws. It is common for people in 

these countries to illegally manufacture goods that are 

protected in the United States and sell them to con- 

sumers. Explain how this financially harms companies 

in the United States as well as the consumer. 

Applying Math 

. Use Percentages The U.S. Customs and Border 

Protection made 6,500 seizures of merchandise in 

violation of intellectual property rights in the year 

2003. This was an increase of about 700 seizures over 

the previous year. What was the percentage increase 

in the number of seizures from 2002 to 2003? 

® Technical problems often create a demand for 

new scientific knowledge. CO oR ge ee 

rT Assessment 
Finding Solutions 

® Scientists and engineers often work together Oral Why is it important for a 
to solve technical problems. design to be performance tested? to 

find design flaws and to make sure the 
design works as intended 

@ Performance testing often is conducted using 

models and computer simulations to reduce 

the chance of system failure. 

@ |ntellectual property such as technology, 

music, and symbols that identify products is 

protected by law. 

® Companies protect their investment in tech- 

nology with a patent. 

More Section Review fl.gpescience.com SECTION 3 Developing Technology 57 
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problem, find the best solution, per- 
formance test the solution, test a 
prototype or create a pilot plant, and 
produce the item. 

4. |t harms the companies because they 

do not get the profits from the prod- 
uct. It harms the consumer because 
the quality of the product is usually 
inferior in counterfeit products. 

5. 12 percent 

Be | MA.A.1.4.4 

solve human problems or needs. 
2. The introduction of the automobile 

has created a continuous demand 

for new technology. 
3. Scientists and engineers identify the 

1. Both scientists and engineers use 
scientific knowledge in their work. 
Scientists usually work to discover 

new scientific information. 
Engineers usually use science to 

SECTION 3 Developing Technology 57 
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Model and Invent 

© Real-World 
Provien————- 

Purpose Students will design 
and make a model of a package 
that can be safely shipped to a 
consumer. 

Process Skills observe, use 

numbers, communicate, infer, 

formulate models, recognize 

cause and effect, make and use a 

table, communicate 

Time Required one class period 

Materials Encourage each stu- 
dent to bring a large package of 
snacks to share. This will give stu- 

dents an assortment of items to 
choose from. Students should pro- 
vide the cost of the items they 
bring, so that a cost analysis of the 
gift packages can be calculated. 

Safety Precautions Remind 
students not to eat in the lab and 

not to eat the lab materials. 

© Make a Model — 

Possible Procedures Set the 
possible materials on a table for 
students to get their own supplies. 
You may want to have pictures of 
gift packages from catalogs that 
are currently sold on display. This 
may give the students inspiration 
and ideas. 

For} 

oo 

a Thee. 
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Goal 

™ Model packaging and 

shipping a product for 

consumer interest. 

Calculate the cost to 
produce a consumer 

product. 

Test your packaging 

design to see if it keeps 

the snacks from being 

damaged. 

Possible Materials 
shoe box 

assorted snack foods 

packing peanuts 

shredded newspaper 

packing tape 

Wrapping paper 

markers 

Safety Precautions 

Care Piickage 
© Real-World Problem 
Suppose you are a young businessperson with a new idea for a prod- 

uct. You are going to create a care package for students to use during 

exams week. You must select the items for your care package, pack 

the items for display and shipping, and calculate the cost of the care 

package. How can you package foods to survive the hazards of ship- 

ping and keep your costs to a minimum? 

® Make a Model 
1. Choose the snack items that you would like to include in your care 

package. 

2. Plan how you are going to pack your items so that they are nicely 

displayed and safe for shipping. 

3. Plan the design of your decorative wrapper and labels. Remember 

to make the wrapper attractive so that customers will want to pur- 

chase your product. 

4. Design a data table in your Science Journal to keep track of all 

your costs to make the care package. 

w . Evaluate your design plan. Determine if there are ways to cut 

costs to increase your profit. 

i=) . Make sure your teacher approves your plan before you start. 

Food Item Unit Cost 
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plan. 

2. Pack the materials according to your plan. Do not put 

on the decorative wrapper until after you have tested 

your package. 

3. After you have carefully packed your box, test to make 

sure that everything is secure. Drop the box from the 

height of your lab table five times. 

4. Unwrap your box to see if anything is damaged. If the 

contents are broken, determine changes that can be 

made to improve your design. 

5. If needed, retest your new design. After the drop tests 

are successful, apply your wrapper and labels. 

© Analyze Your Data 
1. Calculate the cost of your package. 

2. Determine the constraints of your design. 

© Conclude and Apply 

© Test Your Model —————__— 
1. Assemble the items that you need to carry out your 

DTS 

= 

1. Explain how you can improve your design. Consider cost, contents of package, 

and packaging. 

2. Determine under what conditions the contents of your package may be dam- 

aged. For example, if your package contains chocolate, the package cannot be 

shipped during hot summer months. What changes can you make to your 

design to remove the shipping constraints? 

3. Infer what would happen to the contents of your package if the package were 

dropped from heights taller than your lab table. 

g Your Data Ee 

Present your design to your classmates. 

Compare your design to those of your 

classmates. Look for ways that you could 

improve your design. 

Students should be able to get ideas from other stu- 
dents on how to improve their designs. The changes 

may be cosmetic or functional. 

Teaching Strategies 

¢ Encourage students to be cre- 
ative in their designs. 

¢ This lab provides an opportu- 
nity for students that are gifted 
in art and design to be leaders 
in a science activity. 

© Test Your 
Model 

Expected Outcome Students will 

build a model of a gift box that 
can be safely shipped through 
the mail without damaging the 
contents of the box. 

© Analyze Your 
Data 

1. The cost of the gift boxes will vary. 
2. Constraints will vary. Students 

should look at the shelf life of their 
products, risks from temperature 
extremes, and damage to fruits in 

transit, if fruits are included in the 
packages. 

© Conclude and 

Apply 

1. Ask students to record the answers 

to this section and discuss them in 

small groups. 
2. Ask students to record the answers 

to this section and discuss them in 

small groups. 
3. Ask students to record the answers 

to this section and discuss them in 

small groups. 

poe ae EET 

™ Assessment 
Content Have students work in 
small groups to make advertis- 
ing flyers for their gift packages. 
Use PASG, p:. 129. 
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Content Background 
Teflon® is just one of many poly- 
mers. The first polymer was a 
natural one—the sap from the 
rubber tree. It has been used by 
South American Indians for hun- 
dreds of years. In 1839, Charles 
Goodyear discovered how to vul- 
canize rubber by heating it with 
sulfur. The result was a much 
stronger and more durable sub- 
stance. The first plastic polymer 
was synthesized in 1907. Since 
then, the uses and kinds of poly- 
mers have greatly increased. 
Nylon, polystyrene (used in dis- 
posable coffee cups), polyester, 

epoxies and glues, polyvinyl chlo- 
ride (PVC) pipe, and silicone are 
just a few examples. 

Activity 
Slippery Experiment Give groups 
of students a length of Teflon® 
tape and an assortment of other 
tapes and glues. Apply the tapes 
and glues to the Teflon® tape. 
Will anything stick to it? 

WARNING: Be careful when using 
super glue. If students get superglue 
on their hands, fingernail polish 

remover will remove the glue. 

Analyze the Event 
Discuss with the class how some 
accidents are good (like the dis- 

covery of Teflon®) and how 

some are bad (like discovering 

that CFCs are harmful to the 

ozone layer). Ask how polymers 
can have so many different appli- 
cations. Polymers can be used 

for many applications because 
their physical and chemical 
properties can be modified. 
Polymers are composed of long chains of 
monomers. If the composition or 
arrangement of monomers is changed, 
the properties of the polymer will 
change. 

A Ship 
%,, 

wy” 

ddly enough, one of the slipperiest sub- 

stances, Teflon®, was discovered by acci- 

dent. Teflon was discovered in 1938 by 

Roy Plunkett, a research scientist. He was try- 

ing to improve the chemicals that refrigerators 

use to stay cool. He experimented with dozens 

of chemicals. One day, he noticed a gas cylin- 

der that wouldn't operate. When he took the 

cylinder apart, he found that a white, slippery 

powder had clogged it. 

Instead of being frustrated by a glitch in 

his experiment, Plunkett took the time to 

test this strange substance. What he found 

was amazing. This substance turned out to 

be extremely resistant to heat and highly 

inert. A substance that is inert will not react 

with other 

E substances. 

Why is 
Teflon resist- 

ant to heat 

and corrosion? 

Because it is 

a polymer. 

Situation 

Look With a partner, walk around the room and make 

a list of objects that are made from polymers. The 

length of the list will surprise you. Your teacher can 

help you find many polymers. 

ps/ pee cents 

Polymers are compounds with long 

strings of a repeating unit, like a chain. This 

makes them very strong. This is why Teflon 

can withstand high temperatures and corro- 

sion. Plastics are another example of a very 

strong polymer. 

At first, scientists were skeptical about 

any practical uses for Teflon because it was 

so difficult to manufacture and therefore, 

very expensive. However, that changed 

when the Manhattan Project (the group of 

scientists who developed the atomic bomb) 

needed a substance that was heat resistant 

and chemically inert. This was the perfect 

job for Teflon. Since then, Teflon has found 

its way into many items, including the space 

shuttle, surgical implants, stain guards, and, 

of course, easy-to-clean pots and pans. 

Orrv 
For more information, v 

fl.gpescience.com 

Look Polymers are everywhere and 
include all plastics, glues, and rubbers, as well 

as PVC pipes used in plumbing, polystyrene 
cups, stainguard on fabrics and carpets, and 

polyester and rayon fabrics. 
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Resources for Teachers and Students | 

American plastic: A cultural history, by Jeffery L. 
Meikle, Rutgers University Press, 1995 

Giant Molecules: Here There and Everywhere, by 

Alexander Yu, San Diego Academic Press, 1997 
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The study of science leads to a better 

understanding of the world around you. 

Scientists bring 

information and 

insight to the 

public’s attention 

and provide an 

understanding of 

why an event 

occurs. The knowledge that microbes cause 

illness and diseases changed people’s behav- 

ior. Today we take precautions to prevent 

the spread of microbes by washing our 

hands often and covering our mouth when 
we cough. 

Once people understand why an event or 

natural process occurs, they can respond 

and try to control the outcome. 

. Technology can be an object, a method or 

technique for making an object or tool, the 

knowledge or skill needed to operate a 

human-made object, or a system of people 

or objects that perform a task. 

The value of 
technology 

varies Over 

time and from 

location to 
location. This 

electric guitar 

may be valued 

by some in 

industrialized 
nations, but people in developing countries 

do not have electricity in their homes. This 

technology would be useless to them. 

interactive Tutor fl.gpescience.com 

Study Guide 

“Section? | Forces that Shape 
Technology 

1. Funding for scientific research and technol- 

ogy comes from the federal government, 
private industries, and private foundations. 

2. Consumers affect which technologies will be 

developed by their voting and buying habits. 

3. Humans can have an enormous impact on 
other living things and must practice 

responsible technology. 

4. The consequences of technology may be 

known immediately, but sometimes they are 

not known for a period of time. 

5. Moral and ethical issues should be consid- 

ered when doing scientific research or devel- 

oping technology. 

“Section 3. | Developing Technology 

}. Scientists and engineers have different roles 

in developing technology. 

2. Technological 

problems 

often create a 

demand for 

new scientific 

knowledge. 

3. Scientists and 

engineers use a methodical process to 

develop technology. Performance testing is 

an important part of this process that 

reduces or prevents product failure. 

ELT TEE Use the Foldable that you made at the 
beginning of this chapter to help you review science, 

technology, and society, 
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Cheaper a} 

Study Guide 

Summary statements can be 
used by students to review the 
major concepts of the chapter. 

Sciencep INE 

Visit fl.gpescience.com 

More Section Review 

interactive Tutor 

Vocabulary PuzzleMaker 

More Chapter Review 

Standardized Test Practice 

Assessment Transparency 
For additional assessment 
questions, use the Assessment 
Transparency located in the 
transparency book. 

Assessment 

Bie Science, Technology, Chapter 

LESH and Society 
Directions: Carefully review the graphs and answer the following questions. 

DEMOCRATIC REPUBLIC UNITED STATES GEABANY 
OF THE CONGO Ne 

1. What percent of the population of the United States is female and is 

between the ages of 25 to 29? 

A 2.7 percent C 20.2 percent 

5 percent D 45 percent e 
country has the greatest proportion of individuals older 

than 607 

F United States H United States and Germany 
G Germany J Democratic Republic of 

the Congo 
3. Which country is likely to be spending the largest proportion of its 

total income on retirement benefits to its citizens? 

A Democratic Republic © Germany 
of the Congo 

B United States D Democratic Republic of the 
Congo and Germany 

— Have students use 

FOLDABLES their Foldables to 

review the main ideas in the 

chapter. Explain the difference 
between science and technology. 

CHAPTER STUDY GUIDE 61 



1. engineer 

2. computer simulation 

3. society 

4. constraints 

5. prototype 

6. pilot plant 

7. control system 

9. C 14. A 

10. A 15. A 

11. B 16. C 

12. D 

17. See student page. 

18. Science—finding the composition of 
Saturn’s rings and finding the human 
genes that cause a birth defect; 
Technology—developing the vehicle 
that can fly to Saturn and producing a 

medicine that can cure a disease. 

19 The protective clothing seems 
ridiculous to us because we know 
the cause of the disease today. The 
people of that time did not know 
the cause and were willing to accept 

an explanation that seemed reason- 
able to them. 

20. Possible answer: Scientific knowl- 

edge explained how the 

temperature of the ocean affects the 
development of hurricanes. 

Possible answers: object—calculator; 

method or technique—using a calcu- 
lator to solve a math problem; 

knowledge or skill—the knowledge 
of how to use the calculator; sys- 
tem—NASA control center during a 
space mission 

21 

agricultural biotechnology — control system p. 5 

p.45 engineer p.53 

computer simulation pilot plant p.56 

p.55 prototype p.00 

constraints p.55 society p.46 

Answer each question using the correct 

vocabulary word(s). 

1. Which professional in science devises a way 

to use scientific knowledge to solve a prob- 

lem or mass-produce a product? 

2. What is performance-testing using a com- 

puter to imitate the process called? 

3. What is the name of a group of people that 

share similar values and beliefs? 

4. What is the term for design limitations put 

on the design by outside factors? 

5. What is the full-scale model that is used to 
performance-test a new car design called? 

6. What is the name of a scaled-down version 

of real production equipment that closely 

models actual manufacturing conditions? 

7. What is a device that monitors a system to 

keep it operating at preset conditions called? 

Choose the word or phrase that best answers the 

question. 

8. Which represents technology? 

A) canary 

B) digital camera 

©) eating an apple 

D) native grass 

9. Which technological object would be most 

valued in a developing country? 

A) compact discs 

B) electric can opener - 

C) portable water purifier 

D) video recorder 

62 CHAPTER REVIEW 

. Review 

11. 

12. 

13. 

14. 

Ley 

16. 

. What is a collection of scientific techniques 

that are used to create, improve, or modify 

plants, animals, and microorganisms? 

A) agricultural biotechnology 

B) agricultural cloning 

© agricultural prototype 

D) agricultural simulation 

Which is NOT normally a source of fund- 

ing for technology? 
A) federal government 

B) local government 

©) private foundation 

D) private industry 

Which is NOT considered part of moral 

and ethical considerations? 

A) doing what is cost effective 

B) doing what is fair 

©) doing what is honest 

D) doing what is right 

What is the term for limitations put on the 

design of a product from outside factors? 

A) conflicts C) parameters 

B) constraints D) specifications 

A thermostat on an air conditioner is an 
example of which of the following? 

A) control system 

B) environmental system 

©) monitoring system 

D) on/off system 

What are patents legal protection for? 

A) new medicine 

B) new novels 

© new product symbol 

D) new songs 

Which does NOT represent technology? 
A) calculator 
B) computer program 
©) granite rock 

D) compact discs 

Vocabulary PuzzleMaker fl.gpescience.com 

Use the ExamView® Pro Test Bank CD-ROM to: 

* create multiple versions of tests 

* create modified tests with one mouse click for inclusion students 

* edit existing questions and add your own questions 

° build tests aligned with state standards using built-in State 
Curriculum ‘Tags 

* change English tests to Spanish with one mouse click and vice versa 
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Federal 

government 

18. 

Interpreting Graphics 

Copy and complete the following concept 
map on technology. 

Funding for 
Technology 

comes from 

Private industry 

Make a table classifying each of the follow- 

ing actions as science or technology: find- 

ing the composition of Saturn’s rings, 
developing the vehicle that can travel to 

Saturn; finding the human genes that 

cause a birth defect, and producing a 

medicine that can cure a disease. 

Thinking Critically 
. Draw Conclusions Explain why technology of 

the past, such as the protective clothing 

shown in Figure 1, seems ridiculous to us 

today even though the people of the time 

accepted the technology as reasonable. 

. Describe one way in which scientific knowl- 

edge has changed people’s understanding 

of a natural process or event. 

. Describe each type of technology and give a 

new example of each type. 

. Explain why the aircraft radar used by air- 

traffic controllers represents all types of 

technology. 

More Chapter Review fl.gpescience.com 

Private 

foundations 

chapter ry 

24. 

25. 

26. 

21 

28. 

Phe) 

Review 

Explain why the value of technology may 

differ for people living in different parts of 

the world. 

List three technological items that you 

value that would not be important in a 

developing country such as Kenya. 

Describe how technology can be used to 
supply basic human needs for survival to 

those who are in need. 

Explain why ethics are important to 
scientists. 

Explain how citizens of a local community 

can influence the development of new 
technology. 

Explain During the mid 1970s, gasoline was 

in short supply. The price for gasoline 

increased. Automobile manufacturers pro- 

duced smaller, fuel-efficient cars. The cri- 
sis soon was over and the smaller cars did 
not sell well. Explain how consumers’ 

actions determined where the manufac- 
turers spent their research funds. 

Explain What type of intellectual property 

is protected by copyright? How does a 

copyright differ from a patent? 

. Applying Math 

30. Calculate A hybrid car gets 20 km/L in 

city driving. The same model that is 

gasoline-powered gets 14 km/L in city 

driving. If gasoline costs $0.53 per liter, 

how much money would be saved per 

year if you drove 19,000 km of city 

driving? 

. Calculate How many liters of gasoline 

would be saved using the hybrid car 

instead of the gasoline-powered car? 

CHAPTER REVIEW 63 

Review: 

‘TZ Assessment 

\@y Reproducible Masters 
Chapter Fast File Resources 

Chapter Review, pp. 33-34 
Chapter Tests, pp. 35-38 
Assessment Transparency Activity, p. +5 

Glencoe Science Web site 
Chapter Review Test 
Standardized ‘Test Practice 

Glencoe Technology 

@ Assessment ‘Transparency 
@® ExamView® Pro Testmaker 
OD MindJogger Videoquiz 
D Interactive Chalkboard 

chapter a 

22. The radar is an object. Radar is a new 
technique used to monitor vehicles. 
The air traffic control system is a col- 
lection of objects and people that 
make air travel safe. 

23. People in different parts of the world 
have different needs and have differ- 

ent resources available to them. 

24. Possible answers: television, cell 

phone, and telephone 

25. Possible answer: Medicines can be 

distributed to those in need to cure 

diseases and illnesses. 

26. Some countries do not allow 
genetically-altered foods into their 
countries. They fear the consequences 
of genetically-altered foods. 

27. Possible answer: Tests should be con- 

ducted on the effects of the crops on 
the environment and the short- and 

long-term effects on humans that eat 
the foods. 

28. Since consumers were not buying 
the smaller cars, manufacturers 
spent their research dollars on other 
technologies. 

29. Copyrights protect literary and 
artistic works, whereas patents pro- 

tect technological inventions. 

Applying Math ; 

Math Standards 
National: 1,9 

Florida: MA.A.3.4.3 

30. $215.71 

Gas-powered car: (19,000 km / 14 
km/L) X $0.53/L = $719.21 

Hybrid car: (19,000 km / 20 km/L) 
x $0.53/L = $503.50 

Cost difference = $719.21 — 
503/50 ="$215.71 

31. 407 liters 

Gas-powered car: (19,000 km / 14 
km/L) = 1357L 

Hybrid car: (19,000 km / 20 

km/L) = 950L 

Fuel difference = 1,357L — 950L 

= 407L 
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dardized Test Practice 

Answer Sheet An answer sheet 

can be found at fl.gpescience.com. 

Standardized Test Practice Answer Sheet 

Multiple Choice. 

¢ Multiple Choice 

riage esponse 

¢ Multiple Choice 

t SC.H.3.4.3 
1. What did Louis Pasteur discover as the 

cause of infections and diseases? 

A. bad air 

B. fleas 

C. microbes 

D mats 

Use the photo below to answer question 2. 

2. Which technological object would be more 
valuable to the family shown? 

A. airline industry 

B. automobile industry 

C. the Internet 

D . medical center 

64 STANDARDIZED TEST PRACTICE 

Record your answers on the answer sheet provided by your teacher or on a sheet of paper. 

The assessed Florida Benchmark appears above the question. 

3. Which is a technological system for sharing 

information? 

A. airline industry 

B. automobile industry 

C; the Internet 

D. medical center 

4. What does a society share? 

A. biotechnology 

B. consumed goods 

C. new technologies 

D. similar values and beliefs 

Use the photo below to answer question 5. 

5. Which process used by people to influence 

technological development is shown? 

A. consumer purchase 

B. federal spending 

C. political discussion 

D. private funding 

64 CHAPTER 2 Science, Technology, and Society 



Standardized 

_Test Practice _ 
chapter 2 

Standardized Test Practice 

Pe 4 ridde esponse 

6. Ifa liter of gasoline costs $0.58 and a car gets 
11 km/L, what would it cost to travel 100 km? 

7. Assuming that gasoline costs the same as 

in the previous question, how much would 

it cost to travel 100 km in a car that gets 
6 km/L? 

READ 
INQUIRE INQUIRE o esponse 
———s 

Use photo below to answer question 8. 

SCH3A6 | 
8. Identify one positive and one negative 

consequence from the use of gasoline- 

powered cars. 

ETE 
9. How would technological advances in 

health care benefit people in developing 

countries? 

Standardized Test Practice fl.gpescience.com 

| 

10. Why were people less concerned about 

fuel-efficient cars in the past than they are 
today? 

11. What led to laws being created to prevent 

unethical treatment of animals and 

humans? 

12. How does consumer acceptance affect the 

development of technology? 

xtende esponse 

b SC.H3.4.1 ) 
Use photo below to answer question 13. 

13. PartA In general, how do scientists and 

engineers work together to find a 

technological solution? 

Part B How would scientists and engineers 

determine if a new airplane design 

were more aerodynamic? 

|_Test-Taking Tip_| 
Get plenty of sleep—at least 8 hours every night—during 

test week and the week before the test. 

STANDARDIZED TEST PRACTICE 65 

\ Short Response 

8. Possible answer: positive conse- 

quence—ease of transportation; 
negative consequence—air pollution 

9. They would improve the quality of 
life and increase life expectancy. 

10. Gasoline prices were low and fossil 
fuels consumption was down. 

11. Human test subjects have been sub- 
jected to experiments against their 
will and animals have been sub- 

jected to unnecessary pain during 

experiments. 

12. If consumers purchase new tech- 

nologies, additional money is spent 
on improving the technology. If 
consumers do not purchase new 
technologies, companies will not 

spend additional money on that 
technology. 

¢~ Extended Response 

13. Part A: Scientists and engineers 

would work together and use a sys- 
tem similar to the scientific 
method. They would identify the 
problem, propose solutions, deal 

with design constraints, comply 

with laws and regulations, test 
design ideas, and build prototypes. 

Part B: They would build a model 
of the new aerodynamic design and 

test its capabilities in a wind tunnel 
where the flow of air around the 
new design could be measured. 

Rubrics 
For more help evaluating 
Short- and Extended-Response 
questions, see the rubrics on 

Deo 
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1 The First Two Laws of 
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) Juest 
> is an investigation of PROJECT Study Skills 

coaster design, laws of motion, 
ant ce ne Me ern Wa) Use of Graphics Changing words into pictures enables students to synthe- 
a ae size ideas. After finishing the unit, students in cooperative teams can use 
tion. Students will use virtual 

programming to engineer, test, 

and evaluate roller coaster simu- 

lations. As a culminating activity, 

students will create their own 

roller coaster model and report 

on their results. 

66 Unit 2 Motion, Forces, and Energy 

large sheets of paper and colored markers to map a selected topic through 

pictures, words, and diagrams. The various topics could include motion, speed, energy, friction, 

velocity, force, Newtan’s laws, inertia, work, and machines. Teams share their free-form maps 
with the class. 



anterin \ elGnt ‘ile eT Went Out 

[ Wailie soles were porn. 

unit 

Visit unit projects at 

Projects include: 

to find project ideas and resources. 

> Career Explore the field of mechanical engineering through sports. Create an 

advertisement for your aerodynamic sports equipment. 

» Technology Create a brochure showing five different shoe treads with 

reference to particular sports and environmental conditions. 

* Model Design and build a model of a space station on the Moon or ona 

planet in our solar system. 

uest Using virtual programming, ?oller Coaster Physics provides an 

and then build your own three-dimensional coaster. 

NATIONAL 
GEOGRAPHIC 

e Ask students how many of them have 
slipped when wearing an old pair of run- 
ning shoes because the tread was worn. 

How Are Waffles & Running Shoes Connected? 

opportunity to engineer, test, and evaluate roller coaster design, 

—E 
f 

e Have students compare the tread pattern in 

several pairs of their shoes and hypothesize 

how each affects friction. Ask them how 

the intended surface affects what type of 

tread is on the shoe. 

unit 4 
Career Have students explore the 
careers available to mechanical 
engineers in sports—equipment 

designer or participant. Have stu- 

dents write an advertisement for 
their particular sport and its 

equip-ment, stating why their 
friction and aerodynamic design 
is the best for that sport and its 
conditions. Some choices in- 
clude car racing, rollerblading, 

iceskating, bike racing, skiing, 
bobsledding, boating, or mon- 
ster-truck competition. 

Technology Ask students to exam- 

ine, sketch, or do rubbings of a 
variety of soles of shoes. Have 
students research and then draw 
conclusions about how the differ- 
ent treads affect the friction 
between the shoe and the 
ground. Have students create a 
brochure showing five different 
shoe treads with an explanation 
about how each type of sole 
might suit a shoe to a particular 
activity or environmental condi- 

tion. Students should analyze 
how today’s technology has made 
advancements in shoe design, 

sports, and safety possible. 

Model Ask students to design and 
build a model of a space station on 

the Moon or a planet in our solar 
system. Students should research 
the surface, atmosphere quality, 
and temperature ranges, as well as 

the length of day and seasons. 
Presentation of student models 
should address each characteristic 
of the Moon or planet and how 
the space station’s design meets 
these characteristics. 

Additional Resources Visit unit 

projects at fl.gpescience.com for 

more information, resources, 

and assessment rubrics. 
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Section/Objectives 

Chapter Opener 

Standards 

National 

See pp. 16T-17T fora 

Key to Standards. 

State/Local 

Lab/Features 

Launch Lab: Compare Speeds, p. 69 

Foldables, p.69 

Section 1 Describing Motion 

@ 2 sessions 

CP 1 block 

1. Distinguish between distance and displacement. 

2. Calculate average speed. 
3. Explain the difference between speed and velocity. 

4. Interpret motion graphs. 

National Content Florida MiniLAB: Measuring Average 

Section 2 Acceleration 

Standards: Benchmarks: Speed) pw | 
UGP 1-3, Al A.2, SGGi4i Applying Math: Average Speed, 
B.4 pf 2 

Science Online, p. 72 
Integrate Astronomy, p. 74 

Science Online, p.75 

National Content | Florida Integrate History, p. 77 

@ 1 session Standards: Benchmarks: Visualizing Acceleration, p. 78 

re UGP.1-3, A-1, A:2, SEGA 

“P 1 block B.4 SC.H.3.4.2, 
5. Identify how acceleration, time, and velocity S@is 4.6 

are related. 

6. Describe how to calculate the average 

acceleration of an object. 

7. Explain how positive and negative acceleration 

affect motion. 

Section 3 Motion and Forces National Content | Florida Science Online, p.82 

@ 3 sessions Standards: Benchmarks: MiniLAB: Comparing Friction, p. 83 
UCP.1-3,A.1,A.2, SC.H.1.4.1, Lab: Force and Acceleration. p. 87 

P 1 block B.4,G.3 SC.H.1.4.4, Video Lab 
8. Explain how forces and motion are related. SC.H.1.4.7 Lab: Comparing Motion from 
9. Compare and contrast static friction and SCA Different Forces, pp. 88-89 

Sliding friction. 

10. Describe the effects of air resistance on falling 

objects. 
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Science and Language Arts: 

A Brave and Startling Truth, p. 90 



Lab Materials Reproducible Resources 

oO 

ludentNorks? - 

Section Assessment 

é (lea 

Glencoe Exclusive! 

All-In-One Planner and Resource Center 

Launch Lab: meterstick, 

stopwatch 
Chapter Fasr Fite Resources 

Foldables Worksheet, p. 17 

Note-taking Worksheets, 

pp. 33-35 
Directed Reading Overview, 

pale 

YY 

ASSESSMENT 
Dy & 
Vante? 

Technology 

teacherWorks includes: 

* Interactive Teacher Edition 

* Lesson Planner with calendar 

* Access to all program blacklines 

* Correlations to standards 

* Web links 

MiniLAB: tape, toy car, 

stopwatch, meterstick 

Need Materiag|s2 
Contact Scie i nce Ki at 1-800-828.7777 a www.sciencekit.com, 

Chapter Fasr Fite Resources 

Transparency Activity, p. 44 

MiniLAB, p. 3 

Enrichment, p. 30 

Reinforcement, p. 27 

Directed Reading, p. 20 

Lab Activity, pp. 9-12 

Transparency Activity, pp.47-48 

Portfolio 

Differentiated Instruction, p. 73 

Performance 

MiniLAB, p. 71 

Applying Math, p. 72 

Applying Math, p. 75 

Content 

Section Review, p. 75 

MiniLAB: ice cube, rock, 

eraser, wood block, 
aluminum foil, metal or 

plastic tray, metric ruler 

Chapter Fasr Fire Resources 

Transparency Activity, p.45 

MiniLAB, p. 4 

Enrichment, p. 31 

Reinforcement, p. 28 

Directed Reading, p. 21 
Lab Activity, pp. 13-15 

Science Inquiry Labs, 

pp. 23-24 

Portfolio 

Differentiated Instruction, p. 78 

Check for Understanding, p. 80 

Performance 

Applying Math, p. 80 

Content 

Section Review, p. 80 

cher Works = 

® Section Focus Transparency 

6 Teaching Transparency 
® Virtual Labs CD-ROM 

®) Interactive Chalkboard 

CD-ROM 

®&) StudentWorks Plus 

Section Focus Transparency 

Interactive Chalkboard 

CD-ROM 
Stucent Works Plus 

pe 

(3 

Lab: tape, paper clip, 

10-N spring scale, large book, 

balance 
Lab: toy car, ramps, springs 

or rubber bands, string, 

stopwatch, meterstick, 

graph paper 

ore 
ASSESSMENT 

Oran” 

Chapter Fas7 Fite Resources 
Chapter Review, pp. 37-38 
Chapter Tests, pp. 39-42 

Standardized Test Practice, pp. 16-19 

Chapter Fasr Fite Resources 

Transparency Activity, p. 46 

Enrichment, p. 32 

Reinforcement, p. 29 

Directed Reading, pp. 21, 22 

Lab Worksheets, pp. 5-6, 7-8 

foe be FQ FQ 

End of Chapter Assessment 

[1D MindJogger Videoquiz 

' Virtual Labs CD-ROM 

ExamView® Pro Testmaker 

TeacherWorks CD-ROM 

Interactive Chalkboard CD-ROM 

Performance 

MiniLAB, p. 83 

Applying Math, p. 86 

Content 

Section Review, p. 86 

Section Focus Transparency 

® Interactive Chalkboard 

CD-ROM 

> StudentWorks Plus 
1H) Video Lab 

Performance Assessment in the Science 

Classroom (PASC) 

CHAPTER 3 Chapter Organizer 68B 



This is a representation of key blackline 

masters available in the Teacher Classroom 

Resources. See Resource Manager boxes 

within the chapter for additional information. 

Key to Teaching Strategies 

The following designations will help you 
decide which activities are appropriate | 
for your students. 

Level 1 activities should be 

appropriate for students with 

learning difficulties. 

Level 2 activities should be within 

the ability range of all students. 

Level 3 activities are designed for 

above-average students. 

MCE and Forces 
Directions: Carefully review the diagrams ond answer the following questions 

2 8 8 2 
anew 
AAAR 

G® ELL activities should be within the 
ability range of English 

Language Learners. 

COOP LEARN Cooperative Learning 
activities are designed 

for small group work. 

Multiple Learning Styles logos, 

as described on page 12T, are 
used throughout to indicate 

strategies that address different 

learning styles. 

P| These strategies represent student 

products that can be placed into a 

best-work portfolio. 

PBL| Problem-Based Learning activities 
apply real-world situations to 
learning. 

Student Text Lab Worksheet 

ee | 
‘LAB Force and Acceleration 

Lab Preview 
Directions: Answer these questions before you beyin the Lub 

fleal: World Problem 

t5Tioy 
1 Teaching Distance/Time Graph 

Transparency 

Teaching 

Graphing Motior 

C) Laborator 
Activity 

Strategy 

Motion of a Bowling Ball 

Hands-On Activities 
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Worksheet 

Section 1 Describing Motion 
A ‘eccurs when 

direction relative to 60€ 

n the distana 
2 s the length of the yuth 

a reference frame, a group of objets that are not 

a the reference frame 

a of att ubjeets final from 

ical quantity that incloales teoth size anal direct 

tas 

Overview 
Motion, Acceleration, and Forces 

Meeting Individual Needs 

Directions: The dstncetime grap vbove shows the moton of a student walking toa convenience stove fora 
Jot of bread and returning home. Use tke graph to ansiver questions. | rough 5 
1. Inyhich seginent was the stude Hi at the sovvest speed 
2 Which seymentindicates that the student might be stopped at the convenience store 
8. Inshigh tos segments was the student maving at the fastest spell — 
4. Tin which segment nyight tlie student be waiting for w trate Hightt 
§, Which took longer walking to the store or walking homer 

Directions: Find the mistokes and om/vons i the sotements below. Rewrite each statement correctly on the 
lines provided. 

6, You can tell ay object hos moved because Its velocity has changed 

Average speed is indicated ow the speedometer, 

A yerticallline on a distance-tigne yraph indicates that en object is stationary 

Spree is calculated yy mnultiplying the time of travel by the distance traveled 

1. Aracecar driving around a track at 240 knn/lh has « constant veloxity 

otis, cleat, ad ets 

tate 

Describing Motion 

Directions: Answer the follawing questions or anmplete the sentence by writing the correct Ielter on 
the line provide 

1. A person walks up a flight of stairs 10 steps. stops, and walks down the stairs 10 
Meps. returning. to his starting point, The person's total diyplaceryent i 
4. 10 step bh. 20 steps 
este 4d. imposible 1o determine 

2 Displacement isto distance, us velosty toto 
1, jnslantoneous speed D, average specd 
© spent ds time 

800 min 20. The ears average speeds — 
b.20n/ 

ancestime graph gives the 
a. (stant bs. average speed 
« digplacemvent 4d. tonal du 

5. A man drives a car from New York City to Thiladelphia, Pennsylvania an record 
the distance he travels on u distance: time graph. AvOne paint he gets aruck iw traffic 
anil doesn svallfor L hong Avthis point the slope of the distuncestime 
graph will be 

b. vertical Lab 45 dleyrce angle 
An athlete is 294 away fron the gyi. Ihe athlete can rum at 10 m9, tow tong 
williptake Niny to reach the gyn 

the Hult uch statement true oF false. Ifthe sit 
wn Ifthe suateme ic the tank the terme or ferms 

To measire the position of an objeet one needs a.rvorfinare 

The steeper the dpe of a distance:time yraplisthi 
the apee 
The instantaneous speed a the distance un object travels 

Deshi Ho 

i 
a 3 | RS 
& ry 
| 
a 
2 

Enrichment 

1 popular races jn track 
anil fiekd utiletic events ts the 400 11 
adh, Athletes like the talented Michael 
Johnson have made this u fayorite race 
of spectator 

The 400 1 sprint or dash, ita foot race 
Yhat'ls equal’io one lap aroundthe running 
1ack. The required distance of anoftigial 
Track 4040 09 from start to finish on the 

‘near the center) portion nf the track 
yplete the distance of Come 
jaf rurnning track, the starting, position 

rs are staggered with one runner 
al the fioish line 

Avie sounil of w starting, pistol the athlete 
take off fron their fized positions and speed up 
to ry to udeance beyond the 
Sine runners have w strony 

other runner 
hich or an ability 

to Increase their yelosity at the ern) of the ra 
The diagram on the rghit 

positions for eight racers ima 400 m race 
Look at the dhagram andl answer the questions 

1, The starting positions indicated on the Uiagram are typical for u 400m dash, Why are the mt r 
runners not all tacting togetBior in w straight Hine? 

2 At the completi 
forall he runners? E 

hat Is the displacement of the runner iq lane 12 Is this the same 

3. {Ca male runnerin the fourth starting position ran the 400 my race in 44.40. hav would you 
calculate his average speed? Explain your answer, 

30 Maan, Lateran, and Foner 

Reading Essentials 

‘ee Motion, Acceleration, and Forces 

section @ Describing Motion 

What You'll Learn 
we diference between 

Identify the Main Point 
Highlight the main pointin 
each paragraph i 

| FOUDAULES 
O Find mai 
ye wad this 
fotiowing Fo! 
Identify the mal Klas about 

@ Before You Read 

Maye you ever been ona roller coaster? You can feel the steep 
drops und quick turns in your bxxly: Write how it (eels to travel 
up a steep hill lowly and then to go down the other side quickly, 

@ Read to Learn 

Motion 
Every day you sce things around you in motion, Cars and 

Inucka move along atreets. People walk and run and move in. 
different places They move in different direction at 
different speed! can you describe the motion af people 
and objevtst You could say they are fast or slow. In addition 
to speed, you can talk about the direction something is 
moving. You can alsa describe the way the speed or direction. 
is changing, 

How are motion and position related? 
You don't need to sce something move to know that it has 

moved. Suppose you see a mail truck stopped ata mull A. 
litle while later, you see the ame mail teuck farther down the 
street, next {0 a tree You know the truck moved because it 
place relative to the mailbexs has changed Motion occurs when. 
an object changes position. 

What Is a reference frame? 
To menure how far the mail (ruck moves, you must pick a 

reference frame, A reference frame is a group of objects that do 
not move relative to each other, Hor example, on 9 street 
buildings, mailberss and trees make up a reference frame. You 
an measure how fir the mail truck moves by comparing, How 

far it is from o particular buikling or maillyax 

3-2 HAPTER Metin. Asean ant Fes 

DIRECTIONS 

the speed of the hares is comstantly 
Uecreasiny, 

Ie the direction of the forsee” motion i 
sduntly chang constantly changing 

Je the travel time is different for every 
ride 

Car Accateration 

with the 
a. Line 
b Lire 
© Line § 
4, Lines 

Physical Science lth Rorth Selon 

Mane bate 

Chapter Motion, Acceleration 

Review and Forces 
Part A, Vocabulary Review 
Directions: Write he ems thot match each deci bekow inte spoes provided, The bored ees will 
‘omplete the sentence in number 13. 

TT) 
sual fi 

unequal farec 
of all forces acting an a bi pr 

total distance divides by total 1 onl 
force that sets fn the up)posite direction wth ie face siding on another surlac 

Wiles by ttn 
ar object 
fropvits starting point 
of wy surfaces in comntact 

iy divided hy the time far the change to oxy 

alan, Arlenlon and Fees 

1. Testing Concepts 

bate 

Motion, Acceleration, 

and Forces 

Directions: Write she letter of the correct term from Column I! 10 match the definitions in Column 
Column | Column I 

2 force caused by two surfaces pushing ayalnst 

nthe direction apponite ta the 

Tiny on an abjext is een 

tHe awn of all the forces acting on an abject 

Aengtlv of the grat an 
9, the ypeed ut an 

Lime ol travel 

locity of an abject divided Bouuenneae 
net force 

balance forces 

froin sliding pasteach other 
acceleration as) object travels divide by the 
force 

pect travels per unit ot time 2 unbalanced force 

al quaritity (hat is spexifiedby bot » site 

Avvobject thabis neither speeding up nar slowing 

A graph with distance on the vertioal axis and time 

When un ob 

Aatting pont 

CHAPTER 3 Resource Manager 
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chapter — g Motion, Acceleration, and Forces 

ee Content Background 
Meat! Describing Motion 

*’ Distance v. His petted 
A vector quantity has both mag- 
nitude and direction, such as a 

digglaccmnett of 15 km east and a velocity of 
7 m/s west. Scalar quantities have magnitude 
only, such as a distance of 5 km and a speed of 
6 m/s. The terms distance and displacement 
have different meanings. Consider a car going 
around a round racetrack. The distance the car 
travels can be read from its odometer, but the 

car’s displacement is its straight-line distance 
and direction from its starting point. For each 
lap the odometer increases. But for each lap its 
displacement at first inereases, and then 
decreases and becomes zero as it returns to the 
starting point. Speed and velocity also can be 
contrasted easily. The car traveling around the 
track may have a constant speed, but its veloc- 
ity is constantly changing because its direction 
is constantly changing. 

Tu Acceleration 
¢ Acceleration, Speed and 
Velocity 

Z An object will move with constant 

velocity unless a force acts on it. A planet 
orbiting a star experiences the force of gravity 
between the star and the planet. This force 

causes the object to accelerate toward the star 

and not fly off in straight-line motion. 
Acceleration units show changes in veloc- 

ity divided by time. If velocity is expressed as 
meters/second and time in seconds, then 

acceleration is expressed with units of meters 
per second per second. This is equivalent to 
m/s/s or (m/s X I/s) or m/s’. 

waite Motion and Forces 
‘ Air Resistance 
When people jump out of high- 

7 altitude airplanes, they don’t keep 
accelerating. The faster they fall, the greater 
the air resistance acting on them, so their 
acceleration decreases as they fall. Eventually a 
skydiver stops accelerating and achieves a con- 
stant velocity called the terminal velocity. For 
humans, terminal velocity is about 53 m/s or 
190 kiv/h. It’s a good thing a skydiver’s veloc- 
ity slows’ to only 5 to 10° m/s atter abe 
parachute opens! 

Internet Resources 

For additional content background, visit 

fl.gpescience.com to: 

e access your book online 

e find references to related articles in popular 

science magazines 

e access Web links with related content background 

e access Current events with science journal topics 

scanners - . : RA A RNA AO ANAM IOI Ba 
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Print Resources 

Eyewitness: Force and Motion, by Peter Lafferty, 

Doris Kindersley Publishing, 2000 

Sports Science Projects: The Physics of Balls in 

Motion (Science Fair Success), by Madeline 

Goodstein, Enslow Publishers, Inc., 1999 

The Science of Soccer, by John Wesson, Institute of 

Physics Publishing, 2002 

The Physics of Hockey, by Alain Hache, John 

Hopkins University Press, 2002 



Helping You Prepare 

Students may think that... Discussion 
Distance and displacement are the same thing. ‘Tell students that a turtle and a hare start a race 

at the same time. ‘The turtle goes straight to the 
finish line. The hare starts off and deviates 
along the way. They both finish the race at the 
same time. Discuss which had the greatest aver- 
age speed during the race. 

Speed and velocity are the same thing. 

Students are familiar with scalar quantities and 
vector quantities, but terms such as displacement 
and velocity may cause confusion. Also, the term 
velocity is frequently used as though it were the 
same as speed. Finally, the terms displacement and 
distance sound similar, which may cause confu- 

sion between them. 

Activity 

Distance Versus Time 

¢ Draw the graphs to the left on the board. 
Explain that the distance-time graph and the 
displacement-time graph each show Samantha’s 
walking motion after she left her house. 

¢ Ask students to supply a possible story to 
describe Samantha’s motion. Ask them what 
she might be doing when the lines of both 
graphs are horizontal. 

Distance (m) 
¢ Students should see that the distance-time 
graph and the displacement-time graph for 
the same motion look very different. In this 

‘Time (s) case the distance traveled is how far Samantha 
Displacement Versus Time actually walked. Her displacement shows how 

far she is from her house. 

A plausible story for both graphs is: Samantha 
walks with constant speed directly away from 
her house, then rests a bit, and then walks 

with constant speed directly back to her 
house. 

Displacement (m) 

‘Time (s) 

After completing the chapter, see [dentifying 
Misconceptions in the Study Guide at the end 
of the chapter. 
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displacement, p.71] 

vector, p. 71 

speed, p. 71 
instantaneous speed, p. 71 

average speed, p. 72 

velocity, p. 73 
acceleration, p. 76 

force, p. 51 
net force, p. 82 
balanced forces, p. 82 

unbalanced forces, p. 82 
friction, p. 83 
static friction, p. 8+ 
sliding friction, p. 84+ 

air resistance, p. 85 

Science Journal > Roller 
coasters and bumper cars pro- 
vide examples of quick velocity 

and acceleration changes. Ferris 
wheels provide an example of 
constant speed but changing 
velocity and acceleration due to 
the constant change in the 

direction of the passengers. 

IATERACTIV 
CHALK BOAKD 
"with Image Bank 

PowerPoint" Presentations 

This CD-ROM is an editable 
Microsoft® PowerPoint® 

presentation that includes: 
* a pre-made presentation for 

every chapter 
* interactive graphics 
* animations 

* audio clips 

* image bank 

all new section and chapter 
questions 

Standardized Test Practice 

transparencies 

Foldables directions 

* links to 

Neg 

‘ chapter preview 

sections 

Describing Motion 

Acceleration 

Motion and Forces 

Lab Force and Acceleration 

Lab Comparing Motion from 

Different Forces 

“ee Virtual Lab Whatis the relationship between 

distance, average speed, and time? 

Taking the Plunge 
You probably don’t think of an amusement 

park as a physics laboratory. The fast speeds, 

quick turns, and plunging falls are a great place 

to study the laws of gravity and motion. In 

fact, engineers use these laws when they are 

designing and building amusement park rides. 

Write a paragraph describing three 

rides in an amusement park and how the rides cause you to move. 

Theme Connection 

Stability and Change An object will have a constant 
velocity unless the object is acted upon by an 

unbalanced outside force. 

68 CHAPTER3 Motion, Acceleration, and Force: 

About the Photo 

Amusement Park Physics ‘The fast speeds, sharp 
turns, and plunging falls in amusement park rides 
may seem dangerous, but they are very safe. 
Engineers use the laws of motion to design the 
rides so that the passengers experience the thrill 
but are not in danger of getting hurt. 
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Purpose Use the Launch Lab to 

introduce students to the rela- 

tionship between motion and 

speed. Kinesthetic 

Preparation Find a location out- 

side where groups of students 

will have room to mark off their 

10-m_ distances. Assign each 

FOLDABLES 
Study Organizer 

Motion Many things are in 

motion in your everyday life. 

Make the following Foldable to 

help you better understand motion as you read 

the chapter. 

| STEP 1 | Fold a sheet of paper in half length- 

wise. Make the back edge about 

1.25 cm longer than the front edge. 

iia 
GED fold in halt, then fold in 

half again to make three 

folds. 

group a specific location. 

Materials meterstick, stopwatch, 

calculator 

Teaching Strategy Stage a contest 
between the five students with 

the greatest speeds to determine 
the fastest student in the class. 

Post the top speeds on a classroom bul- 

letin board. 
| STEP 3 Unfold and cut only the top layer along 

the three folds to make four tabs. 
Think Critically 
Students would lose races with a cheetah, 

horse, or elephant. They would win races 

with a snake. 

| STEP 4) Label the tabs. 

What How How \nwhat 
motion? far? fast? || direction? 

Identify Questions Before you read the chap- 

ter, select a motion you can observe and write it 

under the left tab. As you read the chapter, write 

Assessment 
Oral Have students infer a 
formula for determining the 
speed of moving objects. Use 
Performance Assessment in 
the Science Classroom, p. 101. 

Preview this chapter's content 

Mniline and activities at 

he gates WYSE WIPO neces este nig NES ny SP AP SE SDS TRS REN NEP Gt AEA ERD TAOS ITN LOTT SMES TAS SHRINE 

answers to the other questions under the appro- FOLDABLES Dinah Zike 
priate tabs. 

Study Organizer Study Fold 

Student preparation materials for 

this Foldable are available in the 

Chapter Fasr Fite Resources. 
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4 Motivate 

An editable Microsoft® 

PowerPoint® presenta- 

tion is available on Interactive 

Chalkboard CD-ROM. 

Bellringer 

Section Focus Transparencies 

also are available on the 

Interactive Chalkboard CD-ROM. 
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In Aesop’s fable “The Tortoise and the Hare,” a tortoise and a hare 

have a race. The hare bounds far ahead of the tortoise and then, sure 

of victory, lies down to rest under a tree. The tortoise passes the rest 

ing hare and wins the race. 

1, Which animal ran faster? 

2, How does the motion of a car racing on an oval track chang: 

Matlan, Acceleratlon, and Forces 

Reading Preview 

Tie to Prior Knowledge 

Speed Limits Ask students to 
name the speed limits near the 
school, near their homes, or on 

an interstate highway. Discuss 

with students the units, such as 

miles per hour or kilometers 
per hour, used in speed limits. 
Tell students they will learn 

about measuring speed. 

Facets of Meaning Have stu- 

dents predict meaning for new 
vocabulary. The words will be 
familiar in an everyday sense, 
such as speed meaning “swift- 
ness.” In physics, however, the 
definitions may differ. Point out 
that speed in physics means “dis- 
tance traveled divided by the 
time traveled.” 

| Reading Guide 

What \ou'li Learn Why It’s Important New Vocabulary 

#& FCAT Vocabulary 

@ Distinguish between distance Understanding the nature of motion @ displacement 

and displacement. and how to describe it helps you % vector 

@ Calculate average speed. understand why motion occurs. @ speed 

= Explain the difference between @ instantaneous speed 

speed and velocity. ® Review Vocabulary @ average speed 

= Interpret motion graphs. instantaneous: occurring atapar- ™ velocity 

ticular instant of time 

Motion 
Every day you see objects and people in motion. Cars, buses, 

and trucks move along streets and highways. People around you 

walk and run and move in different directions. How would you 

describe the motion of the people and objects around you? One 

way to describe motion is to say that it is fast or slow. However, 

sometimes you might need to know the speed of an object, as 

well as the direction in which it is moving. It also might be 
important to know how the motion of something is changing. 

Motion is a Change in Position You don’t always need to 
see something move to know that motion has taken place. For 

example, suppose you see a mail truck stopped next to a mailbox, 

as in Figure 1. A little while later, you see the same truck stopped 

farther along the street. Although you didn’t see the truck move, 

you know it moved because its position relative to the mailbox 

changed. Motion occurs when an object changes position. 

Position Depends on a Reference Frame To measure 
the position of an object, a reference frame must be chosen. A 

reference frame is a group of objects that are not moving relative 

to each other. One point in the reference frame is chosen as the 

reference point. Then the position of an object is the distance and 

the direction of the object from the reference point. For example, 

in Figure 1 the mailbox, the tree, and the houses can form a ref- 

erence frame because they aren't moving relative to each other. 

Figure 1 This mail truck is in 
motion. 

infer How do you know the mail 

truck has moved? 
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Chapter Fasr Fire Resources Mathematics Skill Activities, p. 11 
Transparency Activity, pp. 44, 47-48 Physical Science Critical Thinking/Problem Solving, p. 2 
Directed Reading for Content Mastery, 

pp. 19-20 

Note-taking Worksheets, pp. 3 

MiniLAB, p. 3 

Life Science Critical Thinking/Problem Solving, p. 14 
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Motion is Relative The motion of an object depends on the 
reference frame that is chosen. For example, suppose you are sit- 
ting in a moving car. You are not moving if the car is the refer- 
ence frame, but you are moving relative to the ground. Using the 
Sun as a reference frame, Earth is moving at a speed of 30 km/s. 
However, the Sun also is moving relative to a reference frame 
centered on the Milky Way Galaxy. Your motion would be dif- 
ferent in each of these reference frames. However, there is no 
special reference frame that really is at rest compared to all other 
reference frames. As a result, an object does not have absolute 
motion, but only motion relative to a chosen reference frame. 

Distance and Displacement Suppose a runner jogs to the 
50-m mark and then turns around and runs back to the 20-m 

mark, as shown in Figure 2. How far did the runner travel? For a 

moving object, distance is the length of the path the object trav- 

els. The runner traveled a distance of 50 m plus 30 m, or 80 m. 

However, even though she ran 80 m, she is only 20 m from the 

starting line. Her final position is 20 m north of her initial posi- 

tion. Displacement is the distance and direction of an object’s 
final position from its initial position. The runner’s displacement 

is 20 m north. 

Displacement includes both a size and a direction. The size of 

the displacement is the distance between the initial and final posi- 
tion. A quantity that is specified by both a size and a direction is a 

vector. Displacement includes both a size and a direction and is an 

example of a vector. However, distance is a physical quantity that 

does not include a direction and isn’t a vector. 

re How do distance and 
Reading Check displacement differ? 

Speed 
To describe how fast something is moving, 

you need to know how far it travels in a given 

amount of time. Speed is the distance an object 

travels per unit of time. In SI units, the unit of 

speed is meters per second (m/s). Usually the 

speed of an object changes as it moves from one 

place to another. 
One way to describe the speed of an object is 

to measure its speed at a single instant of time. 

The instantaneous speed of an object is the speed 
at a single instant of time. A car’s speedometer 

measures the instantaneous speed of the car. 

Measuring Average 

Speed 

Procedure a) 
1. Mark a starting point on 

the floor with tape. Place 
a toy car at the starting 

point. 

. Give the toy car a gentle 

push forward. At the same 

time, start a stopwatch. 

Record the time it takes for 

the car to come to a stop. 

Use a meterstick to meas- 

ure the distance the car 

traveled. 

Analysis 
Calculate the average speed of 

the car in m/s. How does the 
average speed depend on the 

direction of motion? 

Figure 2 The runner's displace- 
ment is 20 m north of the starting 

line. However, the total distance 

traveled is 80 m. 
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Visual Learning 

Figure 2 Help students understand the informa- 
tion presented in Figure 2. As you read the 
description from the text, have these students fol- 
low the path of the runner with their fingers. 
Then ask the students how far the runner ran and 
how far she is from the starting line. 80 m; 20m 

Caption Answer 
Figure 1 Its position relative to the 

mailbox changed. 

Use Science Words 

Word Usage Students may have 
difficulty with the term relative 

when it is used to describe an 

object's motion or position. 
Have them discuss what the 

word means. Possible answers are 

“dependent upon” or “with reference 
to.” [Li] GD JY Linguistic 

Purpose Students will calculate 

the average speed of a car. 

Materials tape, toy car, stop- 
watch, pencil, meterstick 

Teaching Strategy ‘Iry to use cars 
that will travel in a straight line 
when pushed gently. 

Analysis 

average speed = distance/time; The 
speed would be the same if the car trav- 
eled in the opposite direction. 

Assessment 

Process Have students use their 
observations to hypothesize 
why the car eventually comes 
to a rest. Use Performance 
Assessment in the Science 
Classroom, p. 93. 

(%) Reading Check 

Answer Distance describes how far an 
object has moved; displacement includes 

distance and direction of an object's 
change in position from its starting point. 
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Word Differences Students may — 
think that distance and displace- 

ment are the same. They may 

also think speed and velocity are — 
the same. Refer to page F at the 
beginning of this chapter for 
teaching strategies that address 
this misconception. 

Activity 
Different Rates Review the con- 
cept of rate by having students 
measure their breathing rates. 
Discuss other rates, such as heart 

rate (pulse) and interest rates. 

Discuss the units that describe 
these rates and point out similar- 
ities in the units. They are all a 
number of something per time. 
L2| JK) Logical-Mathematical 

Applying Math 

Math Standards 

National: 1, 2,9 

Florida: MA.B.1.4.2 

Answers to 
Practice Problems 

1. 8.0 m/s 

2.0.25 hor 15 min 

Use an Analogy 

Lined Paper Explain to students 
that using a reference point to 
describe motion is analogous to 
using lines on paper to write. 

The lines on the paper provide a 
reference point to keep your 
writing on a straight line. {L2| 

Sciences INE 
Topic: Running Speeds 

Visit fl.gpescience.com for Web 

links to information about the 

speeds of various animals. 

Activity Make a table 

comparing the top speed of 

various animals. 

Applying Math 

travels a distance of 750 m 

im 25 8 

Identify the unknown value: 

What is the average speed? 

| SOLVE | the problem 

Substitute the given values of distance and time into the average speed equation: 

| CHECK | your answer: 

Does your answer seem reasonable? Check your answer by multiplying the time by the 

Average Speed Another way to describe the motion of an 

object is to determine the object’s average speed. The average 

speed describes how quickly an object moved over the entire 

distance it traveled. The average speed of any object is the total 

distance traveled divided by the total travel time: 

Average Speed Equation 

total distance (in meters) 

total time (in seconds) 

—_d y= 
t 

average speed (in meters/second) = 

The units of average speed are always a distance unit divided by 

a time unit. Sometimes it is more convenient to express average 

speed in units other than m/s, such as kilometers per hour 

(km/h). 

Solve a One-Step Equation 

AVERAGE SPEED What is the average speed of a car that travels a distance of 750 m in 25 s¢ 

} IDENTIFY | known values and the unknown value 

Identify the known values: 

vy =? m/s 

5-4_0m 
— = 3 x ; 35s 30 m/s 

average speed. The result should be the distance given in the problem. 

Practice Problems 

1. An elevator travels a distance of 220 m from the first floor to the 60th floor in 27.5 s. What 

is the elevator’s average speed? 

2. A motorcyclist travels with an average speed of 20 km/h. If the cyclist is going to a friend’s 

house 5 km away, how long does it take the cyclist to make the trip? 

For more practice problems, go to page 879 and visit Math Practice at fl.gpescience.com. 
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Cultural Diversity 

The Olympics Runners from all over the world par- 

ticipate in track and field events in the Olympics 
every four years. Have students research the win- 
ners and their times and speeds for a track and field 
event of their choice for the past five summer 

Olympics. They should combine their research into 

Differentiated Instruction 

Learning Disabled Perform the calculations for 
determining average speed on the board to help 
students understand the process before doing it 
themselves. After you have done the procedure 
several times, ask students to do the calculations 
on their own. 

a bulletin board display and creatively relate it to 
information in this chapter. 2] 
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Velocity 
You turn on the TV and see a news story 

about a hurricane, such as the one in Figure 3, 

that is approaching land with a speed of 10 km/h. 
The eye of the hurricane is located 450 km east of 
your location. Should you take shelter? 

If you know only the hurricane’s speed and 
location, you don’t have enough information to 

answer the question. To decide whether the hur- 
ricane will reach your location, you need to 

know the direction in which the storm is 

moving. In other words, you need to know the 

velocity of the hurricane. The velocity of an 

object is the speed of the object and its direction of motion. Just 
like displacement, velocity is a vector that has a size and a direc- 

tion. The size of an object’s velocity is the object’s speed. 

Figure 3 The speed of a hurri- 

cane is not enough information 

to plot the hurricane’s path. The 

direction of its motion also must 

be known. 
Objects have different velocities if they are moving at 

different speeds, or in different directions. The people on the 

up escalator and the down escalator in Figure 4 are moving 

with the same speed, but in opposite directions. As a result, 

the people on the up escalator and the down escalator have a 

different velocity. 

The velocity of an object can change even if the speed ot the 

object remains constant. For example, look at Figure 4. The race 

car has a constant speed as it goes around an oval track. Even 

though the speed remains constant, the velocity changes 

because the direction of the car’s motion is changing. 

(di Howare velocity and speed different? 

Figure 4 The velocity of an 
object depends on both its speed 

and its direction of motion. 

Describe how the car's velocity 

changes as the car travels from the 

starting line to the top of the figure. 

The people on these two escalators have the same speed. However, their 

velocities are different because they are traveling in opposite directions. 

The velocity of this car changes because 

its direction of motion is changing. 

Differentiated Instruction Curriculum Connection 

Geography Geographers use lines of latitude and 

longitude to help them describe displacement on 
English-Language Learners Have students cut pho- 

tographs out of magazines showing some type of 

motion. Have students create a decorative collage 

of their photos. P| 

Earth. Have students find out how early seafarers 
determined their latitude and longitude. Jo find 

their latitude they used the positions of the stars and the Sun. 

They had no way to determine longitude until an accurate 
chronometer was developed in the mid-1700s. 

Linguistic 

‘fe Quick Demo 
& Car Ramps 

Materials three ramps of various 

lengths at least 2 m long, toy car, 

stopwatch, meterstick 

Estimated Time 15 minutes 

Procedure Make three ramps of 
various lengths, each at least 2 m 

long. Start a toy car rolling 
down one of the ramps. Time 
the car's motion with a stop- 
watch. Measure the distance 

covered by the car. Write the 
distance traveled and time 
elapsed on the board. Repeat the 
activity with each of the three 
ramps. Have students determine 
the average speed for the three 
runs by dividing the total dis- 
tance traveled by the total time. 

Discussion 

Speed Units Remind students that 
when the equation for speed is 
rearranged, we have t = d/v. How 

do time units emerge from this 

equation? m / (m/s) =m X s/m = s 

(%, Reading Check 

Answer Velocity includes direction; 
speed does not. 

Sy usltabe 
a 

* d=st What is the 

relationship between distance, 

average speed, and time? 

Caption Answer 
Figure 4 The velocity is to the right at 
the start line and to the left at the top of 
the figure. The magnitude of the velocity 
does not change. 
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| Average Speed Students some- 

times interpret the height of a 
distance-time graph as_ its 
slope. The steepness of the 
straight line of a distance-time 
graph is the slope. This shows 
the average speed. The height 
of the line is the farthest dis- 
tance the object has traveled in 

the positive direction. 

Visual Learning 

Figure 5 In addition to finding 
the average speed over the entire 
3(0-min period, students can find 
the average speed over any time 
period by dividing the change in 
distance during the period by the 
amount of time. What is Julie’s 

average speed during the period 
15 min to 25 min? 40 m/min 
Students should also notice that 
the instantaneous speed at any 
point in time is the slope of the 
line at that point. What is the 
instantaneous speed of Mary at 
= 5 min? 80 m/min Visual- 

Spatial 

Caption Answer 
Figure 5 On Julie’s graph there is a slope 
of zero between 10 min and 20 min, 
which represents a speed of 0 m/min. 

Orbital Speeds The average orbital 
speed of a planet decreases as the radius 
of the orbit increases, 

Research Have students investi- 
gate how astronomers study 
planets outside the solar system. 
Ask students to present their 
findings to the class in an oral 
report. 

74 CHAPTER 3 Motior 

Figure 5 The slope of 

a line ona distance-time 

graph gives the speed of 

an object in motion. 

identify the part of the 

graph that shows one of 

the swimmers resting for 

10 min. 

Orbital Speeds Size, mass, 

composition, and orbital 

radius are some of the 

ways astronomers classify 

planets. Astronomers also 

measure the speed ofa 

planet relative to the Sun. 

Make a table of the aver- 

age orbital speeds and 

orbital radii of the nine 

planets in the solar system. 

How are distance from the 

Sun and orbital speed 

related? 

Graphing Motion 

74 CHAPTER3 Motion, Acceleration, and Forces 

Mary swam at a constant speed of 

80 m/min. Her speed was the fastest, 

so this line has the steepest slope. 

swam with | Kathy swam with a 
a speed of ~~~ constant speed of 
40 m/min. x, 60 m/min. The slope 
The slope of _ of this line is less than 

| this line is | the slope of Mary's line. 
less than 

Kathy's line. ae 
| Here Julie's speed was 

80 m/min. The slope of 

| this line is the same as 

Mary's line. 

’ Here Julie's speed was 0 m/min. 

>) The slope of this line is 0 m/min. 

10 20 
Time (min) 

Graphing Motion 
The motion of an object over a period of time can be shown 

on a distance-time graph. Time is plotted along the horizontal 

axis of the graph and the distance traveled is plotted along the 

vertical axis of the graph. If the object moves with constant 

speed, the increase in distance over equal time intervals is the 

same. As a result, the line representing the object’s motion is a 
straight line. 

For example, the graph shown in Figure 5 represents the 

motion of three swimmers during a 30-min workout. The 

straight red line represents the motion of Mary, who swam with 

a constant speed of 80 m/min over the 30-min workout. The 

straight blue line represents the motion of Kathy, who swam 

with a constant speed of 60 m/min during the workout. 

The graph shows that the line representing the motion of the 

faster swimmer is steeper. The steepness of a line on a graph is 

the slope of the line. The slope of a line on a distance-time graph 

equals the speed. A horizontal line on a distance-time graph has 

zero slope, and represents an object at rest. Because Mary has a 

larger speed than Kathy, the line representing her motion has a 
larger slope. 

Teacher 
Vertical Speed It is impossible to have a 
vertical line on a distance-time graph. It 
~ would mean the object moved a distance in 
zero time. To do this, the object would 
have to go infinitely fast. 
eT DIL ETE IT oe eae RE 

\cceleration, and Forces 

p= Reading Strategy 

Clarify Text After students read this page, have 
them clarify the meanings of instantaneous speed, 
average speed and velocity by providing examples 
of each term. Students should share examples 
with the class and chart ideas to display in the 
classroom. ; 



Changing Speed The green line represents the motion of 
Julie, who did not swim at a constant speed. She covered 400 m 

Post Reading 

at a constant speed during the first 10 min, rested for the next: Sciencap lie Graphs Have students create 
10 min, and then covered 800 m during the final 10 min. : | Topic: Olympic Swimming their own distance v. time graphs 
During the first 10 min, her speed was less than Mary’s or : | Speeds to demonstrate an object’s motion. 
Kathy's, so her line has a smaller slope. During the middle : | Visit f-gpescience.com for Web Graphs should be annotated with 
period her speed is zero, so her line over this interval is hori- : | ("°° pe uae a te a written description. 
zontal and has zero slope. During the | | OY ERS A SS Uno Ce c S ac ig C > as > -TVe E g the last time interva the past 60 years. 

she swam as fast as Mary, so that part of her line has the : F pom 
same slope. i [AGM ey abate a.sogeu. 7 eal = Assess 

: graph showing the swimming sano 

Plotting a Distance-Time Graph On a distance-time ag ie a 
graph, the distance is plotted on the vertical axis and the time 
on the horizontal axis. Each axis must have a scale that covers : 
the range of numbers to be plotted. In Figure 5 the distance Check for Understanding 
scale must range from 0 to 2,400 m and the time scale must: 

range from 0 to 30 min. Then, each axis can be divided into 

equal time intervals to represent the data. Once the scales 
for each axis are in place, the data points can be plotted. 

After plotting the data points, draw a line connecting the 
points. 

DAILY INTERVENTION 

Linguistic Have students write a 
short narrative that could be 
used to explain the difference 
between distance and displace- 
ment to a younger sibling or to 

someone in the class that doesn’t 
a understand the difference. 

section 1 FeVIELL 

Summary Self Check 

Position and Motion . Infer whether the size of an object’s displacement 

@ The position of an object is determined rela- could be greater than the distance the object travels. 

tive to a reference point. . Describe the motion represented by a horizontal line on 

® Motion occurs when an object changes its a distance-time graph. 
position relative to a reference point. . Explain whether, during a trip, a car’s instantaneous 

© Distance is the length of the path an object speed can ever be greater than its average speed. 

has traveled. Displacement is the distance and . Describe the difference between average speed and 

direction of a change in position. constant speed. 

Reteach 
Calculating Average Speed Have 
students calculate the average 
speed of a windup or battery- 
operated toy car using metersticks 
and a wall clock. Logical- 
Mathematical 

Average Speed and Velocity . Think Critically You are walking toward the back of a 

@ Average speed is the total distance traveled bus that is moving forward with a constant velocity. 

divided by the total time: Describe your motion relative to the bus and relative to Process Provide scudenta with 

a point on the ground. 
poral the following problem: Suppose 

® The velocity of an object includes the object's a bus is traveling through the 

speed and its direction of motion relative to a ~ Applying Math — city. It travels 100 km in the first 
reference point. ae : 2 h and 120 km in the second 

i : . Calculate Average Speed Michiko walked a distance oh r ase 

Graphing Motion of 1.60 km in 30 min. Find her average speed in m/s. mike It stops for I h, A fin- 
ishes the route by going 100 km 

r%, Assessment 

© Ona distance-time graph, time is the horizon- . Calculate Distance A car travels at an average speed 

tal axis and distance is the vertical axis. of 30.0 m/s for 0.8 h. Find the total distance traveled in 2 h. Draw a distance-time 
@ The slope of a line plotted on a distance-time in km. eraph of the bus’s motion. 

graph is the speed. ; hese 

350 

More Section Review fl.gpescience.com SECTION 1 Describing Motion 300 

ess 

nn Ten nae eee pe = 200 
secrion 4 reviell me 

2150 
lac) 

1. No. The displacement equals the various times can be greater or less ward at your walking speed. 2 100 

distance only if the object moves in than the average speed. Relative to the ground, you move in 60 

a straight line in a single direction. 4, Average speed is total distance trav- the same direction as the bus with a | 

Otherwise, the displacement is less eled divided by total time; the speed equal to the bus speed minus <1) 4 ene 

than the distance. instantaneous speed can be chang- your walking speed. niretioue 

2. The slope is zero, corresponding to a ing. Constant speed means thatthe 6. (0.89 m/s 

speed of zero. instantaneous speed doesn’t change. 7. 86.4km ; : 

3. Yes. The instantaneous speed at 5. Relative to the bus, you move back- ~Y maB1.42 Use PASG, p. I 11. 
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Many people enjoy cross-country and downhill skiing for recre- 
ation and for exercise. For others, skiing is a competitive sport. In ski 
races, fractions of a second can make the difference between winning 

and finishing second. 

1, Describe how the skier’s velocity changes during the race. 

2. Why does the skier’s velocity increase as he races downhill? 
3, How does being ina tuck position affect a skier’s motion? 

\ Lad Reading Preview 

Tie to Prior Knowledge 

Floor It Have a student explain 
the phrase "stepping on the 
gas." Relate the function of the 

pecelerator to the motion of a 

Car. 

Activate Background Know- 

ledge Have students write what 

they know about acceleration. 
Introduce the physics defini- 
tion: acceleration is the change 

in velocity divided by the time 
it takes for the change to occur. 
Discuss how this definition is 
similar to or different from 
their preconceived ideas of 
acceleration. 

76 CHAPTER3 Motion, Recelcranionsana Coreen ‘ 

~ Also covers SC.H3.42, > SCH3.4.6 

Q Necoleratign 

What Vou'll Learn Why It’s Important ® Review Vocabulary 

= Identify how acceleration, time, Acceleration occurs all around you velocity: a vector with a size that is 

and velocity are related. as objects speed up, slow down, or an object’s speed and a direction 

m Describe how to calculate the change direction. that is the direction of an object’s 

average acceleration of an object. motion 

m Explain how positive and nega- 

tive acceleration affect motion. New Vocabulary 

e acceleration 

Acceleration, Speed, and Velocity 
A car at a stoplight starts moving when the light finally turns 

green. When the car started moving, the car’s velocity increased 

and the car was accelerating. Agepksuctiim is the change in 

velocity divided by the time for the change to occur. 

Remember that velocity is a vector that includes both the 

speed and direction of motion. So a change in velocity can 
either be a change in speed or a change in direction of motion. 

Acceleration occurs when the speed of an object changes or its 

direction of motion changes. 

VC i When does acceleration occur? 

Just as velocity has a size and direction, acceleration also is a 

vector that has a size and direction. Figure 6 shows how acceler- 

ation can cause an object to speed up or slow down. 

Figure 6 These cars are both Acceleration Acceleration 

accelerating because their speed 22% = 

is changing. Pi velocity Velocity “p 

Infer how the car would move if its : 

acceleration were zero. 

The car speeds up when the The car slows down when the 

acceleration and velocity are in acceleration and velocity are in 

the same direction. opposite directions. 
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Section 2 Resource Manager 
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Changing Direction A change in velocity can be either 
a change in how fast something is moving or a change in the 
direction of movement. Any time a moving object changes 
direction, its velocity changes and it is accelerating. Think 
about a horse on a carousel. Although the horse’s speed 
remains constant, the horse is accelerating because it is 
changing direction constantly as it travels in a circular path, 7. 
as shown in Figure 7. Another example is the motion of 
Earth around the Sun in a nearly circular path. As a result, 
the direction of Earth’s velocity is continually changing. 
This means that Earth is accelerating as it orbits the Sun. 

Calculating Acceleration 
When an object moves from one place to another, it might 

speed up, slow down, and change direction many times. Each 
change in velocity causes the acceleration of the object to change. 
When acceleration is changing, the size of the average accelera- 
tion over some period of time can be calculated. If the direction 

of motion of an object doesn’t change, the size of its average 
acceleration can be calculated using the following equation: 

Acceleration Equation 

average acceleration (in m/s’) = 
(final velocity (in m/s) — initial velocity (in m/s) 

(final time (s) — initial time (s)) 

In this equation, v, is the size of the velocity at the start of the 

time period and ¥, is the size of the velocity at the end of the 

time period. For motion in a single direction, v, is the same as 
the initial speed, and v, is the same as the final speed. In SI units, 

acceleration has units of m/s*—meters per second squared. An 

acceleration of 1 m/s* means that the velocity of the object 

increases by 1 m/s each second. If the object was initially at rest, 

its velocity would be 1 m/s after 1 s, 2 m/s after 2 s, and so on. 

Speed-Time Graphs For an object moving in one direction, 
the acceleration can be found from a speed-time graph. For this 

type of graph, the vertical axis is the object’s speed and the hor- 

izontal axis is the time. Then the slope of the plotted line is the 

size of the object’s acceleration. Figure 8 shows some examples 

of speed-time graphs. 

es 
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Figure 7 The speed of each 
horse on this carousel is constant 

but each is accelerating because 

the direction of its velocity is 

changing. 

Aircraft Carriers In 
1911, American pilot 

Eugene Ely successfully 

landed on a specially 

equipped deck on the 

battleship Pennsylvania. 

Today, huge aircraft carri- 

ers provide floating land- 
ing strips for military 

airplanes. Carriers must 

be equipped to provide 

large accelerations, both 

positive and negative, to 

the jets launched from 

their decks. Research the 

accelerations provided by 

modern carriers as they 

launch and land aircraft. 
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Curriculum Connection 

Physical Education Most sports rely on the ability 

of people to make quick changes in acceleration. 

Have students find out some of the equipment 

used in different sports to make acceleration eas- 

ier. starting blocks for runners and swimmers; cleats on shoes 

for runners, soccer players, football players, and baseball play- 

ers; rubber-soled shoes for basketball players; special clothing 

for reducing wind resistance for all racers 

. Reading Strategy 

Dialogue with the Text As students read 

Calculating Acceleration, have them write down 

questions or ideas for the author. For instance, a 
student might ask the author: Why is it important 
to know these concepts? More specifically, why 

do you say to subtract final velocity from initial 
velocity? 

(Reading Check 

Answer Acceleration occurs whenever 

ther is a change in speed or direction of 
motion. 

Caption Answer 
Figure 6 The car would move with a 

constant velocity. 

Aircraft Carriers The U.S. Navy was 
not alone in the development of aircraft 
carriers. During World War I, the British 

navy converted a merchant-ship hull 
into the first aircraft carrier with an 
unobstructed flight deck, the HMS 
Argus. The first U.S. carrier, the USS 

Langley, joined the fleet in March 1922. 
The Japanese built the first carrier from 
the keel up, the Hosyo. It entered service 

in December 1922. Modern carriers pro- 
vide accelerations between 30 m/s? and 
40 m/s’, or three to four gs. 

Discussion 

Acceleration ‘Tell students that, as 

in the case of speed and velocity, 
acceleration can be constant or 
changing, and one can measure 
instantaneous acceleration as well 
as average acceleration. Ask stu- 
dents to give examples of constant 
acceleration, instantaneous accel- 

eration, and average acceleration. 
constant acceleration—free fall; instanta- 
neous acceleration—the acceleration of a 
falling rock after it has been falling for 3 s; 
average acceleration—final velocity of 
the falling rock when it hits the ground 
divided by the total time it was falling 

Logical-Mathematical 
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Figure 8 

Visualizing 2% i ; 
4 cceleration can be positive, negative, or zero 

Acceleration “ie: depending on whether an object is speeding up, 

z slowing down, or moving at a constant speed. If 

the speed of an object is plotted on a graph, with time 

along the horizontal axis, the slope of the line is related 

to the acceleration. 

Have students examine the 

pictures and read the captions. (aa 

Then ask the following ques- : 

tions. 

In the graphs for A, B, and C, 

Se a la eae ee E 
how are the slopes of the lines || 

and the accelerations of the | ( A) The car in the photograph on 
vice the right is maintaining a constant 

speed of about 90 km/h. Because the | 

speed is constant, the car's accelera- 

tion is zero. A graph of the car's 

- speed with time is a horizontal line. 

objects related? The slope of the line 

is positive if acceleration is positive, neq 

ative if acceleration is negative, and zero 

if there is no acceleration. 

In the graph for B, what is the 

numerical value of the accelera- | 
| 

tion of the ball? The numerical value 

is the same as the acceleration due to te eae acceleration due tc | © te green graph 

ks ; shows how the speed of 
What is the relationship between Pere a bouncing ball changes 

the graphs for B and C? The acceler Pere | with time as it falls from 

ation of both balls is due to the pull of — | i the top of a bounce. The ee. 

gravity. Graph B has a positive acceler ee ball speeds up as gravity 
tion due to gravity or + 9/8 m/s’ and =] | pulls the ball down- 4 

graph Chas a negative acceleration due ) | ward, so the accelera- " f 
to gravity or — 9.8 m/s’, mm 6=—=isétionvis positive. For y » 

=| positive acceleration, x 

A ctivity | : the plotted line slopes Tame 

upward to the right. 
Rap Songs Have students work in : f 9 

pairs to make up rap songs |i : @ tne one aoe : 

containing descriptions of the | ss | a) recrtnk ees change wie 

relationship between different ie > os ibe cotyi3y * 

types of acceleration and their ee | ; | beeline cates 

corresponding — graphs. | : yah Gea 

Auditory-Musical oe si) ™ ball slows as gravity 
pulls it downward, 

™~ so the acceleration is 

Teacher has epee negative. For negative 
| \ acceleration, the plot- 

Feeling Acceleration In the aero- ted line slopes down- 
/ space industry, the accelerations | sooty Naha 
_ experienced by astronauts and 
pilots are often expressed as 

multiples of g. The acceleration, 

caused by gravity (g), acting on 
an object falling freely near WHTCTe! 
_Earth’s surface is about 9.78 
m/s”. Vertical accelerations as 
low as 3 g can cause pilots to 
black out. 

ay 

Challenge Have students find out what type of — Visually Impaired Have a student helper read the 
information can be obtained by finding the area text for each graph. Have the helper move his or 
under a speed-time graph. Explain why this could — her finger along the graph while the other student 
be a useful tool for scientists. Construct a speed- gently lays his or her hand on top of the helper’s 
time graph and find the distance traveled by the _ hand. This can help the visually-impaired student 
object. merical value of the area under a speed-time ° 

iveled by the object. | P 

see’ the graph. 

Logical-Mathematical 
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Calculating Positive Acceleration How is the accelera- 
tion for an object that is speeding up different from that of an 
object that is slowing down? Suppose the jet airliner in Figure 9 
starts at rest and moves down the runway in a single direction. 
After accelerating for 20 s, it reaches a speed of 80 m/s. Because 
it started from rest, its initial speed was zero. The jetliner’s aver- 
age acceleration can be calculated as follows: | 

did (V_ — Vv, ) (80 m/s — 0 m/s) 
~— = — o2 (r, ¥ t) one 4 m/s 

The airliner is speeding up, so the final speed is greater than the 

initial speed and the acceleration is a positive number. 

Calculating Negative Acceleration Now imagine that 
the skateboarder in Figure 9 is moving in a straight line at a con- 
stant speed of 3 m/s and comes to a stop in 2 s. The final speed 

is zero and the initial speed was 3 m/s. The skateboarder’s accel- 
eration is calculated as follows: 

_ (ve — v; ) (0 m/s — 3 m/s) 
——— = =1.5 m/s2 

(t — t) 2s 

The skateboarder is slowing down, so the final speed is less Figure 9 A speed-time graph 

than the initial speed and the acceleration is a negative number. : tells you if acceleration is a positive 

For an object moving in one direction, the acceleration willbea : og, negative number. 

positive number if an object is speeding up and a negative num- Infer what a steeper slope indicates 

ber if the object is slowing down. on a speed-time graph. 

Positive 

acceleration 

If acceleration is sy 

a positive num- 

If acceleration is a 

negative number, 

ber, the line ) the line slopes 

slopes upward } downward to the 

‘right. to the right. 

Negative 

acceleration 

a 
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(i “LAB DEMONSTRATION 

graph from distance-time measurements 

Materials 8 socks, stopwatch, meterstick 

Preparation Mark a starting line where you 

have room to walk. 

Procedure Begin walking slowly, then 

steadily increase your speed. Drop a sock 

make a table and a distance-time graph of 

socks will increase for each 3-s interval. 

Purpose to demonstrate making a table and every 3 s. Measure the distance from the — walking speeds vary and any distance inter- 

starting line to each sock. On the board, — val they measure is acceptable. 

the data. Assessment 

Expected Outcome The distance between What is the slope of the line after 6 $? 

The slope will vary with the data. What does 

Teaching Strategy Reassure students that this show? speed Use PASC, p. 111. 

Visual Learning 

Figure 9 Review with students 
the graphs in Figure 9. Then 

ask a volunteer to draw on the 

board the speed-time graph for 
a car that starts at 0 km/h, accel- 

erates to 30 km/h over a period 
of 2 min, runs at 30 km/h for 

10 min, then takes 30 s to stop. 

fey’ Quick Demo 
” Sphere Acceleration 

Materials about 2 m of clear- 
plastic tubing, small spheres that 
can freely roll through tubing 

Estimated Time 10 minutes 

Procedure Have two students 
hold the tubing in a U-shape. 
Put a sphere in one end of the 
tubing. Point out to the students 
that the sphere has positive 
acceleration as it rolls downhill 
in the tubing. The sphere has 
negative acceleration as it starts 

to go uphill in the tubing. 

Caption Answer 
Figure 9 A steeper slope means a larger 

acceleration. 

Post Reading 

Extended Research Ask stu- 

dents to research roller coaster 

design. Have them develop a 
poster or written report that 

explains how design is tied to 
acceleration. Suggest that they 

use design information from 

existing roller coasters to support 
their ideas. 
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(vy, Reading Check 

Answer They are accelerated. 

DAILY INTERVENTION 

Check for Understanding 
Kinesthetic Have students work in 

groups to discuss acceleration 

experienced by a tennis ball as it 
is dropped and bounces. Because 
the velocity of the ball changes direction 
as it bounces, students must include the 
direction of the ball’s motion when they 
calculate acceleration. If down is the pos- 
itive direction, the ball’s acceleration is 
positive when it falls. When the ball rises, 
its velocity becomes less negative as it 
moves upward, so its acceleration is posi- 

tive. When the ball is in contact with the 
floor, its acceleration is negative as it 

slows down in the positive (down) direc- 

tion, and then speeds up in the negative 

(up) direction. Have students make 

a labeled poster illustrating the 
tennis ball’s positive then nega- 
tive acceleration cycle—a pattern 
that repeats itself with each 

bounce. (L3) COOPUEARN Ei 
Interpersonal 

Reteach 

Have students demonstrate three 
ways to accelerate while walking. 
speeding up, slowing down, changing 

fr" Acc. At ([™ Assessment 
Process ‘Think about how motion 

is affected by gravitational accel- 

eration. Water on Earth falls 

from a waterfall with an accelera- 

tion of 9.8 m/s*. The gravity of 
Mars is two-fifths that of Earth. 

If water were on the surface of 

Mars, would water fall from a 

waterfall faster, more slowly, or at 

the same rate? more slowly. Use 
Performance Assessment in 
the Science Classroom, p. 89. 
[2 

Figure 10 ars on this roller 
coaster can reach a speed of about 

150 km/h in 4s. 

Summary 

section. 

Amusement Park Acceleration 

Riding roller coasters in amusement parks can give you the 

feeling of danger, but these rides are designed to be safe. 

Engineers use the laws of physics to design amusement park rides 

that are thrilling, but harmless. Roller coasters are constructed of 

steel or wood. Because wood is not as rigid as steel, wooden roller 

coasters do not have hills that are as high and steep as some steel 

roller coasters have. As a result, the highest speeds and accelera- 

tions usually are produced on steel roller coasters. 

Steel roller coasters can offer multiple steep drops and inver- 

sion loops, which give the rider large accelerations. As the rider 

moves down a steep hill or an inversion loop, he or she will 

accelerate toward the ground due to gravity. When riders go 

around a sharp turn, they also are accelerated. This acceleration 

makes them feel as if a force is pushing them toward the side 

of the car. Figure 10 shows the fastest roller coaster in the 

United States. 

What happens when riders on a roller coaster go 
around a sharp turn? 

review 

Self Check 

direction [L1] [RY Kinesthetic 

Acceleration, Speed, and Velocity 

© Acceleration is the change in velocity divided 

by the time needed for the change to occur. 

@ A change in velocity occurs when an object 

changes its speed or direction of motion. 

@ The speed of an object increases if the acceler- 

ation is in the same direction as the velocity. 

@ The speed of an object decreases if the accel- 

eration and the velocity of the object are in 

opposite directions. 

Calculating Acceleration 

@ The average acceleration of an object can be 

calculated using this equation: 

(Vf) 
(ieee) 

@ When an object moving in a straight line 

speeds up, its acceleration is positive 

a= 

@ When an object moving in a straight line 

slows down, its acceleration is negative. 
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4. 

. Determine whether you are accelerating as Earth 

rotates once every 24 h. 

. Determine the change in velocity of a car that starts at 

rest and has a final velocity of 20 m/s north. 

. Explain why streets and highways have speed limits 

rather than velocity limits. 

Describe the motion of an object that has an accelera- 

tion of 0 m/s2. 

. Think Critically Suppose a car is accelerating so that 

its speed is increasing. Describe the plotted line of the 

motion of the car on a distance-time graph. 

Applying Math 

. Calculate Acceleration A ball is dropped from a cliff 

and reaches a speed of 29.4 m/s after 3.0 s. What is 

the ball’s average acceleration? 

. Calculate Speed A sprinter runs with an average 

acceleration of 4.5 m/s*. What is the sprinter’s speed 

2s after leaving the starting blocks? 

More Section Review fl.gpescience.com 

. Yes, you are accelerating. 
2. 20 m/s north 

. Velocity includes direction, so to 

Se crion 

have a velocity limit there would 
have to be some limit as to the 

direction in which a car was mov- 

ing, as well as speed. 

increasing. 
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@ 
4. It's moving ina straight line with 

constant speed, 
5. The plot would be a curved line 

sloping upward whose slope is 

6. 9.8 m/s 
7. 9.0 m/s 

Be | MA.B.1.4.2 
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section 
\ 

4 

Aas . 

m= Compare and contrast static 

friction and sliding friction. 

@ Describe the effects of air 

resistance on falling objects. 

What is force? 

Also: ag SC. Tee SCH.A47,SCH2.42 

SL Motion ‘and F 

Reading Guide 

What You'll Learn Why It’s Important New Vocabulary 
= Explain how forces and motion All changes in motion are caused by _@ force 

are related. the forces that act on objects. @ net force 

D Review Vocabulary 
vector: a quantity that includes both — e friction 
a size and a direction 

e balanced forces 

@ unbalanced forces 

e@ static friction 

e sliding friction 

@ air resistance 

When you shoot a basketball or kick a soccer ball, you are 

exerting a force on an object. In fact, every push or pull you exert 

results in a force being applied to some object. A force is a push 

or pull that one object exerts on another. Just like velocity and 

acceleration, force also is a vector that has a size and a direction. 

The size of a force often is called the strength of the force. The 

direction of a force is the direction in which the push or pull is 

applied. For example, when you lift your backpack, you apply an 

upward force. In SI units, force is measured in newtons (N). You 

have to apply a force of about 3 N to lift a full can of soft drink. 

Changing Motion What happens to 
the motion of an object when you exert 

a force on it? A force can cause the 

motion of an object to change, as in 

Figure 11. The racket strikes the ball 

with a force that causes the ball to stop 

and then move in the opposite direction. 

If you have played billiards, you know 

that you can cause a ball at rest to roll 

into a pocket by striking it with another 

ball. The force applied by the moving 

ball causes the ball at rest to move in the 

direction of the force. In these cases, the 
velocities of the tennis ball and the 

_ billiard ball were changed by a force. 

Figure 11 This ball is hit with a 
force. The racket strikes the ball 

with a force in the opposite direc- 

tion of its motion. As a result, the 

ball changes the direction it is 

moving. 
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Chapter Fasr Fite Resources 

Transparency Activity, p. 46 

Enrichment, p. 32 

Reinforcement, p. 29 

Directed Reading for Content Mastery, 

Dp. 21—22 

Lab Worksheets, pp. 5—6, 7-8 

Home and Community Involvement, p. 41 

Earth Science Critical Thinking/Problem Solving, p. 9 

Cultural Diversity, p. 63 

jematenon 

A Motivate 

An editable Microsoft® 

omecmmorererreer PowerPoint® presenta- 

tion f available on Interactive 

Chalkboard CD-ROM. 

INTERACTIVE 

Bellringer 

Section Focus Transparencies 

also are available on the 

Interactive Chalkboard CD-ROM. 

2] 
r 

tao 
Seseacated Yanked Around 

‘ansparency 

Have you ever been involved in a tug-of-war? If both teams tug 
equally on the rope, then the rope does not move. But if one team gets 

the upper hand, they will pull the other team over the line. You have 
to pull pretty hard to win! 

1, The photo shows one team pulling but not moving very much. In 
which direction must the other team be pulling? Why? 

2, If one team tugs the other over the line, what can you infer about 
the pulls exerted by the two teams? 

3. How might sweaty palms on ones team affect the outcome of the 
contest? 

‘Motion, Acceleration, and F 

Reading Preview 

Tie to Prior Knowledge 

Changing Velocity Ask students 
to describe things they could do 
to change the velocity of a soc- 
cer ball. Point out that in each 
case, they are using a push or a 
pull to change the ball’s motion. 
Tell students that pushing and 
pulling are forces, and this 
section discusses how forces 
change an object’s motion. 

Visualizing Text Have students 

choose two new vocabulary 

words to visualize and illustrate. 

For instance, for force students 
might think of a falling acorn 
hitting the ground. For balanced 
forces, they might visualize two 

people pushing on opposite sides 

of a box with the same force. 
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Answer Student answers will vary. 
possible answers: force of gravity on a 
falling object 

‘Ney’ Quick Demo 
Upward and Downward 

Forces 

Materials spring scale, objects 
with various masses 

Estimated Time 10 minutes 

Procedure Hold up a spring scale 
and hang objects of different 
masses from it. Have a student 
read the force required to hold up 
each object. Explain that the 
upward force exerted by the 
spring of the spring scale balances 
the downward gravitational force 
on the object. 

Balanced Forces The point to 
emphasize is that a condition 
of zero velocity (constant 

velocity of zero) is not any dif- 
ferent, in terms of net force | 

acting on the object, than an 
object moving at a constant, 

non-zero velocity. Explain that 
any constant velocity means 
that the forces acting on the 
object are balanced. 

Make a Model 

Rough Surfaces Students can use 
modeling clay to show how two 

surfaces that appear to be smooth 

and in complete contact are, in 

fact, microscopically rough. ‘The 

models should show the bumps 
and dips on the surfaces and how 
the surfaces only touch on a small 
number of the bumps. [2] 
Kinesthetic 

Figure 12 Forces can be 
balanced and unbalanced. 

> << = 0) 

Net Force = 0 

A These students are pushing on 

the box with an equal force but in 

opposite directions. Because the 

forces are balanced, the box does 

not move. 

Science@Niine 
Topic: Forces and Fault 

Lines 

Visit fl.gpescience.com for Web 

links to information about the 

unbalanced forces that occur along 

Earth’s fault lines. 

Activity Use inexpensive materi- 

als such as bars of soap to model 

the forces and movements along 

the fault lines. Share your models 

and demonstrations with your class. 
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Ne 

Net force = —> 

B | These students are pushing on 

the box with unequal forces in 

opposite directions. The box will be 

moved in the direction of the 

larger force. 
=> + => — 

Net Force = 

ve These students are pushing on 

the box in the same direction. The 

combined forces will cause the box 

to move. 

| 

Balanced Forces Force does not always change velocity. In 

Figure 12A, two students are pushing on opposite sides of a box. 

Both students are pushing with an equal force but in opposite 

directions. When two or more forces act on an object at the 

same time, the forces combine to form the net force. The net 

force on the box in Figure 12A is zero because the two forces 

cancel each other. Forces on an object that are equal in size and 

opposite in direction are called balanced forces. 

Unbalanced Forces Another example of how forces 
combine is shown in Figure 12B. When two students are 

pushing with unequal forces in opposite directions, a net force 

occurs in the direction of the larger force. When forces combine 

to produce a net force that is not zero, the forces acting on the 

object are unbalanced forces. The net force that causes the box 

to accelerate will be the difference between the two forces 

because they are in opposite directions. 

In Figure 12C, the students are pushing on the box in the same 
direction. These forces are combined, or added together, because 

they are exerted on the box in the same direction. The net force 

that acts on this box is found by adding the two forces together. 

VEST Le @ Give another example of an unbalanced force. 

Visual Learning 
Teacher Ff 

Figure 12 ‘Tell students that the net force acting on an 
object is called the resultant force. In Figure 12A, 

the forces are equal and in opposite directions, so the 
resultant force is zero. In Figure 12B, you can calcu- 

late the resultant force by subtracting the smaller 

force from the larger one. How would you calculate 

the resultant force in Figure 12C? Add the two forces 
together. [L2] [) Visual-Spatial 
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Plate Tectonics Scientists . do ne 

understand the driving force bi 
movement of the plates. T Th 
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Unbalanced Forces Change Velocity When the forces 
acting on an object are balanced, the velocity of an object does- 
nt change. If you and a friend push on a door from opposite 
sides with the same size force, the door doesn’t move. The net 
force is zero and the forces are balanced. But if you push harder, 
the door moves in the direction of your push. The velocity the 
door, or any object, changes only when the forces on it are 
unbalanced. 

Friction 
Suppose you give a skateboard a push with your hand. The 

skateboard speeds up as you push it and then keeps moving after 
it leaves your hand. What happens to the skateboard’s speed if it 
is moving on a flat, level surface? You know the answer. The 

skateboard slows down and finally stops. 

After it left your hand, the skateboard’s velocity changed 
because the forces acting on it were unbalanced. The unbal- 

anced force that slowed the skateboard was friction. Friction is 

the force that opposes the sliding motion of two surfaces that 
are in contact. 

What causes friction? The size of the frictional force 
exerted by one surface on another depends on the materials the 

surfaces are.smade from and the roughness of the surfaces. All 

surfaces have bumps and dips, including highly-polished metal 

surfaces that seem very smooth. When two surfaces are in con- 

tact, sticking occurs where the bumps and dips touch each other. 

This causes microwelds to form between the two surface. These 

microwelds tend to make the surfaces stick together and cause 

friction to occur. 
The frictional force between two surfaces increases when 

the force pushing the surfaces together increases, as shown in 

Figure 13. When the surfaces are pushed together with more 

force, more of the bumps and dips come into contact. This 

increases the strength of the microwelds. 

¥ Force 

Same two 

surfaces 
Surfaces 

More force presses the 
Microwelds form where bumps closer together. 

bumps come into contact. 

Comparing Friction 

Procedure a) 

1. Place an ice cube, a rock, 

an eraser, a wood block, 

and a square of aluminum 

foii at one end of a metal 

or plastic tray. 

2. Slowly lift the end of the 
tray with the items. 

3. Have a partner use a 

metric ruler to measure 

the height of the raised 
end of the tray at which 

each object begins to slide. 

Record your measurements. 

Analysis 
1. List the height at which 

each object began to slide. 

2. How did the height at 

which objects began to 

slide depend on the rough- 

ness of the objects? 

3. How did the forces due 

to static and sliding 

friction compare 

for each 
object? 

Figure 13 Friction is due to the 
microwelds that form between 

two surfaces in contact. These 

microwelds become stronger when 

the force pushing the surfaces 

together increases. 

Explain how the area of contact 

between the surfaces changes when 

they are pushed together with a 

larger force. 
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Purpose Students observe the 

effect of friction on several 

materials. Kinesthetic 

Materials ice cube, rock, eraser, 

wood block, square of aluminum 

foil, metal or plastic tray, metric 

ruler 

Teaching Strategy Have an empty 
jar or beaker available for the ice 
cubes. 

Analysis 

1. The ice cube should slide first, 
followed by the aluminum foil, 
rock, wood block, and eraser. 

2. The rougher the object, the higher 
it was before it began to slide. 

3. Static friction was greater than 

sliding friction for all materials. 

Assessment 
Oral Ask students to list several 

ways to increase the friction 
between tires and ice. Put chains 

on tires, make tires with steel grips, add 
sand or some other abrasive to ice, add 

weight to the car. Use Performance 
Assessment in the Science 

Classroom, p. 93. 

Caption Answer 
Figure 13 The area of contact increases. 

‘te LAB DEMONSTRATION 

Purpose to observe properties of friction 

Materials 2. heavy wood blocks (about 

10 em X15 cm X5 cm thick), 2 nails, 

spring scale, string, strip of sandpaper as 

wide as the blocks, smooth surface 

Procedure Pound nails in the center of one 

5-cm side and one 15-cm side of one wood 

block. Attach the spring scale and pull the 
block across a smooth surface. Record the 
force. Repeat on a rough surface with the 

second block on top. Repeat with the 

block on its end. 

Expected Outcome [here is more friction 
on a rough surface. Friction doubles if the 

mass doubles. The area of contact doesn’t 

affect friction. 

Assessment 

What would happen if a third block were 

placed on top of the second block? The fric- 

tional force would triple. 
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Effect of Surface Area on Friction 
Friction is nearly independent 
of the surface area of contact. 
Friction depends on the micro- 

scopic contact areas on the 
microscopic welds that form 
when the surfaces are pushed 
together. If the microscopic 
contact area increases, more 
welds are formed. However, 

because pressure equals force 
divided by area, the pressure 
pushing the surfaces together 
decreases. This causes the con- 
tact area on each weld to 
become smaller so that the total 
microscopic contact area 
remains nearly unchanged. 

Caption Answer 
Figure 14 The net force is zero. 

Using Science Words 
Word Origin Have students find 
the origin of the word friction. The 
word friction comes from the Latin 

word fricare, which means “to rub.” 

Linguistic 

Reading Strategy 

Discussion Groups Organize 
students into groups of four. 
Assign a discussion leader and 
recorder. Have them use the 
following prompt to begin a 
discussion: What is friction? 
Have the recorder write a sum- 
mary statement that outlines the 
main points of the conversation. 

(% Reading Check 

Answer opposite the direction of 
motion 

| Static Friction Suppose you push 

| ~§©6on a heavy box, like the one in 

Figure 14, and it doesn't budge. The 

velocity of the box didn’t change, so 

another force is acting on the box that 

balances your push. This force is a fric- 

tional force called static friction that is 

due to the microwelds that have 

formed between the box and the floor. 

Static friction is the frictional force 
that prevents two surfaces in contact 

from sliding past each other. In this 

case, the box didn’t move because your 

push is not large enough to break the 

microwelds between the two surfaces. 

Figure 14 The static friction : Sliding Friction You and a friend push together on the box 

force balances the applied forceso : and the box slides along the floor, as shown in Figure 15. As the 

the box doesn’t move. : box slides on the floor, another frictional force—sliding fric- 
infer the net force on the box. : tion—opposes the motion of the box. Sliding friction is the 

force that acts in the opposite direction to the motion of a 

surface sliding on another surface. If you stop pushing, sliding 

friction causes the box to slow down and stop. The force due to 

sliding friction between two surfaces is smaller than the force 

due to static friction. 

ARS @ Sliding friction always is in what direction? 

Rolling Friction When an object rolls over a surface, a fric- 
tional force due to rolling friction slows the object down. 

Rolling friction usually is much less than sliding friction. This is 

why it is easier to move a heavy object if it is on wheels. 

Figure 15 Sliding friction acts 
on the sliding box in the direction 

opposite to the motion of the box. 
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Differentiated Instruction 

Challenge In general, the smoother two surfaces 
are, the less friction there is between them. 

However, if surfaces are extremely smooth, they 

actually have more friction between them. Have 

students rub two new glass slides together and com- 

pare this to the resistance felt when rubbing older, 

scratched slides together. Ask them to explain this 
effect. Extremely smooth surfaces have a greater true contact 
area (more bumps are in contact). Kinesthetic 
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Activity 
Air Resistance Have students 
show how air resistance affects 
the way an object falls by making 

a parachute out of string and 
cloth and attaching it to a small 
object. Suggest that students 
compare the rates at which the 

object falls when it is attached to 

the parachute and when it is not. 
GD jf Kinesthetic 

Air Resistance 
When an object falls toward Earth, it is pulled downward by 

the force due to gravity. However, a type of frictional force called 
air resistance opposes the motion of objects that move through 
the air. Air resistance causes objects to fall with different accel- 
erations and different speeds. If there were no air resistance, 
then all objects, like the apple and feather shown in Figure 16, 
would fall with the same acceleration. 

Air resistance acts in the direction opposite to the velocity of 
an object moving in air. If an object is falling downward, air 
resistance acts upward on the object. The size of the air resist- 
ance force depends on the size and shape of an object. Imagine 

dropping two identical plastic bags. One is crumpled into a ball 

and the other is spread out. When the bags are dropped, the 
crumpled bag falls faster than the spread-out bag. The down- 

ward force of gravity on both bags is the same, but the upward 

force of air resistance on the crumpled bag is less. As a result, the 
Controlling Motion 

Purpose ‘Io design a device that 

will control the motion of a 
marble and keep it in motion for 

net downward force on the crumpled bag is greater, as shown in 
Figure 17. 

The amount of air resistance on an object depends on the Figure 16 This photograph each in 
speed, size, and shape of the object. Air resistance, not the : shows an apple anda feather nts i ° 

object’s mass, is why feathers, leaves, and sheets of paper fall : falling in a vacuum. The photo- HOI HEMT SHEE ee 

more slowly than pennies, acorns, and apples. > graph was taken with a strobe choose their own materials. 
light that flashes on and off at a Suggestions: cardboard sheets, 

cardboard tubes, pizza delivery 
| y i : steady rate. Because there is no air 

boxes, plastic tubing 
resistance in a vacuum, the feather 

and the apple fall with the same Estimated Time 2 class periods; 
acceleration. outside class time may be 

required. 

Teaching Strategies 

¢ Divide the class into small 
groups. Students can use a variety 
of schemes to keep their marble 
in motion. The goal is to keep 
the marble in motion exactly 3 

Force of min, so the students will have to 

ipa fine-tune their device. Encourage 
students to use gravity, springs, 

rey £%, Force of catapults, mouse traps, etc. to a ec gravity ; ns 
Ps make their device fun. 

; Net For additional inquiry activities, see 
at J force Figure 17 Because the bag on the left Science Inquiry Lab Manual. 

itl ttt has a greater surface area, the bag on the 

Force of air resistance left has more air resistance acting on it as 
” TF ost Reading 

Force of air resistance it falls. 

Graphic Organizer Using the 
SECTION 3 Motion and Forces 85 

terms balanced and unbalanced 

forces, friction, and air resistance as 

Science Jou rnal central themes, have students 

develop a concept map with 

ReQuest Have students listen carefully as you Falling Objects Have students describe in their branches to words or ideas that 

read an interesting story or newsworthy item Science Journals how the velocity and acceleration provide details and explanations. 

aloud. After the reading, students, alone or in of an object change as it falls from a tall building. Allow students to use illustrations 

groups, can formulate questions to discuss Initially, velocity increases causing the air resistance force to. to augment their chart. 

increase until it equals the force of gravity. The velocity is then 
constant and acceleration is zero until the object hits the 

Have students participate in a ReQuest 

related to friction, air resistance, or terminal 

velocity. ground. Logical-Mathematical 
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Discussion 

Terminal Velocity What happens 
to an object’s velocity and accel- 

eration when the object reaches 

terminal velocity? The object's veloc- 
ity remains constant, so its acceleration 

is Zero. 

AILY INTERVENTION 

Check for Understanding 
Kinesthetic Have (or draw on 

the board) three boxes that are 

the same size but have different 

masses. Ask how the students 

could tell which is heaviest with- 

out actually picking it up. You 
could push it along the floor. If the boxes 
are made from the same material so that 

the frictional force varies only with the 
weight of the box, the most difficult to 
push is the heaviest. 

Reteach 

Friction Have students demon- 
strate how rolling friction is less 
than sliding friction by pulling a 
rubber band attached to a toy car. 
If the car is pulled on its wheels, 
the rubber band barely extends. If 
the car is pulled on its top, the 
rubber band extends much more. 
GD jf Kinesthetic 

(WW Recacemnae ™ Assessment 
Oral Have students work in 
small groups to discuss various 

sports they enjoy. They should 
explain how static, sliding, and 
rolling friction are important for 
the sport. Use PASC, p. 89. 
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ow 

3 As SESS Force of gravity 

Force of air resistance 

Figure 18 When the sky diver 

reaches terminal velocity, the force 

due to air resistance balances the 

force due to gravity. 

Sitar 

Balanced and Unbalanced Forces 

e A force is a push or a pull that one object 

exerts on another object. 

@ The net force on an object is the combination 

of all the forces acting on the object. 

@ When the net force on an object is zero, the 

forces acting on the object are balanced. 

@ When the net force on an object is not 

zero, the forces acting on the object are 

unbalanced. 

@ Unbalanced forces cause the velocity of an 

object to change. 

Friction 

® Friction is the force that opposes motion 

between two surfaces that are touching 

each other. 

© Friction depends on the types of surfaces and 

the force pressing the surfaces together. 

® Static friction prevents surfaces that are in 

contact from sliding past each other. 

Air Resistance 

@ Air resistance is a force that acts on objects 

that move through the air. 

-~section. ~ 
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Terminal Velocity As an object falls, the downward force of 

gravity causes the object to accelerate. For example, after falling 

2,000 m, without the effects of air resistance a skydiver’s speed 

would be almost 200 m/s, or more than 700 km/h. 

However, as the speed of a falling object increases, the 

upward force of air resistance also increases. This causes the net 

force on a sky diver to decrease as the sky diver falls. Finally, the 

upward air resistance force becomes large enough to balance the 

downward force of gravity. The net force on the object 1s zero, 

and the velocity of the object doesn’t change. The object falls 

with a constant velocity called the terminal velocity. The term1- 

nal velocity is the highest velocity the falling object will reach. 

The terminal velocity depends on the size, shape, and mass 

of the falling object. The air resistance force on an open para- 

chute, like the one in Figure 18, is much larger than the air 

resistance on the a sky diver with a closed parachute. With the 
parachute open, the terminal velocity of the sky diver becomes 

small enough that the sky diver can land safely. 

Teview. 

Self Check 

. Explain why the frictional force between two surfaces 

increases when the force pushing the surfaces together 

increases. 

. Compare the force of air resistance and the force of 

gravity on an object falling at its terminal velocity. 

. Compare the size of forces due to static, sliding, and 

rolling friction between two surfaces. 

. Think Critically What is the net force on a car stopped 

at a stop sign? What is the net force on a car moving in 

a Straight line with a constant speed? 

Applying Math 

. Calculate Net Force Two students push on a box in the 

same direction, and another pushes on the box in the 

opposite direction. What is the net force on the box if 

each pushes with a force of 50 N? 

. Calculate Sliding Friction You push a box with a force 

of 80 N. If the net force on the box is 50 N, what is the 

force on the box due to sliding friction? 

. Calculate Acceleration The downward force of 

gravity and the upward force of air resistance on 

a falling ball are both 5 N. What is the ball’s 

acceleration? 

More Section Review fl.gpescience.com 

Section review 

1. The contact area between the 

surfaces increases and more 

microwelds are formed. 

2. The two forces are equal and in 

Opposite directions. 

Force 

3. Static is greater than sliding which 
is greater than rolling. 

4. The net force is 0 N in both cases. 
5. 50N in the direction the two stu- 

dents are pushing. 

6. 30N in the opposite direction of the 
80 N force. 

7. 0 m/s° (Net force is 0 N.) 
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If you stand at a stoplight, you will see cars 

stopping for red lights and then taking off 

when the light turns green. What makes the 

cars slow down? What makes them speed up? 

How do balanced and unbalanced forces affect 

the acceleration of objects? 

© Real-World Problem 
How does an unbalanced force affect the 

motion of an object? 

Goals 
@ Observe how changing the net force on an 

object affects its acceleration. 

@ Interpret data collected for several trials. 

Materials 
tape f this science book 

paper clip triple-beam balance 

10-N spring scale *electronic balance 

large book *Alternate materials 

Safety Precautions 

Fe 

Proper eye protection should be worn at all 

times while performing this lab. 

© Procedure — 
1. Tie the string around the book and attach 

the paper clip to the string. 

2. Prepare a data table with the following 

headings: Force, Mass. 

3. If available, use a large balance to find the 

mass of the two books. 

4. Place the book on the floor or on the surface 

of a long table. Use the paper clip to hook 

the spring scale to the book. 

FOrce AWD ACCELERATION 

5. Pull the book across the floor or table at a 

slow but constant velocity. While pulling, 

read the force measured by the spring scale 

and record it in your data table. 

6. Repeat step 5 two more times, once acceler- 

ating slowly and once accelerating quickly. 

Be careful not to pull too hard. Your spring 

scale will read only up to 10 N. 

7. Place a second book on top of the first book 

and repeat steps 3 through 6. 

© Conclude and Apply —— 
1. Organize the pulling forces from greatest 

to least for each set of trials. What is the 

relationship between the net force and the 

acceleration of the book? 

2. Explain how adding the second book 

changed your results. 

ommunicating 
~ Your Data en 

Compare your conclusions with those of 

other students in your class. 

LAB 87 

ommunicating 
ew Your Data 
Have students discuss with one another any differences 

in their results and possible reasons for the differences. 

Video Lab available for this Lab. 

© Real-World 
Problem ———— 

Purpose Students will observe 
the relationship between mass, 
force, and acceleration. 

Process Skills observe, com- 
pare, infer 

Time Required 40 minutes 

© Procedure ——— 

Safety Precautions Students 
should wear safety goggles while 
this activity is in progress. 

Teaching Strategy Remind 
students that the spring scale 
only reads up to 10 N, so they 
must not pull too hard. 

© Conclude and 

Apply ——----—— 
1. As force increased, so did the 

acceleration. 

2. When the second book was added, 

the force should have increased. If 

the second book has approximately 

the same mass as the first book, the 

force should have doubled. 

T™ Assessment 

Process Ask students to infer 

how the pulling force would 
change if a book with less mass 

were pulled. Less force would be 
required. How would it be differ- 

ent if three of the science books 

were pulled? More force would be 
required. Use Performance 

Assessment in the Science 

Classroom, p. 89. 
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ai 

Design Your Own 

Comparing Motion trom 
Different Forces 

Goals ® Real-World Problem 
m@ Identify several forces Think about a small ball. How many ways could you exert a force on 

that you can use to the ball to make it move? You could throw it, kick it, roll it down a 

propel a small toy car ramp, blow it with a large fan, etc. Do you think the distance and 

across the floor. speed of the ball’s motion will be the same for all of these forces? Do 

Demonstrate the you think the acceleration of the ball would be the same for all of 

motion of the toy car these types of forces? 

using each of the forces. 

Graph the position 

versus time for each 

© Real-World 
Problem ———— 

Purpose Demonstrate how the 

motion of a toy car is affected 
by different forces. 

Kinesthetic 

Process Skills form a hypothe- 
sis) desigm. an experiment, 

separate and control variables, 

interpret data, measure, use 

numbers, observe, infer, com- 

pare and contrast, recognize 

cause and effect, communicate, 

make and use tables, make and 

use graphs 

© Forma Hypothesis 
force. Based on your reading and observations, state a hypothesis about 

Compare the motion how a force can be applied that will cause a toy car to go fastest. 

of the toy car resulting Time Required 30 minutes to 

plan the experiment and 45 min- 
utes to make measurements and 

f h force. 
1 Ste a © Test Your Hypothesis 

Possible Materials 
graph data prelitey cs Make a Plan 

Possible Materials Try small ramps or boards 1. As a group, agree upon the hypothesis and decide how you will 

springs from mmo leeularemodel of different lengths test it. Identify which results will confirm the hypothesis that you 

sets to propel the cars by flipping springs or rubber bands have written. 
one end of the spring against the string 2. List the steps you will need to test your hypothesis. Be sure 

car while holding the other end stopwatch to include a control run. Be specific. Describe exactly what 

securely. meterstick or tape measure you will do in each step. List your materials. 

Use thin springs with loose wind- graph paper 3. Prepare a data table in your Science Journal to record your 

ings so that they can be easily Safety Precautions observations. 
retracted and released to push the 
car forward. The string can be 
used to sharply tug the car. 
Rubber bands can be used, but 

they will provide less momentum. 

Data Table: 

Force Used) Distance Time 

1 

| Speed 

2 

l Ls —Alternatived 
ry) F Real-World Connection ‘Io make the lab an inquiry new race track that will allow stock cars to break 
Abi rf : lab, give the students more personal investment speed records in racing. Students should consider 
ypotnesis ——— into the problem by connecting it to the real world. — safe but innovative ways to increase the speeds of 

Possible Hypothesis Students Tell the students that they are designing a race track the race cars. [L2] 
for a new type of car racing. They are to design a might hypothesize that the force 

of the spring will cause the car to 
go fastest. 
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4. Read the entire experiment to make sure 

all steps are in logical order and will lead 

to a useful conclusion. 

5. Identify all constants, variables, and con- 
trols of the experiment. Keep in mind that 
you will need to have measurements at 
multiple points. These points are needed 

to graph your results. You should make 

sure to have several data points taken 

after you stop applying the force and 

before the car starts to slow down. It 

might be useful to have several students 

taking measurements, making each 

responsible for one or two points. 

Follow Your Plan 

1. Make sure your teacher approves your plan before you start. 

2. Carry out the experiment as planned. 

3. While doing the experiment, record your observations and complete the data 

tables in your Science Journal. 

© Analyze Your Data ——_______-_——--» —=--> 

1. Graph the position of the car versus time for each of the forces you applied. 

How can you use the graphs to compare the speeds of the toy car? 

2. Calculate the speed of the toy car over the same time interval for each of the 

forces that you applied. How do the speeds compare? 

© Conclude and Apply ———— 
1. Evaluate Did the speed of the toy car vary 

depending upon the force applied to it? 

2. Determine For any particular force, did the 

speed of the toy car change over time? If so, how 

did the speed change? Describe how you can use 

your graphs to answer these questions. 

Compare your data with those of other 

students. Discuss how the forces you 

applied might be different from those 

others applied and how that affected your 

results. 3. Draw Conclusions Did your results support 

your hypothesis? Why or why not? 

LAB 89 

'™ A ssessment 
Process Ask students to draw diagrams showing 

how fiction, gravity, and inertia influenced the 

motion of the car. Use Performance Assessment 

in the Science Classroom, p. 127. 

ommunicating 

Have students use graphics software to prepare a 
poster explaining their experiment and the results. 
Posters should contain sketches showing forces on the 

© Test Your 
Hypothesis 

Possible Procedures Position 
students with stopwatches at 
points along a track to determine 
when the car reaches that point. 
One student will provide the ini- 
tial force to the car by releasing a 
spring against it, tugging it with 
a string, etc. 

Teaching Strategy Encourage 
students to provide a sufficient 
force to enable the car to travel 

the entire length of the track 

they have made. 

Expected Outcome Although 
results will vary greatly, students 
should be able to determine the 
average speed of the car for each 
force. 

© Analyze Your 
Data 

1. Some graphs will show a slight 
increase in speed. Others will show a 
decrease in speed. 

2. Students should calculate the aver- 
age speed using v = d/t. 

Error Analysis Ask students to 
compare their results with other 

groups and discuss ways the dif- 
ferences could be minimized. 

© Conclude and 

Apply 
1. yes 

2. Answers will vary. 

3. Answers will depend on student 
hypotheses. 
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Understanding 
Literature 

Descriptive Writing Angelou is 
telling us that the power that 
people have to make changes for 

better lives is more significant 
than the universe and the special 

places people have built on 
Earth. 

Respond to the Reading 

1. small, lonely, miniscule, kithless, 
wayward, floating 

2. people 

3. Linking Science and Writing 
Remind students that the Moon 
revolves around Earth. Therefore, 
their poems should describe how the 
Moon might see the Sun come and go 
as it moves around Earth. 

Motion In the 
c Middle Ages, 

most people thought Earth 
stood still and that the sky 
moved around Earth. It is now 

known that the daily movement 
of the stars is due to Earth’s rota- 

tion on its axis. At the same time 

that Earth rotates, it revolves 

about the Sun. Earth follows the 

Sun in its wanderings through 
the heavens. The Sun revolves 

around the center of the Milky 
Way. Earth, a satellite of the 
Sun, takes part in this journey. 

We, this people, on a small and lonely planet 

Traveling through casual space 
Past aloof stars, across the way of indifferent suns 

To a destination where all signs tell us 

It is possible and imperative that we learn 
A brave and startling truth ... 

When we come to it 
Then we will confess that not the Pyramids 

With their stones set in mysterious perfection ... 

Not the Grand Canyon 
Kindled into delicious color 
By Western sunsets 

These are not the only wonders of the world ... 

When we come to it 
We, this people, on this minuscule and kithless! 

globe ... 
We this people on this mote? of matter 

When we come to it 

We, this people, on this wayward’, floating body 
Created on this earth, of this earth 
Have the power to fashion for this earth 
A climate where every man and every woman 
Can live freely without sanctimonious piety* 

Without crippling fear 

When we come to it 

We must confess that we 

are the possible 

We are the miraculous, the 

true wonder of the world 

That is when, and only 
when 

We come to it. 
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“A Brave and Startling Truth” 
by Maya Angelou 

eater. The 
_ some special places n Earth. The 
although marvelous, fall : 

really wonderful. How d oes A 
trast Earth's position on se tc 
emphasize the Importance of people? 

tn aes Bs eo a 

Respond to the Reading 

1. What adjectives does the poet use to 

describe Earth? 

2. What does the poet believe are the true 

wonders of the world? 

3. Linking Science and Writing Write a six- 

line poem that describes Earth’s move- 

ment from the point of view of the Moon. 

Sometimes a person 

=< > doesn’t need to see 

movement to know that something has 

moved. Even though we don't necessarily see 

Earth’s movement, we know Earth moves rel- 

ative to a reference point such as the Sun. If 

the Sun is the reference point, Earth moves 

because the Sun appears to change its posi- 

tion in the sky. The poem describes Earth's 

movement from a reference point outside of 

Earth, somewhere in space. 

1 to be without friends or neighbors 

2 small particle 

3 wanting one’s own way in spite of the advice or 

wishes of another 

4 a self-important show of being religious 

Resources for Teachers and Students 

“On the Pulse of Morning” from The Complete 
Collected Poems of Maya Angelou, Maya Angelou, 
Random House, Inc., 1994 

Space Travel, edited by Ben Bova with Anthony R. 
Lewis, Writer’s Digest Books, 1997 

Roller Coaster, 

Books, 1998 
by David Bennett, Chartwell 
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“Section 1 Describing Motion 3. An object slows down if its acceleration is 
Wtoneaice Opposite to the direction of its motion. 

change of position ~ 4. Acceleration is the rate of change of veloc- 
of a body. Dis- ity, and is calculated from this equation: 

tance is the mea- a= omen 

sure of how far an Ey 
object moved. 
Displacement is “Section 3 | Motion and Forces 
the distance and 

direction of an object’s change in position 1. A force is a push or a pull. 
from the starting point. 2. The net force acting on an object is the 

2. A reference point must be specified in combination of all the forces acting on 

order to determine an object’s position. the object. 

3. The average speed of an object can be cal- 3. The forces on an object are balanced if the 

culated from this equation: net force is zero. 

Spee 4. Sliding friction is a force opposing the 
: t 

sliding motion of two surfaces in contact. 

Static friction prevents surfaces in contact 

from sliding past each other. 

4. Velocity is a vector that includes the speed 

and direction of a moving object. 

5. The slope of a line on a distance-time 
5. Air resistance opposes the motion of 

graph is equal to the speed. 
objects that move in the air. 

. F f air resist “Section 2) Acceleration _ air resistance 

1. Acceleration occurs when an object changes 

speed or changes direction. 

2. An object speeds up if its acceleration is in 

the direction of its motion. 

Force of gravity 

LTT TTSY Use the Foldable that you made at the begin- 

ning of this chapter to help you review motion. 
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chapter a} 

Study Guide 

and completed the chapter, perform this activity. find the object’s distance traveled and displace- 

Materials protractor, paper, ruler, string ment at points B, C and D as it travels around 

Procedure Have each student use the protractor _ the circle. 

to draw a large circle and label four points Expected Outcome Use the string to measure the 

90 degrees apart A, B, C and D. Have them circle or use the formula c= 2 7r. 

After students have done the activity on page F place an object at point A. Their mission is to | 

Sa OTA 

Reviewing Main Ideas 

Summary statements can be 
used by students to review the 
major concepts of the chapter. 

SciencepnliNe 

Visit fl.gpescience.com 

More Section Review 

Interactive Tutor 

Vocabulary PuzzleMaker 

More Chapter Review 

Standardized Test Practice 

Assessment Transparency 
For additional assessment ques- 
tions, use the Assessment 
Transparency located in the trans- 
parency book. 

Assessment 

Tec Motion and Speed 
Transparency 

Directions: Carefully review the diagrams and answer the following questions 

Raat iA 
1, Some students planned four games of tug-of-war and tried to pre- 

dict the outcome of each game, What factor would be important 
for the students to know in order to make an accurate prediction 
of the outcome? 

A the type of ground surface 
B the number of people on each team 
C the average height of each person 

D the mass of the rope 

2. If all other factors are equal, which picture shows two teams that 

are the most equal? 
ED G2 H3 }4 

3, If all other factors are equal, which picture shows two teams that 
are the least equal? 

Al B2 c3 D4 

~ Tlave students use 

FOLDABLES their Foldables to 

review the content of the chap- 
ter, On the backe shave them 
write five facts they have learned 

about motion. 
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cheprer, (4) 

1. Both tell how distance changes with 
time. Velocity includes the direction. 

2. Displacement is distance and direc- 
tion from a starting point. Distance 

is the length of the path followed by 
the object. 

3. Both describe rate of change in 
position. Average speed refers to 
total distance traveled divided by 
total time elapsed. Instantaneous 
speed refers to speed at a given 
point in time. 

4. Balanced forces are forces on an 
object that cancel each other out. 
Net force is the sum of all forces act- 
ing on an object. 

5. Velocity is the speed and direction 
of an object. Acceleration is how the 

velocity changes with time. 

6. Velocity is the speed and direction 
of an object. Instantaneous speed is 
how fast an object moves at a given 
point in time. 

7. Both are forces that oppose the 

motion of surfaces that are touching 
each other. Static friction is the force 
between two surfaces that are not 
moving relative to one another. 
Sliding friction is the force opposing 

the motion of one surface as it 
slides over another surface. 

8. Both are forces that tend to oppose 
motion. Friction is between sur- 
faces. Air resistance is the force 
acting to oppose the motion of an 

object as it moves through air. 

oA 13. A 

10. B 14. C 

ITC iby, © 

12. B 

4 $C.C.1.4.1, S6.C.1.4.2 

: Using Vocabulary 

net force p.82 

sliding friction p.84 

speed p./1 

Static friction p.84 

unbalanced forces p. 82 

%# vector p.71 

% velocity p. 7/2 

acceleration p. /6 

air resistance p.85 

average speed p. /2 

balanced forces p. 82 

displacement | 

force p.81 

friction p.83 

instantaneous speed p. /| 

# FCAT Vocabulary 

Compare and contrast the following pairs of 

vocabulary words. 

1. speed—velocity 

. distance—displacement 

. average speed—instantaneous speed 

. balanced force—net force 

. acceleration—velocity 

. velocity—instantaneous speed 

. static friction—sliding friction 

on oO UN Se WwW N . friction—air resistance 

(checking Concepts 
Choose the word or phrase that best answers the 

question. 

9. Which of the following do you calculate 

when you divide the total distance traveled 

by the total travel time? 

A) average speed 

B) constant speed 

©) variable speed 

D) instantaneous speed 

10. Which term below best describes the forces 

on an object with a net force of zero? 

A) inertia 

B) balanced forces 

C) acceleration 

D) unbalanced forces 

11. Which of the following is a proper unit of 

acceleration? 

A) s/km? © m/s? 
B) km/h D) cm/s 

12. Which of the following is not used in 

calculating acceleration? 
A) initial velocity ©) time interval 

B) average speed __ D) final velocity 

13. In which of the following conditions does 
the car NOT accelerate? 

A) A car moves at 80 km/h on a flat, 

straight highway. 
B) The car slows from 80 km/h to 35 km/h. 

C) The car turns a corner. 

D) The car speeds up from 35 km/h to 

80 km/h. 

14. What is the slope of a line on a distance- 

time graph? 

A) displacement 

B) force 

©) speed 

D) acceleration 

15. How can speed be defined? 

A) acceleration/time 

B) change in velocity/time 

C) distance/time 

D) displacement/time 

Interpreting Graphics 

Use the table below to answer question 16. 

Distance-Time for Runners 

Time (s) ls BE eee | a! 

Sally's distance (m) 21 4) 6478 

Alonzo’sdistance(m) 1 2 2 4 

16. Graph the motion of both runners on a dis- 

tance-time graph. What is the average 

speed of each runner? Which runner stops 

briefly? Over what time interval do they 
both have the same speed? 

Vocabulary PuzzleMaker fl.gpescience.com 92 CHAPTER REVIEW 

Use the ExamView® Pro Test Bank CD-ROM to: 

* create multiple versions of tests 

* create modified tests with one mouse click for inclusion students 

| * edit existing questions and add your own questions 

* build tests aligned with state standards using built-in State 
Curriculum ‘Tags 

* change English tests to Spanish with one mouse click and vice versa 
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17. Copy and complete this concept map on 
motion. 

occurs when Ch = 
an object anges position 

described by’ described by “described by 

which is which is which is 

rate of change 

of position 

Speed an 

direction 

traveled 

distance and 

direction of 

object’s change 
in position 

can change when Forces act > 

can be can be 

and cause 

no change in 

motion 

~___ Thinking Critically 

18. Evaluate Which of the following represents 

the greatest speed: 20 m/s, 200 cm/s, or 

0.2 km/s? 

19. Describe a line on a distance-time graph 

representing an object that is not moving. 

and cause 4 

a change in an 
object’s motion 

20. Infer You push a book on a table so that its 

velocity is constant. If the force you apply 

is 15 N, what is the force due to sliding 

friction? 

21. Determine If you walked 20 m, took a book 

from a library table, turned around and 

walked back to your seat, what are the 

distance traveled and displacement? 

More Chapter Review fl.gpescience.com 

chaprer ©'3% Revie 

22. Explain When you are describing the rate 

that a race car goes around a track, should 
you use the term speed or velocity to 
describe the motion? 

Applying Math — 

23. Calculate Speed A cyclist must travel 

800 km. How many days will the trip 
take if the cyclist travels 8 h/day at an 

average speed of 16 km/h? 

24. Calculate Acceleration A satellite’s speed is 

10,000 m/s. After 1 min, it is 5,000 m/s. 

What is the satellite’s acceleration? 

. Calculate Displacement A cyclist leaves 

home and rides due east for a distance 
of 45 km. She returns home on the same 

bike path. If the entire trip takes 4 h, 

what is her average speed? What is her 

displacement? 

26. Calculate Velocity The return trip of the 

cyclist in question 13 took 30 min 

longer than her trip east, although her 
total time was still 4 h. What was her 

velocity in each direction? 

Use the graph below to answer question 27. 

Runners’ Motion 

Runner #1 

Runner #2 

‘Time (min) 

Distance (m) 

27. Interpret aGraph Use the graph to deter- 

mine which runner had the greatest 

speed. 

CHAPTER REVIEW 93 

(T% Assessment — 

\@y Reproducible Masters 
Chapter Fast File Resources 

Chapter Review, pp. 39-40 
Chapter ‘Tests, pp. 41-44 
Assessment Transparency Activity, p. 51 

Glencoe Science Web site 
Chapter Review Test 
Standardized Test Practice 

Glencoe Technology 
E San 
‘6 Assessment [ransparency 

@® ExamView® Pro Testmaker 
TD MindJogyer Videoquiz 
(® Interactive Chalkboard 

chapter Gq 

Review 

“Interpreting Graphics 

16. Sally's average speed is 2 m/s and 
Alonzo's is 1 m/s. Alonzo stops 

briefly; they run at the same speed 
from 3s to 4s, 

8 

nN Sally 

distance (m) 

aN 

Alonzo 
i) 

18. 0.2 km/s 

19. The line would be horizontal. 

20. 15N 

21. distance traveled, 40 m; displace- 
ment,0m 

22. Speed, because the velocity is 
constantly changing due to the 
constant change of direction. 

Applying Math 

Math Standards 
National: 1, 2,9 

Florida: MA.B.1.4.2, MA.E.1.4.1 

23. time = 800 km/16km/h = 50h; 
at 8 h/day, total time is 6 days 
2 hours 

24, about -83.3 m/s” 

25. 22.5 km/h; displacement is 0 km 

26. Time there is 1.75 hours; time 

back is 2.25 hours; velocity there is 
25.7 km/h; velocity back is 20 

km/h. 

27. Runner 1 because of the greater 
slope on the graph. 

CHAPTER REVIEW 93 



chapter a 

Standardized Test Practice 

Answer Sheet An answer sheet 

-an be found at fl.gpescience.com. 

Standardized Test Practice Answer Sheet 

© Multiple Choice 

1.B 

7st 

eC 

4.B 

5.A 

6. C 

7.8 

8. C 

¢ Multiple Choice 

1. Sound travels at a speed of 330 m/s. How 

long does it take for the sound of thunder 

to travel 1,485 m? 

A. 455 

B. 4.55 

C. 4,900 s 

D. 0.22 s 

Use the graph below to answer questions 2—4. 

Change in Speed over Time 

Speed (km/h) 

a 

10 

5 

0.1 0.2 0.3 0.4 0.5 

Time (h) 

2. The graph shows how a cyclist’s speed 

changed over 0.5 h. What is the cyclist’s 

average speed if the trip was 6 km? 

A. 3 km/h 

B. 10 km/h 

C. 12 km/h 

D. 20 km/h 

| _Test-Taking Tip | Tip 

Read Carefully Read each question carefully for full understanding. 

i 

94 STANDARDIZED TEST PRACTICE 

Record your answers on the answer sheet provided by your teacher or on a sheet of paper. 

The assessed Florida Benchmark appears above the question. 

3. Once the trip was started, how many times 

did the cyclist stop? 

A. 

SS is) 

B 

C. 

D Nn 

4. What was the fastest speed the cyclist 

traveled? 

A. 20 km/h 

B. 30 km/h 

Cc. 12 km/h 

D. 10 km/h 

Use the table below to answer questions 5 and 6. 

Distance Time 

covered (km) | (min) 

re re 

5. What is Daisy’s average speed? 

A. 0.30 km/min 

B. 530 km/min 

C. 3.0 km/min 

D. 3.4 km/min 

6. Which runner has the fastest average 

speed? 

A. Daisy 

B. Jane 

C. Bill 

D . Joe 
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Standardized : & 

__TestPractice | SUSPIEr 
Standardized Test Practice 

$C.C.1.4.2 
Sind ie Setar ee ; (~~ Gridded R 7. Askier is going down a hill at a speed 10. What is the relationship between a car’s cli bd eba 

of 9 m/s. The hill gets steeper and her mass and its stopping distance? B22 
speed increases to 18 m/s in 3 s. What is $0.0.1.42 

her acceleration? 
11. If the speedometer on a car indicates a ¢ Short Response 

A. 9'mn/s~ constant speed, can you be sure the car is 
: "SRE ed ee OE x 10. The greater the mass of the car, the 

Beane not accelerating? Explain. 
greater the stopping distance. 

Ce 27 m/s” READ 11. No, because the car could be accel- 
D. 6 m/s2 Zul Extended Response erating if it is changing direction. 

— 
8. Which of the following best describes an ~~ Extended Response — 

object with constant velocity? Use the graph below to answer question 12. , 

ia ee eee a Graphing Motion 12. Swimmer A swam at a constant rate 
A. It is changing direction. of 40 m/min for 10 min., rested for 

B. Its acceleration is increasing. 2,400 | 10 min., then swam at a constant 

ae 2,200 _— a rate of 80 m/min for 10 min. 
C. Its acceleration is zero. | | 

2,000 a Vow Swimmer B swam at a constant rate 
D. Its acceleration is negative. 1,800 [ i. 7 of 60m/min for 30 min. Swimmer C 

. Swimmer C swam at a constant rate of 1,600 : 3 le | 
: Satan f 80m/min for 30 min. 

EA GriddedResponse —_] dded Response rid, Swimmer B | 13. Possible answer: at the Sun, 
eon r1\J7 because Earth and Jupiter move 
3 1,000 with respect to the Sun 

9. If a car is traveling at a speed of 40 km/h 800 | — 

and then comes to a stop in 5 s, what is its 600 ° 
acceleration in m/s7? 400 Rubrics 

aie For more help evaluating 
Short- and Extended-Response 

ort Response 0 10 20 30 questions, see the rubrics on 
Time (min) peo 

Use the table below to answer question10. 12. The graph shows the motion of three 
swimmers during a 30-min workout. 

far Mass Stopping 
(kg) Distance(m) 

Describe the motion of the three 

swimmers. 

13. Where would you place the location of a 

reference point in order to describe the 

| motion of a space probe traveling from 

| Earth to Jupiter? Explain your choice. 

Standardized Test Practice fl.gpescience.com STANDARDIZED TEST PRACTICE 95 

STANDARDIZED TEST PRACTICE 95 
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FE SST OES ORRIN Organ 

Section/Objectives 

Chapter Opener 

Standards 

National 

See pp. 16T-17T fora 

Key to Standards. 

State/Local 

Labs/Features 

Launch Lab: The Force of Gravity, 

(a), DY 

Foldables, p. 97 

Section 1 The First Two Laws of Motion National Content 

a 
Florida + MiniLAB: Observing Inertia, p. 99 

@ _2sessions Standards: Benchmarks: Science Online, p. 101 

. UCP.1-3, SG:C.1:4,2, Applying Math: The Acceleration of 

CP 1 block UCP.5, A.1, A.2, SC.H.1.4.1 a Sled, p. 102 

1. Define Newton's first law of motion. B.2, B.4 

2. Explain how inertia and mass are related. 

3. Define Newton's second law of motion. 
4. Apply Newton's second law of motion. 

Section 2 Gravity National Content | Florida Science Online, p. 105 

@ 2sessions Standards: Benchmarks: Integrate Earth Science, p. 108 

= UCP.1-3, SEGA MiniLAB: Observing Centripetal 

pee sk UCP5, A.1, A.2, SC.C2.44, Force, p. 110 
5. Describe the gravitational force. B.4 SC.H.1.4.1 Lab: Gravity and Air Resistance, 

6. Distinguish between mass and weight. SCH.1.4.3, p.112 
7. Explain why objects that are thrown will follow SC.H.1.4.6 

a curved path. SG 47, 

8. Compare circular motion with motion ina SC:H.24.1, 
straight line. SCH 24.2 

SC.H.3.4.1 

SGHS 46 

Section 3 The Third Law of Motion National Content | Florida Integrate Career, p.114 

@ 2sessions Standards: Benchmarks: Visualizing Rocket Motion, p. 115 

UCP.1-3, SCD AG, Applying Math: The Momentum of 

CP 1 block UGP Sa Asin AD SGEVAA a At p.116 

9. State Newton's third law of motion. B.4 SGia a: Lab: The Momentum of Colliding 
10. Identify action and reaction forces. SC.H.2.4.1 Objects, pp. 118-119 GD Video Lab 
11. Calculate momentum. SGH24 2 Science and History: Newton and 
12. Recognize when momentum is conserved. 
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Launch Lab: stopwatch, 

softball, tennis ball, a piece 

of crumpled paper, a flat 

sheet of paper, meterstick 

Lab Materials Reproducible Resources 

Chapter Fasr Fite Resources 

Foldables Worksheet, p. 17 

Directed Reading Overview, 

‘oy, I) 

Note-taking Worksheets, 

pp. 33-35 

Section Assessment 

See, 
y a 

— xy 

Vante? 

Glencoe Exclusive! 

TeacherWorks = 
All-In-One Planner and Resource Center 

Technology 

YeacserWorks includes: 

+ Interactive Teacher Edition 

* Lesson Planner with calendar 

* Access to all program 

blacklines 

* Correlations to standards 

* Web links 

MiniLAB: board, textbooks, 

small cart, small object, 

rubber bands 

Chapter Fasr Fite Resources 

Transparency Activity, p.44 

MiniLAB, p. 3 

Enrichment, p. 30 

Reinforcement, p. 27 

Directed Reading, p. 20 

Reading and Writing Skill 

Activities, p. 49 

Portfolio 

Differental Instructions, p. 100 
Perfomance 

MiniLAB, p. 99 

Applying Math, p. 102 

Applying Math, p. 103 
Content 

Section Review, p. 103 

Section Focus Transparency 

Teaching Transparency 

2) Interactive Chalkboard 
CD-ROM 

“2; StudentWorks Plus 

0) i> a> 

MiniLAB: string, meterstick, 
plastic slotted ball 

Lab: 4 equal-sized sheets 

of paper, scissors, meterstick, 

stopwatch, masking tape 

Need Materigl],2 

Chapter Fasr Fite Resources 

Transparency Activity, p.45 

MiniLAB, p.4 

Enrichment, p. 31 

Reinforcement, p. 28 

Directed Reading, p. 21 

Transparency Activity, pp.47-48 

Lab Worksheet, pp. 5-6 

Lab Activity, pp. 9-12 

Life Science Critical Thinking/ 

Problem Solving, p. 14 
Earth Science Critical Thinking/ 

Problem Solving, p.5 
Cultural Diversity, p. 25 

Portfolio 

Curriculumn Connection, p. 108 

Reteach, p.111 

Performance 

MiniLAB, p. 110 

Applying Math, p. 111 

Content 

Section Review, p. 111 

é Section Focus Transparency 
®) Interactive Chalkboard 

CD-ROM 

2) StudentWorks Plus 

Lab: meterstick, softball, 
racquetball, tennis ball, 
baseball, stopwatch, 
masking tape, balance 

NCO, 
y a 

ASSESSMENT 
% & 
vane? 

Chapter Fasr Fite Resources 
Chapter Review, pp. 37-38 
Chapter Tests, pp. 39-42 

Standardized Test Practice, pp. 20-23 

Chapter Fasr Fie Resources 

Transparency Activity, p.46 

Enrichment, p. 32 

Reinforcement, p. 29 

Directed Reading, p. 22 

Lab Worksheet, pp. 7-8 

Lab Activity, pp. 13-16 

Home and Community 
Involvement, p. 49 

Portfolio 

Activity, p.115 

Performance 

Applying Math, p. 116 

Applying Math, p. 117 

Content 

Section Review, p. 117 

End of Chapter Assessment 

39 658 69 9 

DO MindJogger Videoquiz 

) Virtual Labs CD-ROM 

| ExamView® Pro Testmaker 

) TeacherWorks CD-ROM 

2) |Interactive Chalkboard CD-ROM 

CHAPTER 4 Chapter Organizer 

é Section Focus Transparency 
*®) Virtual Labs CD-ROM 
©) Interactive Chalkboard 

: CD-ROM 

®) StudentWorks Plus 

{D Video Lab 

Performance Assessment in the Science 

Classroom (PASC) 
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oTra, —— 
LOTTO 
Os Something He Could Sink His Spates 

Teeth Into! | 4 an one firefighter to aim a fire hose. The force of 
In 1999, Krishna Gopal Shrivestava of India set an unverified world 

record by pull 2 with his teeth! His 
»ting out of the nozzle causes a reaction that can be 

difficult to control. 

|. Describe what happens if you step from a canoe or small boat 

2. Does a garden hose need more than one person to hold it? What's 
1, On Earth, how 11 up from down? the difference betw rden hose and a fire hose? 

1. What would hy 
instead of 

II rowboat ed by and an astronaut stood on it, what would the ). What would happen if the firefighters dropped the hose? 

2, When he stops pulling, will the ship stop moving? Explain 
3, What direction is the ship moving? Why? 

This is a representation of key blackline 

masters available in the Teacher Classroom 

Resources. See Resource Manager boxes >. ae 

within the chapter for additional information. a an AaNGGN GEST aa aE 
Mass | Weight Mass Weight 

on Earth | on Earth | on Moon 
eerobsh [ee zat 

Stationary and 
# Falling Elevator 

| Object 

Astronaut | 

[Flashlight | 

Lunar Rover | 650 kg | 650 ko Key to Teaching Strategies 
Moon rocks | 22kg | 215. 22kg 

ight on the The following designations will help you 
decide which activities are appropriate 
for your students. 

ut 
B Flashlight D Moon rocks 

2. Astronauts discovered how much easier itis to lift objects on the 
Moon. The weight of these objects on the Moon is due to 
F Earth's gravity 
G the Moon's gravity 

Level 1 activities should be 

appropriate for students with 

learning difficulties. 

le, which object weighs the LEAST? 
© Lunar Rover 
D Moon rocks 

about by 
jects on Earth th: 

H six time 
G four times J eight times 

Level 2 activities should be within 

the ability range of all students. 

L3} Level 3 activities are designed for 

above-average students. 

G® ELL activities should be within 
the ability range of English 
Language Learners. 

COOP LEARN Cooperative Learning 

activities are designed 

for small group work. 

Hands-on Activities 

Student Text Lab Worksheet Laboratory Activities 

Can Gravity and Air Resistance 
\ | 

fer 

C Fama Projectile Motion 
Activity 

Lab Preview 
Directions: Answer these questions before you beyin the Lab 

Hands-On Activities 

Multiple Learning Styles logos, 

as described on page 12T, are 

used throughout to indicate 

strategies that address different 

learning styles. 

Strategy 

P| These strategies represent student 
products that can be placed into 
a best-work portfolio. 

PBL’ Problem-Based Learning activities 
apply real-world situations to 
learning. 

Data and Observations 
Tablet 

Satety Precautions [aa Fa [__ Effects of Air Resistance 
Procedure 

| Figure ta 
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Resource Manager 

Mase ate 

Content Outline 

[SSetoee The Laws of Motion 
Worksheet 

Section | The First Two Laws of Motion 

B. New 

Section2 Gravity 

A The Law ol sates thar any Ww 

force. and the weak nuclear tor 

B. Ducts all obits fall wath th 

cxntripetal 

ees eof th nie forces that abs 

oris second law of motion coxnccts force, mass ain) aeceleration tn the eal 

Hed centripetal acceleration: i 

Meeting Individual Needs 

conservation of mementum gravitational 
opposite 

|. Newton's First Law 

| IL Newton's Second Law 

upont 

Meeting Individual Needs 

Directions: Use the equation Fs m x at solve the following problems. Show your calculations in the spaces 
provided, 
1k How much force ie eed to accelerate a TOO0sKy cae ala rate of Sell 

2. 11.4 20-kq swimmer pushes alfa puso! wall itl w force af 290 N, at what rate will te swimmer 
accelerate from the wall 

3, A weighilifer raises v 200+ky barbell with an acceleration of A) 
weightlifter use to raise the bari 

4, A dancer lfis his paraner above his heail with an acceleration of 25 ina The dancer exerts a 
Force of 200.N, What ithe mass of the partner? 

Directions: Ansiver the following questions on the lines provided. 
5. What docs ™%wton's second law of motion stare 

A. Lisplain how Newton’ first lave can be derived trony Newton's sexond law 

Study Guide 

The First Two Laws Chaptor 

of Motion | 4 

Directions: Arner the following yucstions ur complete the sentence by writing the carrectlenter wn 
the line provided. 
1, Anvobject with a mass of 40 ky is accelerating at 2 m/s! The net farce acting an the 

ject is 
2.20N b40N 
aN 4. 40 
A net force of 25 N acts on an object andthe object accelerates at the rate of 5 nus 
The mass of the object is 
a 02 bg b. 125 ky 
© 15 he 4. Sky 
Anice skater (s moving on ice when she decides 1o stop pushing against the ice with 
her lege and glide. She comes 10 rest after 80 1 of gli 
inertia bs, Newton's first law 
© mass d, the force of friction, 
Which statement beat explains why passengers in a car noying fast are injured when 
there isa Ieadion « 
44. There isa collision between the passengers and the dashboord and other part 

of the car 
be The car andthe pasuengers move according to.the second law of motion 

The car and pawengers move acconling to tho first law oft mation 
4d. The car and the passengers both have inertia, 
A weight-lifter (ries to lif an 1800 ky barbell but can not make i budge: Which 
slulensent best explains why 
4. The muss of the barbell iu 
beThe ingriia of the barbell is greater than 1N00 ke 
€ The force prodluced/by the man’s muscles isles than the force of gravity 

on the barbell 
4, The force produced by the man's muscles balances the force of gravity on the barbll 

Direetlons: Circle the term mm parentheses that muskes euch staternent currect 

6. The tendency of an object to resist a change in its nvotion ie called (inertta, mass). 

7 The (first, second) law of motion coupks the force on an object with its acceleration, 

The Ft Ti Lam of Maton 

I 
a : 
& 
£ i 
= 

Friction and the Curve Ball 

The curve ball was invented by a young The snap ‘of the pitcher's wrist puts a 
pitcher named Arthur "Candy" Gurumin: spin o1 the ball. And that spin changes the 
Although Cummings tirat threw the curve ball ‘on the air and the ball. After It 
uring a gare while pitching for the Brooklyn thrown, parts of the ball experience more uir 
Kxcelsiors in 1467, he actually inyented hi 
technique many years before, Asa boy curved path reaults from the hall moving 

friction und parts ofthe bal experience leas. 

Cumeninys loved baseball and practice his {the least amount of friction 
plihing on the beach nar his New Lngland Specifically, one movernent ofthe pitcher's 
home. He threw clam shells instead of » wrist when the balls released cases top spin, 
thaeball and found that by holding and 
relessing the shells in acertain ray he could the dir (more fnetion) and the bottom move in 
make them curve the sume direction a the air (les friction), Lk 

‘making ihe top of the ball raove forward against 

any curve ball, the ball curves toward the least 
Did jt really curve? amount of friction: Jownrrand 

The Baschal Hall of Fame yave Cummings 
the title “inventor of the curve ball” In his Spin it Sideways 
historical performance, Cummings snapped In addition to topspina pitcher's wrist can 
hie wrist at the exact moment when he lwo produce a counter-clockwise spin or a 
released the ball, This caused itto arch andifly clockwise spin. When a curveball is throwen by 

SpaaN Tenpupuy Busy &-riglichunded pitcher; the ball spins counter 
clockwise. The right side 

just the batfer to land jn the catcher 
F the baseball expe Heople couldn't believe it Nobody kne 

sure whether the ball reully curved! ot just ences less air frie 
looked like w did the Teft, or away from 4 right-handed hitter. 

More than 100 years later in 1982, the When a curveball i thrown by a Jeishanded 
Massachusetts Institute of Technology (MIT pitcher the ball sping clockwise, The left side 
proved once and for all that a busebll thrown of the baseball experiences less aie friction. 

W the bull curves to 

like Cummings threw it docs indeed, curve andl the ball curves to the right, of away from 
Why does it curve! Its all about friction. left-handed batter 

1. What effect might the stiiches on a baseball have on the path of a baseball 

2. Do you think a baseball curves better at the top of a high mountain of down on a flat plant 

3, Deerihe haw the type of spin given to a baseball by a pitcher influences the path of the baseball. 

section ® The First Two Laws of Motion 

@ Before You Read 
When you hit baseball with a bat, you apply a force that 
mayes another object, Write about another example in which 

What You'll Learn 
Newton’ first and 

second laws af mation 
1 how inert and mas are 

relates force is used 10 move something. 
1 how 10 ine Newton's 
second Lat of mation 

Bae) @ Read to Learn 
Create a Quiz A\ you are 
reading this saction. wie fve Newton's Laws of Motion 
‘questions thar could Ise used 

A force isa push ora pull. When you lift a backpack, you (0 a QuUE Be sure to Include the 
anewere exert force that causes it to move. Before you lifted it, the 

backpack was at rest. When you pulled i( up, you changed its 
velocity. But if you push down on table. the table doesn{t 
move or change velocity, The force you applied to the table 
did not cause motion. If you compare the backpack and the 
able, you may wonder how forces and motion are related 

Isaac Newton was a British scientist who lived fram 1642 ta 
1727 In 1687, he stated three rules that describe the effects of 
forces on the motion of objects. The three rules are called 
Newton's laws of motion, The rules apply to all objects in 
motion, from baseballs in the air ta the motion of planets, 
stars, and galaxies 

FFouoAtes} The First Law of Motion 
@ FindiMain ideas As Newton's first law of motion describes how an object 
you rose. use quarter or hal moves when the net force acting on it is zero. When two oF 
Shents of puper to help you iden pore forces act on an object at the same time; the force 
Dfy the main Kleas about inevtly Combine. This Is called a net force. The first law of motion andl Newton's frst iw of motion on rs states thar if the net force acting on an object is zero, the 

4D CHAPTERS the Les fico 
L1 

DIRECTIONS 

| | 

| The {able shows the total vertical distance a free-falling bey travels for each second it fall 
About bow far Uées the freesfulling body travel between 4 and $ seconds 
a. 4am 

Phyrleal Sclonee i 

ate 

The Laws of Motion 

Part A. Vocabulary Review 
Directions: in the space ot the left, woite the term from the ast that correctly completes each statement, 

gravity weight distance newtons momentum 
Inertia Newton's second law of motion projectile 

contriperal force Newton's third law of motion centripetal acceleration, 
Newton's fist law of motion, conservation of momentum 

L. The phituse "tn every action there ie an equal and nppanite reaction’ 

2 The tendency of an object not to eliange ts moon isi 
J. A bull thrown acres « football held isan exarnple of a(n 
4, Wheir an object aves In a circle sete 1a accelerate the 

object tnnvard the center of that circle 
Wher var travels around « curye in the road helps to Sep 

et force acting. an an object causes the object 10 mexelerate itl 

property of a movin. abject resulting frat its mass und yelovity 1 

soning 10 the when a luowbing ball sirikes the pins. the 
owner Test by mum olin al Is equal Wr te 
ained by the pln 

Is the force thot every objects the universe exerts on ever 

oF gravitational force between wea objects depends on. 

Weight is measured In units called while mass is measures 
alle! grams ani! kilogearn 

L2 

fate 

The Laws of Motion 

|, Testing Concepts 
Directions: For cach ofthe odowng, wnt the eter of the rem o phrase thar best completes ech statement 
or answers each question. 

— 1. The downward force exerted on an object falling through air i 

by, momentum 4d. yyeightlens 
When un object moves in a citcular path. it secelerates toward the center of the circle 

b. momentuny d. friction 
The statement “Io every reaction there is an equal and opposite reaction bi 
4, the ly of conservation of monientuity e Newton's second law of motion 
b. Newton's first law of motion 4d. Newton's third law of mo 
Inthe equation, p = my, pre 
a. momentum by friction © inertia 4. velocity 
Momenttim is expressed in units of 
a. kgm bbe kyoe mv 4, nv) 
A objeot that is jn fee fall seers 40 be 

J by ate resistance . not maving 
Latlonship among mass, force, ond acceler: vivis explained by 

Newtar's frst law af motion, © Newton's thind law of mation 
Newton's second law of 4, the conservatio 

wo objects collide, their mi 
Ann's frat law of motion ‘& Newion's third law af motion, 

nluen after the collision is explained bby 

A feather wil fall through the air more slowly than a brick because of 
a. gravity be alrresistonce —c inertia 4. momentum 
Jn the absence of alr penny anid a feather dropped from the same height ill 
4, fall ut different rate € fall at the same rate 
b, Hoar d. not have momentum 

Bb. speed anu direction dd. masses anid the distances between ther 
12. The path of a projectile i 

horizontal a curved 

Assessment 

ee 
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chapter @7p% The Laws of Motion _ 

The First Two Laws of 

Motion 
Force, Mass, and Acceleration 
Dynamics is the study of motion 

produced by forces. It comes from the Greek 
word dynamis, which means “strength or 

power.” Words such as dynamite and dynamo 
share these origins. 

Newton’s Second Law 
It follows from this law that if an object is accel- 
erating, there must be a force acting on it. 
Engines produce forces to make cars positively 
accelerate. The brakes produce forces to cause 
negative acceleration. A planet moving with 
constant speed around a star is constantly 
changing direction and therefore is accelerating 
toward the star. This acceleration is due to the 
force of gravity between the star and the planet. 

A force of one newton is equal to one kilo- 
gram meter per second squared (1 N = 1 kg m/s’). 
Thus, when dividing force by mass, the kg units 
cancel, leaving the acceleration units of m/s’. 

Gravity 
The Law of Gravitation 
Newton described the gravita- 
tional force between two objects 

and the distance between them with the follow- 

Internet Resources 

For additional content background, visit 

fl.gpescience.com to: 

e access your book online 

e find references to related articles in popular 

science magazines 

e access Web links with related content back- 
ground 

e access Current events with science journal topics 
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Science Content Background 
ing equation: force of gravity = G X (mass;) X 

(mass>) / (distance between them)’. G is the uni- 

versal gravitational constant. If the mass of one 

of the objects quadruples, the force of gravity 
quadruples. If the distance between the objects 
quadruples, the force of gravity is reduced by 
one-sixteenth. 

Gravitational Acceleration 
The average acceleration due to gravity on 
Earth is 9.8 m/s’. This value varies slightly with 
location. In general the greater the distance 
from Earth’s center, the lower the value, which 

means gravitational acceleration is smaller on a 
mountain than in a valley. The acceleration at 
the equator tends to be less than at the poles. 
This is because Earth is not a perfect sphere; its 
poles are somewhat pushed together. The accel- 
eration due to gravity on Mercury is 3.8 m/s’, 
while on Jupiter it is 22.9 m/s°. 

Newton’s second law can be used to explain 
why all objects, regardless of mass, fall with the 
same acceleration due to gravity. Objects with a 
large mass have a greater gravitational force acting 
on them. However, although the force is great, so 

is the mass. These offset each other, causing all 
objects to fall with the same acceleration. 

Centripetal Force 
An object in circular motion is sometimes said 

Print Resources 

Forces and Motion by Peter Lafferty, Raintree 

Steck-Vaughn Publishers, 2001 

Science Projects About the Physics of Sports by 

Robert Gardner, Enslow Publishers, Inc., 2000 

Gravity the Universal Force by Don Nardo, Lucent 
Books, 1990 

Awesome Experiments in Force & Motion by 
Michael DiSpezio, Sterling Publishing Co., 1998 



to be experiencing centrifugal force, which 
really doesn’t exist. If you swing a bucket of 
water on a string, the water seems to be pushed 
outward, but this is due to the water’s inertia. If 
tends to move in a straight-line motion while 
the bucket is pulled in by the centripetal force of 
the string. This causes the water to remain at 
the bottom of the bucket. 

The Third Law of Motion 

Newton’s Third Law 
The recoil of a rifle is an interesting 
application of Newton’s laws. When 

fired, the rifle "kicks back" into the shoulder of 

the shooter. If the rifle hurts the shoulder, should 

the shooter use a more-massive or a less-massive 

gun? If the guns are firing the same bullets with 
the same accelerations, the more-massive gun will 
give less kickback. The recoil force will be the 
same, but the more-massive gun will not acceler- 

ate as much (a = F/7m). 

Finding Planets with Newton’s Laws 
Newton’s third law is now being used to find 
planets in other solar systems. The planets are 

Teacher to Teacher 
Sarah Vandermeer 

St. Charles High School 

Columbus, OH 

“| have one of the smaller and one of the larger students in 

the class each take a 100-N spring scale. We hook the two 

scales together, and each students pulls as hard as possible. A 

third student reads each of the scales and, sure enough, they 

have the same reading. This is true even if the stronger stu- 

dent causes the smaller one to slide along the floor. You can 

also get two bathroom scales and place them bottom to bot- 

tom between the students. When they push on the scales, 

against each other, the two scales show the same force.” 

Sarah Vandermeer | 

Helping You Prepare 

not directly seen, but their presence is inferred 
from the behavior of the stars in that solar sys- 
tem. More than 50 planets in other solar systems 
have been found this way. 

Momentum 
To hit a homerun, a softball player must 
impart the maximum momentum from his or 
her body and the bat to the ball. To do this, 
each player must find the bat that gives him or 
her the best combination of mass and speed. A 
heavier bat has more mass but the player may 
not be able to swing it as fast as a lighter bat. 

A force applied over time, also called an 
impulse, can change momentum. The momen- 
tum change depends on the size of the net 
force acting on an object and the time over 
which the net force acts. A large force acting 
for a short time and a small force acting for a 
longer time can cause equal changes in 
momentum. The formula describing this rela- 
tionship is Ff x t = m Av. In softball, following 
through on a swing can increase the amount of 
time the bat stays in contact with the ball, and 
this causes a greater velocity gain by the ball. 

David Young—Wolff/PhotoEdit 

CHAPTER 4 Helping You Prepare 96F 



chapter 

Chapter Vocabulary 
first law of motion, p. 98 

inertia, p. 99 

second law of motion, p. 102 

eravity, p. 104 

weight, p. 106 
centripetal acceleration, p. 110 

centripetal force, p. 110 % 
third law of motion, p. 113 
momentum, p. 116 

law of conservation of 
momentum, p. 116 %* 

¥% FCAT Vocabulary 

Science Journal 9 A car with 
a front that crumples in a crash 
is safer. It provides a longer dis- 
tance and a longer time over 
which a car can slow down. 

INTERACTIV 
| CHALKBOARD 

Image Bank 

PowerPoint* Presentations 

This CD-ROM is an editable 
Microsoft® PowerPoint® 
presentation that includes: 

a pre-made presentation for 
every chapter 
interactive graphics 
animations 

audio clips 

image bank 0 
all new section and chapter 
questions 

Standardized Test Practice 
transparencies 

Foldables directions 

links to fl.gpescience.com 
96 

wee” 

Stability and Change Newton established his three 

laws of motion by considering common patterns 

of change in all motion. Newton’s laws can be 

used to analyze and predict changes in the 
motion of objects. 

96 CHAPTER4 The Laws of Motion 

ted. $C.E.1.4 The student understands 
verse and how this affects lif 

Who’s a dummy? 
Crunch! This test dummy would have some 

explaining to do if this were a traffic acci- : 

dent. But in a test crash, the dummy plays 

an important role. The forces acting on it 

during a crash are measured and analyzed 

in order to learn how to make cars safer. 

Science Journa! — Explain which would be a safer 

car—a car with a front that crumples in a crash, or one with 

a front that doesn’t crumple. 

LE TT Ee ET Te TT coh psec sets ADI restate Pn nies eee NAN fe eR ES —— 

Crash Forces During a car crash, the forces exerted 
on the car’s occupants can be enormous. The size 

of the force depends on the speed of the car, the 

stopping distance, and the mass of the occupant. 
If a car moving at 30 mph crashes, a 160-lb driver 

without a seat belt could experience a force equal 
to 150 times the force of gravity. 
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| | FOLDABLES 
Study Organizer 

Purpose Use the Launch Lab to 

introduce students to the phe- 
nomenon that, neglecting air 
resistance, objects with different 
masses fall with the same accel- 
eration. [L2| |) Visual-Spatial 

Preparation Find a suitable loca- 
tion, such as a stairwell, from 

which students can drop the balls. 
Measure a distance of 2.5 m above 
the floor, and mark the height 
with a piece of tape. 

Materials softball, meterstick, ten- 

nis ball, paper, stopwatch 

Teaching Strategy Have students 
do this lab in pairs so one stu- 
dent can drop the balls while the 
other observes and determines 
which object hit the ground first. 

The Laws of Motion Make the 

following Foldable to help you 

better understand Newton’s 

laws of motion as you read the 

chapter. 

Kyf3 0) Fold the top of a vertical piece of 

paper down and the bottom up to 

divide the paper into thirds. 

——4 
Sia 47 Unfold and label the rows First Law, 

Second Law, Third Law. 

all 

ects with more mas: 

Second Th 
Law ; Lae 1 La 

I 
1 
' 
I 
1 
1 
1 
f 

Find Main Ideas As you read the chapter, list 

the main ideas in the sections on the laws of 

motion under the appropriate column. 

Think Critically 
Although they differ in mass, the soft- 

ball, tennis ball, and crumpled paper 

ball will fall at nearly the same velocity. 

anaes Air resistance prevents the flat paper 
Preview this chapter's content ‘ 3 ! 

{BON | | and activities at I | — from falling with the same velocity as 

} | the crumpled paper ball. 

Assessment 
: | Process Have students make bar 

: | — graphs of the data they obtained 
| | in this activity. Use Performance 

o | Assessment in the Science 

| Classroom, p. 111. 

YY Dinah Zike 
Tied «otudy Fold 

Student preparation materials for 

this Foldable are available in the 

Chapter Fasr Fite Resources. 

97 
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An editable 
PowerPoint® presenta- 

tion is available on Interactive 

Chalkboard CD-ROM. 

Bellringer 

Section Focus Transparencies 

also are available on the 

Interactive Chalkboard CD-ROM. 

TEL 

recordibypulling aship wifi armaseichOUd| 000 ke with his teeth! His 
efforts can teach us about force, mass, and acceleration. 

1, What would happen if the man were pulling a small rowboat 
instead of a large ship? 

2. When he stops pulling, will the ship stop moving? Explain 

3, What direction is the ship moving? Why? 

Reading Preview 

Tie to Prior Knowledge 

Movement Ask students how 
they move heavy objects. In 
this section, they will learn how 
the mass of an object affects 
how easy it is to move and why 
some objects keep moving 
while others stop. 

Set a Purpose Have students 

scan the text to find the new 
vocabulary words. Be sure they 
look carefully at figures and 
headings for clues to meaning. 
Using ideas gleaned from scan- 
ning, have students develop 
questions that incorporate the 
vocabulary terms. As students 
read the text, they should answer 
each other’s questions. 
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Microsoft® 

aa covers SC. " 1.4.2 

The First Two Laws 

of Motion 

Reading Guide 

What You'll Learn Why It’s Important New Vocabulary 

= Define Newton’s first law of Newton’s first two laws of motion e@ first law of motion 

motion. explain how forces cause the motion @ inertia 

= Explain how inertia and mass are _ of objects to change. @ second law of motion 

related. 
= Define Newton’s second law of 

© Review Vocabulary 
motion. 

= Apply Newton’s second law of net force: the combination of all 

motion. forces acting on an object 

Newton’s Laws of Motion 
When you lift a backpack, you exert a force on an object and 

cause it to move. The backpack initially was at rest. The force 

you exerted caused its velocity to change. But if you push down- 

ward on a table, the table doesn’t move. The force you applied 

did not cause the velocity of the table to change. How are forces 

and motion related? 

The British scientist Isaac Newton, who lived from 1642 to 

1727, published a set of three rules in 1687 that explained how 

forces and motion are related. These three rules are called 

Newton’s laws of motion. They apply to the motion of all objects 

you encounter every day, such as those in Figure 1, as well as to 

the motion of planets, stars, and galaxies. 

Figure 1 Newton’s laws of 

motion apply to all objects, includ- 

ing the volleyball and the volley- 

ball players. 

The First Law of Motion 
Newton’s first law of motion describes how an object 

moves when the net force acting on it is zero. According to 

Newton’s first law of motion, if the net force acting on an 

object is zero, the object remains at rest, or if the object is moy- 

ing, it continues moving in a straight line with constant speed. 

The first law of motion means that if the forces acting on an 

object are balanced, then the velocity of the object doesn’t 
change. 

Chapter Fasr Fite Resources 

‘Transparency Activity, p. 44 
Enrichment, p. 30 

Reinforcement, p. 27 
Note-taking Worksheets, pp. 33-35 

Home and Community Involvement, p. 39 

Reading and Writing Skills Activities, p. 49 
Directed Reading for Content ee 

pp. 19-20 

MiniLAB, p. 3 



Only Unbalanced Forces Change Velocity The first law 
of motion connects forces with changes in motion. For example, 
suppose a skateboard is at rest. The skateboard doesn’t move 
until you give it a push. Then the velocity of the skateboard 
creases while you are pushing it. The forces on the skateboard 
are unbalanced while you are pushing on it. As a result, the 
velocity of the skateboard changes as its speed increases. 

However, after the skateboard leaves your hand, it slows 
down and stops. It might seem that the skateboard stops mov- 

ing because there are no forces acting on it. However, there is an 

unbalanced frictional force that acts on the skateboard as it rolls. 

This is the force that causes the skateboard to stop. The unbal- 
anced frictional force causes the velocity of the skateboard to 

change as its speed decreases. The velocity of an object changes 

only when there are unbalanced forces acting on it. 

Observing Inertia 

Procedure Tad 
1. Create an inclined plane 

using a board and 

textbooks. 

2. Place a small object ina 

cart and let the cart roll 

down the plane. Record 

the results. 

3. Secure the object in the cart 

with rubber bands. Let the 

cart roll down the plane and 

record your results. 

inertia and Mass 
All objects have a property called inertia. Inertia is the ten- 

dency of an object to resist a change in its motion. The dirt 
bike in Figure 2 has inertia that tends to keep it moving with a 

constant velocity when its rider tries to steer around a curve. 

Che inertia of an object depends on the object’s mass. The 

greater the mass of an object, the greater its inertia. 

For example, a bowling ball has more mass than a volleyball. 

Which would be harder to stop—a volleyball or a bowling ball 

rolling at the same speed? You would have to exert a greater 

force on the bowling ball to make it stop. The bowling ball has 

more inertia than the volleyball because it has more mass. 

Analysis 
1. Identify the forces acting 

on the object in the cart in 

both runs. 

2. Explain how safety belts 

reduce the risk of injury in 

a car crash. 

How does the inertia of an object depend on the 

object’s mass? 

Figure 2 Inertia causes the bike 

to move ina straight line despite 

the efforts of the rider to steer the 

bike around the curve. 
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Visual Learning 
Determine Importance After students read Figure 2 Have students sketch the situation 

about inertia, ask them to come up with three 

points they think are particularly important in drawings to indicate the forces acting on the bike. 

this section and explain why. Have partner: Have a student read the caption describing the 

compare their lists and then share with the class. picture and ask the students if their arrows are 

consistent with this explanation. 

depicted in Figure 2, then add arrows to their 

Purpose Students will observe 

the effect of inertia. 

Kinesthetic 

Materials board, textbooks, block, 

small object, cart, rubber bands 

Teaching Strategy Be sure the 
students’ ramps are not so steep 

they are unable to observe the 

motion of the object and cart as 

it comes to a sudden stop. 

Analysis 

1. Without rubber bands, the forces 
are gravity and the force exerted by 
the cart on the object. When the 
cart hits the wall, the object contin- 
ues moving until the stop block 
exerts a force on it. The rubber 
bands exert an additional force on 
the object. Because the rubber 

bands can stretch, the object slows 
down over a longer period of time, 
reducing the stopping force. 

2. Inacrash, seat belts reduce the 
stopping force and decrease dam- 

age to passengers. 

Assessment 

Process Ask students to make 

diagrams of each run of the cart. 

Have them use labeled arrows to 

indicate the forces. Use PASC, 

Dpel27: 

Check 
Answer the greater the object’s mass, 

the greater its inertia 

ii 

Teacher 
- Although the law e mote: 1G 
called Newton’s first law, Galileo 

formulated it before Newton, 
was even born. In his writings, 

Newton credited Galileo for the 
ideas 

Romero 5. eget pean SeinanneeEsemeaee 

»@ mand 
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Caption Answer 
Figure 3 same as the velocity of the 
cart and boxes just before the cart 

stopped 

Make a Model 

Inertia Have students use their 

textbooks to model the situation 

in Figure 3. Stack one book on 

top of the other. Gently acceler- 
ate the stack by pushing on the 
bottom book, then bring the 

bottom book to a sudden stop 

and observe the motion of the 

top book. 

100 

Figure 3 The inertia of the 

boxes causes them to keep moving 

after the cart has been brought to 

a sudden stop. 

Describe the velocity of the boxes 

just after the cart stops. 

Figure 4 This crash test dummy 
is not restrained in this low-speed 

crash. Inertia causes the dummy to 

slam into the steering wheel. 

100 CHAPTER4 The Laws of Motion 

Inertia and the First Law of Motion According to the 
first law of motion, the velocity of an object doesn’t change 

unless the forces acting on the object are unbalanced. In other 

words, if you observe a change in an object’s velocity, you know 

an unbalanced force acted on it. This is similar to the definition 

of inertia—an object resists c change in its motion. As a result, 

the first law of motion sometimes is called the law of inertia. 

Inertia and the first law of motion explain why the boxes in 

Figure 3 slide off the cart when the cart comes to a sudden stop. 

The student applies an unbalanced force to the cart that makes 

it stop. However, the inertia of the boxes causes them to keep 

moving even after the cart stops. 

What happens in a crash? 
The first law of motion can explain what happens in a car 

crash. When a car traveling 50 km/h collides head-on with 

something solid, the car crumples, slows 

down, and stops within about 0.1 s. Any 

passenger not wearing a safety belt con- 

tinues to move forward at the same speed 

the car was traveling. Within about 0.02 s 

after the car stops, unbelted passengers 

slam into the dashboard, windshield, or 

steering wheel, as shown in Figure 4. 

Passengers in the back seat might slam 

into the backs of the front seats. Because 

of their inertia, they are traveling at the 

car’s original speed of 50 km/h—about 

the same speed they would reach falling 

from a three-story building. 

Differentiated Instruction 

Challenge Have students prepare a diagram show- 

ing the four forces acting on an ice-skater skating 
forward. Explain why the skater is able to move 
forward for a relatively long period of time. 
Possible answer: The four forces are gravity pulling down 

CHAPTER 4 The Laws of Motion 

on the skater, the ice pushing up, the ice pushing forward in 

response to the skater’s push on the ice, and friction pulling 

the skater back. Since the ice provides relatively little friction, 
the skater’s inertia keeps him or her moving forward for a rel- 
atively long time. Logical-Mathematical [J 



Safety Belts In Figure 5 the crash test 
dummies are restrained with safety belts. As 

a result, they slow down at the same rate 

that the car slows down. However, the 
force exerted on a person that slows from 50 

km/h to 0 km/h in 0.1 s is about 14 times as 
large as the force of gravity on the person. To 

further reduce the force acting on a person, 

the seat belt loosens slightly, increasing the 

time it takes to slow the person. Increasing 

the time needed to stop reduces the force 
exerted on the person. The safety belt also 

prevents the person from being thrown out 

of the car. Car-safety experts say that about 

half the people who die in car crashes would 
survive if they wore safety belts. 

Ty, Reading Chec What are two advantages of wearing a safety 
belt in a crash? 

The Second Law of Motion 
According to Newton’s first law of motion, unbalanced 

forces cause the velocity of an object to change. Newton’s sec- 

ond law of motion describes how the net force on an object, its 

mass, and its acceleration are related. 

Force and Acceleration What’s different about throwing a 
ball horizontally as hard as you can and tossing it gently? When 

you throw hard, the net force on the ball is greater than when 

you toss it. Also, the ball has a greater velocity when it leaves 

your hand. As a result, the hard-thrown ball has a greater change 

in velocity, and this change can occur over a shorter period of 

time. Recall that acceleration is the change in velocity divided by 

the time needed for the change to occur. So, a hard-thrown ball 

has a greater acceleration than a gently-thrown ball. 

Mass and Acceleration If you throw a baseball and a soft- 
ball with the same amount of force, why does the baseball move 

faster? A softball has more mass than a baseball. Even though the 

net force exerted on both balls is the same, the softball has less 

velocity when it leaves your hand than the baseball does. If it 

takes the same amount of time to throw both balls, the acceler- 

ation of the softball is less than that of the baseball. So, the accel- 

eration of an object depends on its mass, as well as the net force 

exerted on it. Net force, mass, and acceleration are related. 

Figure 5 These crash test dum- 
mies were restrained with safety 

belts in this crash. This prevented 

the dummies from hitting the 

dashboard or windshield. 

Sciencapline 
Topic: Motion in Sports 

Visit fl.gpescience.com for Web 

links to information about 

methods used to analyze the 

motions of athletes. 

Activity Choose a sport and 
write a report on how analyzing 

the motions involved in the sport 

can improve performance and 

reduce injuries. 
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Activity 
Safety Belts Contact your local 
state patrol office to have an offi- 
cer speak to the class about the 
advantages of wearing safety 
belts. Tell the officer ahead of 
time that you are studying the 
forces experienced by a person 
during a crash so that topic can 
be addressed. Afterward, have 

students write in their Science 
Journal about what they have 

learned from the officer. 

Auditory-Musical 

Discussion 
Air Bags How do air bags pre- 
vent injuries during a car crash? 

Air bags increase the time over which a 
force acts to slow the motion of a body. 
The increased time decreases the force 
required to stop the body, thus reducing 
the chance for serious injury. [L3| 
Logical-Mathematical 

Check 
Answer decreases the magnitude of the 

force necessary to stop the passenger 
(increases the time over which the acceler- 
ation takes place); prevents the passenger 
from being thrown out of the car 

SECTION 1. The First Two Laws of Motion 101 



Quick Demo 
7 Newton's Second Law 

Materials flexible plastic ruler, 
table-tennis ball, golf ball, flat 

surface 

Estimated Time five minutes 

Procedure Place a flexed ruler 

next to a golf ball and release the 
ruler. Observe the motion of the 

ball, and measure the distance it 

travels. Repeat using a table ten- 
mis ball. Bersure to. keep the 
launch force constant by bending 

the ruler back the same amount 

each time. TELL) Visual- 
Spatial 

Applying Math 

Math Standards 

National: 1, 2,9 

Florida: MA.B.1.4.2 

Identify the known values: 

Identify the unknown value: 

Answers to Practice 
Problems 

1. 4 m/s? 

2. 28,800 N 

3. 1,500 kg 

| SOLVE | the problem 

Applying Math 

The net force on the sled is 35 N Iie 

Your friend and the sled together have a mass of 70 kg 

second law of motion: 

F net 

The Second Law of Motion 

Newton's second law of motion states that the acceleration 

of an object is in the same direction as the net force on the 

object, and that the acceleration can be calculated from the fol- 

lowing equation: 

a 
Newton's Second Law of Motion 

net force (in newtons) 

mass (in kilograms) 
acceleration (in meters/second’) = 

net 

m 

a= 

Solve a Simple Equation 

THE ACCELERATION OF ASLED You push a friend on a sled. Your friend and the sled together 

have a mass of 70 kg. If the net force on the sled is 35 N, what is the sled’s acceleration? 

‘}))3\ila'@ known values and the unknown value 

= 35N 

m = 70 kg 

a =? m/s? What is the sled’s acceleration? 

Substitute the known values F,,, = 35 N and m= 70 kg into the equation for Newton’s 

= 0.5 m/s? a x 

| CHECK | your answer 

102 CHAPTER4 The Laws of Motion 

m 70 kg 

l 

ke 

Does your answer seem reasonable? Check your answer by multiplying the acceleration 

you calculated by the mass given in the problem. The result should be the net force 

given in the problem. 

Practice Problems 

1. If the mass of a helicopter is 4,500 kg, and the net force on it is 18,000 N, what is 
the helicopter’s acceleration? 

2. What is the net force on a dragster with a mass of 900 kg if its acceleration is 32.0 m/s”? 

3. A car is being pulled by a tow truck. What is the car’s mass if the net force on the car is 
3,000 N and it has an acceleration of 2.0 m/s? 

For more practice problems go to page 879, and visit Math Practice at f|.gpescience.com. 

Purpose observe how unbalanced forces 
attect the velocity of an object 
Materials video camera and player, cart, 
binders, books, metric tape measure 
Preparation Film a cart rolling down a 
slope and then rolling up another slope, 
with a tape measure placed along the path. 

Pe 
102 

two slopes. 

frame as it goes uphill. 
I ER A MRS TAD RE Sa 8 NIE. ER 
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(i) LAB |DENIONSTRATION 
Procedure Show the video one frame at a 

time. Have students compare the distances 

the cart moves between each frame on the 

Expected Outcome The cart moves farther 
between each frame as it goes downhill 

and moves a shorter distance between each 

Assessment 

What is the direction of the net force act- 

ing on the car in each section of the pathe 

in the direction of motion when it is rolling downhill; 
Opposite the motion when itis rolling uphill. 
Visual-Spatial 



Calculating Net Force with the Second Law Newton's 
second law also can be used to calculate the net force if mass 
and acceleration are known. To do this, the equation for 
Newton’s second law must be solved for the net force, E To solve 
for the net force, multiply both sides of the above equation by 
the mass: 

Post Reading 

Fix-Up Strategy Model this 

strategy with a challenging sec- 
tion of text. Tell students you will 
reread the section aloud to 
enhance meaning. As you read, 
identify and talk about confusing 
parts. Sound out words, slow 
down, and ask questions. Next, 

allow students to practice the 
strategy using another section. 

lets 
#4 X — = ma 

Ht 

The mass, m, on the left side cancels, giving the equation: 

chee = ma 

For example, when the tennis player in Figure 6 hits a ball, the 

ball might be in contact with the racket for only a few thou- 
sandths of a second. Because the ball’s velocity changes over 

such a short period of time, the ball’s acceleration could be as 

high as 5,000 m/s’. 

exerted on the ball would be: 

The ball’s mass is 0.06 kg, so the net force Figure 6 The tennis racket 

exerts a force on the ball that 

causes it to accelerate. 

F., = ma = (0.06 kg) (5,000 m/s*) = 300 kg m/s? = 300 N 
net 

© Section. FW 

Summary 

Inertia and the First Law of Motion 

@ According to Newton’s first law of motion, the 

velocity of an object does not change unless 

an unbalanced net force acts on the object. 

The inertia of an object is the tendency of the 

object to resist a change in motion. 

The larger the mass of an object, the greater 

its inertia. 

In a car crash, inertia causes an unrestrained 

passenger to continue moving at the speed of 

the car before the crash. 

The Second Law of Motion 

@ The acceleration of an object depends on the 

mass of the object and the net force exerted 

on the object. 

® According to Newton’s second law of motion, 

the acceleration of an object is in the direction 

of the net force on the object, and can be 

calculated from this equation: 

Fret = — 

More Section Review fl.gpescience.com 

reVvieW 

Self Check 

. Infer whether the inertia of an object changes as the 

object’s velocity changes. 

. Determine whether or not there must be an unbal- 

anced force acting on any object that is moving. 

Explain. 

. Determine whether or not there can be forces acting on | 
an object that is at rest. Explain. 

. Infer the net force on a refrigerator if you push on the 

refrigerator and it doesn’t move. 

. Think Critically Describe three situations in which a 

force changes the velocity of an object. Let at least one 

of the situations involve the force due to gravity. 

Applying Math — 
. Calculate Mass You push yourself on a skateboard 

with a force of 30 N and accelerate at 0.5 m/s?. Find 

the mass of you and the skateboard together. 

. Calculate Net Force You push a book that has a mass 

of 2.0 kg so that it has an acceleration of 1.0 m/s?. 

What is the net force on the book? 
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———_ secron section 

1. No; the inertia is related to the 

amount of mass and doesn’t 

2. If an object is moving with a con- 

stant velocity, then no unbalanced 
force is acting on it. 

3. An object can be a trest if the forces 

acting on it are balanced. 

change. 4. The net force is zero. 

baseball bat changes velocity of 
pitched ball, gravity causes ball 

review 

Be | MA.B.1.4.2 

thrown upward to fall, force exerted 

by person lifting book from desk 

6. 60 kg 

5. Possible answers: force exerted by 7. 2N 

‘INTERVENTION 

Check For Understanding 
Auditory-Musical Divide students 
into small groups. Have students 
create a song that explains bal- 
anced and unbalanced forces. 
Students may perform their 
songs for the class as a review. 

Reteach 

‘Tie a string around a book and 
suspend it. Cut the string. Ask 
students to describe the forces 
acting on the book before and 
after you cut the string. Before the 
string was cut, the force of gravity was 
pulling down on the book. The string 

exerted an equal upward force on the 
book. Since these forces were equal 

and opposite in direction, the book was 
at rest. After the string was cut, there 

was no upward force on the book. The 
force of gravity was not opposed, so 

the book fell to the floor. [.1] > 
Visual-Spatial 

4 Assessment 

Oral Have students discuss the 

forces that enable a kite to stay in 

the air. Gravity pulls down on the kite. 
The wind blowing on the surface area of 
the kite results in an upward net force on 

the kite. This upward net force allows the 
kite to overcome gravity and fly. The ten- 
sion in the string prevents the kite from 

flying away. Use PASC, p. 143. 
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Motivate 

INTERACTIVE. 
is (e3 

| An editable Microsoft® 
PowerPoint® presenta- 5 Nad 

tion is available on Interactive 

Chalkboard CD-ROM. 

PowerPoin! 

Bellringer 

Section Focus Transparencies 

also are available on the 

Interactive Chalkboard CD-ROM. 

fee 

sey Which way's up? oS 
Ee transparency 

There is no up or down in orbit, If not secured, objects simply float 

here and there. Planes like NASA’s KC-135, the “Vomit Comet,” are 

able to briefly simulate the conditions of being in orbit. 

1, On Earth, how can you tell up from down? 

2, Ifa scale floated by and an astronaut stood on it, what would the 

scale say? 

Tie to Prior Knowledge 

Gravity's Effect on a Football Ask 
students to describe how a 

football must be thrown for a 

long pass. Explain that in this 
section they will learn how the 

force of gravity affects the 

motion of projectiles such as a 
football. 

Word Relationships Ask stu- 

section 

What You'll Learn 
@ Describe the gravitational force. 

® Distinguish between mass and 

weight. 
m Explain why objects that are 

thrown will follow a curved path. 

® Compare circular motion with 
motion in a straight line. 

Figure 7 The gravitational force 
between two objects depends on 

their masses and the distance 

between them. 

e--@ 

Increasing the mass of either 

object increases the gravitational 

force between them. 

-@ 

@--@ 
If the objects are closer together, 

the gravitational force between ~ 

them increases. 

104 CHAPTER4 The Laws of Motion 

mio covers SC.C.2.4.4, SCH.1.4.1, SC.H.1.4.3, SCH1.4. 

Gravity 

Y Reading Guide) | Reading Guide 
# FCAT Vocabulary 

© Review Vocabulary 
acceleration: the rate of change of 

velocity which occurs when an 

object changes speed or direction 

Why It’s Important 

There is a gravitational force 

between you and every other object 

in the universe. 

New Vocabulary 

@ gravity 

@ weight 

e centripetal acceleration 

* centripetal force 

What is gravity? 
There’s a lot about you that’s attractive. At this moment, you 

are exerting an attractive force on everything around you—your 

desk, your classmates, even the planet Jupiter millions of kilo- 

meters away. It’s the attractive force of gravity. 

Anything that has mass is attracted by the force of gravity. 

Gravity is an attractive force between any two objects that 

depends on the masses of the objects and the distance between 

them. This force increases as the mass of either object increases, 

or as the objects move closer, as shown in Figure 7. 

You can’t feel any gravitational attraction between you and 

this book because the force is weak. Only Earth is both close 

enough and has a large enough mass that you can feel its gravi- 

tational attraction. While the Sun has much more mass than 
Earth, the Sun is too far away to exert a noticeable gravitational 

attraction on you. And while this book is close, it doesn’t have 

enough mass to exert an attraction you can feel. 

Gravity—A Basic Force Gravity is one of the four basic 
forces. The other basic forces are the electromagnetic force, the 

strong nuclear force, and the weak nuclear force. The two 

nuclear forces only act on particles in the nuclei of atoms. 

Electricity and magnetism are caused by the electromagnetic 

force. Chemical interactions between atoms and molecules also 
are due to the electromagnetic force. 

dents to determine the rela- 

tionships between the new 

vocabulary words. For instance, 

students might suggest that 
weight is the pull of gravity. 
Allow them to use the text to 
develop their ideas. Have stu- 
dents share with the class. 
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Section 2 Resource Manager 
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The Law of Universal Gravitation 
For thousands of years, people have observed the night sky 

and collected data on the motions of the stars and planets. Isaac 
Newton used some of these data on the motions of planets to 
formulate the law of universal gravitation, which he published 
in 1687. This law can be written as the following equation. 

The Law of Universal Gravitation 

s< (mass 1) X (mass 2) 

(distance)? 
gravitational force = (constant) 

m), m, 

d2 

In this equation G is a constant called the universal gravita- 

tional constant, and d is the distance between the two masses, 

m, and m,. The law of universal gravitation enables the force of 

gravity to be calculated between any two objects if their masses 

and the distance between them are known. 

The Range of Gravity According to the law of universal 

gravitation, the gravitational force between two masses 

decreases rapidly as the distance between the masses increases. 

For example, if the distance between two objects increases from 

1 m to 2 m; the gravitational force between them becomes one 

fourth as large. If the distance increases from 1 m to 10 m, the 

gravitational force between the objects is one hundredth as 

large. However, no matter how far apart two objects are, the 

gravitational force between them never completely disappears. 

As a result, gravity is called a long-range force. 

(dite Why is gravity called a long-range force? 

Finding Other Planets Earth’s motion 

so around the Sun is affected by the gravita- 

tional pulls of the other planets in the solar system. In the same 

way, the motion of every planet in the solar system is affected by 

the gravitational pulls of all the other planets. 
In the 1840s the most distant planet known was Uranus. The 

motion of Uranus calculated from the law of universal gravitation 

disagreed slightly with its observed motion. Some astronomers 

suggested that there must be an undiscovered planet affecting the 

motion of Uranus. Using the law of universal gravitation and 

Newton’s laws of motion, two astronomers independently calcu- 

lated the orbit of this planet. As a result of these calculations, the 

planet Neptune, shown in Figure 8, was found in 1846. 
. 

Sciencap!)|iNC 
Topic: Gravity on Other 
Planets 

Visit fl.gpescience.com for Web 

links to information about the 

gravitational acceleration near 

the surface of different planets 

in the solar system. 

Activity Make a graph with the 

gravitational acceleration on the 

y-axis, and the planet’s mass on 

the x-axis. Infer from your graph 

how the gravitational acceleration 

depends on a planet’s mass. 

Figure 8 The location of the 
planet Neptune in the night sky 

was correctly predicted using 

Newton’s laws of motion and 

the law of universal gravitation. 
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. be Reading Strategy 
Determine Main Ideas Have students read 

The Law of Gravitation, Earth's Gravitational 

Acceleration, Weightlessness and Free Fall, 

Projectile Motion, and Centripetal Force. Ask 

students to write two to four sentences describing 

the main ideas of each section. Bold print, cap- 
tions, and headings offer clues to main ideas. 

Differentiated Instruction 
Challenge [lave students show how Newton’s first 

law can be derived from Newton’s second law. 

Newton's second law says F = ma. IfF =O thena =0.Ifa = 0 
the velocity of the object doesn’t change. It remains at rest or 

continues to move in a straight line at constant velocity. 

Logical-Mathematical 

‘Sey’ Quick Demo 
< Gravitational Acceleration 

Materials water, bucket, plastic cup 

Estimated Time five minutes 

Procedure Punch a hole in the 
bottom of the cup. Place your 
finger over the hole and fill the 
cup with water. Hold the cup as 
high over your head as you can, 
and let it drop into the bucket. 
Have students observe that the 
water and the cup fall at the 
same rate, so no water drains out 
of the cup as it falls. [L2] GD 
Visual-Spatial 

'% Reading Check 

Answer |t never disappears, regardless 

of distance between objects. 

_ Content 
> Background 

Finding Other Planets Astron- 
omers use several techniques to 
find evidence of planets outside 
the solar system. Some rely on 
measuring the periodic motion of 
the star due to the planet’s gravi- 
tational pull as it orbits the star. 
Other techniques measure the 
slight dimming of a star as a 
planet passes between the star 
and the telescope. Using these 
techniques, astronomers have 
discovered over 125 extrasolar 
planets. 

Fun Fact 
Newton’s law of gravitation states that 
the gravitational attraction between 
two objects is F = G(myn,)/a’, 

where d is the distance between the 

two objects and G is the universal 

gravitational constant. In 1798, Henry 
Cavendish performed experiments 

that verified Newton's law. Based on 

his work and the work of others, the 
value of G is now known to be ap- 

proximately 6.67 10° "m7 /kges?, 
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© Quick Demo 
4c Mass and Falling Speed 

Materials golf ball, table-tennis 
ball 

Estimated Time 15 minutes 

Procedure Bring a golf ball and a 
table tennis ball to class. Have 

volunteers determine the mass 

of each ball and write it on the 

board. Then drop both balls 
from the same height for the 

class to observe. Have the class 

decide whether one ball hit the 

floor before the other. [L2| 

Visual-Spatial 

Text Question Answer 

The bowling ball and the marble would 
hit the ground at the same time. They 
have the same acceleration, so their 
velocities are the same as they fall. 

Mis ons 
Mass v.Weight People in Europe 
and other places that use SI 
units usually express their 
weight in kilograms. This is 
technically incorrect, as the 
kilogram is a unit of mass, not 
weight. 

Activity 
Weight Conversion Have students 
calculate their mass in kilograms, 

then use their answers to calculate 

their weightin newtons. Make sure 

students know that the weight of 
one kilogram is 2.2 pounds. [L2 
Logical-Mathematical 

106 

Figure 9 Time-lapse 

photography shows that two 

balls of different masses fall at 

the same rate. 

106 

Differentiated Instruction 

Challenge Ask students to identify the force that 

opposes gravity and enables objects to float in 

water. The buoyant force of the water acts on an object with 

a force equal to the weight of the water displaced by the 

object. If the buoyant force is equal to the force of gravity 

pulling on the object, the object will float. This occurs when 

Logical- the object is less dense than water. 
Mathematical 

CHAPTER 4 The Laws of Motion 

CHAPTER 4 The Laws of Motion 

L3 

Earth’s Gravitational Acceleration 

If you dropped a bowling ball and a marble at the same time, 

which would hit the ground first? Suppose the effects of air 

resistance are small enough to be ignored. When all forces 

except gravity acting on an a falling object can be ignored, the 

object is said to be in free fall. Then all objects near Earth’s sur- 

face would fall with the same acceleration, just like the two balls 

in Figure 9. 

Close to Earth’s surface, the acceleration of an object in free 

fall is 9.8 m/s’. This acceleration is the gravitational acceleration 

and is given the symbol g. By the second law of motion, the grav- 

itational force exerted by Earth on a falling object is the object's 

mass times the gravitational acceleration. The gravitational force 

can be calculated from this equation: 

Gravitational Force Equation 

gravitational force (N) 
= mass (kg) X gravitational acceleration (m/s’) 

F = mg 

For example, the gravitational force on a skydiver with a mass 

of 60 kg would be 

F = mg = (60 kg) (9.8 m/s*) = 588 N 
co} 

Weight Even if you are not falling, the force due to Earth’s 

gravity still is pulling you downward. If you are standing on a 

floor, the net force on you is zero. The force due to Earth’s grav- 

ity pulls you downward, but the floor exerts an upward force on 

you that balances gravity’s downward pull. 

Whether you are standing, jumping, or falling, Earth exerts a 

gravitational force on you. The gravitational force exerted on an 

object is called the object’s weight. The weight of an object on 

Earth is equal to the gravitational force exerted by Earth on the 

object. As a result, near Earth’s surface an object’s weight can be 

calculated from this equation: 

Weight Equation 

weight (N) = mass (kg) X gravitational acceleration (m/s?) 

W = mg 

On Earth, where g equals 9.8 m/s’, a cassette tape weighs 

about 0.5 N, a backpack full of books could weigh 100 N, and a 
jumbo jet weighs about 3.4 million N. 

Science Journal 

Lower Gravity Ask students to imagine that, during 
the next few days, the gravitational force of Earth 
gradually becomes half of what it is now. Have 
students write in their Science Journals about the 
changes that might take place. Students might: 
describe balls bouncing higher, people jumping higher, 
increased ease of walking and running. 



Weight and Mass Weight and mass are not the same. Weight 
is a force and mass is a measure of the amount of matter an 
object contains. However, according to the weight equation on 
the previous page, weight and mass are related. Weight increases 
as mass increases. 

The weight of an object usually is the gravitational force 
between the object and Earth. But the weight of an object can 
change, depending on the gravitational force on the object. For 
example, the acceleration due to gravity on the Moon is 
1.6 m/s?, about one sixth as large as Earth’s gravitational accel- 
eration. As a result, a person, like the astronaut in Figure 10, 
would weigh only about one sixth as much on the Moon as on 
Earth. Table 1 shows how various weights on Earth would be 
different on the Moon and some of the planets. 

(% Reading Check Pita weight and mass related? 

Weightlessness and Free Fall - Figure 10 On the Moon, the 
gravitational force on the astro- 

naut is less than it is on Earth. As a 

result, the astronaut can take 

longer steps and jump higher than 

on Earth. 

Describe how the astronaut’s mass 

and weight on the Moon compare 

to his mass and weight on Earth. 

You've probably seen pictures of astronauts and equipment 

floating inside the space shuttle. Any item that is not fastened 

down seems to float throughout the cabin. They are said to be 

experiencing the sensation of weightlessness. 

However, for a typical mission, the shuttle orbits Earth at an 

altitude of about 400 km. According the law of universal gravi- 

tation, at 400-km altitude the force of Earth’s gravity is about 

90 percent as strong as it is at Earth’s surface. So an astronaut 
with a mass of 80 kg still would weigh about 700 N in orbit, 

compared with a weight of about 780 N at Earth’s surface. 

Table 1 Weight Comparison Table 

Weight on Weight on Other Bodies in the Solar System (N) 

Earth (N) Moon Venus Mars Jupiter = Saturn 

75 12 68 28 190 87 

100 17 90 38 254 116 

150 25 135 57 381 174 

500 84 450 190 1,270 580 

700 ie) 630 266 1,778 812 

2,000 333 1,800 760 5,080 2,320 
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A Active Reading 
Reflective Journal In this strategy, students 

record their responses to various activities 

and what they learned from each. Have them 
divide sheets of paper into five columns: 
What I Did, What I Learned, Questions I Have, 

What Surprised Me, and Overall Response. Have 

students write a reflective journal entry for 
the activities about gravity in this section. 

Discussion 
Weight and Mass Why is it that an 
object has mass in and of itself, 

but must interact with another 

object for it to have weight? Mass 

is a measure of the amount of matter an 

object contains. Weight is a measure of 
gravitational force, which only occurs 
between objects. 

Activity 
Collecting Data ‘Io help students 
become familiar with the rela- 
tionship between an_ object’s 
mass and its weight on Earth, 
have groups of students work 
together to make a table listing 
the weights and masses of vari- 
ous objects. Students should 
first use a balance to determine 
the object’s mass in kilograms 

and then calculate the weight by 
multiplying the mass by 9.8 
m/s’. {L2] GD Jy Kinesthetic 

'%, Reading Check 

Answer Weight equals mass times 
acceleration due to gravity. 

Quick Demo 
Simulating Gravity 

Materials marble, shallow pan 

Estimated Time 15 minutes 

Procedure One way to overcome 
weightlessness in space is to 
build a space station in the shape 
of a large, doughnut-shaped ring 
called a torus. If the torus is set 
spinning in outer space, the cen- 
tripetal force would cause people 
inside to feel as if they are being 
pushed toward the outer wall, 
simulating gravity. Demonstrate 

this to students by swirling a 
marble in a shallow pan. 
Visual-Spatial 

Caption Answer 
Figure 10 mass is the same; weight is 
less on the moon 
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Activity 
Using a Spring Scale Have stu- 
dents hang an object from a 
spring scale to determine its 

weight. Next, have them com- 

pare this with the force recorded 

on the scale when the object is 

moved rapidly up and rapidly 
down. Have students explain the 
results. The downward force exerted by 
the object on the scale is the force 

recorded on the scale, and equals the 
upward force exerted by the scale on the 
object. When the object isn’t accelerat- 

ing, the scale exerts an upward force on 

the object equal to its weight. When the 

object is accelerating upward, the 
upward force on the object exerted by 

the scale is greater than its weight. When 
the object is accelerating downward, the 
upward force on the object exerted by 

the scale is less than its weight. 
Logical-Mathematical 

Gravity and Earth’s Atmosphere 
The force of gravity also has caused the 
shape of the Earth and other bodies in 

the solar system to be spherical. During 
Earth’s formation, gravity caused denser 

material such as iron and nickel to sink 
toward the center of earth, where they 

now form Earth’s core. Less dense mate- 
rials such as silicates and water were left 
at Earth’s surface, where they now form 

Earth’s crust and oceans. 

Use Science Words 

Word Origins Ask students to find 
the origin of the word projectile. 
The word projectile comes from the Latin 

prefix pro-, which means "forward," and 

the Latin verb iacere, which means “to 

throw.” Linguistic 

Answer gravitational force 

A When the elevator is stationary, B If the elevator were in free fall, the scale 

the scale shows the boy’s weight. would show a zero weight. 

Figure 11 The boy and the 

scale no longer exert forces on : Floating in Space Why do objects seem weightless in orbit? 

each other when they both arein =: Think about measuring your weight. When you stand on a scale, 

free fall. As a result, the boy seems =: as in Figure 11A, the net force on you is zero. The scale exerts an 
to be weightless. upward force on you equal to your weight. Now suppose you 

stand on a scale in an elevator that is in free fall, as shown in 
Figure 11B. Then the only force acting on you is the gravita- 

tional force. You and the scale no longer exert forces on each 

other. The scale would show zero weight, even though the grav- 

itational force on you hasn’t changed. 

(4it%0" What is the only force on an object in free fall? 

nog A space shuttle in orbit is in free fall, but it is falling around 

Gravity and Earth’s : Earth, rather than straight downward. Everything in the orbit- 
Atmosphere Apart from ing space shuttle is falling around Earth at the same rate, in the 

SO eG ses — same way you and the scale were falling in the elevator. Objects 
on the ground, gravity is ; ae : _ oe : 
ce ae Onlieen cent in the shuttle seem to be floating because they are all falling with 

for other reasons, too. the same acceleration. 

Because Earth has a suffi- 

cient gravitational pull, it 

can hold around it the : a a - 

oxygen/nitrogen atmos- : Projectile Motion 
phere necessary for sus- : 

taining life. Research other 

ways in which gravity has 

If you've tossed a ball to someone, you've probably noticed 

that thrown objects don’t always travel in straight lines. They 
played a role in the : curve downward. Anything that’s thrown or shot through the air 

formation of Earth. : is called a projectile. Earth’s gravity causes projectiles to follow a 

curved path. 

108 CHAPTER4 The Laws of Motion 

Curriculum Connection 

Health Pictures of objects floating around in a 

spaceship make weightlessness look like fun, but 

weightlessness can have an adverse effect on the 

health of astronauts. Have students research this 

problem and prepare a report about some effects. 
Some problems astronauts experience are loss of bone density 
and muscle atrophy. [L2] J PN) Linguistic 

108 CHAPTER 4 The Laws of Motion 



Figure 12 The pitcher gives the balla 
horizontal motion. Gravity, however, is 

pulling the ball down. The combination of 

these two motions causes the ball to move 

in a curved path. 

Force from 

Force pitcher's hand 

el <eumme: 
Sat 

gravity 

Force 

of 

gravity 

‘ Sone a 

Horizontal and Vertical Motions When you throw a ball, 
like the piteher in Figure 12, the force exerted by your hand 

pushes the ball forward. This force gives the ball horizontal 

motion. After you let go of the ball, no force accelerates it for- 

ward, so its horizontal velocity is constant, if you ignore air 

resistance. 

However, when you let go of the ball, gravity can accelerate 

it downward, giving it vertical motion. Now the ball has con- 

stant horizontal velocity but increasing vertical velocity. Gravity 

exerts an unbalanced force on the ball, changing the direction of 

its path from only forward to forward and downward. The result 

of these two motions is that the ball appears to travel in a curve, 

even though its horizontal and vertical motions are completely 

independent of each other. 

Horizontal and Vertical Distance If you were to throw a 
ball as hard as you could from shoulder height in a perfectly hori- 

zontal direction, would it take longer to reach the ground than if 

you dropped a ball from the same height? Surprisingly, it won't. 

A thrown ball and one dropped will hit the ground at the same 

time. Both balls in Figure 13 travel the same vertical distance in 

the same amount of time. However, the ball thrown horizontally 

travels a greater horizontal distance than the ball that is dropped. 

— 

Figure 13 Multiflash photogra- 

phy shows that each ball has the 

same acceleration downward, 

whether it’s thrown or dropped. 
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Differentiated Instruction 
Challenge Have students explain the following 
problem, using both diagrams and written expres- 
sion: If one bullet is dropped from the same altitude 
and at the same time that an identical bullet is fired 
horizontally from a gun, they both hit the ground 
at the same time (but not the same place). Which 

bullet will hit first if one is fired at an upward angle 

at the same time the second is dropped? When the gun 

is fired horizontally, both bullets have the same initial vertical 

speed (0) and the same vertical acceleration (9.8 m/s). They land 

at the same time. When one bullet is fired at an upward angle, 

they do not have the same initial vertical speed. [13] 

Logical-Mathematical 

Distance and Launch Angle 

Purpose Students design an 
experiment to show how the 
horizontal distance traveled by a 
projectile is affected by its initial 
launch angle. 

Possible Materials meterstick, 
protractor, rubber bands, boards 

about 5 cm X 12 cm, nails small 

rubber stopper or a toy rubber- 
tipped dart gun 

Estimated Time one class period 

Possible Procedure 

1. Have students build a sling- 
shot using the board, nails, 

and rubber band to launch 

the rubber stopper (or use 
the dart gun). 

2. Launch the rubber stopper at 
different angles from the 

same elevation. Keep the 
launch force the same. 

3. Measure the horizontal 

distance traveled by the 
projectile at each angle. 

4. Plot the results on a graph of 

angle versus distance. 

uw Infer which angles give the 
greatest horizontal distance. 

Teaching Strategy Wear protective 
eye gear and caution students not 
to aim at anything breakable or 
each other. They should find that 
complementary angles give the 
same horizontal distance. 

Logical-Mathematical 

For additional inquiry activities, see 
Science Inquiry Lab Manual. 

Visual Learning 

Figure 13 Point out that the spac- 
ing of the balls with respect to 
the horizontal is identical. This 

shows that the balls have the 

same vertical acceleration. The 

horizontal and vertical accelera- 

tions are separate. Ask students 

what the result would be if one of 

the balls had greater mass. The 
result would be the same. 

Visual-Spatial 
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Use Science Words 

Word Usage Have students explain 
how the definition of the word 
centripetal describes the force 

exerted on a ball on a string that 
you swing around your head. 
Centripetal means “moving toward the 
center.” The tension in the string pulls 
the ball toward the center. 
Linguistic 

Caption Answer 
Figure 14 gravity; force exerted by the 
wall of the tube on the ball 

Purpose to observe the effect of 

centripetal force 

Materials string; plastic, slotted 
golf ball 

Teaching Strategy Suggest to 
students that they perform this 
experiment outside. 

Analysis 

1. centripetal force 
2. The faster the ball swings, the 

more tension there is on the string. 

Assessment 

Process Show students a picture 
of a satellite in orbit. Ask them 
to diagram the forces acting on 
the satellite. The centripetal force of 
Earth’s gravity pulls the satellite toward 

Earth. Use PASC, p. 127. 

Figure 14 When the ball 
moves through the curved portions 

of the tube, it is accelerating 

because its velocity is changing. 

identify the forces acting on the 

ball as it falls through the tube. 

Observing Centripetal 
Force 

Procedure fa) 
1. Thread a string about 1m 

long through the holes of a 

plastic, slotted ball. 

2. Swing the ball in a vertical 

circle. 

3. Swing the ball at different 

speeds and observe the 

motion of the ball and the 
tension in the string. 

Analysis 
1. What force does the string 

exert on the ball when the 

ball is at the top, sides, and 

bottom of the swing? 

2. How does the tension 

in the string depend 

on the speed 

of the ball? 
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Centripetal Force 
Look at the path the ball follows as it travels through the 

curved tube in Figure 14. The ball may accelerate in the straight 

sections of the pipe maze if it speeds up or slows down. However, 

when the ball enters a curve, even if its speed does not change, it 

is accelerating because its direction is changing. When the ball 

goes around a curve, the change in the direction of the velocity is 

toward the center of the curve. Acceleration toward the center of 

a curved or circular path is called centripetal acceleration. 

According to the second law of motion, when the ball has 
centripetal acceleration, the direction of the net force on the ball 

also must be toward the center of the curved path. The net force 

exerted toward the center of a curved path is called a centripetal 

force. For the ball moving through the tube, the centripetal 

force is the force exerted by the walls of the tube on the ball. 

Centripetal Force and Traction When a car rounds a 
curve on a highway, a centripetal force must be acting on the car 

to keep it moving in a curved path. This centripetal force is the 

frictional force, or the traction, between the tires and the road 
surface. If the road is slippery and the frictional force is small, 

the centripetal force might not be large enough to keep the car 

moving around the curve. Then the car will slide in a straight 

line. Anything that moves in a circle, such as the people on the 

amusement park ride in Figure 15, is doing so because a cen- 

tripetal force is accelerating it toward the center. 

Figure 15 Centripetal force keeps these riders moving in a circle. 

Differentiated Instruction 

Learning Disabled Make sure students realize that 
as an object moves in a circle, its change in direc- 

tion is toward the center of the circle. Students 

can show this by moving a brick along the edge of 
a large circle. Every time they move the brick, 
they must twist it a bit so it fits on the circle. This 
twist shows the change in direction. 
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The Moon would move Figure 16 The Moon would Post Reading 
in a straight line move ina straight line except that | XA - = 
because it has inertia. Earth’s gravity keeps pulling it |  WWlustrations Have — students 

toward Earth. This gives the Moon | create graphics or illustrations 

a nearly circular orbit. | to explain the key ideas behind 
bar gravity | the following concepts: gravity, 
keeps the Moon NX ee weight, projectile motion, and 
in an orbit. SS. i cemeripetall’ forces Kemiumnd 

students to use labeling to high- 
light central themes. Display 
illustrations for all to see. 

Gravity Can Be a Centripetal Force Imagine whirling 
an object tied to a string above your head. The string exerts a 
centripetal force on the object that keeps it moving ina circular : 
path. In the same way, Earth’s gravity exerts a centripetal force | DAILY INTERVENTION 
on the Moon that keeps it moving in a nearly circular orbit, as 

shown in Figure 16. Check For Understanding 
|  Visual-Kinesthetic ‘loss a tennis 

ball gently across the room to a 
student who will catch it. Ask the 
students to describe the vertical 
motion of the ball. Did it ever 
speed up, slow down, or stop 
vertically? It slowed down on the way 
up, stopped and then sped up on the way 
down. Ask them to describe the 
horizontal motion in similar 
terms. What causes the change 
in vertical motion of the ball? 

gravity Is there any horizontal 
force once the ball is released? no 

~~ Section 2 review 
Summary = Self Check 

Gravity . . Describe how the gravitational force between two 

® According to the law of universal gravitation, objects depends on the mass of the objects and the 
the gravitational force between two objects distance between them. 
depends on the masses of the objects and the 2. Distinguish between the mass of an object and the 

distance between them. object’s weight. 

@ The acceleration due to gravity near Earth’s . Explain what causes the path of a projectile to be 

surface has the value 9.8 m/s?. curved. 

@ Near Earth’s surface, the gravitational force on . Describe the force that causes the planets to stay in 

an object with mass, m, is given by: orbit around the Sun. 

mug . Think Critically Suppose Earth’s mass increased, 
Weight but its diameter didn’t change. How would the acceler- 

© The weight of an object is related to its mass ation due to gravity near Earth’s surface change? 
according to the equation: 

W=m aay Gane Sa pL -¥ Poa 
ibe <<, : Applying Math 

@ An object in orbit seems to be weightless 

because it is falling around Earth. 

Reteach 

Measure the Fall Have students 

measure the distance that either 

of the two balls shown in Figure 

9 fell between each flash. They 

can use a bar graph to show dis- 
tance fallen versus flash number. 

Ask them to explain how this 
graph supports the idea that the 
balls are accelerating downward. 
The balls fall farther between successive 

flashes. GD BW Logical- 
Mathematical 

. Calculate Weight On Earth, what is the weight of a 

wate A 2 large-screen TV that has a mass of 75 kg? 
Projectile Motion and Centripetal Force 

@ Projectiles follow a curved path because their 

horizontal motion is constant, but gravity 

causes the vertical motion to be changing. 

. Calculate Gravity on Mars Find the acceleration due 

to gravity on Mars if a person with a mass of 60.0 kg 

weighs 222 N on Mars. 

. Calculate Force Find the force exerted by arope ona 

10-kg mass that is hanging from the rope. 
@ The net force on an object moving in a circular 

path is called the centripetal force. 

- 

More Section Review fl.gpescience.com SECTION 2 Gravity 111 

2 review 
fDi GE OE TS FEE ETL I a = fl 

secrion 
‘y, Assessment 

1. It increases as the mass of one or gravitational force changes. the acceleration of gravity would be One cee Ce 

both objects increases, and it 3. Gravity causes the vertical velocity of greater. my : i 

tases as the distance between the ceseHit to change. 6. Weight = mg = 75kg X 98m/ ne Taoresiok aa ee 

the objects increases. 4, The Sun’s gravitational force keeps = 735N ee fa ea ee he rex ree 

2. Mass is a measure of the amount of them in orbit. 7. a = F/m = (222N)/(60 kg) a 7 ne an Ea a i 

matter an object contains. Weight is 5. Standing on Earth’s surface, you = 37 mis ; iM cee cuts Ei Ue ASE 

a measure of the force of gravity on would be attracted by alarger mass, 8. F = ma = 10.0kg x 9.8 m/s ae ’ 

an object. Weight changes if the 50 the force of Earth’s gravity and = 98N Das 

TE MaB.1.42 
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© Real-World 
Problem ——— 

Purpose Students will observe 
the effect of air resistance on the 

gravitational acceleration of dif- 

ferent shaped sheets of paper. 
[.2| [I Kinesthetic 

Process Skills measure, recog- 
nize cause and effect, formulate 

models, compare, infer 

Time Required 30 minutes 

Alternate Materials Make sure 
the sheets of paper are identical. 

Safety Precautions Caution 
students to be careful when stand- 
ing on stools or ladders. 

@® Procedure ———— 

Teaching Strategies Stage a 
contest to determine which 
design maximizes the effect of air 
resistance. Have students prac- 
tice timing the falling paper 
before entering data in their 
tables. 

Troubleshooting Have students 
do at least three trials for each 
paper drop and record the average 
time in their data table. 

If you dropped a bowling ball and a feather from 

the same height on the Moon, they would both 

hit the surface at the same time. All objects 

dropped on Earth are attracted to Earth with the 

same acceleration. But on Earth, a bowling 

ball and a feather will not hit the ground at the 

® Real-World Problem — 

of falling objects? 

Goals 
@ Measure the effect of air resistance on 

sheets of paper with different shapes. 

™@ Design and create a shape from a piece of 

paper that maximizes air resistance. 

Safety Precautions 

® Procedure —— 

1. Copy the data table above in your Science 

Journal, or create it on a computer. 

2. Measure a height of 2.5m on the wall and 

GRAVITY AND 

same time. Air resistance slows the feather down. 

How does air resistance affect the acceleration 

Materials 
paper (4 sheets of equal size) stopwatch 

Scissors masking tape 

meterstick 

® Conclude an 
Apply — = 

ee 
1. expected outcome: (in order of a 

decreasing time) own design, flat = 
wi “> 

paper, loosely crumpled, tightly 

mark the height with a piece of masking tape. 

3. Have one group member drop the flat sheet 

of paper from the 2.5-m mark. Use the stop- 

watch to time how long it takes for the 

paper to reach the ground. Record your time 

in your data table. 
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AIR RESISTANCE 

Paper Type Time 

Flat paper 

Loosely crumpled paper 

Tightly crumpled paper 

Your paper design 

4. Crumple a sheet of paper into a loose ball 

and repeat step 3. 

5. Crumple a sheet of paper into a tight ball 

and repeat step 3. 

6. Use scissors to shape a piece of paper so that 

it will fall slowly. You may cut, tear, or fold 

your paper into any design you choose. 

© Conclude and Apply —— 

1. Compare the falling times of the different 

sheets of paper. 

2. Explain why the different-shaped papers 

fell at different speeds. 

3. Explain how your design caused the force 

of air resistance on the paper to be greater 

than the air resistance on the other paper 

shapes. 

ommunicating 
Your Data 

Compare your paper design with the 

designs created by your classmates. As a 

class, compile a list of characteristics that 

increase air resistance. 

crumpled 

2. Shapes with greater exposed surface 

areas create more air resistance and 
fall more slowly. 

3. Answers will vary. 

112 

'T% Assessment 
Process Show students several photographs of 
falling sky divers and ask them to analyze the sky 

divers’ body positions and infer the order of their 

velocities. Use PASC, p. 89. 

CHAPTER 4 The Laws of Motion 

ee, 

terrence 

ommunicating 
Your Data 

Encourage students to electronically represent their 
design using the appropriate software. 



Section 

What Vou'll Learn Why It’s Important 
m= State Newton’s third law of The third law of motion explains 

motion. how you affect Earth when you 
m Identify action and reaction walk, and how Earth affects you. 

forces. 

= Calculate momentum. 

m Recognize when momentum is 

conserved. 

Newton’s Third Law 
Push against a wall and what happens? If the wall is sturdy 

enough, usually nothing happens. If you pushed against a wall 

while wearing roller skates, you would go rolling backward. Your 

action on the wall produced a reaction—movement backward. 
This is a demonstration of Newton’s third law of motion. 

The third law of motion describes action-reaction pairs this 

way: When one object exerts a force on a second object, the sec- 

ond one exerts a force on the first that is equal in strength and 

opposite in direction. Another way to say this is “to every action 

force there is an equal and opposite reaction force.” 

Action and Reaction When a force is applied in nature, 
a reaction force occurs at the same time. When you jump on a 

trampoline, for example, you exert a 

downward force on the trampoline. 

Simultaneously, the trampoline exerts 

an equal force upward, sending you 

high into the air. 
Action and reaction forces are act- 

ing on the two skaters in Figure 17. 

The male skater is pulling upward on 

the female skater, while the female 

skater is pulling downward on the 

male skater. The two forces are equal, 

but in opposite directions. 

- 

SECTION 3. The Third Law of Motion 

Also covers SC. Hi 1.4.1-SC.H.1.4.7, SC. H. 2.4.1, SC. H. 2.42 

> “The Third law of Motion 

ME FCAT Vocabulary 

Review Vocabulary 
velocity: describes the speed and 

direction of a moving object 

New Vocabulary 

e third law of motion 

* momentum 

@ law of conservation of momentum 

Figure 17 According to 
Newton’s third law of motion, the 

two skaters exert forces on each 

other. The two forces are equal, 

but in opposite directions. 
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Chapter Fasr Fire Resources 

Transparency Activity, p. +6 

Directed Reading for Content Mastery, 

p: 22 

Enrichment, p. 32 

Reinforcement, p. 29 

Section 3 Resource Manager /“Xy : 

Lab Worksheet, pp. 7-8 

Lab Activity, pp. 13-16 

Home and Community Involvement, p. 49 

Cf eead 

1 Motivate 

Piss | An editable Microsoft® 

sfavtomm= PowerPoint® presenta- 

ae 2 B aalente on Interactive 

Chalkboard CD-ROM. 

Bellringer 

Section Focus Transparencies 

also are available on the 

Interactive Chalkboard CD-ROM. 

PEL 

Chapter 

It takes more than one firefighter to aim a fire hose. The force of 

the water shooting out of the nozzle causes a reaction that can be 

difficult to control. 

|. Describe what happens if you step from a canoe or small boat 

onto a dock. 

Does a garden hose need more than one person to hold it? What’s 
the difference between a garden hose and a fire hose? 

3, What would happen if the firefighters dropped the hose? 

The Laws of Mavon 

). Reading Preview 

Tie to Prior Knowledge 

Motion of Different Objects Have 
students recall the motions of an 

untied, inflated balloon and a 

rocket. Tell them that the forces 

pushing these objects are gov- 
erned by Newton’s third law. In 

this section they will learn more 

about the third law. 

Word Wall Post new vocabulary 
words on a chart or board. Play a 
game to encourage vocabulary 
development. For example, offer 
a clue to the meaning of a word. 
Ask students to guess the word. 
Continue giving clues until stu- 
dents identify the word. Allow 
students to take your place as 
they guess the word. 
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Text Question Answer 

She pushes the water backward. 

Career 

Space Medicine Some scientists think 
that living in outer space may arrest the 

spread of arthritis and be beneficial 

because stress on bones is much smaller 

than on Earth. Medical research is being 
carried out in outer space that could 

lead to a better understanding of dis- 

eases such as sickle-cell anemia. 

Research Have students research 

the different kinds of medical 

projects done on space-shuttle 
missions. 

[®%, Reading Check 

Answer they are acting on different 
objects 

Caption Answer 
Figure 18 opposite the direction of 
expelled gas 

Visual Learning 

Figure 18 Review the forces that 
move the car shown here. Draw 

the car on the board, and indicate 
gas particles inside the rocket 
engine. Emphasize that the action 

force is the rocket engine pushing 
the gas particles, and the reaction 
force is the gas particles against 
the rocket engine. |L Visual- 
Spatial 

i) 

Space Medicine Astronauts 

who stay in outer space for 

extended periods of time 

may develop health prob- 

lems. Their muscles, for 

example, may begin to 

weaken because they don't 

have to exert as much force 

to get the same reaction as 

they do on Earth. A branch 

of medicine called space 

medicine deals with the 

possible health problems 

that astronauts may experi- 

ence. Research some other 

health risks that are 

involved in going into outer 

space. 

Figure 18 Newton’s third law 

enables the rocket engine to push 

the car forward. The rocket engine 

pushes the hot gases produced by 

burning fuel backward out of the 

engine’s nozzle. By the third law, 

the gases exert a force of equal 

size on the engine in the forward 

direction. 

infer the direction of the car's 

acceleration when the rocket engine 

is fired. 
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Action and Reaction Forces Don’t Cancel If action 

and reaction forces are equal, you might wonder how some 

things ever happen. For example, how does a swimmer move 

through the water in a pool if each time she pushes on the water, 

the water pushes back on her? According to the third law of 

motion, action and reaction forces act on different objects. 

Thus, even though the forces are equal, they are not balanced 

because they act on different objects. In the case of the swim- 

mer, as she “acts” on the water, the “reaction” of the water 

pushes her forward. Thus, a net force, or unbalanced force, acts 

on her so a change in her motion occurs. As the swimmer moves 

forward in the water, how does she make the water move? 

Vir Why don't action and reaction forces cancel? 

Rocket Propulsion Suppose you are standing on skates 
holding a softball. You exert a force on the softball when you 

throw the softball. According to Newton’s third law, the softball 
exerts a force on you. This force pushes you in the direction 

opposite the softball’s motion. Rockets use the same principle to 

move even in the vacuum of outer space. In the rocket engine, 

burning fuel produces hot gases. The rocket engine exerts a 

force on these gases and causes them to escape out the back of 

the rocket. By Newton’s third law, the gases exert a force on the 

rocket and push it forward. The car in Figure 18 uses a rocket 

engine to propel it forward. Figure 19 shows how rockets were 

used to travel to the Moon. 

Science Journal =. Reading Strategy 

Newton's Third Law Have students use Newton’s Science Journal As students read an hapte hime As s é Gree third law to describe the similarities between a per- ue ask them to develop a log of their reading. The 
log should include main points, sketches, ques- 

! tions regarding the text, and any other thoughts 
sidewalk pushes back on the person, moving the person for- they have as they read the text. Read the loosianal 
ward. A fish pushes on water, and the reaction force of the respond to students’ efforts without Aioaine a 
Water on the fish propels the fish forward. |L1 erade. “a 
Linguistic : 

son walking on a sidewalk and a fish swimming in 

the ocean. A person exerts a force on the sidewalk, and the 
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NATIONAL 
GEOGRAPHIC VISUALIZING ROCKET MOTION 

Figure 19 

n the afternoon of July 16, 1969, Apollo 71 lifted 
off from Cape Kennedy, Florida, bound for the 
Moon. Eight days later, the spacecraft returned to 

Earth, splashing down safely in the Pacific Ocean. The 
motion of the spacecraft to the Moon and back is governed 
by Newton’s laws of motion. 

<@ Apollo 11 roars 

toward the Moon. A As Apollo rises, it burns fuel and ejects 
At launch, a rocket’s its rocket booster engines. This decreases 
engines must produce its mass, and helps Apollo move faster. 
enough force and accel- This is Newton’s second law in action: As 
eration to overcome the —_ mass decreases, acceleration can increase. 
pull of Earth’s gravity. 

A rocket's liftoff is an 

illustration of Newton’s 

third law: For every 

action there is an equal 

and opposite reaction. 

> The lunar module uses 

other engines to slow down 

and ease into a soft touch- 

down on the Moon. A day later, 

the same engines lift the lunar 

module again into outer space. 

A The lunar module returns to the Apolio spacecraft, which fires its 
engines to start it moving toward Earth. As the spacecraft gets closer 

to Earth, the gravitational force exerted by Earth becomes larger, 

continually increasing the acceleration of the spacecraft. 
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English-Language Learners Have students write a And the Rockets’ Red Glare... Centuries ago, the 

sentence that describes or includes each of the fol- | Chinese invented gunpowder. Although it was first 

lowing words, and then organize the sentences into used during celebrations, gunpowder was quickly 

a paragraph about space travel: rocket, force, space- adapted for war purposes. By the fourteenth cen- 

craft, booster rocket, gravity, planet, the Moon. tury, Chinese armies were using it in rockets. 

When the gunpowder ignited, it expelled hot 

gases, which propelled the rockets forward. 

NATIONAL 
GEOGRAPHIC 

Visualizing Rocket 

Motion 
Have students examine the pic- 

tures and read the captions. Then 

ask the following questions. 

When Apollo 11 was launched, 

what were the equal and oppo- 

site forces? 

As Apollo ejected its spent rocket 

booster, what equation described 
the relationship between mass 

and acceleration? 

As the rocket returns to Earth, 

why is the rocket able to shut off 

its engines? 

Apollo 11 Have the students 

write a poem about the Apollo 11 

mission and Newton’s laws of 

motion. {L2] [h) Linguistics 

Squid and octopuses use Newton's 

third law as a means of propulsion. 

They take in water and forcibly expel 
it through a siphon in a sudden spurt 

that pushes them through the water. 

Squid are very streamlined and can 

achieve speeds of 37 km/h. 

AGN 

ey) Newton’s Third Law 

Materials party balloons, tape, 

15-m piece of string, plastic 

straw, two vertical supports 

Estimated Time two minutes 

Procedure Put the string though 
the straw and stretch it between 

two vertical supports about 10 m 

apart. Blow up the balloon and 

tape it to the straw. Let go and have 
the students observe that air mole- 

cules pushing against the front of 

the balloon propel it backward. 
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Force and Momentum Many stu- 
dents confuse the ideas of force 
and momentum. Sometimes 
when comparing two moving 

objects, students will say that 
one object has more force than 
the other, when they really 

should say that the object has 
more momentum than _ the 

other. Be alert for statements 

such as these during class dis- 

cussions and help the students 
to use the scientific terms cor- 

Momentum 
A moving object has a property called momentum that is 

related to how much force is needed to change its motion. The 

momentum of an object is the product of its mass and velocity. 

Momentum is given the symbol p and can be calculated with the 

following equation: 

Momentum Equation 

momentum (kg m/s) = mass (kg) X velocity (m/s) 

Pp Ree 

The unit for momentum is kg-m/s. Notice that momentum 

has a direction because velocity has a direction. 

ON he Cm Ueitee Solve a Simple Equation 

THE MOMENTUM OF A SPRINTER At the end of a race, a sprinter with a mass of 80 kg has a 

speed of 10 m/s. What is the sprinter’s momentum? 

‘3a known values and the unknown value rectly and precisely. 

Identify the known values: 

a sprinter with a mass of 80 kg m = 80 kg 

has a speed of 10 m/s v= 10 m/s 

Identify the unknown value: 

What is the sprinter’s momentum? p =? kg-m/s 

| SOLVE | the problem 

Substitute the known values m = 80 kg and v= 10 m/s into the momentum equation: 

Discussion 

Momentum in Football Momentum 
is important to football players. 
What is the advantage of a foot- 
ball player having a large 
momentum? It makes it harder to 
change the player's velocity. 

i h = mv = (80 kg) (10 m/s) = 800 kgem/ 
Applying Mat. p = mv = (80 kg) (10 m/s) gem/s 

Math Standards 

National: 1, 2,9 

Florida: MA.B.1.4.2 

| CHECK | your answer 

Does your answer seem reasonable? Check your answer by dividing the momentum you 

calculated by the mass given in the problem. The result should be the speed given in the 

problem. 

Answers to Practice Problems 

Practice Problems 1. What is the momentum of a car with a mass of 1,300 kg traveling at a speed of 28 m/s? 
1. 36,400 kg-m/s . : : ; 2. 40 m/ 2. A baseball thrown by a pitcher has a momentum of 6.0 kg*m/s. If the baseball’s mass 

- 4U M/S is 0.15 kg, what is the baseball’s speed? 

3. 65 kg 
3. What is the mass of a person walking at a speed of 0.8 m/s if their momentum is 

52.0 kgem/s?¢ 

For more practice problems go to page 879, and visit Math Practice at f|.gpescience.com. 

ard A 

Crash! How is momentum 

conserved in a vehicle collision? 
116 CHAPTER4 The Laws of Motion 

Differentiated Instruction 

Challenge Newton actually worded his second law 

as force equals the change in momentum divided 
by the change in time. Explain how this is equiva- 
lent to F = ma. F = ma; Ap = mAv; F = Ap/t; F = 

a demonstration that illustrates the main ideas m(Av)/ t; a= Av/t so F=ma [13 Logical- 4); ; ay 
Ap yehind these concepts. Remind stud Mathematical p idents to follow 

the text when designing their projects. They may 
also use outside resources. 

Post Reading 

Science Journal After reading Newton’s Third 
Law, Momentum, and the Law of Conservation of 
Momentum, have students work in teams to create 
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Visual Learning 

Figure 20 Point out that the 

balls scatter left and right as 
they are deflected by the cue 
ball. Tell students that momen- 

tum is conserved separately in 

each direction. Since the balls 

have the same mass, the sum of 

the forward velocities of the 

balls equals the cue ball’s initial 
forward velocity. The sum of 

Law of Conservation of Momentum The momentum of : Figure 20 Momentum is trans- ty Se uckooumes . saya orl 
an object doesn’t change unless its mass, velocity, or both change. > ferred in collisions. €) Before the sum of the right velocities. Why 
Momentum, however, can be transferred from one object to : collision, only the cue ball has do the balls eventually slow and 
another. Consider the game of pool shown in Figure 20. momentum. © When the cue ball top uct) 

When the cue ball hits the group of balls that are motionless, : _ strikes the other balls, it transfers 
the cue ball slows down and the rest of the balls begin to move. : some of its momentum to them. 
The momentum the group of balls gained is equal to the 

momentum that the cue ball lost. The total momentum of all 

the balls just before and after the collision would be the same. If 

no other forces act on the balls, their total momentum is con- 

served—it isn’t lost or created. This is the law of conservation 

of momentum—f a group of objects exerts forces only on each 

other, their total momentum doesn’t change. 

INTERVENTION 

Check for Understanding 
Visual-Kinesthetic Have two stu- 

dents of different sizes stand 

facing one another and push on 
Section ey Teview each others’ hands, palm to 

; palm, without either student 
Summary Self Check | pushing the other over. Ask who 

Newton’s Third Law . Determine You push against a wall with a force of 50 N. is exerting the larger force. They 

® According to Newton’s third law of motion, If the wall doesn’t move, what is the net force on you? both exert the same force. Have one 

for every action force, there is an equal and . Explain how a rocket can move through outer space student stand in stockinged feet 

opposite reaction force. where there is no matter for it to push on. 

® Action and reaction forces act on different . Compare the momentum of a 6,300-kg elephant walk- 
objects. ing 0.11 m/s and a 50-kg dolphin swimming 10.4 m/s. 

Momentum . Describe what happens to the momentum of two 

@ The momentum of an object is the product of billiard balls that collide. 

its mass and velocity: 5. Think Critically A ballet director assigns slow, graceful 

Pa ily steps to larger dancers, and quick movements to 

The Law of Conservation of Momentum smaller dancers. Why is this plan successful? 

@ According to the law of conservation of = aoe 

momentum, if objects exert forces only on each _ Applying Math Reteach 

other, their total momentum is conserved. . Calculate Momentum What is the momentum of a Action/Reaction Ask students to 

ee Sion eometiin is anstenedio% 100-kg football player running at a speed of 4 m/s? draw and explain action/reaction 
one object to another. 

so that he or she slides when 
pushed. Now which one exerts 
the greater force? They are still the 
same. If the forces are the same, 

why does one move and not the 
other? One has a higher frictional force 
keeping him or her stationary. 

force arrows for a box sitting on 

the ground and for a person run- 
: ning. |L2| {fh} Visual-Spatial 
More Section Review fl.gpescience.com SECTION 3. The Third Law of Motion 117 ee ee WIE as tee 

6) Ee rn a ee ee 

Section review (WT ho 
% Assessment 

1. You are not accelerating, so The gas molecules exert a force on less mass to move quickly than for a . 

Fret = 0. The wall pushes back on the rocket, pushing it forward. person with more mass to do so. Process Provide students with 

you with a force equal to the force 3. The dolphin’s momentum is p = 6. p = mv = 100kg X 4m/s = photographs of various types of 

you push on it. The static friction (50 kg)(10.4.m/s) = 520 kg-m/s. 400 kg m/s activities or collisions. Have 

between your feet and the floor The elephant’s momentum is p = ne them describe how momentum 

keeps you from moving. (6,300 kg)(0.11 m/s) = 693 kg:m/s. “Y\ lat is conserved pe situation. 

2. The rocket exerts a force on gas 4, The two balls exchange momentum. Use PASC, p. 89. 

molecules, pushing them backward. 5. It takes less force for a person with 

SECTION 3 The Third Law of Motion 117 



Video Lab available. 

© Real-World 
Problem 

Purpose Students will observe 
the effects of mass and velocity 

on the momentum of rolling 

objects. Kinesthetic 

Process Skills observe, measure, 

compare, use numbers, use 

space/time relationship, sequence, 
recognize cause and effect, infer 

Time Required one class period 

Alternate Materials A foam 
rubber ball, golf ball, or hockey 

ball could replace the tennis ball 
and racquetball. 

Safety Precautions Caution 
students never to throw the balls 
during the activity and to roll the 
baseball only when other stu- 
dents are clear of the ball’s path. 

© Procedure 

Teaching Strategy Have stu- 
dents practice rolling the balls at 
different speeds and rolling the 
balls into the softball. Clear 
away floor space in your room or 

take students outside to provide 
enough space for each group. 

the Momentum of 
Colliding Objects 

@ Observe and calculate ; | 

Fire ay asec tpr a ar © Real-World Problem 

different balls. Many scientists hypothesize that dinosaurs became extinct 65 million 

m@ Compare the results years ago when an asteroid collided with Earth. The asteroid’s diameter 

of collisions involving was probably no more than 10 km. Earth’s diameter is more than 

different amounts of 12,700 km. How could an object that size change Earth’s climate 

momentum. enough to cause the extinction of animals that had dominated life 

on Earth for 140 million years? The asteroid could have caused such 

damage because it may have been 

traveling at a velocity of 50 m/s, 

and had a huge amount of 

momentum. The combination 

of an object’s velocity and mass 

will determine how much force it 

can exert. How do the mass and 

velocity of a moving object affect 

its momentum? 

Goals 

Materials 
meterstick 

softball 

racquetball 

tennis ball 

baseball 

stopwatch 

masking tape 

balance 

Safety Precautions 

re) 

| Momentum of Colliding Balls 

Action Time Velocity Mass Momentum BRE RAE 
Moved 

R acquetball 0.04 

rolled slowly 

Racquetball 0.04 
rolled quickly 

; Answers Answers Answers Answers 
Tennis ball will will 0.06 will will 
rolled slowly vary. vary. vary. vary. 

Tennis ball 
0.06 

rolled quickly 

Baseball rolled 0.14 
slowly 

Baseball rolled 0.14 
quickly 

118 CHAPTER4 The Laws of Motion 

v, Active Reading 

Synthesis Journal In this strategy, students 
reflect on a project, a paper, or a performance 
task and plan for personal application. Have 
each student divide a sheet of paper into three 
sections labeled What I did, What I learned, 
and How I can use it. Have students write a 
Synthesis Journal related to this lab. 

Momentum Supply students with the materials 
listed for this lab, and ask them to find a way to 
give each ball the same momentum. Have them 
design a data table and a method to test when the 
momentum of each ball is equal to the others. 

118 CHAPTER 4 The Laws of Motion 



© Procedure 
1. Copy the data table on the previous page in your Science Journal. 

2. Use the balance to measure the mass of the racquetball, tennis ball, and baseball. 
Record these masses in your data table. 

3. Measure a 2-m distance on the floor and mark it with two pieces of masking tape. 

Place the softball on one piece of tape. Starting from the other piece of tape, 

slowly roll the racquetball toward the center of the softball. 

5. Use a stopwatch to time how long it takes the racquetball to roll the 2-m 

distance and hit the softball. Record this time in your data table. 

6. Measure and record the distance the racquetball moved the softball. 

7, Repeat steps 4—6, rolling the racquetball quickly. 

8. Repeat steps 4—6, rolling the tennis ball slowly, then 

quickly. 

Distance Softball Moved and 
Momentum of Colliding Ball 

9. Repeat steps 4—6, rolling the baseball slowly, then 

quickly. 

© Analyze Your Data———— 
1. Calculate the momentum for each type of ball 

and action using the formula p = mv. Record 

your calculations in the data table. Distance softball moved 

2. Graph the relationship between the momentum of each Momentum 

ball and the distance the softball was moved using a 

graph like the one shown. 

© Conclude and Apply ——— 
1. Infer from your graph how the distance the 

softball moves after each collision depends on 

the momentum of the ball that hits it. 

Compare your graph with the graphs 

made by other students in your class. 

Discuss why the graphs might look 
2. Explain how the motion of the balls after they different. 

collide can be determined by Newton’s laws 

of motion. 

lew hes kevanae 
, Assessment 

Oral Ask students if it is possible for an object to 

have a negative value for momentum. Yes; velocity has 

both direction and magnitude. Once a positive direction is chosen, 

velocity in the opposite direction is negative and momentum is 

negative. Use PASC, p. 143. experiences with the sports. 

Divide the class into small groups for the discussion so 

that all students have the opportunity to describe their 

Tie to Prior Knowledge Stu- 
dents will be aware that more 
massive moving objects and 
objects traveling with greater 

speeds will produce more force. 

© Analyze Your 
Data 

Expected Outcome The high 
velocity baseball will have the 

greatest momentum, and the 

slow velocity racquetball will 
have the least momentum. 

Answer to Questions 

1. Calculations should show that the 
momentum of a ball increases as its 
speed increases. 

2. The graph should have a positive 

(diagonally upward) slope. 

Error Analysis Have students 
compare their graphs with other 
lab groups. Ask which of their 
predictions matched their results, 
and have them explain those that 
did not. Have students identify 
possible sources of measurement, 
timing or procedural errors. 

© Conclude and 

Apply 
1. The graph should show that as the 

momentum of the colliding ball 
increases, so does the distance the 

softball moves. 

2. By the third law of motion, when the 

balls collide, they exert the same 

force on each other. The softball has 

the larger mass, so according to the 

second law its acceleration will be 

less than the smaller ball. 

LAB 119 



TIME SCIENGE sn ccs cisce 
TIME HISTORY THE COURSE 

Content Background 
Newton’s three laws of motion 

and the law of universal gravita- 

tion have proven to be able to 

describe the motion of objects 

ranging from galaxies to rain- 

drops. Newton believed that the 

forces involved in the behavior 

of ordinary objects, such as the 
forces that caused an apple to fall 
from a tree, were the same forces 

that controlled the motions of 

planets and moons. The law of 

universal gravitation and the 
three laws of motion applied to 
all objects. Newton also believed 

that matter was made of indivis- 

ible particles and that the forces 
of gravity, electricity and mag- 
netism determined the behavior 

of these particles. 
Newton was correct in that 

gravity, electricity and magnet- 

ism also act at the atomic level. 

However, the gravitational force 

is so much weaker than the elec- 

tromagnetic force that it can be 

ignored at the atomic level. In 

addition, there are two other 

forces, the strong and the weak 
nuclear forces, that are involved 

in nuclear reactions that were 

unknown to Newton. 

Historical Significance 
What Newton contributed to 

science during his first 25 years 

cannot be underestimated. More 

than 300 years later, scientists 

and engineers still use his laws to 

understand natural phenomena 

and to design and develop new 
technologies. 

120 CHAPTER 4 The Laws of Motion 

Newton 
and the 

Plague 
n 1665, the bubonic plague swept through 

England and other parts of Europe. Isaac 

Newton, then a 23-year-old university student, 

returned to his family's farm until Cambridge 

university reopened. To occupy his time, Newton 

made a list of 22 questions. During the next 18 

months, Newton buried himself in the search for 

answers. And in that brief time, Newton devel- 

oped calculus, the three laws of motion, and the 

universal law of gravitation! 

The Laws of Motion 
Earlier philosophers thought that force was 

necessary to keep an object moving. By analyzing 

the data collected by Galileo and others, Newton 

realized that forces did not cause motion. Instead, 

forces cause a change in motion. Newton came to 

understand that force and acceleration were 

related and that objects exert equal and opposite 

forces on each other. Newton’s three laws of 

motion were able to explain 

how all things moved, from 

an apple falling from a tree 

to the motions of the moon 

and the planets, in terms 

of force, mass, and 

acceleration. 

In Einstein’s theory 

of general relativity, 

gravity is due to 

a distortion in 

space-time. 

What is gravity? 
Using the calculus and data on the motion of 

the planets, Newton deduced the law of universal 

gravitation. This law enabled the force of gravity 

between any two objects to be calculated, if their 

masses and the distance between them were 

known. 

Newton was able to show mathematically 

that the law of universal gravitation predicted 

that the planets’ orbits should be ellipses, just as 

Johannes Kepler had discovered two generations 

earlier. The application of Newton's laws of 

motion and the law of universal gravitation also 

were able to explain phenomena such as tides, 

the motion of the moon and the planets, and the 

bulge at the Earth's equator. 

A Different View of Gravity 
In 1916, Albert Einstein proposed a different 

model for gravity called the general theory of rela- 

tivity. In Einstein’s model, objects create distortions 

in space-time, like a bowling ball dropped on a 

sheet. What we see as the force of gravity is the 

motion of an object on distorted space-time. Today, 

Einstein's theory is used to help explain the nature 

of the big bang and the structure of the universe. 

Isaac Newton was a university student when he developed the laws of motion. 

TIME 
For more information, visit 

fl.gpescience.com 

investigate Research how both Newton’s law of gravitation and 
Einstein’s general theory of relativity have been used to develop the 

current model of the universe. 

Resources for Teachers and Students 

Isaac Newton: The Greatest Scientist of All Time 
Margaret Jean Anderson, Enslow Publishers, 
Incorporated, 1996 

Investigate The existence of dark 
matter has been hypothesized to explain the 

rotations and motions of galaxies that seem 

to violate Newton’s laws of motion. For 

Newton’s laws to be satisfied, these galaxies 

must contain additional matter that has not 

been detected directly. Einstein’s general 

Albert Einstein: Physicist and Genius. Joyce 
Goldenstern, Enslow Publishers, Incorporated, 

theory of relativity explains how the struc- Daal 
ture of space-time changed as the universe 
expanded after the big bang. 



“Section 1 The First Two Laws 
of Motion 

1. According to the first law of motion, the 

velocity of an object doesn't change unless an 
unbalanced net force acts on the object. 

2. Inertia is the tendency of an object to resist a 

change in its motion. 

3. The second law of motion states that a net 

force causes an object to accelerate in the 

direction of the net force and that the accel- 
eration is given by 

1. Gravity is an attractive force between any 

two objects with mass. The gravitational 

force depends on the masses of the objects 

and the distance between them. 

2. The gravitational acceleration, g, near 
Earth’s surface equals 9.8 m/s’. The force of 

gravity on an object with mass, m, is: 

T= tie 

3. The weight of an object near Earth’s 

surface is: 

W = mg 

. 

Interactive Tutor fl.gpescience.com 

shar it | Study Guide 

4. Projectiles travel in a curved path because 

of their horizontal motion and vertical 
acceleration due to gravity. 

5. The centripetal force is the net force on an 

object in circular motion and is directed 

toward the center of the circular path. 

Section 3 The Third Law of Motion 

1. Newton’s third law of motion states that for 
every action there is an equal and opposite 

reaction. 

2. The momentum of an object can be 
calculated by the equation p = mv. 

3. When two objects collide, momentum can 

be conserved. Some of the momentum 

from one object is transferred to the other. 

Use the Foldable that you made at the 

beginning of this chapter to help you review the laws of 

motion. 

CHAPTER STUDY GUIDE 121 

chapter “a 

Study Guide 

Reviewing MainIideas_ | 

Summary statements can be 
used by students to review the 
major concepts of the chapter. 

Sciencep INC 

Visit fl.gpescience.com 

More Section Review 
Interactive Tutor 

Vocabulary PuzzleMaker 

More Chapter Review 

Standardized Test Practice 

Assessment Transparency 
For additional assessment ques- 
tions, use the Assessment 

Transparency located in the trans- 
parency book. 

Assessment 

Wetcucas The Laws of Motion 
a Transparency | 4) 

Directions: Carefully review the table and answer the following questions. 

TASSSei EN SAT pIal ea SANG oo 
Mass and Weight on Earthandthe Moon 

Object _ Mass Weight Mass Weight 
on Earth | onEarth | on Moon | on Moon 

Astronaut 90 kg 882 N 90 kg | 149.4N 

Flashlight 1kg 9.8N 1kg 1.7N 

Lunar Rover| 650 kg 6370N | 650kg 1079 N 

Moon rocks 22 kg 215.6N 22 kg 36.5N 

1. According to this information, which object has a weight on the 
Moon greater than 1000 newtons? 
A Astronaut C Lunar Rover 

B Flashlight D Moon rocks 

2. Astronauts discovered how much easier it is to lift objects on the 
Moon. The weight of these objects on the Moon is due to__. 

F Earth's gravity 
G the Moon’s gravity 
H Earth's revolution 
] the Moon’s rotation 

3. According to the table, which object weighs the LEAST? 
A Astronaut C Lunar Rover 

B Flashlight D Moon rocks 

4, Based on the data in the table, about how many times greater is 

the weight of these objects on Earth than on the Moon? 
j two Limes H six times 

four times. } eight times 

4 Have students use 

FOLDABLES their Foldables to 

review the content of the chap- 
ter. Have students work in pairs to 
describe situations illustrating each of 
the three laws of motion. 

CHAPTER STUDY GUIDE 121 



chapter ait 

Review: 

. Newton's third law of motion 1 

2. momentum 

3. weight 

4. centripetal force 

5. gravity 

6. Newton’s second law of motion 

"Checking Concepts 

7.0 11. B 

8. A 125 

9. B 13. A 

10. B 14. C 

Interpreting Graphics 

15. See student page. 

16::€ 

cee 

chapr er 

4 $C.C.1.4.2, $C.C.2.4.1, SC.C.2.4.6 

(Using Vocabulary 
centripetal acceleration law of conservation of 

p.110 momentum p. 1/17 

% momentum p.116 

second law of motion p. 102 

third law of motion p. 113 

weight p. 106 

¥#% centripetal force p.110 

first law of motion p.98 

gravity p. 104 

inertia p.99 

# FCAT Vocabulary 

Complete each statement using a word(s) from 

the vocabulary list above. 

1. The way in which objects exert forces on 

each other is described by 

2 ihe of an object depends on its 

mass and velocity. 

Se ihe of an object is different on 

other planets in the solar system. 

4. When an object moves in a circular path, 

the net force is called a(n) 

5. The attractive force between two objects 

that depends on their masses and the dis- 

tance between them is 

6. relates the net force exerted on 

an object to its mass and acceleration. 

GE 
Choose the best answer for each question. 

7. What is the gravitational force exerted on 

an object called? 

A) centripetal force 

B) friction 
C) momentum 

D) weight 

8. Which of the following best describes why 

projectiles move in a curved path? 

A) They have horizontal velocity and 

vertical acceleration. 
B) They have momentum. 

©) They have mass. 

D) They have weight. 

122 CHAPTER REVIEW 

Cit Review 

9. Which of the following explains why 

10. 

astronauts seem weightless in orbit? 

A) Earth’s gravity is much less in orbit. 

B) The space shuttle is in free fall. 
© The gravity of Earth and the Sun cancel. 

D) The centripetal force on the shuttle 

balances Earth’s gravity. 

Which of the following exerts the 

strongest gravitational force on you? 

A) the Moon ©) the Sun 
B) Earth D) this book 

Use the graph below to answer question 11. 

ie 

12. 

1% 

14, 

30 

20 

Speed (m/s) 

0 10 20 30 40 

Time (s) 

The graph shows the speed of a car mov- 

ing in a straight line. Over which segments 

are the forces on the car balanced? 

A) AandC 

B) Band D 

© CandE 

D) D only 

Which of the following is true about an 

object in free fall? 

A) Its acceleration depends on its mass. 

B) It has no inertia. 

©) It pulls on Earth, and Earth pulls on it. 

D) Its momentum is constant. 

The acceleration of an object is in the 

same direction as which of the following? 

A) net force C) static friction 

B) air resistance D) gravity 

Which of the following is NOT a force? 

A) weight ©) momentum 

B) friction D) air resistance 

Vocabulary PuzzleMaker fl.gpescience.com 

122 CHAPTER4 The Laws of Motion 

Use the ExamView® Pro Test Bank CD-ROM to: 

create multiple versions of tests 

create modified tests with one mouse click for inclusion students 

edit existing questions and add your own questions 

build tests aligned with state standards using built-in State 
Curriculum ‘Tags 

change English tests to Spanish with one mouse click and vice versa 



~~ Interpreting Graphics 

15. Copy and complete the following concept 
map on forces. 

[ 
change between long-range 
motion two objects force 

Newton's Gravitational 
24 Law attraction 

relat - 
een involves depends on 

Action-reaction 
force pairs 

Use the table below to answer questions 16-18. 

Time of Fall for Dropped Objects 

Object Mass (g) Time of Fall (s) 

A 5.0 2.0 

B , 5.0 1.0 

C 30.0 0.5 

D 35.0 1.5 

16. If the objects in the data table above all 

fell the same distance, which object fell 

with the greatest average speed? 

Thinking Critically 

17. Describe the forces acting on a softball after 

it leaves the pitcher’s hand. Ignore the 

effects of air resistance. 

18. Determine the direction of the net force on 

a book sliding on a table if the book is 

slowing down. 

19. Explain whether there can be any forces act- 

ing on a car moving in a straight line with 

constant speed. 

. 

More Chapter Review fl.gpescience.com 

chapter Cn Revie 

20. Explain You pull a door open. If the force the 

door exerts on you is equal to the force you 

exert on the door, why don’t you move? 

21. Predict Suppose you are standing on a 

bathroom scale next to a sink. How does 
the reading on the scale change if you 

push down on the sink? 

22. Describe the action and reaction force pairs 

involved when an object falls toward 

Earth. Ignore the effects of air resistance. 

_ Applying Mat 

23. Calculate Mass Find your mass if a scale on 

Earth reads 650 N when you stand on it. 

24. Calculate Acceleration of Gravity You weigh 

yourself at the top of a high mountain 

and the scale reads 720 N. If your mass 

is 75 kg, what is the acceleration of 

gravity at your location? 

Use the figure below to answer question 25. 

After Collision 

Wooden 

ball 

Before Collision 

Metal Wooden | Metal 

ball ball ball 

25. Calculate Speed The 2-kg metal ball mov- 

ing at a speed of 3 m/s strikes a 1-kg 

wooden ball that is at rest. After the colli- 
sion, the speed of the metal ball is 1 m/s. 

Assuming momentum is conserved, 
what is the speed of the wooden ball? 

26. Calculate Mass Find the mass of a car that 

has a speed of 30 m/s and a momentum 

of 45,000 kg,m/s. 

27. Calculate Sliding Friction A box being 

pushed with a force of 85 N slides along 

the floor with a constant speed. What is 

the force of sliding friction on the box? 

CHAPTER REVIEW 123 

™ Assessment 

\@iy Reproducible Masters 
Chapter Fast File Resources 

Chapter Review, pp. 37-38 
Chapter lests, pp. 39—42 
Assessment Transparency Activity, p. +9 

Glencoe Science Web site 
Chapter Review Test 
Standardized ‘Test Practice 

Glencoe Technology 
1B oe 
is Assessment [ransparency 
BP > Ory er S18 
g) ExamView~ Pro Testmaker 

MO MindJogger Videoquiz 
T . 

x) Interactive Chalkboard 

chaprer qi 

Review 

Thinking Critically | 
17. The only force acting on the ball is 

the force of gravity. 

18. The book is slowing down, so the 
acceleration is in the direction 
opposite the motion. The net force 
is in the same direction as the 
acceleration. 

19. Yes, there can be forces acting on 
the car, but the forces are balanced 
so that the net force is zero. 

20. The force of static friction between 
your feet and the floor balances the 
force the door exerts on you. 

The reading on the scale decreases 
because the sink pushes up on you. 

The upward force exerted by the 
scale and the sink now balance your 
weight, so the force exerted by the 
scale decreases. 

22. Earth pulls on the object and the 
object pulls on Earth. 

21 

ARDyING ath 

Math Standards 

National: 1, 2,9 

Florida: MA.B.1.4.2 

— fh  CsONo 
23. m 9 (9.8 m/s) 66.3 kg 

F _ (720N) _ 2 
24.9 = mn (Ska) 9.6 m/s 

25. Nia = myVvy + MV 

2kg X 3m/s = 6kg m/s 

2kg X 1m/s = 2kg m/s 

6 kg m/s — 2kg m/s = 4kg m/s 

ane 4 m/s 
1kg 

YVR oe (45,000 kg m/s) 

j v__ (30.m/s) 

= 1500 kg 

27. F= 85N 

CHAPTER REVIEW 123 
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Standardized Test Practice 

Answer Sheet An answer sheet 

can be found at fl.gpescience.com. 

Standardized Test Practice Answer Sheet 

~~ Multiple Choice 

4. ( 

: 5. A 

CORE 6. B 

qi Standardized Test Practice as 

(~~ Multiple Choice 

1. The net force on an object moving with 

constant speed in circular motion is in 

which direction? 

A. downward 

B. opposite to the object’s motion 

C. toward the center of the circle 

D . in the direction of the object’s velocity 

Use the table below to answer questions 2—4. 

Object in Free Fall with Air Resistance 

Time (s) Speed (m/s) 

2. Over which of the following time intervals 

is the acceleration of the object the greatest? 

A. Ostols 

B. lsto2s 

Gra sitorons 

D. The acceleration is constant. 

| _Test-Taking Tip _| Tip 

Keep Track of Time Ifyou are taking a timed test, keep track 

of time. If you find you are spending.too much time ona 

multiple-choice question, mark your best guess and move on. 

124 STANDARDIZED TEST PRACTICE 

Record your answers on the answer sheet provided by your teacher or on a sheet of paper. 

@ The assessed Florida Benchmark appears above the question. 

3. Over which of the following time intervals 
is the net force on the object the smallest? 

A. Ostols 

Baulesmtoees 

@ A git 5s 

D. The force is constant. 

4. According to the trend in these data, which 

of the following values is most likely the 

speed of the object after falling for 6 s? 

A. 26.7 m/s 

B. 15.1 m/s 

G, 2071 mis 

D. 0 m/s 

SC.C.2.4.1 

5. Which of the following would cause the 

gravitational force between object A and 

object B to increase? 

A. Decrease the distance between them. 

B. Increase the distance between them. 

C. Decrease the mass of object A. 

D. Decrease the mass of both objects. 

Use the graphs below to answer question 6. 

Graph 2 

124 STANDARDIZED TEST PRACTICE 



Standardized 

_Test Practice__ 

Ge 

chapter 4 

Standardized Test Practice 

6. Which of the graphs on the previous page 

shows how the force on an object changes if 

the mass increases and the acceleration stays 
constant? 

A. Graph 1 

B. Graph 2 

C. Graph 3 

D. Graph 4 

-/ a 

7. You are pushing a 30-kg wooden crate 

across the floor. The force of sliding friction 

on the crate is 90 N. How much force, in 

newtons, must you exert on the crate to 

keep it moving with a constant velocity? 

8. A skydiver with a mass of 60 kg jumps from 

an airplane. Five seconds after jumping, the 

force of air resistance on the skydiver is 

300 N. What is the skydiver’s acceleration 

in m/s? five seconds after jumping? 

READ” 
INQUIRE INQUIRE ort Response 
———] 

Use the figure below to answer question 9. 

_- 

Standardized Test Practice fl.gpescience.com 

9. Two balls are at the same height. One ball 

is dropped and the other initially moves 

horizontally, as shown in the figure. 

After 1 s, which ball has fallen the greatest 

vertical distance? 

10. How does the acceleration of gravity 

5,000 km above Earth’s surface compare 

with the acceleration of gravity at Earth’s 

surface? 

EXPLAIN . a ended Response 

Use the graph below to answer question 11. 

Speed of Sliding Book 

= Nn 

Speed (m/s) 

oO 

Time (s) 

$C.C.1.4.2 

11. The graph above shows the how the speed 

of a book changes as it slides across a table. 

Over what time interval is the net force on 

the book in the opposite direction of the 

book’s motion? 

12. When the space shuttle is launched from 

Earth, the rocket engines burn fuel and 

apply a constant force on the shuttle until 

they burn out. Explain why the shuttles 

acceleration increases while the rocket 

engines are burning fuel. 

STANDARDIZED TEST PRACTICE 125 

© Gridded Response 

7. 90 

8. Force of ravily on skydiver = (60 kg) 

) (9.8 m/s) = 588 N, net force on sky- 

diver = 588 N — 300 N= 288N,a= 

Fnet / m=(288 N)/(60 kg) = 4.8 m/s” 

\ Short Response 

9. Both balls have fallen the same dis- 

tance after 1 s. Their vertical motion 

is independent of their horizontal 

motion. 

10. It is less, because an object at this 
height is farther from Earth than an 

object at Earth’s surface. According 
to the law of universal gravitation, 
the force of gravity decreases as the 
distance between objects increases. 

Because the force of gravity 

decreases, the acceleration due to 

gravity decreases. 

~~ Extended Response — 

11. After 0.5 s, the book is slowing 
down, so the acceleration and the 

net force are opposite to the book’s 

direction of motion. 

12. The mass of the rockets is decreasing 
as the fuel burns, but the force 
exerted by the rocket engines 

remains the same. By the second law 

of motion, the acceleration then 
must increase. 

Rubrics 

For more help evaluating 
Short- and Extended-Response 
questions, see the rubrics on 
Deol 
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chapter @¥ye Organizer 

Section/Objectives Standards Labs/Features 

Chapter Opener National State/Local Launch Lab: Energy Conversions, 
‘O: IPH 

Foldables, p. 127 See pp. 16T-17T fora 

Key to Standards 

Section 1 The Nature of Energy National Content Florida Science Online, p. 130 

@ ssecdigne Standards: Benchmarks: Applying Math: Kinetic Energy, 

Gp UCP.2, UCP3, SC.B.1.4.1 p. 130 
1.5 blocks UCP.5, A.1,A.2, SC.B.1.4.3, MiniLAB: Interpreting Data from a 

1. Distinguish between kinetic and potential B.2,B.4 SC.H.1.4.7, Slingshot, p. 131 
energy. SC.H.2.4.2 Integrate Language Arts, p. 132 

2. Calculate kinetic energy. Applying Math: Gravitational 
3. Describe different forms of potential energy. Potential Energy, p. 132 
4. Calculate gravitational potential energy. Lab: Bouncing Balls, p. 134 {0 Video Lak 

Section 2 Conservation of Energy National Content Florida Visualizing Energy Transformations, 

@  4sessions Standards: Benchmarks: p. 138 

2 UCP AUCH, SC Baar Integrate Environment, p. 139 
©P 2 blocks UCP5, Al, A.2, SG Ba 42 MiniLAB: Transforming Energy 
5. Describe how energy can be transformed from B.2,B.4,B.5,G.3 SGEIA4 in a Paper Clip, p. 140 

one form to another. SC.G.1.4.2, Science Online, p. 141 
6. Explain how the mechanical energy of a system SC.H.1.4.1 Lab: Swinging Energy, p. 144-145 

is the sum of the kinetic and potential energy. SG.1.4.6 Science and History: The Impossible 
7. Discuss the law of conservation of energy. S@ aa. 4.7 Dream, p. 146 

SGHH2 42 
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Lab Materials 

Launch Lab: D-cell 
batteries (2), non-coated 

paper clips (2), tape, metal 

tongs, steel wool 

Reproducible Resources 

Chapter Fasr Fite Resources 

Foldables Worksheet, p. 17 

Note-taking Worksheets, 

pp. 31-32 

Section Assessment 

¢ENCo 
ey Cus 

Glencoe Exclusive! 

SULGINIUES 8 Teacher Works = 
All-In-One Planner and Resource Center 

Technology 

‘eacverWorks includes: 

* Interactive Teacher Edition 

* Lesson Planner with calendar 

* Access to all program 

MiniLAB: rubber band, 

nickel, meterstick 

Lab: tennis ball, rubber ball, 

balance, meterstick, 

masking tape, cardboard box 

Chapter Fasr Fire Resources 

Transparency Activity, p.42 

MiniLAB, p. 3 

Enrichment, p. 29 

Reinforcement, p. 27 

Directed Reading, p. 20 

Activity Worksheet, pp. 5-6 

Lab Activity, pp. 9-12 

Transparency Activity, 

pp. 45-46 

Reading and Writing Skill 

Activities, p. 35 

Portfolio 

Curriculum Connection, p. 130 

Performance 

MiniLAB, p. 131 

Applying Math, p. 132 

Applying Math, p. 133 

Content 

Section Review, p. 133 

MiniLAB: paper clip 

Lab: ring stand, test-tube 
clamp, support-rod clamp 

(right angle), 30-cm support 

rod, 2-hole, medium rubber 

stopper, 1 m string, 

metersticks (2) graph paper 

Need Materials? 
Contact Scien i ce Kit at 1-800-828-7777 or www.sciencekit.com, 

ye. 
ASSESSMENT 
yY & 
a (© 
ANT 

Chapter Fasr Fite Resources 
Chapter Review, pp. 35-36 

Chapter Tests, pp. 37-40 

Standardized Test Practice, pp. 24-27 

Chapter Fasr Fie Resources 

Transparency Activity, p. 43 

MiniLAB, p. 4 

Enrichment, p. 30 

Reinforcement, p. 28 

Directed Reading, pp. 21-22 

Activity Worksheet, pp. 7-8 

Lab Activity, pp. 13-15 

Home and Community 

Involvement, p. 36 

Cultural Diversity, p.53 

Portfolio 

Assessment, p. 143 

Performance 

MiniLAB, p. 140 

Applying Math, p. 143 

Content 

Section Review, p. 143 

End of Chapter Assessment 

y 
ry, 

y 
a» 

bf 

TO MindJogger Videoquiz 
D Virtual Labs CD-ROM 
) ExamView® Pro Testmaker 

’ TeacherWorks CD-ROM 

* Interactive Chalkboard CD-ROM 

blacklines 

* Correlations to standards 

* Web links 

& Section Focus Transparency 

& Teaching Transparency 
®) Interactive Chalkboard 

CD-ROM 

®) StudentWorks Plus 
f{D Video Lab 

>) Virtual Labs CD-ROM 

*2) Interactive Chalkboard 

CD-ROM 

©) StudentWorks Plus 

& Section Focus Transparency 
as 
cu 
Bel 

Performance Assessment in the Science 

Classroom (PASC) 
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Gruderty They've Got Potential Coan: 

= itd 

This is a representation of key blackline 

masters available in the Teacher Classroom 

Resources. See Resource Manager boxes 

within the chapter for additional information. 

Key to Teaching Strategies 

The following designations will help you 
decide which activities are appropriate 
for your students. 

Level 1 activities should be 
appropriate for students with 

learning difficulties. 

[2] Level 2 activities should be within 

the ability range of all students. 

[3] Level 3 activities are designed for 

above-average students. 

@® ELL activities should be within 
the ability range of English 

Language Learners. 

COOP LEARN Cooperative Learning 

activities are designed 

for small group work. 

Multiple Learning Styles logos, 

as described on page 12T, are 

used throughout to indicate 

strategies that address different 

learning styles. 

P| These strategies represent student 

products that can be placed into 

a best-work portfolio. 

PBL} Problem-Based Learning activities 

apply real-world situations to 
learning. 

126C CHAPTERS Energy 

Assessment 

Directions: Care 

Length of | Calories 
activity burned 

400 Watching TV 2h 150 

Calories 
consumed ative 

“Walking th 180 

Running Veh 350 

Playing 
tennis an 

1. What principle is probably being tested in the above experiment? 

Teaching 

Student Text Lab Worksheet 

Pel 

\LAB) Bouncing Balls 

Lab Preview 

Dire 

ate 

PERSIE The Energy of a Pendulum 
Activity 

Strategy 

Materials 

Ow 



Content Outline 

Section 1 

bi. Kinetic eoengy 

Section 2 

A. Energy is the ability (e cause 
Kinetic energy—cnergy in the forn 

Potential encrgy—evergy stoves in a 

Chemical potential enengy—energy stored in 
Gravitational potential energy 

The Nature of Energy 

& The amount of kinetic energy an object bas depend on ity and its 

Elastic potential energy—energy stored by things that 

pergy stowed by things that are abow 

Conservation of Energy 

scl. giving it the potential to 

Meeting Individual Needs 

CSM The Nature of Energy 

Directions; Place a pls (4) tothe let ofthe statements that agree with the rertbook. Place u minus (+) t0 the 
‘eft ofthe statements that do not agree withthe fextbook Circle the word or words that need fo be changed. and 
‘change the statement sa tbat its Ive 

1. Anything that causes change must have energy, —— 
2. Kinetic energy’ energy inthe form af motion. 

The joule is the St-unit of energy, 
Acconing.ts the lave of conservation if eweryys eniengy cat be created or destroyed 

Fnergy may change from one form te another, but the total amount of energy never 
changes 

Mechanical energy fo the total amount of potential and kinetic energy in a system, 

\ rock ab the eige of a 20m high cliff has more potential energy than anv eal 
ized rock at the ealge uf a 600:1m high cbf 

The energy’ stored Jn foods und fuels is chemical potential energy 

Directions: The chart below compares inetc energy ond gravitational potential eneray. Flin the mising 
{nformation 

Kinetic Energy. Gravitational Potontial Enargy 

10 
Units of measure 

Quantities in calculation, 

Chaptor 

Directions: Determine whether te falicizel term makes each statement true or fale Ifthe 
suatement ie true, write true in the bunk. If the statement ix fale. write in the blank the term 
or terme thar muke the statement true 

1, Energy is done when a force causes ap object 10 move 
Potential energy is the energy of mation 
Elastic potential energy is the energy of an oljext above the 
surface of Earth, 
Thermal potential energy ie the energy stored tn chemical 
bonds hhetween atoms 
The joules the unit of energy in the St'system. 
As the height of an object above the surface of Earth increase 
its potential energy remus the stme 

7. The energy coming from the sun is called chermieul energy 

Directions: Answer the following questions or complete the sentence by writing the correct leter 
om the line provided. 

8, The kinetic energy of an object moving atu sper of 2 nv/s and a mass 
of Sky is 
a. 6juules © 12 joule 
118 joules 4,24 joules 
The yravitational potential energy of an object with w mass of L ky ata helghr 
f 2 mabave the surface of Earth ic approximately 
a. 2)oules & 2 joules 
b. 10 joule 10 joules 
When a substance burne in oxygen, the amount of chemical energy 
a. increases © remains the same 
bi, decrease isnot important 
A car moving al 10 ris has 400,000 joules kinetic energy. The care mass is 
1 4,000 hy © 8.000 Ky 
b. 16,000 by, WL 40,000, 

i 

Transferring Kinetic and 
Potential Energy 

Uw this activity you will build twin pendulumns 1 observe how kinetic and potential energy eun 
the transferred within a system: 

Materials 
washers a bolts identically sized (2) 
ring, stands (2) 

Procedure 
1, Try to duplicate the apparatus shown in the 
figure ld iyvin penlllums, place the 

pieve of thread about one: fourth of the way Washers Wanher 
own front the (op of one ring wand. Attach 
the other end of the thread an equal ii 
nce fromthe top of the other ring stand, 
There should novbeany slick inthe thvead. ‘Figure t 
Cut two 15-cm lengths of thread, Atusch 
rwaslier wy each thread. Tie the otherends of 3. Pull one of the washers toward you until it 

ts as high as the horizontal string, Release 
the wather and obssrve what happens 

these threade ta the horantal thread, 
about Secm apart. The washers must hang 
at exactly the sme height 

Conclude and Apply 
1, Describe what happened to the (wu pendulums after you released the washer 

Explain why the second pendulum was able to jyove without your touching 1 

3. Why did the pendulums eventually stop swinging? 

e@ Energy 

section © The Nature of Energy 
rans —SCI 1 hr et rit ow ey et a 
MeccrresCAAS,SCK TAY Sema 

@ Before You Read 
Energy comes in many forms, List as many types of energy as 
you can think of on the lines below 

What You'll Learn 

hon energy can 
tse stored 

EE @ Read to Learn 
State the Main Ideas 

Pupeercretrrny | & Ue Iu 
main idea ol yl yu rea 
your own words example; lightbulbs are heating the air around them, and the 

‘Changes are taking place alllaround you all the time. For 

wind may be blowing leaves in the trees, Even you are chang. 
ingas you breathe. blink, or move around at your desk 

All changes involve energy. Imagine a baseball lying through 
the air. It hits a window and breaks the glass into small pieces 
The moving baseball causes the solid pane of plass to change 
{nto the small pieces. The moving baseball has energy 
How are energy and work related? 

Energy isthe ability to do work. Work is donc when a force 
causes something to move. A moving baseball does work on a 
window. The ball exerts a force on the glass and causes it to 
tyreak: Energy is aso the ability 1 cause change. When work is 
done, energy moves fromm one place to another ar changes from 

A ng Cherk | ‘one form to another, 3 

1. Define Wats eneray What are some different forms of energy? 
Turn on an electric light, and a dark room become 

brighter. Turn on your CD player; and sound conics through 
the headphones. In both of these cases, energy moves from 
‘one place to another, These changes are different from each 
other. They are also different frorn the change caused by the 
baseball hitting the window. Energy has many different form. 
Some forms are electrical, chemical, radiant, and thermal iz 

5-2 CHAPTERS tony 

DIRECTIONS 

1 

Tost 

2 
Group A 

The objects in Group A are different fron the otyp 
Group A 

b 

4 

have chemical potential energy 
onven electrical energy to mechanical ener 

are fowsil fuels 

Tn the diagram above. a roller comer car 
daar from reat a pomtA and moves along 
the (rack. AL which pein does the filler 

f 
e 
h 
j 

A 
B 
‘3 

D 

aN 
JAY 

Chapter Energy 
Review 

Part A, Vocabulary Review 
Directlons: Match the desertion i the fist column with he term inthe second alum by wing the coret 
lerter in the space provided. 

1. {olul amount of Kinede and porenial energy a every 

} the ability to cause chany & inetic energy 
law of conservation of 3. stared energy due 10 poll enerny 

4, energy in the forny of gravitational potential 

‘mechanical energy 
potential energy 

energy stored in food and fue Sy 
energy sora fy things thar stretch vr corapne Mate pean 
nergy stored by things that are alyove earth enerny 

heanical penta 

‘ermal energ 

Part B, Concept Review 
Directions: Complete the folowing sentences iting the comect terms. 

1. Theamaunt of Kinetic energy « moving object has depen 
om ite ass anid 

2 The patential energy of an object depen 

Te law af (ex hat energy cannot be created 

yet from foods 
The conversion of potential enerjy Wo kinetic enengy 

J convert Kinetic energy ito thermal energy whien yout 
Is toro sticks fogetlier bexatuve of 

|. Testing Concepts 
Directions: Derermine whether each of the following statements 6 true or false. Ifthe statement is frue, write 

true inthe Donk I the statement fle replace he aie fer with one that makes the statement re 
1. ergy inthe form oF aston fs potential energy 
2. As tho mia ofa nioving Object ncresies, $0 Woes Ts kinetic energy 
). A rock at the edge ofa iff hay Ainerie energy because of is postion: 
4. Friction cauues sme mechanical energy to change into thermal 

enenyy 
Energy that ie stored is Kinetic energy 
Mas is measured its joules 
Doubling av object's velocity will double ts Kinetic energy 
Chemical potential energy i energy storedin fools an fuels 
Thermal energy & energy starediby things that stretch or conspress 
A book ond feather sitting next to each other on a shelf have 
different potential energies 
Tyo copies of the same beak are ina book case: ne book is twice as 
thigh as the other. They have the ate patertal enengy 
A toaster uses sfivmicil energy to make toast 
Meclinical energy is the total amount of potential and kinetic 
energy Ina system 
When w plane fall from a window it thermal energy is (ransformedt 
Into kinetic ¢ 
The lave of conservation of exrergy sates that ulthough energy ean 
change forms, iCcan never be crested or destroyed 

Directions: nthe blanks. write the letter ofthe term ox phrase that comet answers cach question or best 
completes each statement 

— 16, Which of the fallowing is not usedito calculate kinetic energy 

 worght a. spent 
17. Which of the follawiny ts not wjed fo calculate potential energy 

bb gravitational acceleration dL spot 

CHAPTER 5 Resource Manager 

‘Assessment 
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tei-uey The Nature of Energy 
é What is energy? 
Energy is not matter. Electromag- 

y netic energy can exist independent 
of matter. Other forms of energy, such as chemi- 
cal energy, can only exist with matter. 

Kinetic Energy 
The equation for kinetic energy states that 
kip" 770) Vite imeansuthat aseam objects 
velocity doubles its kinetic energy quadruples. 

Kinetic comes from a Greek word for move- 
ment. The word cinema—used to describe 
moving pictures or movies—shares the same 
root word. 

Potential Energy 
Potential energy is energy due to an object’s 
position or condition. A rock on a cliff has 
potential energy due to its position, while the 
energy stored in a starch molecule is due to the 
condition of the bonds between the atoms in 
that molecule. 

CHAPTER 5 Energy 

Science Content Background 
Hooke’s law describes the relationship 

between stress and strain in a spring. The 
amount of force is directly proportional to the 
compression or extension of the spring. ‘The 
amount of potential energy depends on the 
amount of compression or extension and the 
elasticity of the spring. 

Without friction, the work done to lift an 

object is equal to the object’s gain in potential 
energy. Consider the two equations: work = 
force X distance and potential energy = mass X 

gravitational acceleration X height. ‘Vhe force 
needed to lift an object is equivalent to the 
object’s mass multiplied by the acceleration due 
to gravity. The distance traveled is the height. 
So in this case, these two equations are equivalent. 

If you took a one-kilogram mass to a distance 
from Earth that corresponds to the distance to 
the Moon, the mass would have a potential 
energy relative to Earth of 62,000,000 joules or 

62 mega-joules. This is small compared to its 
potential energy relative to the Sun, which 
would be 190,000 mega-joules. 

Teacher to Teacher 
Erin Peters, Lead Science Teacher 

Williamsburg Middle School 

Arlington, Virginia 

"This game will show that you trace every type of energy back 

to the sun. Pick any activity, for example, "doing your home- 

work," then follow it backward. Pushing your pencil is 

mechanical energy which comes from the chemical energy of 

eating lunch, which comes from food, which gets its energy 

from the Sun.” 

Erin Peters 



Conservation of Energy 
Changing Forms of Energy 
In our common experiences on 
Earth, energy is neither created 

nor destroyed, but is often transformed from 
one form into another. People use these energy 

transformations to do work. In most energy 
transformations, heat is produced. 

Energy is not recycled in ecosystems like 
matter is recycled. Much of the energy that flows 
through ecosystems is transformed to heat. As 
energy flows from organism to organism, more 
and more is transformed as heat. This flow of 
energy can be visually represented as food 
chains. The Sun supplies energy to plants, which 
start almost all food chains. 

Conversions Between Kinetic and 
Potential Energy 
As an object falls, its gravitational potential 
energy is converted into kinetic energy. 
Therefore, if you know the falling object’s initial 
potential energy, you can calculate the velocity 
it attains just before it hits the ground using the 
equation GPE = mgh. A 0.06 kg tennis ball 
dropped from a height of 2.9 m starts with 1.7 J 
of energy. Solving the kinetic energy equation 
for v gives 7.54 m/s. 

The joule is the SI unit of energy and work. It 

has the units kg-m/°/s’. In work calculations a 
joule is sometimes called a newton-meter. Since a 

newton is composed of the units kg + m/s’, multi- 

plying newtons by meters results in kg -m’/s’, or 

joules. 

The Law of Conservation of Energy 
The law of conservation of energy works for most 
of our calculations, but Einstein suggested that 

mass could be converted to energy and energy 

into mass. Ejinstein’s famous equation, / = mc’, 

shows the relationship between mass and energy 

and explains the incredible power unleashed by 

atomic bombs. So the law of conservation of 

energy should more accurately be called the law 

of conservation of energy and mass. 

Helping You Prepare 

“enepTer Convent Te=OUreES 
Internet Resources 

For additional content background, visit 

fl.gpescience.com to: 

access your book online 

find references to related articles in popular 

science magazines 

access Web links with related content background 

access current events with science journal topics 

Print Resources 

Forces, Motion and Energy Book Two, by Robert 

Friedhoffer, Franklin Watts Publishers, 1992 

Physics for Every Kid, by Janice VanCleave, John Wiley 

& Sons Publishers, 1991 

Great Ideas in Physics, by Alan Lightman, McGraw-Hill, 

2000 

The Handbook to the Universe, by Richard Paul, 

Chicago Review Press, 1993 

Frank Rossotto/The Stock Market 
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chapter 

Chapter Vocabulary 
energy, p. 128 

kinetic energy, p. 130 

joule, p. 130 
potential energy, p. 131 
elastic potential energy, p. 131 

chemical potential energy, 

Deol 
eravitational potential energy, 

; p.132 
mechanical energy, p. 136 
law of conservation of energy, 

ps 139 

Science Journal) Walking 
up stairs and taking the esca- 
lator take the same amount of 
energy as long as the change in 
elevation is the same. In the 
first case the energy is provided 

by the person and in the second 
it is provided by the escalator. 

INTERACTIVE 
CHALKBOARD 

with Image Bank 

PowerPoint” Presentations 

This CD-ROM is an editable 

Microsoft® PowerPoint® 

presentation that includes: 
a pre-made presentation for 

every chapter 
interactive graphics 

animations 

audio clips 
image bank 

all new section and chapter 
questions 

Standardized Test Practice 

transparencies 

Foldables directions 

links to fl.gpescience.com 

Waser 
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A Big Lift 
How does this pole vaulter go from standing 

at the end of a runway to climbing through 

the air? The answer is energy. During her 

vault, energy originally stored in her muscles | 

is converted into other forms of energy that | 

enable her to soar. 

Sciemce Jourmal Which takes more energy: walking 

up stairs, or taking an escalator? Explain your reasoning. 

Energy This chapter focuses on different forms of | Energy ‘To reach a maximum height, a pole-vaulter 

energy and energy conversions. The law of con- | must convert as much kinetic energy as possible into 

servation of energy is explained and applied to — potential energy. The bending of the pole trans- 
various systems. forms kinetic energy into elastic potential energy, 

then into gravitational potential energy. The vault- 
ing pole is made from carbon fiber and fiberglass 
composite materials to make it as light as possible, 

and to minimize the conversion of elastic potential 
energy into thermal energy as the pole bends. 



tions of the 
lectrc lig ne 

Preview this chapter's content 

Pniine and activities at 

ea PINES TSE ERS DAU SESSA NA TESS ON AIP Et 

FOLDABLES 
Study Organizer 

Energy Make the following 

Foldable to help you identify 

what you already know, what 

you want to know, and what you learned about 

energy. 

| STEP 1 | Fold a sheet of 

paper vertically from 

side to side. Make 

the front edge about 

1 cm shorter than 

the back edge. 

| STEP 2 | Turn lengthwise and 

fold into thirds. 

| STEP 3 | Unfold and cut only the top layer 

along both folds to make three tabs. 

I 

\ \ 

\ \ 

hyi3m Label each tab as shown. 

Like to 
know? 

Know? Learned? 

Question Before you read the chapter, write 

what you already know about energy under the 

left tab of your Foldable, and write questions 

about what you'd like to know under the center 

tab. After you read the chapter, list what you 

learned under the right tab. 

Purpose Use the Launch Lab to 

introduce students to the con- 

version of electricity to light and 
thermal energy. [L1] COOP LEARN 

Kinesthetic 

Materials 2. D-cell batteries, 

2 non-coated paper clips, tape, 

metal tongs, steel wool 

Teaching Strategy Inform stu- 

dents that the steel wool can 

become quite hot. 

Think Critically 
When connected to the batteries, the steel 

wool gives off light and thermal energy. 

Assessment 
Content Have students investi- 

gate how a light bulb works and 
write a paragraph comparing it 
with the model they made in 

this activity. Use Performance 
Assessment in the Science 

Classroom, p. 159. 

| OT SESJ Dinah Zike 
Study Organizer MECC NAR 

Student preparation materials for 

this Foldable are available in the 

Chapter Fasr Fite Resources. 
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An editable Microsoft® 

PowerPoint® presenta- 

tion is available on Interactive 

Chalkboard CD-ROM. 

Bellringer 

Section Focus Transparencies 

also are available on the 

Interactive Chalkboard CD-ROM. 

They've Got Potential rs 

n—what do these three pictures have in 

|, What happens between the top and the bottom of a waterfall? 

2, How do moose use moss? 

3, What happens as the tennis ball returns to its original sha {L2| 

Reading Preview 

Tie to Prior Knowledge 

Common Energy Ask students to 
describe how the word energy is 

commonly used. They might 

mention fuel energy or energy 

from the Sun. Explain that in this 

section they will learn the scien- 
tific definition of energy. 

Activating Background Vocab- 

ulary The new vocabulary will 

be familiar to students in an 
everyday sense. Have students 
set up a two-column chart. In 
the first column, students pre- 
dict meaning for each word. In 

the second column, they record 

the physics definition as found in 
the text. 

128 CHAPTERS Energy 

@ Describe different forms of 

rors SC. B143, SCH147,SCH242 

<i ' The Nature of Energy 

What You'll Learn Why It’s Important New Vocabulary 

& Distinguish between kineticand —_ All of the changes that occur around e@ energy 

potential energy. you every day involve the conversion @ kinetic energy 

@ Calculate kinetic energy. of energy from one form to another. _@ joule 

potential energy. 2 Review Vocabulary @ elastic potential energy 

m Calculate gravitational potential gravity: the attractive force between © chemical potential energy 

energy. any two objects that have mass @ gravitational potential energy 

@ potential energy 

What is energy? 
Wherever you are sitting as you read this, changes are tak- 

ing place—lightbulbs are heating the air around them, the 

wind might be rustling leaves, or sunlight might be glaring 

off a nearby window. Even you are changing as you breathe, 

blink, or shift position in your seat. 
Figure 1 The baseball caused Every change that occurs—large or small—involves energy. 

changes to occur whenithitthe — : Jmagine a baseball flying through the air. It hits a window, 
window. > causing the glass to break as shown in Figure 1. The window 
Describe the changes that are 

occurring. 

128 CHAPTERS Energy 

changed from a solid sheet of glass to a number of broken 

pieces. The moving baseball caused this change—a moving 

baseball has energy. Even when you comb your hair or 

walk from one class to another, energy is involved. 

Energy and Work In science, energy is defined as 
the ability to do work. Work is done when a force 

causes something to move. The ball in Figure 1 does 

work on the window when it exerts a force on the 

glass and causes it to break. Energy also can be 

defined as the ability to cause change. When work is 

done, something moves and a change occurs. When 
work is done and a change occurs, energy moves 

from place to place or changes from one form to 
another. 

Chapter Fasr Fire Resources 

‘Transparency Activity, p. 42, 45-46 

Note-taking Worksheets, pp. 31-32 

MuiniLAB, p. 3 

Directed Reading for Content Mastery, 

pp. 19-20 

Lab Activity, pp. 9-12 

Enrichment, p. 29 

Reinforcement, p. 7 

Lab Worksheet, pp. 5-6 

Reading and Writing Skill Activities, p. 35 



Different Forms of Energy 
Turn on an electric light, and a 
dark room becomes bright. Turn ‘NUM 

Figure 2 Energy canbe 

stored and it can move from 

place to place. 

Infer which materials are 

Caption Answers 
Figure 1 The window breaks. 

Figure 2 Energy is stored in the gaso- 
line and in the food. 

Discussion 
Storage and Motion Name some 
objects that store energy and some 
examples of energy in motion. 

Possible answers: stored—springs, mus- 

cles in our bodies; motion—bouncing 

ball, spinning top, baseball flying 
through the air Linguistic 

on your CD player, and sound 

comes through your headphones. 

In both situations, energy moves from one place to another. These 

changes are different from each other, and differ from the baseball 

shattering the window in Figure 1. This is because energy has sev- 
eral different forms—electrical, chemical, radiant, and thermal. 

Figure 2 shows some examples of everyday situations which 

involve forms of energy. Is the chemical energy stored in food 

the same as the energy that comes from the Sun or the energy 

stored in gasoline? Radiant energy from the Sun travels a vast 

distance through space to Earth, warming the planet and pro- 

viding energy that enables green plants to grow. When you make 

toast in the morning, you are using electrical energy. In short, 

energy plays a role in every activity that you do. 

(dre What are some different forms of energy? 

An Energy Analogy Money can be used in an analogy to 
help you understand energy. If you have $100, you could store it 

in a variety of forms—cash in your wallet, a bank account, trav- 

elers checks, or gold or silver coins. You could transfer that 

money to different forms. You could deposit your cash into a 

bank account or trade the cash for gold. Regardless of its form, 

money is money. The same is true for energy. Energy from the 

Sun that warms you and energy from the food that you eat are 

only different forms of the same thing. 

storing chemical energy. 
Answer thermal energy, chemical 

energy, radiant energy, and electrical 
energy 

Text Question Answer 

Energy stored in food and gasoline is 

chemical potential energy. Energy from 
the Sun is in the form of thermal energy 
and electromagnetic radiation. 

Fun Fact 
Mitochondria are organelles that 

convert chemical energy into forms 
cells can use. This is why they are 
also known as the powerhouses of 

living cells. 
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Differentiated Instruction 

English-Language-Learners Have students list ways 
they can warm up. Possible answers: sit by the fire, sit in 
the Sun, wrap up in blankets, run in place, rub their hands 
together. Then have them classify whether they 

warmed up from kinetic (moving) energy, or by 

capturing thermal energy. 

Science Journal 

Different Forms of Energy Have students make a 
list in their Science Journals of the different types 
of energy mentioned in the text. Have them list 
several examples of how they use each form of 

energy every day. Linguistic 
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Use Science Words 

Word Origin Have students look 
up the words kinetic and potential 
in the dictionary. Kinetic comes from 

the Greek root kinein (to move) and 
potential from the Latin root potens 
(power). Ask a volunteer to state 

how the words kinetic and poten- 

tial reflect the meanings of their 

roots. Possible answer: Kinetic energy 
is energy of movement. Potential energy 
is stored energy due to position, waiting 

to be unleashed. Linguistic 

fey" Quick Demo 
Kinetic Energy 

Materials one heavy ball, one 
light ball, two identical balls and 

a table top. 

Estimated Time five minutes 

Procedure 

1. Show students two balls; one 

heavy and one light. Roll them 
across the table at about the 

same speed. Ask: Which ball has 

the greater kinetic energy? If the 
velocity of both balls is the same, the ball 
with the greater mass has the greater 
kinetic energy. 

2. Show the students two iden- 

tical balls. Roll the balls across 

the table but roll one ball faster 

than the other. Ask: Which ball 

has the greater kinetic energy? 

The ball with the greater speed. 
Logical-Mathematical 

Applying Math 

Math Standards 

National: 1, 2,9 

Florida: MA.B.1.4.2 

Answers to 
Practice Problems 

1. KE= 5 (0.15 kg) (40 m/s)? = 120 

2. 300,000) = +m (20 m/s)? 

m = 1,500 kg 

j= 7 (4,000) 
(80 kg) 

v= 10 m/s 
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Kinetic Energy 
i, oy i When you think of energy, you might think of action—or 

Baers nline objects in motion—like the baseball that shatters a window. An 

LL de chek) : object in motion does have energy. Kinetic energy is the energy 
Visit fl.gpescience.com for Web : i ; ; ; ; : : 

a moving object has because of its motion. The kinetic energy of 

a moving object depends on the object’s mass and its speed. 
links to information about the 

speeds at which glaciers flow. 

Activity For the five fastest gla- 

ciers, calculate the kinetic energy 

a 1-kg block of ice in each glacier 

would have. 

TT TTT TT 

Kinetic Energy Equation 

kinetic energy (in joules) = Lt mass (inkg) X [speed (in m/s) |? 

als 
g 

The SI unit of energy is the joule, abbreviated J. If you 

dropped a softball from a height of about 0.5 m, it would have a 

kinetic energy of about one joule before it hit the floor. 

rey Vert eva:@@ Solve a Simple Equation 

KINETIC ENERGY A jogger whose mass is 60 kg is moving at a speed of 3 m/s. 

What is the jogger’s kinetic energy? 

U)4‘)f)3 known values and the unknown value 

Identify the known values: 

a jogger whose mass is 60 kg m= 60 kg 

is moving at a speed of 3 m/s v=3m/s 

Identify the unknown value: 

What is the jogger’s kinetic energy? ¢ 
(s 

| SOLVE | the problem 

Substitute the known values m = 60 kg and v = 3 m/s into the kinetic energy equation: 

KE= i my? = = (60 kg)(3 m/s)? = = (60)(9) kg m?/s* = 270 J 

| CHECK | your answer 

Does your answer seem reasonable? Check your answer by dividing the kinetic energy 

you calculate by the square of the given velocity, and then multiplying by 2. The result 

should be the mass given in the problem. 

Practice Problems 

1. What is the kinetic energy of a baseball moving at a speed of 40 m/s if the baseball has a 

mass of 0.15 kg? 

2. A car moving at a speed of 20 m/s has a kinteic energy of 300,000 J. What is the car’s mass? 

3. A sprinter has a mass of 80 kg and a kinetic energy of 4,000 J. What is the sprinter’s speed? 

For more practice problems go to page 879, and visit Math Practice at f|.gpescience.com. 
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Curriculum Connection 

Geography On May 18, 1980, Mount St. Helens Have each student make a table listing the exam- 
in the state of Washington erupted in a devastat- ples they find and where each event occurred. 
ing volcanic explosion. The tremendous energy _ Possible events: earthquakes in 1964 in Alaska, in 1991 in 
of the eruption hurled hot ash and rock more — southern California, in 1995 in Kobe, Japan, and in 2001 in 
than 16 kilometers. Have students do research to _ India; and eruptions of the volcanoes Krakatau in 1883 and 
discover other geologic events in history that Mount Vesuvius in 79 A.D. Visual-Spatial LP | 
have involved large amounts of energy. 



Figure 3 As natural gas burns, it combines with oxygen to form carbon dioxide 
and water. In this chemical reaction, chemical potential energy is released. 

Natural gas + Oxygen — 

Potential Energy 
Energy doesn’t have to involve motion. Even motionless 

objects can have energy. This energy is stored in the object. 

Therefore, the object has potential to cause change. A hanging 

apple in a tree has stored energy. When the apple falls to the 

ground, a change occurs. Because the apple has the ability to 

cause change, it has energy. The hanging apple has energy 

because of its position above Earth’s surface. Stored energy due 

to position is called potential energy. If the apple stays in the 

tree, it will keep the stored energy due to its height above the 

ground. If it falls, that stored energy of position is converted to 

energy of motion. 

Elastic Potential Energy Energy can be stored in other 
ways, too. If you stretch a rubber band and let it go, it sails across 

the room. As it flies through the air, it has kinetic energy due to 

its motion. Where did this kinetic energy come from? Just as the 

apple hanging in the tree had potential energy, the stretched 

rubber band had energy stored as elastic potential energy. 

Elastic potential energy is energy stored by something that can 
stretch or compress, such as a rubber band or spring. 

Chemical Potential Energy The cereal you eat for break- 
fast and the sandwich you eat at lunch also contain stored 

energy. Gasoline stores energy in the same way as food stores 

energy—in the chemical bonds between atoms. Energy stored in 

chemical bonds is chemical potential energy. Figure 3 shows a 

molecule of natural gas. Energy is stored in the bonds that hold 

the carbon and hydrogen atoms together and is released when 

the gas is burned. 

How is elastic potential energy different from 

chemical potential energy? 

Carbon dioxide and water 

Interpreting Data 

from a Slingshot 

Procedure Tay 
1. Using two fingers, carefully 

stretch a rubber band ona 

table until it has no slack. 

. Place a nickel on the table, 

slightly touching the mid- 

point of the rubber band. 

. Push the nickel back 0.5 cm 

into the rubber band and 

release. Measure the 

distance the nickel travels. 

. Repeat step 3, each time 

pushing the nickel back an 

additional 0.5 cm. 

Analysis 
1. How did the takeoff 

speed of the nickel seem 

to change relative to the 

distance that you stretched 

the rubber band? 

. What does this imply 

about the kinetic energy 

of the nickel? 
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Visual Learning 

Figure 3. What forms of energy are given off when 

natural gas burns? light and thermal energy 

Use an Analogy 
Saving Money Suggest to stu- 
dents that potential energy is 
analogous to money in a sav- 
ings account. ‘The money is 

not in use now, but it’s ready 

for you to use when needed. 

Purpose Students observe the 
relationship between the elastic 
potential energy and_ kine- 
tic energy or an! object: 
COOP LEARN Jy Kinesthetic 
Materials nickel, rubber band, 

meterstick 

Teaching Strategy Have students 
work in pairs and take turns 
making the measurements. 

Troubleshooting Be sure stu- 
dents don’t pull the rubber band 
back too far. The nickel can 

quickly travel a long distance. 

Analysis 

1. The farther you stretch the band, 
the faster the nickel moves. 

2. The greater the speed of the nickel, 

the greater its kinetic energy. 

Assessment 

Process Have students predict 
how their results would differ on 
a rough surface. Have them test 
their hypotheses by repeating 
the activity on sandpaper. Use 

Performance Assessment in 

the Science Classroom, p. 93. 

Answer Elastic potential energy is 
energy stored by things that stretch or 
compress. Chemical potential energy is 
energy stored in chemical bonds. 

SECTION 1 The Nature of Energy 131 



Gravitational Potential Energy Anything that can fall has 

stored energy called gravitational potential energy. Gravitational 
fe 

Languagenrts 
Ra ia He > potential energy (GPE) is energy stored by objects due to their 

The Myth of Sisyphus Sisyphus had The Myth of Sisyphus In : position above Earth’s surface. The GPE of an object depends on 

to continually provide the rock with Greek mythology, a king : the object’s mass and height above the ground. Gravitational 

named Sisyphus angered : potential energy can be calculated from the following equation. 
gravitational potential energy only to 
have it turn into kinetic energy again. 

( e ) Quick Demo 
Gravitational Potential 

Energy 

the gods by attempting 

to delay death. As pun- 

ishment, he was doomed 

for eternity to endlessly 

roll a huge stone up a hill, 

only to have it roll back to 

the bottom again. Explain 

what caused the poten- 

Gravitational Potential Energy Equation 

gravitational potential energy (J) = 

mass (kg) X acceleration due to gravity (m/s?) X height (m) 

GPE = mgh 

Materials three tennis balls, book- tial energy of the stone : On Earth, the acceleration due to gravity is 9.8 m/s? and has 

shelf or something with three dif- to change as it moved up : the symbol g. Like all forms of energy, gravitational potential 

ferent heights to put them on and down the hill. > energy is measured in joules. 

Estimated Time 5 minutes 

Procedure Demonstrate the idea 
of gravitational potential energy 
by placing the three tennis balls 
on level surfaces at different 
heights. Ask: How do the gravi- 
tational potential energies of the 
three balls compare? GPE increases 
with height. The ball that is highest has 
the greatest GPE and the ball that is near- 
est the ground has the lowest GPE. 

Logical-Mathematical 

rey yeatitemiveta:@e Solve a Simple Equation 

GRAVITATIONAL POTENTIAL ENERGY What is the gravitational potential energy of a 

ceiling fan that has a mass of 7 kg and is 4 m above the ground? 

| IDENTIFY known values and the unknown value 

Identify the known values: 

has a mass of 7 kg 

is 4 m above the ground 

Identify the unknown value: 

what is the gravitational potential energy 

| SOLVE | the problem 

Applying Mat : Substitute the known values m = 7 kg, h = 4 m, and g = 9.8 m/s? into the 

Math Standards 
National: 1, 2,9 
Florida: MA.B.1.4.2 

Answers to 
Practice Problems 
1. 73.5) = (0.15 kg) (9.8 m/s) h 

gravitational potential energy equation: 

GPE = mgh = (7 kg)(9.8 m/s”)(4 m) = (274) kg m*/s* = 274 J 

| CHECK | your answer 

Does your answer seem reasonable? Check your answer by dividing the gravitational 

potential energy you calculate by the given mass, and then divide by 9.8 m/s?. 

The result should be the height given in the problem. 

50m=h a 
Practice Problems 

2. GPE = (0.3 kg) (9.8 m/s’) (1 m) Fae Maer eS cat cr, oe, 
. Find the height of a baseball with a mass of 0.15 kg that has a GPE of 73.5 J. GPE = 2.94) d the height ¢ aseball with a mass o g that has a GPE of J 

2. Find the GPE of a coffee mug with a mass of 0.3 kg on a 1-m high counter top. 
3. 117,600) = m (9.8 m/s?) (200 m) : sic 

3. What is the mass of a hiker 200 m above the ground if her GPE is 117,600 J? 

For more practice problems go to page 879, and visit Math Practice at fl.qpescience.com. 
60 kg = m 
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Cultural Divers 
Working with Energy During World War II, O.S. ; ; 
(Ozzie) Williams became the first African Graphic Organizer Have students place the word 
American aeronautical engineer hired by Republic SUSTSY in the middle of a sheet of paper. Ask 
Aviation, Inc. Later, his work included the applica- them iS list and describe types of energy in a cir- 
tion of solar and wind energy to the needs of Africa. cular fashion around the central word. The final 
Have students find other scientists who have spent product should resemble the wheel of a bicycle 
much of their careers working with energy. Ask with the energy descriptions arranged as spokes. 
students to present their findings in oral reports to 
the class. |L2] ff) Interpersonal 

132 CHAPTERS Energy 



Changing GPE Look at the objects in the bookcase in 
Figure 4. Which of these objects has the most 
potential energy? According to the equation for 
potential energy, the GPE of an object can be increased by 
increasing its height above the ground. If two objects are at the 
same height, then the object with the larger mass has more grav- 
itational potential energy. 

In Figure 4, suppose the green vase on the lower shelf and 
the blue vase on the upper shelf have the same mass. Then the 
blue vase on the upper shelf has more gravitational potential 

energy because it is higher above the ground. 

Imagine what would happen if the two vases were to fall. As 

they fall and begin moving, they have kinetic energy as well as 

gravitational potential energy. As the vases get closer to the 

ground, their gravitational potential energy decreases. At the 

same time, they are moving faster, so their kinetic energy 

increases. The vase that was higher above the floor has fallen a 
greater distance. 

gravitational 

gravitational 

As a result, the vase that initially had more 

gravitational potential energy will be moving faster and have 

more kinetic energy when it hits the floor. 

© Section. 1G) 

Summary 

Energy 

@ Energy is the ability to cause change. 

@ Forms of energy include electrical, chemical, 

thermal, and radiant energy. 

Kinetic Energy 

@ Kinetic energy is the energy a moving object 

has because of its motion. 

® The kinetic energy of a moving object can be 

calculated from this equation: 

KE = + mv 

Potential Energy 

Figure 4 An object's gravita- 
tional potential energy increases 

as its height increases. 

reVieLu 

Self Check 

. Explain whether an object can have kinetic energy 

and potential energy at the same time. 

. Describe three situations in which the gravitational 

potential energy of an object changes. 

. Explain how the kinetic energy of a truck could be 

increased without increasing the truck’s speed. 

. Think Critically The different molecules that make up 

the air in a room have, on average, the same kinetic 

energy. How does the speed of the different air mole- 

cules depend on their masses? 

Applying Math 

4 Post Reading 

Cooperative Project Organize 

the class into groups of three to 

four students. Groups will identify 

everyday examples illustrating 

kinetic and potential energy, 

including calculations of each. 

Groups then will develop crea- 

tive ways to present their ideas to 

the class. Encourage groups to 

consider cartooning, songwriting, 

or model making. 

AILY INTERVENTION 

Check for Understanding 
Kinetic Energy Roll a fist-sized 
piece of soft modeling clay into a 
ball and drop it on the floor. Ask: 
Where is the kinetic energy of the 

clay ball the greatest? What hap- 

pened to the kinetic energy when 
the clay ball hit the floor? What 
other kinds of energy were 
formed from the kinetic energy of 
the ball? The kinetic energy is greatest just 

before the ball hits the floor. It then turned 
into sound energy and thermal energy. 

Reteach 
Energy Transformation Perform 

@ Potential energy is stored energy due to the 

position of an object. 

® Different forms of potential energy include 

elastic potential energy, chemical potential 

energy, and gravitational potential energy. 

® Gravitational potential energy can be calcu- 

lated from this equation: 

GPE = mgh 

More Section Review fl.gpescience.com 

. Calculate Kinetic Energy Find the kinetic energy of a 

ball with a mass of 0.06 kg moving at 50 m/s. 

. Use Ratios A boulder on top of a cliff has potential 

energy of 8,800 J and twice the mass of a boulder next 

to it. What is the GPE of the smaller boulder? 

. Calculate GPE An 80-kg diver jumps from a 10-m 

several tasks, such as clapping 
your hands, walking across the 

room, tossing a ball across the 
room, or turning on a light. Ask 

students to identify the energy 
transformations that 

during each task. [1] TELL) 

Visual-Spatial 

high platform. What is the gravitational potential 

energy of the diver halfway down? 

occur 
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secon 
section 

™ Assessment 

AMC Process ‘Tell students that a 5 kg 
bowling ball is on a rack 1.5 m 

1. Yes, an object that is moving above 3. The kinetic energy could be increased 6 GPE, _ GPE, 

Earth’s surface will have kinetic by increasing the truck’s mass. ies an above the ground. Have them 

energy and potential energy. 4. Molecules with smaller masses will 3800) _ GPE; calculate the GPE ehiine ball. as 

2. An object is raised higher, an object be moving faster. yer ys . is We x ee = 73.5 J Use 

falls toa lower height, andthe mass 5, Kf = +m 4400 | — GPE a pepo ees i 

of an object above Earth’s surface 7. PE = mgh = 80kg X 98 aie BF. peOl 

changes. KE = 5 (0.06 kg) (50 m/s) Sib ow = 3900 | 

KE = 75J \ MA.B.1.4.2, MA.C.3.4.1 
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Video Lab available for this Lab. 

© Real-World 
Problem 

Purpose Students observe how 
the GPE of a falling ball is 
converted to kinetic energy 

and elastic potential energy, 
enabling the ball to bounce. 
COOP LEARN Kinesthetic 

Process Skills observe and infer, 
predict, compare, recognize cause 
and effect 

Time Required 30 minutes 

© Procedure 

Alternate Materials table ten- 
nis ball, book 

Safety Precautions Caution 
students to let the balls drop and 
not throw them down. 

Teaching Strategy Explain 
that it is only possible to meas- 
ure the approximate height of 
the ball’s bounce. 

Troubleshooting Have students 
hold a meter stick vertically next 
to the drop zone and watch closely 
to estimate bounce heights. 

© Conclude and 

7h ——— 
1, Use the formula: GPE = m (kg) x 

9.8 m/s’ x h(m). 
2. Average height = sum of heights 

=> number of trials. Answers will 
vary. 

3. The balls don’t bounce as high on the 
box. Some of the kinetic energy the 
ball has when it hits the box is trans- 
ferred to the box, causing the box to 
vibrate. This energy is then unavail- 
able to help propel the ball up. 

4. Some balls store more elastic poten- 
tial energy than others. 
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What happens when you drop a ball onto a 

e =: hard, flat surface? It starts with potential 

comes to a rest. Where did the energy go? 

aa) © Real-World Problem 
Why do bouncing balls stop bouncing? 

Goals 

bouncing ball. 

@ Infer why the ball stops bouncing. 

Materials 
tennis ball masking tape 

rubber ball cardboard box 

balance *shoe box 

meterstick *Alternate materials 

Safety Precautions 

re 

® Procedure 
1. Measure the mass of the two balls. 

2. Have a partner drop one ball from 1 m. 

Measure how high the ball bounced. 

culate an average bounce height. Record 

your values on the data table. 

3. Repeat step 2 for the other ball. 

4. Predict whether the balls would bounce 

higher or lower if they were dropped onto 

off the surface of a cardboard box. 
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energy. It bounces up and down until it finally 

m@ Identify the forms of energy observed ina 

Repeat this two more times so you can cal- 

the cardboard box. Design an experiment to 

measure how high the balls would bounce 

B@uncing Balls 

ies Surface Trial i i 

Tennis Floor 1 36 

Tennis Floor 2 34 

Tennis Floor 3 S Wh 

Rubber Floor 1 54 

Rubber Floor 2 56 

Rubber Floor 3 56 

Tennis Box 1 29 

© Conclude and Apply 
1. Calculate the gravitational potential energy 

of each ball before dropping it. 

2. Calculate the average bounce height for 

the three trials under each condition. 

Describe your observations. 

w . Compare the bounce heights of the balls 

dropped on a cardboard box with the 

bounce heights of the ballls dropped on the 

floor. Hint: Did you observe any movement of 

the box when the balls bounced? 

4. Explain why the balls bounced to different 

heights, using the concept of elastic poten- 

tial energy. 

Meet with three other lab teams and 

compare average bounce heights for the 

tennis ball on the floor. Discuss why your 

results might differ. For more help, refer 

to the Science Skill Handbook. 

‘T Assessment 

Process Demonstrate how the bounce height of 

a ball becomes lower and lower each time it 

bounces. Have students infer why this happens. 
Each time the ball bounces, part of its energy is converted to 
other forms of energy, such as thermal energy and sound. 
Use Performance Assessment in the Science 
Classroom, p. 89. 

ommunicating 
ma Your Data 

Students can use a computer graphics program to pre- 

pare a display of their activity results. They should be 
allowed freedom to make their own design, but the 

picture should clearly show how the balls bounced 
higher off the floor than off the box. 
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D eonservation of ey 

What You'll Learn Why It’s Important ® Review Vocabulary 
= Describe how energy can be trans- All the energy transformations that __ friction: a force that opposes the 

formed from one form to another. —_ occur inside you and around you sliding motion of two surfaces that 
m= Explain how the mechanical obey the law of conservation of are touching each other 

energy of asystemisthesumof — energy. 

the kinetic and potential energy. 

@ Discuss the law of conservation 
of energy. 

New Vocabulary 

@ mechanical energy 

@ law of conservation of energy 

Changing Forms of Energy 
Unless you were talking about potential energy, you proba- 

bly wouldn't think of the book on top of a bookshelf as having 

much to do with energy—until it fell. Youd be more likely to 

think of energy as race cars roar past, or as your body uses 

energy from food to help it move, or as the Sun warms your skin 

on a summer day. These situations involve energy changing 

from one form to another form. 

Figure 5 A lightbulb is a device 
that transforms electrical energy 

into light energy and thermal 

energy. 

Identify other devices that convert 

electrical energy to thermal energy. 

Transforming Electrical Energy You use many devices 
every day that convert one form of energy to other forms. For 

example, you might be reading this page in a room lit by light- 

bulbs. The lightbulbs transform electrical energy into light so. : Light 
you can see. The warmth you feel around the bulb is evidence: ae ak 

that some of that electrical energy is transformed into thermal : / 

energy, as illustrated in Figure 5. What other devices have you 

used today that make use of electrical energy? You might have 
been awakened by an alarm clock, styled your hair, made toast, : —- a 

listened to music, or played a video game. What form or forms: a 
- . . : 5 - a 

of energy is electrical energy converted to in these examples? ac Thema 
energy out 

. 

ii 

Electrical energy in 

Chapter Fasr Fire Resources 

Transparency Activity, p. 53 

MiniLAB, p. 4 

Lab Worksheet, pp. 7-8 

Reinforcement, p. 28 

UE ata Cultural Diversity, p. 53 
Lab Activity, pp. 13-15 

Directed Reading for Content Mastery, 

Home and Community Involvement, p. 36 
Enrichment, p. 30 Physical Science Critical Thinking/Problem Solving, p. 17 

An editable Microsoft® 

PowerPoint® presenta- 

tion is available on Interactive 

Chalkboard CD-ROM. 

Bellringer 

Section Focus Transparencies 

also are available on the 

Interactive Chalkboard CD-ROM. 

PELL 

cr Sn 
Eedacces Power Plants 
‘Transparency 

All living things have something in common—they need energy to 
stay alive. Plants convert energy from the Sun into a form of energy 
that other living things can use. 

How do people obtain energy from plants? 
Name some other sources of energy that you use. 

Tie to Prior Knowledge 

Skateboarding Discuss the vari- 
ous forms of energy involved in 
skateboarding. 

Word Chart Have students set 
up a three-column chart. In the 
first column, students should 

predict the meaning of the new 
vocabulary words. In the sec- 
ond column, they should record 
the actual definition found in 
the text. Finally, students 
should make a sketch that illus- 
trates the meaning of the word. 

Caption Answer 
Figure 5 Possible answers: heater, 

electric stove, iron, hair dryer 
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Text Question Answer 
alarm clock— sound; hair styler— ther- 
mal energy orkinetic; toaster-— thermal 

energy; music— sound; video game— 

light 

Visual Learning 

Figure 6 Review the energy con- 
versions at work in an internal 

combustion engine. Then dis- 
cuss how a diesel engine works. 
In a diesel engine, the air in the 

cylinder is compressed to a high 
pressure and becomes very hot. 
When the fuel is sprayed into the 
cylinder, it ignites in the hot air 
without the need of a spark plug. 
What energy conversions take 

place in a diesel engine? Chemical 
potential energy is converted to thermal 
energy and then to kinetic energy. 

Logical-Mathematical 

‘te’ Quick Demo 
Energy Conversion 

Materials rubber “superball” 

Estimated Time five minutes 

Procedure Demonstrate conver- 
sion of gravitational potential 
energy to kinetic energy and 
back again by dropping a rubber 
“superball” from different 
heights. Point out that the 
higher the drop, the greater its 
final velocity and the higher it 
rebounds. Also, notice the ball 

never quite bounces to its origi- 

nal height. Ask: Why does the 
ball not return to its original 
height each time the ball 
bounces? Some of the energy is 
converted to thermal energy each time 
the ball hits the floor. 

Text Question Answer 
Mechanical energy is the sum of all 
potential and kinetic energies. As one 
transforms into another, the mechanical 
energy remains constant. 
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Spark plug fires 

When a spark plug fires in an 

engine, chemical potential energy 

is converted into thermal energy. 

Figure 6 In the engine of a car, 

several energy conversions occur. 

136 CHAPTERS Energy 

Transforming Chemical 
Energy Fuel stores energy in 
the form of chemical potential 

energy. For example, the car or 

bus that might have brought you 
to school this morning probably 

uses gasoline as a fuel. The 
engine transforms the chemical 

potential energy stored in gaso- 

line molecules into the kinetic 

energy of a moving car or bus. 
Several energy conversions 

occur in this process, as shown 

in Figure 6. An electric spark 

ignites a small amount of fuel. 

Igniting the fuel changes chemi- 

cal energy to thermal energy. 
The thermal energy causes gases 

to expand and move parts of 

the engine, producing kinetic 

energy. 
Some energy transformations are less obvious because they 

do not result in visible motion, sound, heat, or light. Every green 

plant you see converts light energy from the Sun into energy 

stored in chemical bonds in the plant. If you eat an ear of corn, 

the chemical potential energy in the corn is transformed into 

other forms of energy by your body. 

Gases expand 

As the hot gases expand, 

thermal energy is converted 

into kinetic energy. 

Conversions Between Kinetic 

and Potential Energy 
You have experienced many situations that involve conver- 

sions between potential and kinetic energy. Systems such as 

bicycles, roller coasters, and swings can be described in terms of 

potential and kinetic energy. Even launching a rubber band or 

using a bow and arrow involves converting potential energy into 

kinetic energy. To understand the energy conversions that occur, 

it is helpful to identify the mechanical energy of a system. 

Mechanical energy is the total amount of potential and kinetic 
energy in a system and can be expressed by this equation. 

mechanical energy = potential energy + kinetic energy 

In other words, mechanical energy is energy due to the posi- 

tion and the motion of an object or the objects in a system. 

What happens to the mechanical energy of an object as poten- 

tial and kinetic energy are converted into each other? 

Differentiated Instruction 

Challenge Remind students that work is the 

transfer of energy, is measured in the same units 
as energy, and can be calculated using the for- 

mula W = F x d. Provide students the following 

scenario: The kinetic energy of a hockey puck 
is 20 J as it moves from ice onto the cement 

surrounding the rink. By how much is its energy 
decreased if it stops on the cement? 20) If the 
cement causes a frictional force of 10 N on the 
puck, how far does it slide? —10N- d = —20], 
therefore d = 2.0m What happens to this energy? It 
is converted into thermal energy. Mathematical 



Falling Objects Standing under an apple tree can be haz- 
ardous. An apple on a tree, like the one in Figure 7, has gravita- 
tional potential energy due to Earth pulling down on it. The 
apple does not have kinetic energy while it hangs from the tree. 
However, the instant the apple comes loose from the tree, it 
accelerates due to gravity. As it falls, it loses height so its gravita- 
tional potential energy decreases. This potential energy is trans- 
formed into kinetic energy as the speed of the apple increases. 

Look back at the equation for mechanical energy. If the 
potential energy is being converted into kinetic energy, then the 
mechanical energy of the apple doesn’t change as it falls. The 
potential energy that the apple loses is gained back as kinetic 
energy. The form of energy changes, but the total amount of 
energy remains the same. 

What happens to the mechanical energy of the 

apple as it falls from the tree? 

Energy Transformations in Projectile Motion Energy 
transformations also occur during projectile motion when an 

object moves in a curved path. Look at Figure 8. When the ball 

leaves the bat, it has mostly kinetic energy. As the ball rises, its 
speed decreases, so its kinetic energy must decrease, too. 

However, the ball’s gravitational potential energy increases as it 
goes higher: At its highest point, the baseball has the maximum 

amount of gravitational potential energy. The only kinetic energy 

it has at this point is due to its forward motion. Then, as the base- 

ball falls, gravitational potential energy decreases while kinetic 

energy increases as the ball moves faster. However, the mechani- 

cal energy of the ball remains constant as it rises and falls. 

Low KE 
High GPE 

Figure 7 Objects that can fall 
have gravitational potential 

energy. 

Apply What objects around you 

have gravitational potential energy? 

Figure 8 Kinetic energy and 

gravitational potential energy are 

converted into each other as the 

ball rises and falls. 

a. High KE 
Low GPE 

” 1 High KE 
Low GPE 

ere 
LN a> 
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Reading Strategy Curriculum Connection 

Clarify Text Have students work with a partner 

to read Conversions Between Kinetic and 

Potential Energy, The Law of Conservation of 

Energy, and The Human Body—Balancing the 

Energy Equation, For each section, have students 

take turns restating main ideas as partners listen. 

History Students have probably heard the tale of 
Isaac Newton discovering gravity when an apple 

fell from a tree onto his head. Have students 
investigate this story to determine if it is a myth 

or a true occurrence. Have students share their 

findings with the class. Newton is purported to have said 

himself that observing the fall of an apple “occasioned” his 

“notion of gravitation.” [3] Interpersonal 

(%, Reading Check 

Answer Potential energy decreases; 
kinetic energy increases; total mechani- 
cal energy remains constant. 

Caption Answer 
Figure 7 Any objects that are elevated 

have GPE. 

Teacher fa] 
- Free Fall Rate If ere is no air 
resistance, then two objects. that 
start falling a at the same time from 
pe “same height will hit the 
| ground at the same time. The 
_ rate of free fall does not depend 
4 on mass. _Butan object with larger 

mass has more GPE before it falls 
and has ‘more kinetic energy 
when ithitsthe ground. 

a ¢ were ys Fk 

ee a2 > o.oo? 

Pendulum Swing Some  stu- 
dents may not realize that | 
when the bob of a pendulum 
reaches its maximum height, it — 

momentarily stops, and when | 
it is at its lowest part of its 
swing, its velocity is highest. 
Sketch a pendulum on the 
board and use arrows to show 
movement. Explain that the 
bob must briefly stop to 
change directions. Because it 
has no velocity, it has no 
kinetic energy at this point. 
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GEOGRAPHIC [] GEOGRAPHIC VISUALIZING ENERGY, sFRANSFORMATIONS 

Figure 9 

Visualizing Energy 
H ride on a swing illustrates how kinetic 

Tran sfo rmations energy yt to potential energy 

Have students examine the pic- and back to kinetic energy again. The 

tures and read the captions. Then _ diagram at right shows four stages of the 

ask the following questions. swing’s motion. Although it changes fi | ’ 

As the student goes from point from one form to another, the total Hie Macias ie 7 G: Saray 

A to B, why is her kinetic ener ey energy remains the same. KE=0 44 : 4 b» KE=0 

increasing? because her velocity is 

increasing 

What force accelerates the 

student as she goes from point A 
to the lowest point and slows 

down the student as she goes 

from the lowest point to point 

D? gravity 
B ) As she falls toward the 

rons A) Attherider’s bottom of the path, the 

Activity highest point, her rider accelerates and gains 

Model Swings The movement of potentialenergy kinetic energy. Because the PE = Minimum 

the swing is similar to the move- | isata maximum _ rider is not as high above KE = Maximum 

ment of a pendulum. Provide and her kinetic the ground, her potential 

students with a 1-meter piece of energy is zero. energy decreases. 

string with a large washer tied to “Wea es iC) The rider, rising toward the opposite side, begins 

; | to slow down and lose kinetic energy. As she gains 

height, her potential energy increases. 
the end of it. Ask students to 

simulate the movement of the 

swing or a pendulum using the 
string and washer. Have students 
experiment to see if the length of 

the string has any relationship to 
the time it takes the washer to 

make one complete period, 

going from point A on the dia- 

gram to point D and back to 

point A again. Caution students 

not to swing string and washer a ee eS, ie =| de © atthe highest point on this 

strongly or near other students. > , ps side of the swing, her potential 

energy again is at a maximum, 

and her kinetic energy is zero. 

EAB) DEMONSTRATION a 

Purpose to demonstrate the conservation Procedure Hold a marble slightly above Assessment 
of mechanical energy one end of the tubing. Have students py, was the mechanical energy affected a é ’ atfected as 
Materials 2 m plastic tubing, 2 ring stands predict the height the marble will reach on 4 I 2 METS ; the marble traveled along the tubing? Air with clamps, marble the opposite side. Release and discuss the resistance on a marble inside a plastic tube is negligible, 

What are possible causes of this? friction from 
the tubing 

eae Form a U-shaped tunnel by aoe eo ae ea clamping each end of the tubing to a ring ous shaped tunnels and repeat the activity, 
stand. The ends should be at identical heights. Expected Outcome ‘There should be a slight loss in mechanical energy. 
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Energy Transformations in a Swing When you ride ona 
swing, like the one shown in Figure 9, part of the fun is the feel- 
ing of almost falling as you drop from the highest point to the 
lowest point of the swing’s path. Think about energy conserva- 
tion to analyze such a ride. 

The ride starts with a push that gets you moving, giving you 
kinetic energy. As the swing rises, you lose speed but gain height. 
In energy terms, kinetic energy changes to gravitational poten- 
tial energy. At the top of your path, potential energy is at its 
greatest. Then, as the swing accelerates downward, potential 
energy changes to kinetic energy. At the bottom of each swing, 
the kinetic energy is at its greatest and the potential energy is at 
its minimum. As you swing back and forth, energy continually 
converts from kinetic to potential and back to kinetic. What 

happens to your mechanical energy as you swing? 

The Law of Conservation of Energy 
When a ball is thrown into the air or a swing moves back and 

forth, kinetic and potential energy are constantly changing as 

the object speeds up and slows down. However, mechanical 

energy stays constant. Kinetic and potential energy simply 

change forms and no energy is destroyed. 

This is always true. Energy can change from one form to 

another, but the total amount of energy never changes. Even 

when energy changes form from electrical to thermal and other 
energy forms as in the hair dryer shown in Figure 10, energy is 

never destroyed. Another way to say this is that energy is con- 

served. This principle is recognized as a law of nature. The law 

of conservation of energy states that energy cannot be created 
or destroyed. On a large scale, this law means that the total 

amount of energy in the universe does not change. 

k What law states that the total amount of energy 
never changes? 

'Y, Reading Chec 

Conserving Resources You might have 
heard about energy conservation or been asked to 

conserve energy. These ideas are related to reduc- 
ing the demand for electricity and gasoline, which 

lowers the consumption of energy resources such 

as coal and fuel oil. The law of conservation of 

energy, on the other hand, is a universal principle 

that describes what happens to energy as it is ahaeai 
transferred from one object to another or as it 1S energy 

transformed. 

Energy in = Energy out mee Be 

“INTEGRATE | 

Environment 

Energy and the Food 

Chain One way energy 

enters ecosystems is when 

green plants transform 

radiant energy from the 

Sun into chemical potential 

energy in the form of food. 

Energy moves through the 

food chain as animals that 

eat plants are eaten by 

other animals. Some energy 

leaves the food chain, such 

as when living organisms 

release thermal energy to 

the environment. Diagram 

a simple biological food 

chain showing energy 

conservation. 

Figure 10 The law of conserva- 

tion of energy requires that the 

total amount of energy going into 

a hair dryer must equal the total 

amount of energy coming out of 

the hair dryer. 

Thermal energy 

Kinetic energy 

Sound energy 
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= 

“SEAVirOnMment. 

Energy and the Food Chain !n a 
food chain, arrows show the direction 
in which energy moves from one 

organism to the next. Possible food 
chain: grass — rabbit — fox 

Career Find out how environ- 

mental scientists in your area use 

data on numbers and kinds of 

plants and animals to evaluate 
the health of an ecosystem. 

Use Science Words 

Word Meaning ‘The word conser- 
vation means to keep from being 
lost or wasted. Discuss why this 
is an appropriate word to use for 
the principle of conservation of 
energy. Possible answer: It is appropri- 
ate because energy is never lost. 

Linguistic 

Text Question Answer: 

Mechanical energy remains constant. 

Answer The law of conservation of 

energy. 

Virtual Labs a 
©, Energy Conversion How is 

energy converted from one form 

to another? 

Have students create a flow diagram that traces 

the conversion of solar energy into different 

forms of energy on earth. Possible answers: Plants 
convert solar energy into food for animals who move around. 

Plants also feed people who use machines and electricity to do 
work, Thermal energy from the sun causes warm air to rise 

which causes wind energy, and it fuels the water cycle. 
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Purpose Students observe how 

kinetic energy can change into 

thermal energy. 

Intrapersonal 

Materials paper clip 

Teaching Strategy Have students 
use uncoated clips that are 
not too thick or brittle to 

easily bend. 

Safety Precaution Students should 
be careful of the sharp ends of 
the paper clip when bending it. 

Analysis 

1. It went up. Some mechanical 
energy from the paper clip was 
converted to thermal energy. 

2. Chemical energy from the body is 
converted to kinetic energy that is 
transferred to the paper clip. 

Mechanical energy is converted to 
thermal energy by collisions of the 
molecules in the paper clip. 

Assessment 

Oral Have students discuss 
other examples of the process 
modeled by this activity. Possible 

answer: bicycle or car tires heat 

up as they roll along the road. Use 

Performance Assessment in 

the Science Classroom, p. 89. 

Caption Answer 
Figure 11 Both the kinetic and 
potential energy decrease as friction 
and air resistance transform the 
swing’s mechanical energy into ther- 
mal energy. 
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Figure 11 Ina swing, mechan- 

ical energy is transformed into 

thermal energy because of 

friction and air resistance. 

infer how the kinetic and potential 

energy of the swing change with 

time. 

Transforming Energy 

in a Paper Clip 

Procedure Tad 
1. Straighten a paper clip. 

While holding the ends, 

touch the paper clip to 

the skin just below your 

lower lip. Note whether 

the paper clip feels warm, 

cool, or about room 

temperature. 
2. Quickly bend the paper clip 

back and forth five times. 
Touch it below your lower 

lip again. Note whether 

the paper clip feels warmer 

or cooler than before. 

Analysis 
1. What happened to the 

temperature of the paper 

clip? Why? 
2. Describe the energy con- 

versions that take place as 

you bend the 

paper clip. 
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Motion 

Is energy always conserved? You might be able to think 
of situations where it seems as though energy is not conserved. 

For example, while coasting along a flat road on a bicycle, you 

know that you will eventually stop if you don’t pedal. If energy 

is conserved, why wouldn't your kinetic energy stay constant 

so that you would coast forever? In many situations, it might 

seem that energy is destroyed or created. Sometimes it is hard 

to see the law of conservation of energy at work. 

The Effect of Friction You know from experience that if you 

don’t continue to pump a swing or be pushed by somebody else, 

your arcs will become lower and you eventually will stop swing- 

ing. In other words, the mechanical (kinetic and potential) 

energy of the swing seems to decrease, as if the energy were being 

destroyed. Is this a violation of the law of conservation of energy? 

It can’t be—it’s the law! If the energy of the swing decreases, 

then the energy of some other object must increase by an equal 

amount to keep the total amount of energy the same. What 

could this other object be that experiences an energy increase? 

To answer this, you need to think about friction. With every 

movement, the swing’s ropes or chains rub on their hooks and 

air pushes on the rider, as illustrated in Figure 11. Friction and 

air resistance cause some of the mechanical energy of the swing 

to change to thermal energy. With every pass of the swing, the 

temperature of the hooks and the air increases a little, so the 

mechanical energy of the swing is not destroyed. Rather, it is 

transformed into thermal energy. The total amount of energy 
always stays the same. 

Sa 

Fun Fact 
Many people have tried to develop a perpetual 

motion machine, a device which, once set in motion, 

would forever make more energy than it uses. 

Conservation of energy means that such a machine 
is impossible. 

Differentiated Instruction 

Learning Disabled Io help students see how 
friction affects the velocity and therefore the 
kinetic energy of objects, have them roll marbles _ 
across a smooth table and then across a piece of 
carpet. Explain that the marbles move more 
slowly on the carpet and have less kinetic energy 
because the frictional force opposes their motion. 

Kinesthetic 



Converting Mass into Energy You might have wondered 
how the Sun unleashes enough energy to light and warm Earth 
from so far away. A special kind of energy conversion—nuclear 
fusion—takes place in the Sun and other stars. During this 
process a small amount of mass is transformed into a tremen- 
dous amount of energy. An example of a nuclear fusion reaction 
is shown in Figure 12. In the reaction shown here, the nuclei of 
the hydrogen isotopes deuterium and tritium undergo fusion. 

Nuclear Fission Another process involving the nuclei of 
atoms, called nuclear fission, converts a small amount of mass 
into enormous quantities of energy. In this process, nuclei do 

not fuse—they are broken apart, as shown in Figure 12. In 

either process, fusion or fission, mass is converted to energy. In 

processes involving nuclear fission and fusion, the total amount 

of energy is still conserved if the energy content of the masses 

involved are included. Then the total energy before the reaction 

is equal to the total energy after the reaction, as required by the 

law of conservation of energy. The process of nuclear fission is 

used by nuclear power plants to generate electrical energy. 

Figure 12 Mass is converted to energy 

in the processes of fusion and fission. 

Nuclear fusion 

Radiant ic 

energy 

2 3 
Mass qH + Mass 3H > Mass He +Mass neutron 

In this fusion reaction, the combined 

mass of the two hydrogen nuclei is 

greater than the mass of the helium 

nucleus, He, and the neutron. 

Science@ ING 
Topic: Nuclear Fusion 

Visit gpescience.com for Web 

links to information about using 

nuclear fusion as a source of 

energy in electric power plants. 

Activity Make a table listing the 

advantages and disadvantages of 

using nuclear fusion as an energy 

source. 

Nuclear fission 

Radiant 

energy Sr 

Mass U + Mass neutron > Mass Xe + Mass Sr + Mass neutrons 

In nuclear fission, the mass of the large 

nucleus on the left is greater than 

the combined mass of the other two 

nuclei and the neutrons. 
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Cultural Diversity 

Energy in Martial Arts Karate, 

“empty hand,” originated on Okinawa in the sev- 

enteenth century. A trained karateka can break a 

thin concrete block with his or her hand. Have 

students research the meanings of the names of 

which means 

Teacher [aa Lat + 
4 

Chain Reaction In the process 4 fission, 
neutrons are released. ‘They i initiate further | 
fission, beginning a chain reaction. For the” 
chain reaction to continue, sufficient fis-_ 
sionable material must be present. The 

Use Science Words 

Word Meaning Have students use 
a dictionary to look up the words 
fusion and fission. Ask them to 
explain why these are appropriate 
terms for the nuclear processes 
discussed in this section. Fusion is 
combining of things—in nuclear fusion, 
nuclei combine. Fission is splitting apart of 
things—in nuclear fission, nuclei split 

apart. Linguistic 

Calculate Energy 

Purpose to calculate elastic poten- 
tial energy and kinetic energy in 

a rubber band 

Possible Materials rubber band, 

Newton scale, meterstick, pan 
balance, stopwatch. 

Estimated Time 30 minutes 

Procedure Have students devise a 
method to calculate and a method 
to check the elastic potential 
energy of a rubber band using the 
materials listed. Remind them 

that velocity can be calculated 
using the horizontal distance 
traveled and the time to fall. Have 
them graph force needed to pull 
v. distance pulled, and force 
needed to pull v. velocity. 

Safety Precautions Caution stu- 
dents not to shoot rubber bands 
at each other. 

Teaching Strategy 

The elastic potential energy can 
be calculated by multiplying the 
force needed to pull times one- 
half “thes distance, pulleds it 
should nearly equal the kinetic 
energy which can be calculated 
from the mass and velocity. The 
force v. distance graph should be 
a straight diagonal line because 
they are directly proportional. 
Force v. velocity should also be a 
straight line. 

For additional inquiry activities, see 
Science Inquiry Lab. 

other forms of martial arts and where they origi- 

nated. Possible martial arts include judo, aikido, and tae 

kwon do. Intrapersonal 

amount of material needed to sustain a 

chain reaction is known as the eine mass. 
WRU cnanceteant on ee ria 
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Human Conversions Students 

may confuse energy transfor- 

mations with changes in matter. 

Some may state that food is 
converted into energy in the 
body. During digestion, chem- 
ical compounds in food are 
converted into compounds 
that muscle cells use to enable 
muscles to move. 

Use Science Words 
Word Origin The word calorie 
originates from the eighteenth- 
century word caloric, which was a 

hypothetical weightless fluid that 
scientists thought flowed from 
hot objects to cold objects. Ask 

students to find out how caloric 
theory contributed to the idea of 
conservation of energy. Benjamin 

Thompson (1753-1814), work- 

ing in a German munitions fac- 

tory noticed that canons became 
very hot during the _ boring 
process even though the canon 
and the borer were initially cold. 
He concluded that heat was 
a form of energy produced by 
friction. Similar experiments by 
other scientists confirmed that 
heat was a form of energy and not 
a fluid, and that it was energy that 

was being conserved and not 
caloric. Linguistic 

Caption Answer 

Figure 13 7 to 8 hours depending on 
body type 

Content 
Background 

Students may be familiar with the 
phrase “counting calories” as a 
synonym for dieting. Counting 
calories is a way to monitor the 
amount of energy being con- 
sumed in food in hopes of forcing 
the body to use up its energy 
reserves stored as unwanted fat. 
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Figure 13 The runners convert 
the energy stored in their bodies 

more rapidly than the spectators do. 

Calculate Use Table 1 to calculate 

how long a person would need to 

stand to burn as much energy as 

arunner burns in 7 h. 

ae 

The Human Body—Balancing the 

Energy Equation 
What forms of energy discussed in this chapter can you find 

in the human body? With your right hand, reach up and feel 

your left shoulder. With that simple action, stored potential 

energy within your body was converted to the kinetic energy of 

your moving arm. Did your shoulder feel warm to your hand? 

Some of the chemical potential energy stored in your body is 

used to maintain a nearly constant internal temperature. A por- 

tion of this energy also is converted to the excess heat that your 

body gives off to its surroundings. Even the people shown stand- 

ing in Figure 13 require energy conversions to stand still. 

Energy Conversions in Your Body The complex chemical 

and physical processes going on in your body also obey the law 

of conservation of energy. Your body stores energy in the form 

of fat and other chemical compounds. This chemical potential 

energy is used to fuel the processes that keep you alive, such as 

making your heart beat and digesting the food you eat. Your 

body also converts this energy to heat that is transferred to your 

surroundings, and you use this energy to make your body move. 

Table 1 shows the amount of energy used in doing various activ- 

ities. To maintain a healthy weight, you must have a proper 

balance between energy contained in the food you eat and the 

energy your body uses. 

~~. 
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Visual Learning 

Table 1 Have students think back over the past 24 

hours and make a list of the things they did. Have 

them use the table to find out about how many 

Calories of energy they used. 

Learning Journal Have students draw a verti- 
cal line down each page of a Learning Journal 
and record research notes, lecture notes, or 
vocabulary terms in the left column. In the 
right column, they respond to, interpret, 
question, or analyze the left column entries. 
Students can write a Learning Journal while 
reading about conservation of energy. 



“INTEGRATE | Mh Food Energy Your 
body has been busy 

breaking down your breakfast into mole- 

cules that can be used as fuel. The chemical 

potential energy in these molecules supplies 

the cells in your body with the energy they 

need to function. Your body also can use the 

chemical potential energy stored in fat for its 

energy needs. The food Calorie (C) is a unit 

used by nutritionists to measure how much 
energy you get from various foods—1 C is 

equivalent to about 4,184 J. Every gram of 

fat a person consumes can supply 9 C of 

energy. Carbohydrates and proteins each 

supply about 4 C of energy per gram. 

Look at the labels on food packages. 

They provide information about the 

Calories contained in a serving, as well as the 

amounts of protein, fat, and carbohydrates. 

| Table 1 Calories Used in One Hour 

Type of Activity aS 
Small Medium Large 

Sleeping 48 56 64 

Sitting 72 84 96 

Eating 84 98 112 

Standing 96 112 123 

Walking 180 210 240 

Playing tennis 380 420 460 

Bicycling (fast) 500 600 700 

Running 700 850 1,000 

~~ Section. 2 Teview 

Summary 

Energy Transformations 

@ Energy can be transformed from one form to 

another. 

@ Devices such as lightbulbs, hair dryers, and 

automobile engines convert one form of 

energy into other forms. 

The mechanical energy of a system is the sum of 

the kinetic and potential energy in the system: 

mechanical energy = KE + PE 

In falling, projectile motion, and swings, 

kinetic and potential energy are transformed 

into each other and the mechanical energy 

doesn’t change. 

The Law of Conservation of Energy 

® According to the law of conservation of energy, 

energy cannot be created or destroyed. 

@ Friction converts mechanical energy into 

thermal energy. 

® Fission and fusion are nuclear reactions that 

convert a small amount of mass in a nucleus 

into an enormous amount of energy. 

More Section Review fl.gpescience.com 

Self Check 

. Explain how friction affects the mechanical energy of a 

system. 

. Describe the energy transformations that occur as you 

coast down a long hill on a bicycle and apply the brakes, 

causing the brake pads and bicycle rims to feel warm. 

. Explain how energy is conserved when nuclear fission 

or fusion occurs. 

. Think Critically A roller coaster is at the top of a hill 

and rolls to the top of a lower hill. If mechanical energy 

is conserved, on the top of which hill is the kinetic 

energy of the roller coaster larger? 

~ Applying Math 
. Calculate Kinetic Energy The potential energy of a 

swing is 200 J at its highest point and 50 J at its lowest 

point. If mechanical energy is conserved, what is the 

kinetic energy of the swing at its lowest point? 

. Calculate Thermal Energy The mechanical energy of a 

bicycle at the top of a hill is 6,000 J. The bicycle stops at 

the bottom of the hill by applying the brakes. If the 

potential energy of the bicycle is 2,000 J at the bottom 

of the hill, how much thermal energy was produced? 
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nn SECO Mee 
Section 

Post Reading 

Science Journal Compose a 

written response to the following 

prompt: Imagine you are pushing 

a young child on a_ swing. 

Describe the role played by the 

concepts of energy transforma- 

tion and the law of conservation 

of energy. 

Comal 

= Assess 

JAILY INTERVENTION 

Check for Understanding 
Fission v. Fusion Have students 

use models to demonstrate 

nuclear fission and _ nuclear 

fusion. Students could use mar- 

bles for neutrons and protons, 
with clay to hold them together. 

Visual-Spatial 

Reteach 

Energy and Calories Show students 
pictures of people performing var- 
ious activities, such as those listed 

in Table 1. Ask students to order 

the pictures according to how 
quickly they burn calories. Stu- 
dents should also identify types of 
energy conversion in each activity. 

Visual-Spatial 

r™ Assessment 

Process Have students draw 

diagrams illustrating some of 
the changing forms of energy 
involved in bouncing a basket- 
ball. Chemical energy from the body 

changes to kinetic energy to lift the ball. 
This energy is transferred to the ball as 
potential energy. As the ball falls, this 
changes to kinetic energy. As the ball 

hits the floor, part of the energy changes 
to sound, part is transferred to the floor, 

and most is returned to the ball as 

elastic potential energy, enabling the 
a. bounce. Use PASC, p. 127. 
P 

difference between the roller 1. Friction converts mechanical energy bicycle rims convert kinetic energy 

into thermal energy. into thermal energy. 

2. As you coast down the hill, some of 3. Asmall amount of mass is con- of the higher hill and lower hill has 

your potential energy is being verted into energy. been converted into kinetic energy. 

transformed into kinetic energy. 4, The top of the lower hill; the roller = 5. 150J 

When you apply the brakes, friction coaster has less potential energy 6. 4.000 J 

between the brake pads and the at the top of the lower hill. The > MAD24.1 

coaster’s potential energy at the top 
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| Design Your Own 

Swing ng Energy 
© Real-World Problem —————— 
Imagine yourself swinging on a swing. What would happen if a friend 

grabbed the swing’s chains as you passed the lowest point? Would 

you come to a complete stop or continue rising to your previous maxi- 

mum height? How does the motion and maximum height reached by 

a swing change if the swing is interrupted? 

© Real-World 
Problem 

Goals 
@ Construct a pendulum 

to compare the 

exchange of potential 

and kinetic energy 

when a swing is inter- 

rupted. 

@ Measure the starting 

and ending heights of 

the pendulum. 

Purpose Construct a pendu- 
lum to compare the exchange of 
potential and kinetic energy. 
COOP LEARN Kinesthetic 

Process Skills measure, collect 
and organize data, observe and 
infer, communicate, make and 

use tables, compare and contrast, 

recognize cause and effect, form 

a hypothesis, design an experi- 
ment, use numbers, separate and 

control variables 

© Form a Hypothesis ———— 

Examine the diagram on this page. How is it similar to the situation 

in the introductory paragraph? An object that is suspended so that 

it can swing back and forth is called a pendulum. Hypothesize what 

will happen to the pendulum’s motion and final height if its swing 

is interrupted. 

Possible Materials 
ring stand 

test-tube clamp 

support-rod clamp, right 

angle 

30-cm support rod 

2-hole, medium rubber 

stopper 

string (1 m) 

metersticks (2) 

graph paper 

Time Required one class period 

Possible Materials Have addi- 
tional materials available (string, 

extra ring stands, banner paper, 
masking tape). 

Safety Precautions Students 
should wear safety goggles when 
swinging the stoppers. 

Safety Precautions 

© Forma Co Ke 
Hypothesis - WARNING: Be sure the 

base is heavy enough or 

well anchored so that the 

apparatus will not tip over. 

Possible Hypothesis Students 
may suggest that the crossarm’s 
interference halfway up the 
length of the string will cause 
the maximum height to decrease 
by one half. In fact, the shape of 
the pendulum’s path will change, 
but the height on the opposite 
end should still be close to the 
original height. 

144 CHAPTERS Energy 

Alternative Ing 
Energy Loss Have students determine the thermal The difference is the amount of initial potential 
energy produced by friction after the pendulum energy that has been converted into thermal 
has swung 10 times. Have them measure the mass energy by friction. Have them do this exercise 
of the stopper, calculate its initial potential energy both with and without cross-arm interference. 
using its initial height, and calculate its ending Kinesthetic a 
potential energy using the height after 10 swings. 
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© Test Your Hypothesis 

Make a Plan 

1. Asa group, write your hypothesis and list the steps that you will 
take to test it. Be specific. Also list the materials you will need. 

2. Design a data table and place it in your Science Journal. 

3. Set up an apparatus similar to the one shown in the diagram. 

4. Devise a way to measure the starting and ending heights of the 

stopper. Record your starting and ending heights in a data table. 

This will be your control. 

5. Decide how to release the stopper from the same height each time. 

6. Be sure you test your swing, starting it above and below the 

height of the cross arm. How many times should you repeat each 

starting point? 

Follow Your Plan 

1. Make sure your teacher approves your plan before you start. 

2. Carry out the approved experiment as planned. 

3. While the experiment is going on, write any observations that 

you make and complete the data table in your Science Journal. 

© Analyze Your Data———— 
1. When the stopper is released from the same height as the cross 

arm, is the ending height of the stopper exactly the same as its { 

starting height? Use your data to support your answer. woot 

2. Analyze the energy transfers. At what point along a single swing does the 

stopper have the greatest kinetic energy? The greatest potential energy? 

© Conclude and Apply 
1. Explain Do the results support your hypothesis? 

2. Compare the starting heights to the ending 

heights of the stopper. Is there a pattern? Can 

you account for the observed behavior? 
: wen Your Data 

3. Discuss Do your results support the law of eee 

conservation of energy? Why or why not? 

4. Infer What happens if the mass of the stop- 

per is increased? Test it. 

Compare your conclusions with those of 

the other lab teams in your class. For more 

help, refer to the Science Skill Handbook. 

LAB 145 

l-. A. fe ee 

y. Assessment ommunicating 
Process When started from the same height, a Your Data 

pendulum without interference from a crossarm 

will remain in motion longer than a pendulum 

with an arm. Ask students to discuss and explain 

this. Some energy is transferred to the crossarm. Use 

Performance Assessment in the Science 

Classroom, p. 89. Interpersonal 

Have students use a word processing program to write 
a short description of their experiment. They may wish 
to use a computer graphics program to make sketches 

that help explain the results. 

© Test Your 
Hypothesis ——— 

Possible Procedures Set up 
the pendulum and start it mov- 
ing. Measure the height at which 

the stopper was released to start 
the pendulum. When the pen- 
dulum is on the far side of its 
swing, insert the crossarm. 
Measure the height to which the 
pendulum swings after it hits the 
crossarm. 

Teaching Strategy Tape white 
paper to a wall behind the pendu- 
lum for marking stopper height. 

Troubleshooting The swing of 
the pendulum will be irregular if 
the crossarm inhibits movement 
of only one side of the pendulum’s 
swing. Suggest students find a 
way to have the cross arm limit 
swing in both directions. 

Expected Outcome Students 
will observe that even with the 
crossarm, the approximate origi- 

nal height is reached. 

© Analyze Your 
Data 

1. no 
2. Kinetic is greatest at the bottom; 

potential is greatest at the top. 

© Conclude and 

Apply 
1. Answers will vary with results. 
2. Ending heights are lower. Friction 

slows the stopper and removes some 
energy from the system. 

3. Yes; the apparent loss of energy is 
due to friction. 

4. Kinetic and potential energy 

increase; the person must pull harder 
to stop the swing. 
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HISTORY Seercrn 
Content Background 
The construction of a perpetual 
motion machine has been the 

dream of inventors for centuries. 
However, the first and second 
laws of thermodynamics make 
this impossible. In any real 
machine, friction causes some of 
the machine’s mechanical energy 

to be converted to thermal 
energy that cannot be recovered. 
As a result, the first law of ther- 
modynamics requires that energy 

be continually supplied to any 
machine to keep it moving. 

Discussion 

Thermodynamics \What are the 

two laws of energy that make 
perpetual motion machines 
impossible? 1° Law: Energy cannot be 
created or destroyed; it only changes 

form. 2"? Law: Thermal energy flows 

only from hot to cold. 

Historical Significance 
Perpetual motion machines have 
been around at least since 

Villand de Honnecourt made 

drawings of one in the 13" cen- 

tury. Between 1635 and 1903, 

600 patents were granted for 

purported free-energy machines. 

One inventor fooled scientists 

with a machine that appeared to 

run on water. He raised five 

million dollars from investors 

who later learned that it was actu- 

ally based on hidden air tubes. In 
spite of the massive fraud that 
was found, there are still believers 

in his “technology” today. 

The Impossible Dream 
A machine that keeps on going? 

It has been tried for hundreds of years. 

any people have tried throughout his- 

tory—and failed—to build perpetual- 

motion machines. In theory, a 

perpetual-motion machine would run forever 

and do work without a continual source of 

energy. You can think of it as a car that you could 

fill up once with gas, and the car would run for- 

ever. Sound impossible? It is! 

Science Puts Its Foot Down 
For hundreds of years, people have tried to 

create perpetual-motion machines. But these 

machines won't work because they violate two of 

nature’s laws. The first law is the law of conser- 

vation of energy, which states that energy cannot 

be created or destroyed. It can change form—say, 

Analyze Using your school or public-library resources, locate a 
picture or diagram of a perpetual-motion machine. Figure out why 

it won’t run forever. Explain to the class what the problem is. 

from mechanical energy to 

electrical energy—but you 

always end up with the 

same amount of energy 

that you started with. 

How does that apply 

to perpetual-motion 

machines? When a 

machine does work on an 

object, the machine trans- 

fers energy to the object. 

Unless that machine gets more energy from 

somewhere else, it can't keep doing work. If it 

did, it would be creating energy. 

The second law states that heat by itself 

always flows from a warm object to a cold object. 

Heat will only flow from a cold object to a warm 

object if work is done. In the process, some heat 

always escapes. 

To make up for these energy losses, energy 

constantly needs to be transferred to the machine. 

Otherwise, it stops. No perpetual motion. No free 

electricity. No devices that generate more energy 

than they use. No engine motors that run forever 

without refueling. Some laws just can't be broken. 

Visitors look at the Keely Motor, the most 

famous perpetual-motion machine fraud of 

TIME 
For more information, vis 

fl.gpescience.com 

Resources for Teachers and Students 

“Exploiting Zero-Point Energy”, by Philip Yam, 
Scientific American, December 1997 

Analyze Ask students to think about how 

perpetual motion machines might be helpful 

to science and technology if the laws of ther- 

modynamics did not exist. Start a dialogue 
Perpetual Motion: The History of An Obsession, by — 
Arthur W.J.G. OrdHume, Barnes and Noble 
Books, 1998 

addressing the thousands of scam artists who 
have tried in vain to sell their perpetual 
motion machines. 
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Interactive Tutor fl.gpescience.com 

Section 1 The Nature of Energy 

Energy is the ability to cause change. 

Energy can have different forms, including 

kinetic, potential, and thermal energy. 

Moving objects have kinetic energy that 

depends on the object’s mass and velocity, 

and can be calculated from this equation: 
2 1 
KE=— mv 

Potential energy is stored energy. An object 

can have gravitational potential energy that 

depends on its mass and its height, and is 

given by this equation: 

GPE = mgh 

Is 

5. 

Section 2. | Conservation of Energy 

Energy can change from one form to 

another. Devices you use every day trans- 
form one form of energy into other forms 

that are more useful. 

Falling, swinging, and projectile motion all 

involve transformations between kinetic 

energy and gravitational potential energy. 

The total amount of kinetic energy and 

gravitational potential energy in a system is 

the mechanical energy of the system: 

mechanical energy = KE + GPE 

The law of conservation of energy states 

that energy never can be created or 

destroyed. The total amount of energy in 

the universe is constant. 

Friction converts mechanical energy into 

thermal energy, causing the mechanical 

energy of a system to decrease. 

6. Mass is converted into energy in nuclear 

fission and fusion reactions. Fusion and fis- 

sion occur in the nuclei of certain atoms, 

and release tremendous amounts of energy. 

UMTS Use the Foldable you made at the beginning 

of this chapter to review what you learned about energy. 

CHAPTER STUDY GUIDE 147 

chapter 

Study Guide 

Summary statements can be 
used by students to review the 
major concepts of the chapter. 

Scienceg ine 

Visit fl.gpescience.com 

More Section Review 

Interactive Tutor 

Vocabulary PuzzleMaker 

More Chapter Review 

Standardized Test Practice 

Assessment Transparency 
For additional assessment ques- 
tions, use the Assessment 

Transparency located in the trans- 
parency book. 

Assessment 

Rccoccee Energy ay 
Transparency 5 | 

Directions: Carefully review the table and answer the following questions. 

Person | Calories Activity | Length of | Calories 

Wi 

consumed activity burned 

latching TV 2h 400 

200 

150 
Walking : ih | 180 

Wah 350 

| 
| Running 
| ee 

Playing 
tennis Th 460 

1, What principle is probably being tested in the above experiment? 

A speed 
B nuclear fission 
© energy conversion 

D gravitational potential energy 

2, Students conducted an experiment to find which form of exercise 

burned the most Calories. They collected data from the experiment 

into the table above. The experiment could be improved by 
FP having the same person do each activity for the same amount 

of time 
G recording the time of day each activity was performed 

H recording the air temperature during each activity 

) calculating person 2’s rate of speed 

3, Which person burned more Calories than consumed? 

A person 1 
B person 2 

person 3 
person 4 

~7 Have students use 
their Foldables to 

review the content of the chap- 
ter. On the back of the paper, 
have students write a paragraph 
about what they learned about 

energy. 

CHAPTER STUDY GUIDE 147 



chapter CG chapter 45} Review 

A sc8141 scp147, scri44 

9. The gravitational potential energy of an 

1. mechanical energy 

2. elastic potential energy 

3. joule 

joule p.130 chemical potential energy 

. 131 kinetic energy p. 130 

elastic potential energy law of conservation of 

13] energy p.139 

energy p.128 

object changes when which of the follow- 

ing changes? 

A) the object’s speed 

B) the object’s mass 
C) the object’s temperature 

j 
mechanical energy p. | 36 poe 

4. potential energy gravitational potential potential energy p. 131 D) the object S length 

ey cha 10. Friction causes mechanical energy to be 

6. law of conservation of energy 

13. See student page. 

14. height = 0.50 m,GPE = 0.24 J, 
KE = 0.24 J; height = 0.75 m, 
GPE = 0.374, KE = 0.37); 
height = 1.0m,GPE = 0.49 J, 

KE = 0.49; The GPE and KE are 
equal. 

15. four times, from 400 J to 1,600 J 

16. 2,400 J. It will be four times 
greater than the KE at 25 m/s, 
which is 600 J. 

17. 100 J. It is one fourth the KE 
at 20 m/s. 

148 CHAPTERS Energy 

Complete each statement using a word(s) from 

the vocabulary list above. 

1. If friction can be ignored, the of 

a system doesn’t change. 

2. The energy stored in a compressed spring is 

3; The is the SI unit for energy. 

4. When a book is moved from a higher shelf 

to a lower shelf, its changes. 

5. The muscles of a runner transform chemi- 

cal potential energy into 

6. According to the , the amount of 

energy in the universe doesn’t change. 

GE 
Choose the word or phrase that best answers the 

question. 

7. What occurs when energy is transferred 

from one object to another? 

A) an explosion 

B) a chemical reaction 

C) nuclear fusion 

D) a change 

ie 

12: 

13 

transformed into which of these forms? 

A) thermal ©) kinetic 

B) nuclear D) potential 

The kinetic energy of an object changes 

when which of the following changes? 

A) the object’s chemical potential energy 

B) the object’s volume 

©) the object’s direction of motion 

D) the object’s speed 

When an energy transformation occurs, 

which of the following is true? 

A) Mechanical energy doesn’t change. 

B) Mechanical energy is lost. 

C) The total energy doesn’t change. 

D) Mass is converted into energy. 

“Interpreting Graphics 

. Copy and complete the following concept 

map on energy. 

has different 

8. For which of the following is kinetic energy ae nee eee 

converted into potential energy? 

A) a boulder rolls down a hill energy ety 
B) a ball is thrown upward which is which is but never 

C) a swing comes to a stop 

D) a bowling ball rolls horizontally 

148 CHAPTER REVIEW 

energy of stored created o 

motion energy destroyed 

Vocabulary PuzzleMaker fl.gpescience.com 

Use the ExamView® Pro Testmaker CD-ROM to: 

* create multiple versions of tests 

create modified tests with one mouse click for inclusion students 

edit existing questions and add your own questions 

build tests aligned with state standards using built-in State 
Curriculum ‘Tags 

change English tests to Spanish with one mouse click and vice versa 



chapter @RM Revie a 
ee SapRaeaeeeeecenneeeeeeeneneeeneeees Review 

Use the table below to answer question 14. 16. Using the graph, estimate the car’s kinetic 

Toy Cars Rolling Down Ramps eee inking Critically 
17. If the car’s kinetic energy at a speed of 18. At the highest point of the swing 

KE (J) 20 m/s is 400 kJ, what is the car’s kinetic the potential energy is a maxi- 

energy at a speed of 10 m/s? mum and the kinetic energy is 

zero. As the swing falls, potential 
0.75 3.83 0.37 0.37 inking Critically | energy is converted into kinetic 

Ramp Speed at GPE 

Height(m) Bottom (m/s) (J) 

0.50 3.13 0.24 0.24 

1.00 4.43 0.49 0.49 energy. At the bottom of the 
18. Describe the energy changes that occur ina swing, the kinetic energy is maxi- 

14. Make and Use Tables Three toy cars, each swing. Explain how energy is conserved as mum and the potential energy is 
with a mass of 0.05 kg, roll down ramps the swing slows down and stops. a minimum. As the swing moves, 

with different heights. The height of each 19. Explain why the law of conservation of friction and air resistance convert 

ramp and the speed of each car at the bot- energy must also include changes in mass. the swing’s mechanical energy to 

oe of each ramp is given in the table. 20. Infer why the tires of a car get hot when a ae AG REM 
Copy and complete the table by calculat- RAG oe eee : down and stop. 

ing the GPE of each car at the top of the 19. In nuclear fission and nuclear 
ramp and the KE for each car at the bot- 2! Piagram Ona cold day you rub your hands fusion, a small amount of mass is 
tom of the ramp to two decimal places. together to make them warm. Diagram converted into energy. 

How do the values of GPE and KE you Bice eens that nav | 20. The flexing of the tires as the car 

calculate compare? cue ee ees is moving coverts elastic potential 
energy stored in your muscles. . . 

Use the graph below to answer questions 15-17. Sy y energy in the tire to thermal 

Je energy. 
Kinetic Energy of Car Applying Math 21. Diagram should be: chemical 

. Calculate Kinetic Energy What is the kinetic potential energy —> kinetic energy 

energy of a 0.06-kg tennis ball traveling of hands — thermal energy. 
at a speed of 150 m/s? 

. Calculate Potential Energy A boulder with 

a mass of 2,500 kg rests on a ledge 

200 m above the ground. What is the 

boulder’s potential energy? 

Applying Math 

Math Standards 

National: 1, 2,9 

Florida: MA.B.1.4.2, MA.D.2.4.1 

22. 1,350) 

23. 4,900,000 J 

24. KE = 2,250,GPE = 147,000), 
mechanical energy = 149,250 J 

co So Oo 

. Calculate Mechanical Energy What is the 

mechanical energy of a 500-kg roller- 

coaster car moving with a speed of 3 m/s 
at the top of hill that is 30 m high? 

_ 

= 
> 
a 
= 

a 
= 
a 
= 
~ 

a 
= 
= 

10 20 . Calculate Speed A boulder with a mass of 

Speed (m/s) 2,500 kg on a ledge 200 m above the 25. KE = 4,900,000J,v = 62.6 m/s 

ground falls. If the boulder’s mechanical 

15. When the car’s speed doubles from 20 m/s energy Is conserved, what is the speed of 
to 40 m/s, by how many times does the the boulder just before it hits the ground? 

car’s kinetic energy increase? 

More Chapter Review fl.gpescience.com CHAPTER REVIEW 149 

—— 

(Ti Assessment _ 
\@y Reproducible Masters Glencoe Technology 

Chapter Fast File Resources 6 Assessment Lransparency 

Chapter Review, pp. 39-40 ® ExamView® Pro Testmaker 

Chapter ‘Tests, pp. +1—44 TO MindJogger Videoquiz 
Assessment Transparency Activity, p. 51 ® Interactive Chalkboard 

Glencoe Science Web site 
Chapter Review ‘Test 
Standardized Test Practice 
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qu chaprer 

Standardized Test Practice 

Answer Sheet An answer sheet 

can be found at fl.gpescience.com. 

Standardized Test Practice Answer Sheet 

~~ Multiple Choice™ 

12¢ 4. 

5. D 

6. B 

ridded Response 

T3495 

©” Short Response __ 

8. The ball’s total mechanical energy 

remains constant. Its value depends 

on the energy given to it by the batter. 

9. Mass changes to energy in nuclear 

reactions. 

chaprer @™% Standardized Test Practice 

¢ Multiple Choice 

1. What is the potential energy of a 5.0-kg 

object located 2.0 m above the ground? 

I\, DoS) 

B. 

C. 98 J 

D. 

Use the figure below to answer questions 2—4. 

Kinetic Energy of Falling Rock 

Kinetic energy (J) 

Time (s) 

2. According to the graph, which of the fol- 

lowing is the best estimate for the kinetic 

energy of the rock after it has fallen for 1 s? 

Record your answers on the answer sheet provided by your teacher or on a sheet of paper. 

The assessed Florida Benchmark appears above the question. 

3. According to the graph, which of the fol- 
lowing is the best estimate for the potential 

energy of the rock before it fell? 

A. 400 J 

Bs /50) 

C2001] 

D0.) 

4. If the rock has a mass of 1 kg, which of the 

following is the speed of the rock after it 

has fallen for 2 s? 

A. 10 m/s 

B. 100 m/s 

Cc. 20 m/s 

D. 200 m/s 

Use the figure below to answer questions 5 and 6. 

height 

1.2m 

Maximum 4 ee 

| ~_ a 

5. Atits highest point, the pendulum is 1.2 m 

above the ground and has a gravitational 
A. 100 J potential energy of 62 J. If the gravitational 

B. 50 J potential energy is 10 J at its lowest point, 

: what is the pendulum’s kinetic energy at 

C. 200 J this point? 

D. 0) A. 0) 

B. 31 J 

C. 62 J 

D252) 

150 STANDARDIZED TEST PRACTICE 

Extended Response 

Extended Response the process. The original mass of Part B It is less. Some of the mass 
10. Part A An atom of uranium com- the neutron and the uranium atom of the particles before the reaction 

bines with a neutron. The uranium is greater than the mass of the is converted into energy during the 
breaks apart into a xenon atom, a xenon atom, the mass of the stron- reaction. 

strontium atom, and two neutrons. tium atom, and the masses of the 
Radiant energy is released during two neutrons. The remaining mass 

150 CHAPTERS Energy 

is converted to energy. 



Standardized 

Test Practice _ 
chapter 5 

Standardized Test Practice 

A. 2.7 kg 

-/ 
7. What is the difference, in J, in the gravita- 

tional potential energy of a 7.75 kg book 

that is 1.50 m above the ground and a 

9.53 kg book that is 1.75 m above the 

ground? 

READ 
INQUIRE ae ~ Short Response 

Use the figure below to answer question 8. 

8. How does the mechanical energy of the 

ball change from the moment just after 

the batter hits it to the moment just before 

it touches the ground? 

9. Explain why the law of conservation of 

energy also includes mass when applied to 

nuclear reactions. 

Standardized Test Practice fl.gpescience.com 

Extended Response _ 

Use the figure below to answer question 10. 

10. The figure shows a nuclear reaction. 

PartA Describe the process and explain 

how it obeys the law of conserva- 

tion of energy. 

Part B Describe how the total mass of the 

particles before the reaction occurs 

compares to the total mass of the 

particles produced by the reaction. 

11. Describe a process in which energy travels 

through the environment and changes 

from one form to another. 

Test-Taking Tip 

Show All your Work For extended response questions, show 

all your work and any calculations on your answer sheet. 

Question 10 On your answer sheet, list the energy changes 

that occur during each step. 

STANDARDIZED TEST PRACTICE 151 

Rubrics 
For more help evaluating 
Short- and Extended-Response 
questions, see the rubrics on 

pol 

11. Possible answer: Radiant energy 
from the Sun travels to Earth and is 

absorbed by plants. The plants 

store this as chemical potential 

energy. An animal eats the plant 
and gains energy from it. The ani- 

mal uses part of the energy for 

everyday activity and stores part of 

the energy as chemical potential 

energy in its body. 

STANDARDIZED TEST PRACTICE 151 



Chapter, CE Organizer 

Standards Labs/Features Section/Objectives 

Chapter Opener National 

See pp. 161-177 fora 

Key to Standards. 

State/Local Launch Lab: Doing Work with a 

Simple Machine, p. 153 

Foldables, p. 153 

Section 1 Work 

@ 2 sessions 

CP 1 block 

1. Explain the meaning of work. 

2. Describe how work and energy are related. 
3. Calculate work. 

4. Calculate power. 

National Content 

Standards: 

UCP.1-UCP.3, UCP.5, 

A.1,A.2, 

B.4, B.6 

Applying Math: Work, p. 156 

MiniLAB: Calculating Your Work 
and Power, p. 157 {1 Video Lab 
Applying Math: Power, p. 158 

152A CHAPTER 6 Work and Machines 

Section 2 Using Machines National Content Florida MiniLAB: Machines Multiplying 

@ 1session Standards: Benchmarks Force, p. 162 
< VERI-UCPS UCR Ss)" SGBil 47 Science Online, p.163 
«P 5 block Ni ere Integrate Chemistry, p. 164 
5. Explain how machines make doing work easier. B.4, B.6 
6. Calculate the mechanical advantage of a 

machine. 

7. Calculate the efficiency of a machine. 

Section 3 Simple Machines National Content | Florida Integrate History, p. 167 

@ 3 sessions Standards: Benchmarks: Visualizing Levers in the Human 
= UCP 1-UCP3; UGPS)) SCBA 7 Body, p. 168 
©P 1.5 blocks A.1,A.2, Sr 42 Science Online, p.172 
8. Describe the six types of simple machines. B.4,B.6 SCH1.4.1 Lab: Levers, p.175 
9. Explain how the different types of simple SC.H.1.4.4 Lab: Using Simple Machines, 

machines make doing work easier. Sen 147 pp. 176-177 

10. Calculate the ideal mechanical advantage of SC.H.3.4.1 Science and Society: The Science 
the different types of simple machines. SC.H.3.4.2 of Very, Very Small, p. 178 

SC cto 

SGIR3.4. 



Glencoe Exclusive! 

——— Siieni Works — Veacher Works = 
All-In-One Planner and Resource Center 

Lab Materials Reproducible Resources Section Assessment Technology 

Launch Lab: rope, broom 
handles (2) 

Chapter Fasr Fite Resources 

Foldables Worksheet, p. 19 

Directed Reading Overview, 

ENCo, : 

ey <c 
TeacverWorks includes: 

* Interactive Teacher Edition 

* Lesson Planner with calendar 

Diz] On or * Access to all program blacklines 
Note-taking Worksheets, aNtP * Correlations to standards 

pp. 35-37 * Web links 

MiniLAB: stairs, stopwatch, Chapter Fasr Fite Resources Portfolio & Section Focus Transparency 
meterstick Transparency Activity, p. 46 Assessment, p. 159 ®) Virtual Labs CD-ROM 

Enrichment, p. 32 Performance ®) Interactive Chalkboard 

Need materials? Reinforcement, p. 29 MiniLAB, p. 157 CD-ROM 

Contact Suienes * Directed Reading, p. 22 Applying Math, p. 158 @ StudentWorks Plus 
at 1-800-828-7775 . MiniLAB, p. 3 Applying Math, p. 159 {D Video Lab 
www.sciencekit.com, Cultural Diversity, p. 63 Content 

: Mathematics Skiil Activities, Section Review, p. 159 
pall 

MiniLAB: cans of food (2), Chapter Fasr Fie Resources Performance & Section Focus Transparency 

Manual can opener, Transparency Activity, p. 47 MiniLAB, p. 162 ®) Interactive Chalkboard 

metric ruler Enrichment, p. 33 

Reinforcement, p. 30 

Directed Reading, p. 22 

MiniLAB, p. 4 

Physical Science Critical 

Thinking/Problem Solving, p. 3 

Applying Math, p. 165 

Content 

Section Review, p. 165 

CD-ROM 

Student Works Plus 

Lab: stiff cardboard, quarter, | Chapter Fasr Fie Resources Portfolio & Section Focus Transparency 

dime, nickel, balance, Transparency Activity, p. 48 Assessment, p. 165 é Teaching Transparency 

metric ruler Lab Worksheet, pp. 5-6, 7-8 Performance ®) Interactive Chalkboard 

Lab: spring scale, 1-kg mass, Enrichment, p. 34 Applying Math, p. 174 ; CD-ROM 

double pulley, single pulley, 

string for pulleys, stand for 

pulleys, board (40 cm long), 

support for board (10 cm 

high) 

a 
ASSESSMENT 

Reinforcement, p. 31 

Directed Reading, pp. 23, 24 

Lab Activity, pp. 9-11, 13-18 
Transparency Activity, pp. 49-50 

Home and Community 

Involvement, p. 35 

Physical Science Critical 

Thinking/Problem Solving, 

pp: 6-7 

Content 

Section Review, p. 174 

End of Chapter Assessment 

Student Works Plus 

TD MindJogger Videoquiz 

x & 
vane? 

Performance Assessment in the Science Chapter Fasr Fire Resources 
Classroom (PASC) Chapter Review, pp. 39-40 D Virtual Labs CD-ROM 

Ebapteliicsts pp. 41 i D ExamView® Pro Testmaker 
Standardized Test Practice, pp. 28-31 ® TeacherWorks CD-ROM 

Vv 

a ) Interactive Chalkboard CD-ROM 
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a 

a jet Gli Gian Sait Moving Da Felon 
Seats) Onward and Upward pel CER A Quiet Glide oe ig Day 6 | 

ransparency. ' 
‘Transparency | | 6} 

Jeas: s, moving them, then unpacking. 
Backpacking is a | es can help. Some machines f fun, but it also can be a lot of work. Whether 

hoisting the cl back to start the hike or trudging up a 
deal of effort to get to the next 

ated. This 
Jong hill, you'll need to exert a g 
camp. 

1. How is a person paddling a canoe doing work? 
|. Compare the effo 

ground to that e 
2, Ifthe p , would it be easier or more difficult to move 

the can 

2. How do you think th \. How does the shape of the canoe make paddling easier? 

Assessment This is a representation of key blackline | 

masters available in the Teacher Classroom | 

Resources. See Resource Manager boxes | peapmatoee 

within the chapter for additional information. | | ommm | | Output distance | 

BCC Simple Machines 
Transparenc} 

Ce 

Directions: Carefully review the rable 

[ Input arm 

Fulcrum 

Input force Output force 

The following designations will help you J = } . Sa 3 

decide which activities are appropriate | ee . 
for your students. | { i | go fag 

1. According to this diagram and the table, which variable is being 
changed? 

Level 1 activities should be | o£ Va 4 The fulcrum G The output fore 
B The input distance D The output distance 

. . | * lacie , If the data in the table remains the same, what input force is 
appropriate for students with | | BN ccsucsi wunne sux mekaaciges aeeeus ce 

F2N c H5N }10N 

learning difficulties. | — ' ke 
A The input he input distance d 

tested by collecting 

B The he input distan: 

Level 2 activities should be within | = E Seeet select ae erm er 
the ability range of all students. 

Level 3 activities are designed for 

above-average students. 

G® ELL activities should be within 
the ability range of English 

Language Learners. 

COOP LEARN Cooperative Learning ss = a es ss 
activities are designed as = ITI are esigne WAB Levers ; Balanced Levers 

for small group work. Se ee Lab Preview 

Directions: An 

Hands-On Activities Multiple Learning Styles logos, Te 
as described on page 12T, are para ie Ea se i 
used throughout to indicate oe 
strategies that address different 
learning styles. 

Materials Es Gad 

P| These Strategies represent student ne i a 

products that can be placed into aco 
Me 

a best-work portfolio. % Histunaaong rs 

Safety Py 

PBL} Problem-Based Learning activities eve 
apply real-world situations to 
learning. 
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Resource Manage 

Content Outline 
Nome ate Oe 

Work and Machines Note-taking 
Worksh 

wnaler of energy that occurs when a force makes an objet ayove 
1. For work to occu, an object must 
2 The motian of the objec 

the object. 
past be in the as the applied farce on, 

BL Work and ¢ 
doing the work to the abject on which the work in dane 

are related, since energy is alway from the object 

Work ix done on an object only when a 
the object move 

Calculating work—work equals force (in vewtons) times 

__—amount of work done in a certain amount of tine: rate at which 
work & dave 

ESE —power equals wotk divided by time 
Meeting Individual Needs 2 Power it measured is w 

power also can be calculated power 

AL A device that makes dourg work easier ia 4 

$B Machine : applied fowce ancl Lurextion of 
; applied force to: make work eater 

unt o€ work can be done when appiving 4 smull force over a long distance ov 
applying # large force over a abort diaance. since work qual 

2 tncreasin pduces the amount of lieve nardcd to do the work 

ee 

Overview 
Work and Machines 

Meeting Individual Needs 

cement 

Directions: Use the formula work = force » distance fo cokulat the ansivers 10 each ofthe Following questions 
1. A-bov ts pushed 40. by aimaver: The amount of york done was 2-240 J. How much force yas 

exerted! oy the ba 

§ perio expend S00 newton 0 mow a fll whesbatrow 30 meters Howy muh work 

Directions: Use the formule power = work/time fo calculate the power vequited in each ofthe following, 
3. A yeeightlifter Hits a 1,250-N barbell 2:m ind's How much power was used to Hit theibarbellt 

lifts -\5,000:N steel irder a distunce of 25 rn in 45 « How much power did the crane 
require fo lit the girder? Write your answers in'kilowatts 

q Hy 2 
a E] 
2 
6 
= 
F & 
Ey 
= 

__—@ 

Study Guide 

Directions: Jn she spuice om the lefh wrirchow much work is done for euch of the following. 
1. A man pushes bureau across the roam a distance of 12 mand 

ve force he exerted to avercome the force of friction was 200 N 
2. A student spends 3 hours doing homework 
5. A force af BOON Is n 

dents push the eae 40 meters 
Jed to push» caracross alot. Two stu 

4. Anathlete spends 10 seconds trying to lift 10,000 N weight 
Tihe weight does not budge 

5. A bull rolls across a table a distance of 2 meters 
6, A librarian carries a book weighing 

which fs 10m wide 
ON across the room 

7. A machine with a power rating; of 100 vratts Uoes work for 10's: 

Directions: Choose she term from the bark Hunt describes the situation anud write the term ont the 

distance force power work 

a horse runs 180m 
4 1600 W generator ran the motor home 
x coffee maker used B50 J of energy’ for 8 minutes 
a og pushedihis food bowl across the room with ils nose 
measured in newtons (N) 
measured in joules (9 
rcasuredt in watts (W) 
a baseball is lied 0.7 
the rate at which work is done 

ie 
(Coupee of Mates 

Enrichment 
Name bate 
58Sllon, 

Calculating Work 

Directions; Solve the following problems 
1. A base weighing 354 N is usted up an inclined plane that is 3m long. A force of 275 N is 

required, including friction, 

1 motor 

a54N 

8. Whar isthe work done to slide the boxt 

bb. How much work is done if the bax is lifted 1 m insteni 
Sp2an renpyupuy Gunaay 

€. Which method of moving the box requires mare work 

4d, Which method of lifting the box would be easier? 

2. How much power is generated ifa person applies 200 N of force to move a bicycle 10 min S st 

3. A 700:Watt gasoline engine and! 2 300:watt electric motor both da 3 J of work. Which 
machine can dq the work faster? Explain your anawer 

4. In the English vystem, the unit of power is the horseperver. [tis based an the amount of work 
the average horse can do, (1 horsepower = 746 watts) 
a If acar engine is rated at 125 horsepower, how many walls af power does it produce 

by IFalawnmower engine is rated ar 4/horsepower, how many watts of pawer is that? 

section @ Work 

What You'll Learn Before You Read 
‘a what work Riencsia cpr Name two things in your life that require work. Name two. 

manuen things in your life that require power. 
‘= haw to caleulate work 

ond power 

ares) ®@ Read to Learn 
Selective Underlining As 
you read this section, underline What is Work? 
pi Kay ean eect parnpraph Have you done any work today? When people talk about 

work, they might mean doing « job, earning, money, or using 
4.computer. But scientists have a different definition of work 
Work is the transfer of energy that occurs when a force makes 
an object move 
How do you know if you are doing work? 

Press your hand inta the surface of your desk as hard 
as you can. Are you doing work? No, because you are not 
making the desk move. For work to be done, a force has to 
cause something to maye. Ifyou push against the desk and 
nothing moves, then you haven't done any work 

What does motion have to do with work? 
In order for work to be done on an object, two things have 

to happen, One is that a force must be applied to make the 
object move. The second ts that the object must move in the 

direction of theapplied force. 02 
1. Identify wnat wo When you pick up a stack of books, you are doing work 

things have to happen for ass ast Your arms apply a force upward, and the books move upward 
in the direction of the force. But if you hold the books in 
your arms without moving them, your arms are not doing 
work You are stil applying an upward force to keep the 
hooks from falling, but since the books are not moving, no 
work is being done 

6-2 CHAPTERS Worked Machines 

DIRECTIONS 
r 

1. Ina third-<lass lever, the inpas for 
applied between the fulcrum and th 
tpt. Acconding 1a this definition, whe 
f these te a third-clise lever 

The hula sherws an experiment 
find out herw the surface of 40 inclined 
plane affects the input for Jed 
mowe an object up the plane. Which af 
the follwing world rnake thi 
petter-designed experiment 

ri. the temperature of thee ron 
ame sire resistance for each, 

turface 

J. recons the time of da 

The efficiency af a machine i 
caf horw much of the work put in 
machine is converted to useful output work 
by the machine. What causes the cffictery 
4 machine o he always less than 100 

Using a jack, Sonia is able 10 raise a f. frevion 
15,000 newton car off the ground with a & prordesion 
force of 500 newtorr, What 1s the RR ery te 
mechanical advantage, o¢ the ratio of the SR 
resistance forwe to the effort force. af the SC oN il a 
Jock? 

ge 10w! 
h. 151 

y exp [L2 
Physleal Science with Earth Science 

Assessment 

Name bate 

Chapter Work and Machines 
Review 

Part A. Vocabulary Review 

Directions: /dentlly ech statement as true ov false. Reploce the italkted term in fake statements with the 
{erm thot makes them correct 

1. A device that does work with anly ane movement is x eompounil machine 

2. The number of tines 4 mochine multiplies the input force isthe output force 
af the machi 

J wheel with rope or chain running through the groove teu prulle 

reel with teeth long, bis clrounnference is a pulley 

loping, suttoce used iy raise objects tea weal 

fem i an incline plane wrapped in a spiral around a cylindrical post 

und axle ts v sire siting OF Ayu wheels of liferest atzes that 

An ivlined plane witty tye or mae sloping ails | 

The mechanical advantage ol fixed pulley’ is always ror 

A aciline made up of two or more simple machines is a(n) deal maching 

The mechanical advantage of « block anal tackle equal te the number of rupes ned 
{i raise Hhe object 

ase of hire well a machine operates 1s ite eff 

> —— —__ 2 
Werth and Macho 

Name bate 

Chapter Work and Machines 
Test 

1, Testing Concepts 
Directions: For euch ofthe following, write the letter ofthe term oc phrave that best completes the sentence or 
nse the question 
1, A slanted surface used 10 raise an object fs a(n) 

a. inclined plane by screw «. pulley 4d, efficiency board 
A device that dees work with only one movement and changes the size of direction of 
4 force isthe definition for ata), 
a. compound machine © Input machine 
bi. simple machine eal machi 

that is free 10 pivot about a fixed point is a 
4, lever bb. wedge © fulerun ramp 
The rate at which work is done is the 
4, efficiency ‘6. input time © power force 

Te ransferred to an object when work ts dane 
Energy by Force © Motion d. Friction 
The output work of a machine comparedito its input work i the ofthe 
machine 
2, efficiency b. pawer input 4d, output 
The amount by which w machine multiplies an input force ts called the 
a, output force fulcrum 
bs, efficiency dd. mechanical advantage 
Twu inclined planes that meet forny a sioyple machine called a(n) 
a. screw be inpuracny € lever a wedge 
An inclined plane wrapped around a cylindrical post isa 
a, wedge & pulley 

A machine that changes only the direction of a force hax a mechanical auvantoge 
of 

A winding mountain road 1 an example of what kind of simple nlachine 
a, s lever © a Whee! and axle 
1, an inclined plane da pulle 
What are two or moresimple machines that work together called! 
1. compound machi 
by. pulley 4d, wheel and axle 
The unit of power isthe 
a, joule b MA eat 

CHAPTER 6 Resource Manager 
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PTfeiisae Work 
¢ Power 
The horsepower is a common, 
although nonmetric, unit of 

power. It was originally created by James Watt 
to compare his steam engines to the power of a 
horse. It is equivalent to 746 watts. 

Peat) Using Machines 
,¢~ ¢ Making Work Easier 
2 ~ Many machines allow a person to 

a use less effort to do a job such as 
lifting an engine or opening a soda bottle. 
‘These machines do not reduce the amount of 
work that must be done. A smaller force must be 
applied over a greater distance to do the work. 

Mechanical Advantage and Efficiency 
A machine converts an input force to an output 
force. The ratio of the output force to the input 
force is the mechanical advantage of the 
machine. For a real machine, the output work 
done by the machine is always less than the 
input work. Friction always transforms some of 
the input work into heat. The efficiency of a 
machine is the output work divided by the 
input work, 

Internet Resources 

For additional content background, visit 

fl.gpescience.com to: 

access your book online 

find references to related articles in popular 

science magazines 

access Web links with related content background 

access Current events with science journal topics 

CHAPTER 6 Work and Machines 

chapter @ ie Work and Machines 

Science Content Background 
Simple Machines 

Pulleys 
The mechanical advantage of a 
pulley system equals the number 

of ropes that support the load. Ropes that attach 
one pulley to another are not counted. The rope 
that is pulled is counted if the direction of the 
applied force is in the same direction that the 
load moves. 

Wheel and Axles 
The diameter of the wheel is greater than the 
diameter of the axle. So a force applied on the 
wheel moves through a greater distance in one 
revolution than the force applied by the axle. If 
the amount of work done on the wheel is nearly 
equal to the amount of work done by the axle, 
then the force exerted on the wheel must be less 
than the force applied by the axle. 

Wedges 
A wedge is useful for two reasons. A downward 
force applied to a wedge is converted to a hori- 
zontal force exerted perpendicular to the sides 
of the wedge. Also, the wedge is narrower at one 
end. As a result, the narrow tip of the wedge 
exerts a higher pressure than the wider edge. 
This helps the wedge to penetrate materials. 

Print Resources 

The New Way Things Work, David MacCaulay, 

Houghton Mifflin Company, 1998 

Physics Matters! Vol. 2, John O.E. Clark, 

Grolier Educational, 2001 

Simple Machines Series by David Glover, 

Rigby Press, 1997 

How Things Work, Neil Ardley, 

Reader's Digest Book, 1995 



IDENTIFYING 

Helping You Prepare 

Misconceptions 

Students may think that... 

A simple machine allows us to do less work. 

The term machine often makes people think of 
things such as cars and power tools. By using 
fuel or electrical energy to do work, these 
machines do allow people to do less work. This 
conception of machines may create the miscon- 
ception that simple machines also allow people 
to do less work. Additionally, the force used on 
a simple machine provides an immediate sensa- 
tion to the worker. Using a simple machine to 
do a task often requires less effort and so it feels 
easier than doing the task without the machine, 
and this may contribute to the idea that less 
work is being done. 

Activity 
Show students a picture of movers pushing a 
large object up a ramp into the truck. Why do 
they use this ramp? Lead the discussion so stu- 
dents debate whether the movers do it to do less 
work or to use less effort. Have students do the 
following activity to find the answer. Organize 
the class into groups and give each group a 
spring scale, ruler, wooden plank, wood block 

with hook, and string. Tell them to follow 
these steps: 

* Use the spring scale to lift the block from the 
floor to a chair, and note the reading from the 
scale as it rises. 

¢ Measure the height of the chair, and multiply 
force times distance to obtain the work done 
lifting the block. 

Activity 
Ask students to write explanations of why people 
use simple machines such as the lever, pulley, and 
inclined plane. Have a few students read their 
explanations to the class. Then have the class try 
to decide which is the best explanation. [12] 

¢ Rest the plank on the chair so it rises at about 
a 45° angle from the ground. Pull the block up 
the plane to the chair, and measure the effort 
used by reading the scale while the block 
is moving. 

¢ Measure the distance the block traveled and 

calculate the amount of work done. 

¢ Compare the amounts of effort used and the 
amounts of work done in the two situations. 

‘The results show that the simple machine made 
it easier to lift the load, but the amount of work 

students did with the ramp was the same or 
greater than the work done just lifting 
the block. 

After completing the chapter, see Identifying 
Misconceptions in the Study Guide at the end 
of the chapter. 
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chapter 

Chapter Vocabulary 
work, p. 154 

power, p. 157 

machine, p. 160 
input force, p. 162 

output force, p. 162 
mechanical advantage, p. 164 

efficiency, p. 164 
simple machine, p. 166 

lever, p. 166 

pulley, p. 169 

wheel and axle, p. 171 

inclined plane, p. 172 

screw, p. 173 

wedge, p. 173 
compound machine, p. 174 

Science Journal 
reasonable answers. 

Accept all 

PowerPoint* Presentations 

This CD-ROM is an editable 

Microsoft® PowerPoint® 

presentation that includes: 
a pre-made presentation for 
every chapter 

interactive graphics 
animations 

audio clips 

image bank 

all new section and chapter 
questions 

Standardized ‘Test Practice 

transparencies 

Foldables directions 

links to fl.gpescience.com 

tee 

VG yaxec la C 

Have you ever thought of a mountain bike} 

as a machine? A mountain bike actually is a 

combination of simple machines. Like all 

machines, a bicycle makes doing work 

easier. A mountain bike, for example, gets 

you uphill and downhill faster than you can 

travel by walking or running. 

Science Journal! Diagrama bicycle and identify the | 

parts you think are simple machines. J 

SALT EN I TTT I 

Systems and Interactions A simple machine is a sys- 

tem that has work done on it. It, in turn, does work 

Compound Machines Riding a mountain bike takes 
a lot of work, especially over rough terrain. But 

the gears and levers, wheels and axles help the 
rider accomplish that work with less effort and 
with more power. Compound machines like bicy- 

cles are excellent examples of how combinations of 

simple machines make both work and play easier. 

on an object or another system. Phe machine does 

not lessen the amount of work done; it decreases 

the effort necessary to do the work. 
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Work and Machines Make the 

following Foldable to help you 

understand how machines 

make doing work easier. 

GERD Fold a sheet of | 

FOLDABLES 
Study Organizer 

paper vertically in 

half from top to 

bottom. 

| STEP 2 | Fold in half from 

side to side with 

the fold at the top. 

MViauee Unfold the paper 
once. Cut only the 

fold of the top flap 

to make two tabs. 

Work Without 
Turn the paper Machines 
vertically and label 

Work With the front tabs as Nee 

shown. 

List Before you read the chapter, list five examples 

of work you do without machines, and five exam- 

ples of work you do with machines. Next to each 

example, rate the effort needed to do the work on 

a scale of 1 (little effort) to 3 (much effort). 

Preview this chapter's content 

Mniline and activities at 

Purpose Use the Launch Lab to 

introduce students to the force 

multiplying power of simple 
machines. Kinesthetic 

Preparation Cut 8-m lengths of 
rope and collect two broom 

handles for each group. 

Materials broom handles (2), 8-m 

length of rope 

Teaching Strategy ‘Tell the stu- 
dents holding the broom handles 

that they must keep the 
handles parallel to each other 

and they cannot place their 
hands or fingers on the rope. 

Think Critically 
The applied force was increased. The third 

group member easily could pull the broom 

handles together. Increasing the number 

of rope loops would increase the applied 

force even more. 

Assessment 
Performance Ask each group to 
predict how the results of the lab 
would have differed if the rope 
had been wrapped only twice 
around the poles. Ask students to 
test their predictions. The pulley 
will have far less mechanical 
advantage, and the student pulling 
on the rope will not be able to pull 
the two handles together as easily. 
Use Performance Assessment 
in the Science Classroom, p. 93. 

Dinah Zike 
Study Fold 

Student preparation materials for 

this Foldable are available in the 

Chapter Fasr Fire Resources. 

FOLDABLES 
Study Organizer 
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cl Mo ivate 

Miata! An editable Microsoft® 
CHALKBOARD Maa 

stamtrcose, PowerPoint presenta- 

tion 1s available on Interactive 

Chalkboard CD-ROM. 

Bellringer 

Section Focus Transparencies 

also are available on the 

Interactive Chalkboard CD-ROM. 

x1 Son 
Gikasstsy Onward and Upward 

Backpacking is a lot of fun, but it also can be a lot of work. Whether 

hoisting the pack onto your back to start the hike or trudging up a 

long hill, you'll need to exert a good deal of effort to get to the next 

1. Compare the effort exerted by a backpacker moving over level 

ground to that exerted by a backpacker moving uphill. 
2. How do you think the weight of the backpack affects the amount 

of force needed to move it? 

Reading Preview 

Tie to Prior Knowledge 

Student Work Ask students what 
types of work they do. They 
might mention cutting grass, 
taking out garbage, or caring for 
a younger sibling. In this section 
they will learn that the scientific 
definition of work is different 
from the everyday definition. 

Vocabulary Analogy Tell stu- 
dents that work in science can be 
compared to homework in some 
ways. A person can devote time 
to homework by sitting at a table 
doing nothing. Until the read- 
ing, writing, or project required 
is accomplished, the work is not 
complete. In science, work is not 
just exerting a force on an 
object, but actually moving an 
object a distance. 

What Vou Learn 
m= Explain the meaning of work. 

= Describe how work and energy 

are related. 
B@ Calculate work. 

@ Calculate power. 

Figure 1 When you lift a 

stack of books, your arms apply a 

force upward and the books move 

upward. Because the force and 

distance are in the same direction, 

your arms have done work on the 

books. 

Force 

Distance 

154 CHAPTER6 Work and Machines 

Work 

: Reading Guide 

Why It’s Important 

Doing work is another way of trans- 

ferring energy from one place to 

another. 

© Review Vocabulary 
energy: the ability to cause change 

New Vocabulary 

e@ work 

@ power 

What is work? 
eet is ss = 

Have you done any work today? To many 

people, the word work means something 

they do to earn money. In that sense, work can be anything from 

filling fast-food orders or loading trucks to teaching or doing word 

processing on a computer. The word work also means exerting a 

force with your muscles. A person might say he or she does work 

while pushing as hard as they can against a wall that doesn’t move. 

However, in science the word work is used in a different way. 

"Language Arts 

Work Makes Something Move Press your hand against 
the surface of your desk as hard as you can. Have you done 

any work? The answer is no, no matter how tired your effort 

makes you feel. Remember that a force is a push or a pull. For 

work to be done, a force must make something move. Work is 

the energy transferred when a force makes an object move. If 

you push against the desk and it doesn’t move, then you 

haven't done any work on the desk. 

Doing Work There are two conditions that have to be satisfied 
for a force to do work on an object. One is that the applied force 

must make the object move, and the other is that the movement 

must be in the same direction as the applied force. 

For example, if you pick up a pile of books from the floor, as 

in Figure 1, you do work on the books. The books move upward, 

in the direction of the force you are applying. If you hold the 

books in your arms without moving the books, you are not doing 

work on the books. You're still applying an upward force to keep 

the books from falling, but no movement is taking place. 

Section 1 Resource Manager 

Chapter Fasr Fire Resources 

‘Transparency Activity, p. +6 

Directed Reading for Content Mastery, 

pp. 2i=22 

Note-taking Worksheets, pp. 35—37 
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MiniLAB, p. 3 

Enrichment, ps : 

Reinforcement, p. 29 

Mathematics Skill Activities, p. 11 

Cultural Diversity, p. 63 



Force and Direction of Motion When you carry books 
while walking, like the student in Figure 2, you might think that 
your arms are doing work. After all, you are exerting a force on 
the books with your arms, and the books are moving. Your arms 
might even feel tired. However, in this case the force exerted by 
your arms does no work on the books. The force exerted by your 
arms on the books is upward, but the books are moving hori- 
zontally. The force you exert upward is at right angles to the 
direction the books are moving. As a result, your arms exert no 
force in the direction the books are moving. 

ry, Reading Check How are an applied force and an object’s motion 
related when work is done? 

Work and Energy 
How are work and energy related? When work is done, a 

transfer of energy always occurs. This is easier to understand 

when you think about carrying a heavy box up a flight of stairs. 

Remember that when the height of an object above Earth’s surface 

increases, the gravitational potential energy of the object 

increases. As you move up the stairs, you increase the height of the 

box above Earth’s surface. This causes the gravitational potential 
energy of the box to increase. 

You may recall that energy is the ability to cause change. If 

something has energy, it can transfer energy to another object by 

doing work on that object. When you do work on an object, you 

increase its energy. The student carrying the box in Figure 3 trans- 

fers chemical energy in his muscles to the box. Energy is always 

transferred from the object that is doing the work to the object on 

which the work is done. 

Figure 3 By carrying a box up 

the stairs, you are doing work. 

You transfei energy to the box. 

Explain how the energy of the 

box changes as the student climbs 

the stairs. 

Force 

Distance 

Figure 2 [Ifyou hold a stack 
of books and walk forward, your 

arms are exerting a force upward. 

However, the distance the books 

move is horizontal. Therefore, 

your arms are not doing work 

on the books. 
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Science Journal 

Relating Work and Energy Have students write 

descriptions in their Science Journals of situa- 

tions they have seen or been a part of in which 

work has been done or energy has been trans- p= W 

ferred. Ask them to include at least one example t 

of a situation in which energy was transferred but 

no work was done. Linguistic 

Differentiated Instruction 

Challenge Have students use the definition of work 

to define power in terms of velocity. Ask students 
to relate this to the power of lifting a mass. 

(FX d) =Fx (f)= x V, 
t t 

where v is the constant rate at which the mass is moving 

vertically Logical-Mathematical 

Content 

fF Su 2lo > Background 

Emphasize that although the 
words work, energy, and power 

have multiple meanings and are 
common in everyday speech, in 

science these words have a spe- 
cific meaning. 

Caption Answer 
Figure 3 The potential energy of the box 

increases as the box is moved up the stairs 
because the height of the box increases. 

Activity 
Analyzing Forces Have a volun- 
teer press against the wall. Ask 
students whether or not the per- 

son is doing work on the wall. No, 
because the wall is not moving in the 
direction of the applied force. Repeat 
this demonstration for various 
other activities, such as raising 

an object vertically or carrying 
an object horizontally. If there is 
more than one force involved, 

help students analyze which 
forces are doing work and which 
are not. Kinesthetic 

ry, Reading Check 

Answer The applied force and the 
object’s motion must be in the same 
direction for work to be done. 

er 

V e 

Se Work, Force, Distance 

What is the relationship between 

work, force, and distance? 
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™) Quick Demo 

’ Calculating Work 

Materials spring scale, 1-kg mass 

Estimated Time 5 minutes 

Procedure Hook a spring scale to 
a 1-kg mass. Using the spring 
scale, raise the mass | m at a con- 
stant velocity. Let students read 
the spring scale, which should 
read approximately 10 N. ‘Tell 
them you have just done 10 J of 
work. Give students the opportu- 
nity to repeat your demonstration. 

L2] [) Visual-Spatial 

Activity 

Joule The unit of work is the 
joule. Ask students to express a 
joule in basic SI units. W= F X d 

=mxXaxX d; ED 

therefore, 1J = 1kg - 2 2 

Logical-Mathematical 

Applying Math 

Math Standards 

National: 1, 2,9 

Florida: MA.D.1.4.2 

Answers to 

Practice Problems 

1. W = Fd = (75) (5m) = 375) 

W _ 12,000) "hile = asain ell 

_ W _ 240,000) _ 
3.F = j aa 4,800 N 

Discussion 

Force and Work Suppose you push 
a book with a constant force of 

25 N for a distance of 20 cm. 

The book then slides for an 

additional 80 cm. Did you do S$ J 

of work or 25 J of work? Explain. 
You did 5 J of work because you only 
exerted a force on the book for the first 

20 cm of its journey, 

L Logical-Mathematical NO 

Calculating Work The amount of work done depends on 

the amount of force exerted and the distance over which the 

force is applied. When a force is exerted and an object moves in 

the direction of the force, the amount of work done can be cal- 

culated as follows. 

ET :, 

Work Equation 

work (in joules) = applied force (in newtons) X distance (in meters) 

W = Fd 

In this equation, force is measured in newtons and distance 1s 

measured in meters. Work, like energy, is measured in joules. 

One joule is about the amount of work required to lift a baseball 

a vertical distance of 0.7 m. 

rey het mi ttaime solve a Simple Equation 

WORK You push a refrigerator with a force of 100 N. If you move the refrigerator a 

distance of 5 m, how much work do you do? 

D)t"\i}a) known values and the unknown value 

Identify the known values: 

you push a refrigerator with a force of 100 N 

you move the refrigerator a distance of 5 m 

Identify the unknown value: 

| SOLVE | the problem 

Substitute the known values F = 100 N and d = 5 m into the work equation. 

| CHECK your answer 

Does your answer seem reasonable? Check your answer by dividing the work you 

how much work you do 

W = Fd = (100 N) (5 m) = 500 Nm = 500 J 

calculated by the force given in the problem. The result should be the distance given in 

the problem. 

‘Practice Problems 

1. A force of 75 N is exerted on a 45-kg couch, and the couch is moved 5 m. How much 
work is done in moving the couch? 

. A lawn mower is pushed with a force of 80 N. If 12,000 J of work is done in mowing a 
lawn, what is the total distance the lawn mower was pushed? 

- The brakes on a car do 240,000 J of work in stopping the car. If the car travels a distance of 

50 m while the brakes are being applied, what is the force the brakes exert on the car? 

For more practice problems go to page 879, and visit Math Practice at fl.gpescience.com. 
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Curriculum Connection | Teacher [agi - 
History James Prescott Joule was a British scien- Power ‘The metric unit of power is the watt, © 
tist who lived from 1818 to 1889. Ask students to or joule/s. The power of heating and cool-— 
find out why the unit of work was named for him. ing units is often given in British thermal 
Joule established the relationship between heat and mechan- units (Btu) per second. One Btu per second 
ical energy, called the mechanical equivalent of heat. [12] is about 1,055 watts. The power of motors — 

Linguistic and engines is usually given in horsepower. ’ 
_ One horsepower is equal to about 746 watts. _ 
ee ELT LSE 
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When is work done? Suppose you give a book a push and it 
slides along a table for a distance of 1 m before it comes to a 

stop. The distance you use to calculate the work you did is how 

far the object moved while the force was being applied. Even 

though the book moved 1 m, you did work on the book only 

while your hand was in contact with it. The distance in the for- 

mula for work is the distance the book moved while your hand 

was pushing on the book. As Figure 4 shows, work is done on an 

object only when a force is being applied to the object. 

Power 
Suppose you and another student are pushing boxes of 

books up a ramp to load them into a truck. To make the job fun, 

you make a game of it, racing to see who can push a box up the 

ramp faster. The boxes weigh the same, but your friend is able to 

push a box a little faster than you can. She moves a box up the 

ramp in 30 s. It takes you 45 s. You both do the same amount of 

work on the books because the boxes weigh the same and are 

moved the same distance. The only difference is the time it takes 

to do the work. 
In this game, your friend has more power than you do. 

Power is the amount of work done in one second. It is a rate, the 

rate at which work is done. 

AR ee How is power related to work? 

Differentiated Instruction 

Physically Challenged Students in wheelchairs can 
do the MiniLAB by using a ramp instead of stairs. 

Students can time themselves going up the ramp 

at a slow rate, and then time themselves going up 

the ramp quickly. Point out that in order to calcu- 

late the force, students will need to know the 

weight of the wheelchair in newtons. 12 

Figure 4 A pitcher exerts a 

force on the ball to throw it to the 

catcher. After the ball leaves her 

hand, the pitcher no longer is 

exerting any force on the ball. She 

does work on the ball only while it 

is in her hand. 

Calculating Your 

Work and Power 

Procedure 

1. Find a set of stairs that you 

can safely walk and run up. 

Measure the vertical height 

of the stairs in meters. 

. Record how many seconds 

it takes you to walk and 

then run up the stairs. 

. Calculate the work you 

did in both walking and 

running up the stairs. The 

force is your weight in new- 

tons (your weight in pounds 

times 4.5). The distance is 

the vertical height of the 

stairs. 

. Use the formula P = W/t 

to calculate the power you 

needed to both walk and 

to run up the stairs. 

Analysis 
1. Is the work you did walking 

and running up the steps 

the same? 

. Which required more 

power, walking or running 

up the steps? Why? 
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Visual Learning 

Figure 4 Point out that work is done by the 

pitcher only while she still has the ball in her 

hand. The distance over which she moves her 

arm to throw the ball and the force with which 

she throws it determine how much work she 

does. After she lets go of the ball, work is done by 

gravity to make it fall. 

{_D Video Lab available. 

Purpose Students measure work 

and power. Kinesthetic 
Materials stairs, stopwatch or 
clock, meterstick 

Teaching Strategy Suggest stu- 
dents work in pairs so one can 
time while the other climbs the 

stairs. 

Safety Precautions Caution stu- 
dents to choose a set of stairs 
that they can run up without 
slipping. 

Analysis 

1. Yes; the work is independent of 
speed. 

2. More power is used running than 

walking, because you do the same 

amount of work in less time. 

Assessment 

Content Have students work in 
small groups to write short 
rhymes to help them remember 
the relationships among force, 
distance, work, and power. Use 
Performance Assessment in 
the Science Classroom, p. 151. 

(%, Reading Check 

Answer Power is the amount of work 
done per second. 

@@ Reading Strategy « 

Shared Reading Take time to 

read the text of this section aloud 
and pause to discuss the concepts. 
Restate or paraphrase as needed 
for students to understand the 
concepts. Work through the for- 
mulas step by step. Allow students 
to practice comprehending text 
by asking volunteers to read and 
explain passages in their own 

words. 
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Discussion 
Work v. Power Suppose two stu- 
dents are asked to unpack 

identical cartons of books. One 

student completes the job in ten 
minutes, while the other takes 

twenty minutes. Which student 

did more work? Both students did 

the same amount of work. Which stu- 

dent used more power? the one 

who finished in the least amount of time 
[L2] [) Logical-Mathematical 

Applying Math 

Math Standards 

National: 1, 2,9 

Florida: MA.D.1.4.2 

Answers to 

Practice Problems 
See oie adr ee 100 W 

2. W = Pt = (22) x (10min) 
(5 x eS = 78,000! 

_ W _ 10,000) _ 
Srp = cig y, © oo 

1G Post Reading 

Question a Partner Place stu- 

dents in pairs. Have them make 
flash cards and quiz one another 

on the definitions and formulas for 

work, power, and power when energy 

is transferred. Students also should 
explain the concepts behind each 
formula in their own words. 

Calculating Power Power is the rate at which work is done. 

To calculate power, divide the work done by the time that is 

required to do the work. 

Power Equation 

power (in watts) = 
work (in joules) 

time (in seconds) 

The SI unit for power is the watt (W). One watt equals one joule 

of work done in one second. Because the watt is a small unit, 

power often is expressed in kilowatts. One kilowatt (kW) equals 

1,000 W. 

Solve a Simple Equation Applying Math 

POWER You do 900 J of work in pushing a sofa. If it took 5 s to move the sofa, what was your 

power? 

| IDENTIFY | known values and the unknown value 

Identify the known values: 

You do 900 J of work W = 900 J 

it took 5 s to move the sofa p= 5S 

Identify the unknown value: 

what was your power? P=?W 

| SOLVE | the problem 

Substitute the known values W = 900 J and t= 5s into the power equation. 

W _ 900J 
t 5s 

The symbol for 

work, W, is usually 

italicized. However, 

the abbreviation 

for watt, W, is not 

italicized, 

P= = 180 J/s = 180 W 

| CHECK | your answer 

Does your answer seem reasonable? Check your answer by multiplying the power you 

calculated by the time given in the problem. The result should be the work given in the 

problem. 

Practice Problems 

1, To lift a baby from a crib, 50 J of work is done. How much power is needed if the baby 
is lifted in 0.5 s? 

2. If a runner’s power is 130 W, how much work is done by the runner in 10 minutes? 

3. The power produced by an electric motor is 500 W. How long will it take the motor to 
do 10,000 J of work? 

For more practice problems go to page 879, and visit Math Practice at fl.gpescience.com. 
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Curriculum Connection ea 

Health Nutritionists recommend a daily diet of 
about 9,000,000 J (2,100 Cal) to maintain 

health. Have students calculate the average 

power that this diet would generate in a 24-hour 

period. There are 60 < 60 X 24 = 86,400 seconds in 24 
hours. Therefore, the amount of power is 9,000,000 J + 

158 CHAPTER6 Work and Machines 

Fun Fact 
One horsepower was the average amount of work a 

horse could do in one day. Watt underestimated 
the amount of work his engines could do by about 
67 percent so that he would not be accused of 

86,4005 = 104 watts. [L2| [) Logical-Mathematical exeQgei sion 



Power and Energy Doing work is a way of transferring 
energy from one object to another. Just as power is the rate at 
which work is done, power is also the rate at which energy is 
transferred. When energy is transferred, the power involved can 
be calculated by dividing the energy transferred by the time 
needed for the transfer to occur. 

~~ apenas — pipers pene eee —— pee ae 

Power Equation for Energy Transfer 

energy transferred (in joules) 

Bower (in watts) = time (in seconds) 

p= = 
t 

For example, when the lightbulb in Figure 5 is connected to an 

electric circuit, energy is transferred from the circuit to the 
lightbulb filament. The filament converts the electrical energy 

supplied to the lightbulb into heat and light. The power used by 

the lightbulb is the amount of electrical energy transferred to Figure 5 This 100-W lightbulb 

the lightbulb each second. 

“Section. GF 
4 

Summary 

Work and Energy 

@ Work is done on an object when a force is 

exerted on the object and it moves in the 

direction of the force. 

® Ifa force, F, is exerted on an object while the 

object moves a distance, d, in the direction 

of the force, the work done is 

W = Fd 

@ When work is done on an object, energy is 

transferred to the object. 

Power 

® Power is the rate at which work is done or 

energy Is transferred. 

@ When work is done, power can be calculated 

from the equation 
WwW P= — 
If 

@ When energy is transferred, power can be 

calculated from the equation 

E P== 
f 

- 

More Section Review fl.gpescience.com 

converts electrical energy into light 

and heat at a rate of 100 J/s. 

FeVIELL 

Self Check 

. Explain how the scientific definition of work is different 

from the everyday meaning. 

. Describe a situation in which a force is applied but no 

work is done. 

. Explain how work and energy are related. 

. Think Critically In which of the following situations is 

work being done? 

a. A person shovels snow off a sidewalk. 

b. A worker lifts bricks, one at a time, from the ground 

to the back of a truck. 

c. A roofer’s assistant carries a bundle of shingles 

across a construction site. 

Applying Math 

. Calculate Force Find the force a person exerts in 

pulling a wagon 20 m if 1,500 J of work is done. 

. Calculate Work A car’s engine produces 100 kW of 

power. How much work does the engine do in 5 s? 

. Calculate Energy A color TV uses 120 W of power. 

How much energy does the TV use in 1 hour? 
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A ee ee Diep ee BE Ge 

Section review 

AILY INTERVENTION 

Check for Understanding 
Logical-Mathematical Have — stu- 
dents make a chart that compares 
the work done and the power it 

took for each of five students to 

climb the stairs in the MiniLAB in 

this section. What one variable 

determines the different values for 

work done? student weight What 
two variables determine the differ- 

ence in power values? student weight 
and time 

Reteach 

Work and Power Ask students to 
name various activities they 
enjoy. Have the class discuss the 
work done and the amount of 
power used while performing 
each activity. IE | etl 

™ Assessment 

Portfolio Have students make 

posters that define the SI units for 

force, work, and power and illus- 
trate the relationships among 
them. Use PASC, p. 145. 

1. The scientific definition requires that 

a force act on an object and that the 
object move in the direction of that 

force. The everyday meaning 
requires that an effort be exerted. 

2. Accept any answer in which a force 
is applied but the object does not 

move in the direction of the force. 
3. Work is the energy transferred when 

a force makes an object move. 
4. a. Work is being done when the 

snow is lifted up by the shovel. 
Work also is done if the person 
tosses the snow out of the shovel. 

b. Work is done when the worker 
lifts the brick off the ground and Sel (100,000 Is 55) 
pushes the brick along the bed of = 500,000 J 
the truck. c. The assistant doesno 7, F = pt = 
work while carrying the shingles. con n) (2 us) 

5ope ee te 5 Mas Vin 
d = 20m = 20) 

me MA.D.1.4.2 
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Usi Machines 

| TIVE. i i © e e \ 1g An editable MTEL) reas ~ Reading Guide ‘ 

wore, Power Point® presenta- 

tion is available on Interactive 

Chalkboard CD-ROM. What You'll Learn Why It’s Important New Vocabulary 

‘ ® Explain how machines make Cars, stairs, and teeth are all exam- @ machine 

Bellringer doing work easier. ples of machines that make your life @ input force 

m™ Calculate the mechanical easier. e output force 

Section Focus Transparencies advantage of a machine. ry : ; e mechanical advantage 

also are available on the = Calculate the efficiency of a Review Vocabulary e efficiency 

machine. force: a push or a pull 
Interactive Chalkboard CD-ROM. 

PELL) 

Cea wie site a : What is a machine? 
ency ° 

For some people, paddling a canoe isa pleasant diversion. For : A machine is a device that makes doing work easier. When 
others, it’s work. Out ona lake, the paddle is a big help in moving 

a eae ees > you think of a machine, you may picture a device with an engine 

o : and many moving parts. However, machines can be simple. 

Some machines, such as knives, scissors, and doorknobs, are 

used every day to make doing work easier. 

Making Work Easier 
Machines can make work easier by increasing the force that 

~ : can be applied to an object. A screwdriver increases the force 

a Sie cag A: Se Figure 6 A car jack is an exam- you apply to a screw. A second way that se can make 
ee Ores ane ae ple of a machine that increasesan : work easier is by increasing the distance over which a force can 

applied force. : be applied. A leaf rake is an example of this type of machine. 

Machines also can make work easier by changing the 

direction of an applied force. A simple pulley changes 

a downward force to an upward force. 

Increasing Force A car jack, such as the one in 
Figure 6, is an example of a machine that increases an 

applied force. The upward force exerted by the jack is 

greater than the downward force you exert on the han- 
Tie to Prior Knowledge 

Easier Work Ask students to 
name ways that machines make 
work easier. They might men- 

dle. However, the distance you push the handle down- 

ward is greater than the distance the car is pushed 

tion that a shovel makes lifting Le Distance upward. Because work is the product of force and dis- 

dirt easier, and a hammer : te you push tance, the work done by the jack is not greater than the 

makes pushing a nail into wood 
easier. In this section, students 

will use the scientific definition 

of work to learn how machines 

make work easier. 

work you do on the jack. The jack increases the applied 

force, but it doesn’t increase the work done. 

Facets of Meaning Ask stu- 
dents what would make a person 

efficient or inefficient. Write Chapter Fast Fire Resources Enrichment, p. 33 
“efficient behaviors” and “ineffi- Transparency Activity, p. 47 
cient behaviors” on the board. 
Brainstorm ideas and list them 
under each category. Then ask if 
a car or machine can be effi- 
cient. What would make a car or 
machine efficient? 

Reinforcement, p. 30 
Directed Reading for Content Mastery, p. 22 ““ Physical Science Critical Thinking/Problem Solving, 

Pad MiniLAB, p. 4 
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Figure 7 Whether the mover 

slides the chair up the ramp or 

lifts it directly into the truck, 

she will do the same amount 

of work. Doing the work over 

a longer distance allows her to 

use less force. 

Height Distance 

Force and Distance Why does the mover in Figure 7 push 
the heavy furniture up the ramp instead of lifting it into the truck? 

It is easier because less force is needed to push the furniture up the 
ramp than is needed to lift it. 

The work done in lifting an object depends on the change in 

height of the object. The same amount of work is done whether 

the mover pushes the furniture up the long ramp or lifts it 

straight up. If she uses a ramp to lift the furniture, she moves the : Figure 8 An ax blade changes 

furniture a longer distance than if she just raised it straight up. : the direction of the force from 

If the work stays the same and the distance is increased, then less: vertical to horizontal. 
force will be needed to do the work. 

How does a ramp make lifting an object 
easier? 

Changing Direction Some machines change the 
direction of the force you apply. When you use the car 

jack, you exert a force downward on the jack handle. The 

force exerted by the jack on the car is upward. The direc- 

tion of the force you apply is changed from downward to 

upward. Some machines change the direction of the 

force that is applied to them in another way. The wedge- 

shaped blade of an ax is one example. When you use an 

ax to split wood, you exert a downward force as you 

swing the ax toward the wood. As Figure 8 shows, the 

blade changes the downward force into a horizontal force 

that splits the wood apart. 
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Differentiated Instruction 

Learning Disabled Have students push a heavy box Challenge ‘Tell students that some machines have a 

up a gentle ramp. Keep the ramp the same height, mechanical advantage that is less than 1. Have 

but make it shorter and therefore steeper. Then them find out why these machines are still useful. In 

ask students to push the box again. Do this several _ these machines the input force is greater than the output force. 

times with increasingly shorter and steeper ramps These machines can be useful if they increase the distance an 

to help students understand the relationship — object moves orits speed. [3] Logical-Mathematical. 

between the distance the box moves and the force 

required to move it. 

» Reading Strategy 

2 Teach 

Discussion 

Everyday Machines Ask students 
to name devices that make work 

easier but aren’t normally called 

machines in everyday conversa- 

tions. Some examples are a bicycle, a 
can opener, and a rake. Discuss how 
each device makes work easier. 

[L4] [RY Linguistic 

Activity 
Changing Force Direction Have 
students experiment with lifting 
a load using a simple fixed pulley 
and using a screwdriver to pry 
the lid off a can. For each activity, 
have students try to do the job 
without changing the direction 
of force. Kinesthetic 

(% Reading Check 

Answer Less force is needed to lift 

an object when using a ramp. 

= 

Paired Reading Ask students 

to read this section in pairs 
and note statements that use “is 
equal to” and “is” to abbreviate, 
define, or explain concepts about 
machines. Have students take 
notes using heading titles and 
writing notes as equations, such 

as Input Force = Fi. 
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Purpose Students observe how 

machines multiply a person’s 

force of effort. [L2] 

Kinesthetic 
Materials two cans of food, 

manual can opener, metric ruler 

Teaching Strategy Explain to 
students that the length of the 
can opener handle is the diam- 
eter of the circle or “wheel” 

that they must turn to be able 
to move the small circle or 

eaxte vol the curing, blade: 
The can opener functions as a 
wheel and axle. To gain force 

from the cutting blade, they 
must move the handle a 
greater distance. Baa 

Safety Precaution Caution stu- 
dents not to touch can 

opener’s cutting blades or cut 
edges of the can’s lid. 

Analysis 

1. Opening the first can was much 

easier than opening the second 
can. 

2. Aninput force applied to the can 
opener’s handle is increased so 
that the output force of the blade 
is able to cut the can. A longer 

handle would decrease the input 
force required to open the can. 

Assessment 

Process Show students a door 

handle and ask them to infer 

how the handle multiplies the 
force of the person opening 
the door. Like the can opener, the 
door handle works as a wheel and 
axle. The handle is the large “wheel” 

that easily turns the metal rod or 
“axle” inserted into the door lock. Use 
Performance Assessment in 

the Science Classroom, p. 89. 

Figure 9 A crowbar increases 
the force you apply and changes its 

direction. 

Machines Multiplying 

Force 

Procedure Dix 
1. Open a can of food using a 

manual can opener that 

has circular blades. 

WARNING: Do not touch 

can opener’s cutting blades 

or the cut edges of the cans’ 

lids. 

. Open another can of food, 

but this time grasp the 

handle as close as you can 

to the handle’s pivot point. 

Analysis 
1. Compare how difficult it 

was to open the first can 

with how difficult it was to 

open the second can. 

. Infer why a can opener 

makes it easier to opena 

metal can. How would you 

design a can opener 
to make opening 

cans even 
easier? 
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Force 
exerted 

by crowbar 
Applied force 

The Work Done by Machines 
To pry the lid off a wooden crate with a crowbar, you'd slip the 

end of the crowbar under the edge of the crate lid and push down 

on the handle. By moving the handle downward, you do work on 

the crowbar. As the crowbar moves, it does work on the lid, lifting 

it up. Figure 9 shows how the crowbar increases the amount of 

force being applied and changes the direction of the force. 
When you use a machine such as a crowbar, you are moving 

something that resists being moved. For example, if you use a 

crowbar to pry the lid off a crate, you are working against the 

friction between the nails in the lid and the crate. You also could 
use a crowbar to move a large rock. In this case, you would be 

working against gravity—the weight of the rock. 

Input and Output Forces Two forces are involved when a 
machine is used to do work. You exert a force on the machine, 

such as a bottle opener, and the machine then exerts a force on 

the object you are trying to move, such as a bottle cap. The force 

that is applied to the machine is called the input force. F.. stands 

for the input force. The force applied by the machine is called the 

output force, symbolized by F.,,,. When you try to pull a nail out 

of wood with a hammer, as in Figure 10, you apply the input 

force on the handle. The output force is the force the claw applies 

to the nail. 

Two kinds of work need to be considered when you use a 

machine: the work done by you on the machine and the work 

done by the machine. When you use a crowbar, you do work 

when you apply force to the crowbar handle and make it move. 

The work done by you on a machine is called the input work 
and is symbolized by W,,. The work done by the machine is 

called the output work and is abbreviated W,,,,. 

Science Journal Curriculum Connection 

Work In and Work Out Have students choose two 
simple machines that they have used. For each 
simple machine, write a short paragraph describ- 
ing the work in and the work out. Describe how 
the machine simplifies a task. Machines used might 
include shovel, bicycle, broom, screwdriver, and scissors. 

L2| [Linguistic 
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Art Leonardo da Vinci is famous for such well- 
known paintings as Mona Lisa and The Last 
Supper. However, he was also the inventor of an 
extraordinary collection of machines. Have stu- 
dents research Leonardo da Vinci and prepare a 
computer presentation showing how his work 
with mechanical devices inspired much of the 
technology we use today. [2] [} Visual-Spatial 



Conserving Energy Remember that energy is always 
conserved. When you do work on a machine, you transfer 

energy to the machine. When the machine does work on an 

object, energy is transferred from the machine to the object. 

Because energy cannot be created or destroyed, the amount 
of energy the machine transfers to the object cannot be 
greater than the amount of energy you transfer to the 
machine. A machine cannot create energy, so W., 
greater than W... 

However, the machine does not transfer all of the energy 
it receives to the object. In fact, when a machine is used, 

¥ is never 

some of the input energy changes to thermal energy due to 

friction. The energy that changes to thermal energy cannot 
be used to do work, so W,,, is always smaller than W..: 

Ideal Machines Remember that work is calculated by mul- 

tiplying force by distance. The input work is the product of the 

input force and the distance over which the input force is exerted. 

The output work is the product of the output force and the distance 
over which that force is exerted. 

Suppose a perfect machine could be built in which there 

were no friction. None of the input work or output work would 

be converted to thermal energy. For such an ideal machine, the 

input work would equal the output work. For an ideal machine, 

We = out 

Suppose the ideal machine increases the force applied to it. This 

means that the output force, F.,,,, is greater than the input force, F... 

Recall that work is equal to force times distance. If F.., is greater 
than F.., then W,. and W.,,, can be equal only if the input force is 

applied over a greater distance than the output force. 
For example, suppose the hammer claw in Figure 10 moves a 

distance of 1 cm to remove a nail. If an output force of 1,500 N is 

exerted by the claw of the hammer, and you move the handle of the 

hammer 5 cm, you can find the input force as follows. 

Ww. = W 
m out 

as di, are ae dout 

F.. (0.05 m) = (1,500 N) (0.01 m) 
F(0:05.m) = 15 Nem 

, = 300 N 

Because the distance you move the hammer is longer than 

the distance the hammer moves the nail, the input force is less 

than the output force. 

Input force 

Output 
force 

Figure 10 When prying a nail 

out of a piece of wood with a claw 

hammer, you exert the input force 

on the handle of the hammer, and 

the claw exerts the output force. 

Describe how the hammer 

changes the input force. 

Sciencap line 
Topic: Rube Goldberg 

Visit fl.gpescience.com for Web 

links to information about Rube 

Goldberg devices. 

Activity Use the information 

that you find to sketch a Rube- 

Goldberg-like device designed to 

burst a balloon. 
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Visual Learning 

Quick Demo 
WY Changing Energy 

Materials wood, claw hammer 

Estimated Time five minutes 

Procedure Bring to class a piece 
of wood with a nail pounded 

almost all the way into it. In 

front of the class, use a claw 

hammer to pull the nail out of 
the wood. Invite students to 

touch the warm nail to show 

how some of the work was con- 

verted to thermal energy. 

Visual-Kinesthetic 

Caption Answer 
Figure 10 The hammer produces an 

output force that is greater than the input 

force, but the output force is applied over 
a shorter distance than the input force. 

nay think : Always Work S 
that simple machines allow us to — 
do less work. See page F at the 
beginning of this chapter for — 
teaching strategies that address _ 
this misconception. 

a large distance with a small force, then the claw, 

which moves a short distance, will exert a large 

force. Have students draw a diagram to show this 

relationship. Visual-Spatial 

Figure 10 Point out the fact that although this 

hammer is not an ideal machine, most of the 

input work is converted to work done on the nail. 

This means that W;, ~ Wyy;. Since work = 

force X distance, if the hammer handle is moved 
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Activity 
Crowbar MA Ask students to calcu- 
late the mechanical advantage of a 
crowbar to which you apply 100 
N of force to lift a 250-N rock. 

MA = ‘a = 250N + 100N = 25 
Logical-Mathematical 

Fun Fact 
Mechanical advantage also can be 

determined by dividing the input 
distance by the output distance. 

Graphite Lubricant Graphite is 
composed of carbon atoms 
formed into linked hexagons 
arranged in weakly bonded lay- 
ers. Graphite is usefull as a 
lubricant because the layers can 
slide easily over one another. 
When graphite is applied to the 
moving parts of machines, the 
sliding of the layers reduces the 
effects of friction. 

Research Have students research 
other types of lubricants such as 
‘Teflon, lithium grease, Freon and 

tungsten oxide that are used in 
industry to help cut down on 
wear and tear and heat loss due 
to friction between moving parts 
in machines. 

(%, Reading Check 

Answer because some of the input 

work is converted into thermal energy 
by friction 

164 

Figure 11 Window blinds use 

a machine that changes the direc- 

tion of an input force. A downward 

pull on the cord is changed to an 

upward force on the blinds. The 

input and output forces are equal, 

so the MA is 1. 

Graphite Lubricant 

Graphite is a solid that 

sometimes is used as a 

lubricant to increase the 

efficiency of machines. 

Find out what element 

graphite is made of and 

why graphite is a good 

lubricant. 
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Mechanical 

Advantage 
Machines such as the car 

jack, the ramp, the crow bar, 

and the claw hammer make 
work easier by making the 

output force greater than the 

input force. The ratio of the 

output force to the input force 

is the mechanical advantage 

of a machine. The mechanical 

advantage (MA) of a machine 

can be calculated with the fol- 

lowing equation. 

Output 
force 

a pT 
Mechanical Advantage Equation 

output force (in newtons) 
mechanical advantage = 

input force (in newtons) 

MA 

Figure 11 shows that the mechanical advantage equals one when 

only the direction of the input force changes. 

Ideal Mechanical Advantage The mechanical advantage of a 
machine without friction is called the ideal mechanical advantage, 

or IMA. The IMA can be calculated by dividing the input distance 

by the output distance. For a real machine, the MA would be the 

mechanical advantage of the machine if there were no friction. 

Efficiency 
For real machines, some of the energy put into a machine is 

always converted to thermal energy by frictional forces. For this 

reason, the output work of a machine is always less than the 
work put into the machine. 

Efficiency is a measure of how much of the work put into a 

machine is changed into useful output work by the machine. A 

machine with high efficiency produces less thermal energy from 

friction, so more of the input work is changed to useful output 
work. 

Why is the output work always less than the 
input work for a real machine? 

Pia i a 

____ Teacher 
MA Information Mechanical a 
_is output force divided in put f 
less than 1, the input force is greater th 
the area force. If MA equals” 
machine only changes the direction of 
input force. If MA is greater than 1 

Ae ELE REST OE, 
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Calculating Efficiency To calculate the efficiency of a 
machine, the output work is divided by the input work. 
Efficiency is usually expressed as a percentage by this equation: 

, Post Reading 

Paired Discussion Ask stu- 
dents to review the principles and 
formulas related to Ideal 
Machines and Ideal Mechanical 
Advantage. Allow five minutes for 
a discussion of the concepts 
contained within the text. Have 
students switch partners and con- 
tinue the discussion. 

Efficiency Equation 

' output work (in joules) 
efficiency (%) = Y ites input work (in joules) rene 

W 
efficiency = =" X 100% 

In an ideal machine, there is no friction and the output work 
equals the input work. So the efficiency of an ideal machine is Figure 12 Oil reduces the friction 
100 percent. In a real machine, friction causes the output work! between two surfaces. Oil fills the 

to always be less than the input work. So the efficiency of a real : Pace between the surfaces so high 
machine is always less than 100 percent. : spots don’t rub against each other. — 

LY INTERVENTION 

Increasing Efficiency Machines can be made more efficient 

by reducing friction. This usually is done by adding a lubricant, 

such as oil or grease, to surfaces that rub together, as shown in 

Figure 12. A lubricant fills in the gaps between the surfaces, 

enabling the surfaces to slide past each other more easily. 

Check for Understanding 
Kinesthetic Set up a wood ramp. 
Use a spring balance to pull a 
smooth wood block up the ramp. 
Measure the force and calculate 
the work done. ‘Tape sandpaper 
along the length of the ramp and 
repeat the procedure. Ask the stu- 
dents which machine was more 
efficient and why. Ask how they 
could improve the efficiency of 
the second ramp without remov- 
ing the sandpaper. They could put 
something smooth over the sandpaper. 

Reteach 
Machines Bring in various simple 
machines for students to examine. 

For each one, have students 

decide whether the machine 

works by increasing force, in- 
creasing distance, or changing 
the direction of the force. 

Visual-Spatial 

~~ section. 1) Teview. 

Summary , Self Check 
Work and Machines . Describe the circumstances for which the output work 

® Machines make doing work easier by chang- would equal the input work in a machine. 
ing the applied force, changing the distance . Infer how lubricating a machine affects the output 

over which the force is applied, or changing force exerted by the machine. 

the direction of the applied force. . Explain why, in a real machine, the output work is 

® Because energy cannot be created or always less than the input work. 

destroyed, the output work cannot be greater . Think Critically The mechanical advantage of a 
than the input work. machine is less than one. Compare the distances over 

@ |Inareal machine, some of the input work is which the input and output forces are applied. 

converted into heat by friction. 
Applying Math 

Calculate the mechanical advantage of a hammer if the 

eg The mechanical advantage of a machine is the input force is 125 N and the output force is 2,000 N. 
output force divided by the input force: 

Mechanical Advantage and Efficiency 

. Calculate Efficiency Find the efficiency of a machine 

ee Fa, that does 800 J of work if the input work is 2,400 J. 

® The efficiency of a machine is the output work . Calculate Force Find the force needed to lift a 2,000-N 

divided by the input work times 100%: weight using a machine with a mechanical advantage 
efficiency = Pou < 100% of 15. 

in 

‘I Assessment 

Process Have each student choose 

a machine and prepare a presen- 

‘More Section Review fl.gpescience.com SECTION 2 Using Machines 165 

2 Ee ee ee Say te eee ae 

Secrion revielu 

ope ae tation showing different ways to 
1. The machine would have to be an it decreases friction. 5. MA = is 16 reduce friction in the machine 

ideal machine in which there was 3. In areal machine, some of the input : and increase its efficiency. Possible 

no friction. work is converted into thermal 6. off = x 100% = 33% ways of reducing friction include using 
2. Friction is a force that opposes the energy by friction. Win bearings, wheels, or a lubricant. Use 

motion of two surface sliding past + 4. The distance over which the output et PASG, p. 143. [2] 

each other. Lubricating a machine force is applied is greater than the dis- » Fin = MA 133 N 

increases the output force because tance that the input force is applied. zy a 
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Motivate 

Giasaeie An editable Microsoft - 
é ALKBOARD J 
aac, PowerPoi nt® 

tion is available on Interactive 

Chalkboard CD-ROM. 

pr esenta- 

Bellringer 

Section Focus ‘Transparencies 

also are available on the 

Interactive Chalkboard CD-ROM. 

L2] 

Moving Day eed 

Moving can be a chore. Packing boxes, moving them, then unpacking 
everything can be hard work. But machines can help. Some machines 
are simple, while others can be very complicated. This mover uses a 
selection of machines to help make moving day much e: 

1, What do you see in this picture that makes it easier for the mover 

to do work? 

2. How do the ramp and dolly make work easier? 

Reading Preview 

Tie to Prior Knowledge 

Define MA Ask students to 
define mechanical advantage. 
the number of times a machine multi- 
plies the effort force applied to it Tell 

them that in this section they 
will learn how the design of a 
simple machine affects its 
mechanical advantage. |L2 

Activate Background Know- 

ledge Read aloud the 

vocabulary words and ask stu- 

dents if they have heard these 

words before. Discuss what 

they know about the six simple 
machines. ‘Talk about the con- 

cepts of simple and compound 
and ask them to predict what a 
compound machine might be. 
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What Vou'll Learn 

@ Describe the six types of simple 

machines. 

Explain how the different types 

of simple machines make doing 

work easier. 

Calculate the ideal mechanical 

advantage of the different types 

of simple machines. 

Figure 13 There are three 

classes of levers. 

First-Class Lever 

The fulcrum is between the input 

force and the output force. 

Input 
Output force 

force 

Fulcrum 

Second-Class Lever 

The output force is between the 

fulcrum and the input force. 

Output 
force 

Fulcrum force t 

Third-Class Lever 

The input force is between the ful- 

crum and the output force. 

Output t 
___ force 

Input 
Fulcrum Pie 
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Simple Machines 

Reading Guide 

Why it’s Important 

All complex machines, such as cars, e simple machine 

are made of simple machines. Even @ lever 

your body contains simple machines. @ pulley 
e wheel and axle 

e inclined plane 
© Review Vocabulary Bee ta 

e 

e 

New Vocabulary 

wedge 

compound machine 
compound: composed of separate 

elements or parts 

Types of Simple Machines 
If you cut your food with a knife, use a screwdriver, or even 

chew your food, you are using a simple machine. A simple 

machine is a machine that does work with only one movement 

of the machine. There are six types of simple machines: lever, 

pulley, wheel and axle, inclined plane, screw, and wedge. The 

pulley and the wheel and axle are modified levers, and the screw 

and the wedge are modified inclined planes. 

Levers 
You've used a lever if you've used a wheelbarrow, a lawn rake, 

or swung a baseball bat. A lever is a bar that is free to pivot or 

turn around a fixed point. The fixed point the lever pivots on is 

called the fulcrum. The input arm of the lever is the distance 

from the fulcrum to the point where the input force is applied. 

The output arm is the distance from the fulcrum to the point 

where the output force is exerted by the lever. 

The output force produced by a lever depends on the lengths 

of the input arm and the output arm. If the output arm is longer 

than the input arm, the law of conservation of energy requires 

that the output force be less than the input force. If the output 

arm is shorter than the input arm, then the output force is 

greater than the input force. 

There are three classes of levers, as shown in Figure 13. The 

differences among the three classes of levers depend on the loca- 

tions of the fulcrum, the input force, and the output force. 

Section 3 Resource Manager / 

Chapter Fasr Fire Resources 
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Figure 14 Levers are classified by the locations of 

the input force, the output force, and the fulcrum. 

A] The screwdriver is being used as a first-class 

lever. The fulcrum is the paint can rim. 
gi ages 

First-Class Lever The screwdriver used to open 

the paint can in Figure 14A is an example of a first- 
class lever. For a first-class lever, the fulcrum is 

located between the input and output forces. The 

output force is always in the opposite direction to the 

input force in a first-class lever. 

Second-Class Lever Fora second-class lever, the 
output force is located between the input force and 

the fulcrum. Look at the wheelbarrow in Figure 14B. The girl 

applies an upward input force on the handles, and the wheel is 

the fulcrum. The output force is exerted between the input force 

and the fulcrum. For a second-class lever, the output force is 

always greater than the input force. 

Third-Class Lever Many pieces of sports equipment, such as 
a baseball bat, are third-class levers. For a third-class lever, the 
input force is applied between the output force and the ful- 

crum. The right-handed batter in Figure 14C€ applies the input 

force with the right hand, and the left hand is the fulcrum. The 
output force is exerted by the bat above the right hand. The 
output force is always less than the input force in a third-class 

lever. Instead, the distance over which the output force is 

applied is increased. 
Every lever can be placed in one of these classes. Each 

class can be found in your body, as shown in Figure 15 on the 

next page. 

- 

|B | A wheelbarrow is a second-class lever. The 

fulcrum is the wheel. 

C] A baseball bat is a third-class 

lever. The fulcrum here is the bat- 

ter’s left hand. 

Archimedes and the Lever 

The Greek mathematician 

Archimedes (287-212 B.c.) 

described how a lever 

could be used to increase 

force. He also supposedly 

said “Give me a place to 

stand and I will move the 

Earth.” Research one of 

Archimedes’ inventions 

and wnite a paragraph 

descnibing it. 
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Differentiated Instruction 

Challenge Have students create a computer pres- 
entation describing the three classes of levers. The 
description should include the locations of the ful- 
crum, input force, and output force. If possible, 
have students create an animated presentation to 

present to the class. [L3] 

Cultural Diversity 

Chinese Wheelbarrow ‘The wheelbarrow, a second- 

class lever, was invented in China sometime in or 

before the first century B.c. The Chinese called 

their wheeled devices such things as wooden 

goat, wooden sheep, wooden ox, and gliding 

horse. How does a wheelbarrow give a worker 

more power? It allows the worker to do more work in a 
shorter amount of time. [L4] JK} Logical-Mathematical 

\ Quick Demo 

” Classifying Levers 
Materials several different kinds 

of levers, such as crow bars, nut 

crackers, bottle openers, tweez- 

ers, fishing poles 

Estimated Time ten minutes 

Procedure Display several exam- 
ples of each of the three classes of 
levers for students to examine 

and handle. First-class levers 

would be pliers, and crowbars. 
Second-class levers are nutcrack- 

ers, wheelbarrows, and_ bottle 

openers. Third-class levers are 
tweezers, baseball bats, and fish- 

ing poles. Kinesthetic 

Use Science Words 

Word Origin Have students look 
up the word fulcrum in a diction- 
ary to determine its origin. Ask a 
volunteer to explain how the 
meaning of the word reflects its 
root. The word fulcrum comes from the 
Latin root fulcire, meaning “to support.” 

A fulcrum acts as a support around which 
a lever moves. Linguistic 

Archimedes Although the lever 
had been used long before 
Archimedes, he was the first to 

demonstrate how the mechanical 

advantage of a lever depended on 
the distances of the input force 
and output force from the ful- 
crum. His work on levers led him 

to claim that if he had a place to 
stand, he could move the world. 

After making his famous claim, 
Archimedes was asked by King 
Hieron to demonstrate how he 

easily could move a heavy 
object. Archimedes devised a 

pulley system that allowed him 

to single-handedly drag a large, 
fully-loaded ship up onto the 

beach. His mathematical work 

included the first steps toward 
integral and differential calculus. 
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NATIONAL 
GEOGRAPHIC 

Visualizing Levers in 

the Human Body 
Have students examine the pic- 

tures and read the captions. ‘Then 

ask the following questions. 

Newborn babies are not able 

to support their heads and they 

must be carefully supported. 

Why is this? 

| NATIONAL 
[] GEOGRAPHIC VISUALIZING LEVERS IN THE HUMAN BODY 

Figure 15 

ll three types of levers— 

A first-class, second-class, and 

third-class—are found in 

the human body. The forces exerted 

‘ by muscles in your body can be 

increased by first-class and second- 

class levers, while third-class levers 

increase the range of movement 

of a body part. Examples of how the 

A Fulcrum 

W Input force 

& Output force 

body uses levers to help it move are 

shown here. 

A. FIRST-CLASS LEVER The fulcrum 
lies between the input force and the 

output force. Your head acts like a first- 

class lever. Your neck muscles provide 

the input force to support the weight 

of your head. 

Explain why your forearm 

becomes more muscular when 

you do curls with a dumbbell. 

<@ SECOND-CLASS LEVER The output 

force is between the fulcrum and the 

input force. Your foot becomes a second- 

Other Body Levers Find other class lever when you stand on your toes. 
levers in your body. Make a poster 
showing the various kinds that 

you find. For each example, mark 

the fulcrum, input force, and out- 

put force. [L2] |) Visual-Spatial 

> THIRD-CLASS LEVER The input 
force is between the fulcrum and 

the output force. A third-class lever 

increases the range of motion of 

the output force. When you doa 

curl with a dumbbell, your forearm 

is a third-class lever. 
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Figure 16 A fixed pulley is 
another form of the lever. 

Infer the lengths of the input arm 

and output arm in a pulley. 

Ideal Mechanical Advantage of a Lever The ideal mechan- 
ical advantage, or IMA, for a lever can be calculated by dividing the 
length of the input arm by the length of the output arm: 

IMA of a Lever 

length of input arm (m) 
ideal mechanical advantage = 

length of output arm (m) 

IMA = ak 

Figure 17 A fixed pulley 
Pulleys changes only the direction of a 

A pulley is a grooved wheel with a rope, chain, or cable run- : force. You need to apply an input 

ning along the groove. A fixed pulley, as shown in Figure 16, is : force of 4N to lift the 4-N weight. 

a modified first-class lever. The axle of the pulley acts as the ful- 
crum. The two sides of the pulley are the input arm and output 

arm. A pulley can change the direction of the input force or 

increase the output force, depending on whether the pulley is 

fixed or movable. A system of pulleys can change the direction 

of the input force and make the output force larger. 

ry, Reading Che What are the input arm, output arm, and 

fulcrum of a pulley? 

Fixed Pulleys The cable attached to an elevator passes over a 

fixed pulley at the top of the elevator shaft. A fixed pulley, such 

as the one in Figure 17, is attached to something that doesn’t 

move, such as a ceiling or wall. Because a fixed pulley changes 

only the direction of force, the IMA is 1. 
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Visual Learning Differentiated Instruction 

Activity 

Calculate MA Ask students to cal- 

culate the IMA of a lever whose 

output arm is 1 m long and 

whose input arm is 80 cm long. 

What class of lever is this? 

IMA = 0.8 m + 1.0 m = 0.8; this 

must be a third-class lever. [L2) 
Logical-Mathematical 

Caption Answer 
Figure 16 the radius of the pulley 

Make a Model 

Belt Pulleys Some pulleys, such as 

drive pulleys in automobiles, 

consist of two or more grooved 
wheels connected by a circular 
belt. Have students work in 
pairs to make models of a belt 
pulley. One student can hold 
two spools with pencils through 
the holes. Have students connect 
the spools with a large rubber 
band. The other student can 
turn the spools to show how 
turning one rotates the other in 
the same direction. If possible, 
use one small spool and one 
large spool. The students can see 
that the speed of the pulleys 
is inversely related to their diam- 
eter. Kinesthetic 

Discussion 
Fixed Pulleys ‘The JMA of a sin- 
gle fixed pulley is 1. What is the 
benefit of using a fixed pulley? A 
fixed pulley allows a person to raise 

objects to high places while the person 
stays at ground level. Logical- 
Mathematical 

'Y%, Reading Check 

Answer The input and output arms are 
the radius of the pulley: the fulcrum is 
the axle. 

Figure 16 Point out that a fixed pulley, like that Challenge Have students design and build a 

shown in Figure 16, is a type of first-class lever | mousetrap using ramps, pulleys, and levers. If 

because the fulcrum is between the input force supplies are not available, they can draw their 

and the output force. A movable pulley, like that design on a poster and present it to the class. [L3 

shown on the next page, is a type of second-class 
lever. The point where the rope is attached to the 
ceiling is the fulcrum, and the output force is 
between the fulcrum and the input force. 

Visual-Spatial 
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rv, Reading Check 

Answer by increasing the distance you 

Figure 18 A movable pulley 
and a pulley system called a block 

must pull 

Purpose Students infer how to 

include the mass of a lever into 

the input force. 

Possible Materials meterstick, 

string, hanging weights (5 g, 10 g, 
50 g, 100 g), vertical support, 
horizontal bar (to hang meter 
stick on) 

Estimated Time 50 minutes 

Procedure 

1. Hang a meterstick about 

10 cm off center and hang 
various combinations of 

weights on the two ends so 

that the meterstick balances. 

2. Derive an equation to deter- 
mine the exact location for 

any given combination of 
weights to make the stick 

remain balanced. 

Teaching Strategy 

Students should find that the 

heavier of the two weights will 
always be on the short side of the 
meterstick. They may even find 

the location for just one weight to 
balance the meterstick. 

The equation is: 

Find in ar WMkds = FPoutd out 

Where W. = weight of the 

meterstick and d; = distance 

from the center of the meter- 

stick to the fulcrum. 

For additional inquiry activities, see 
Science Inquiry Labs. 

2N 
and tackle reduce the force needed f, ee 

to lift a weight. 2N J. 

ey A With a movable pulley, the 

Finding Balance attached side of the rope supports 

. half of the 4-N weight. You have to 
apply a 2-N force to lift the weight. 
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tackle system, the 4-N 

weight is divided equally 

among each supporting 

rope segment. In this 

case, four rope segments 

are supporting the 

weight. So you have to 

apply only a 1-N force Pe 

to lift the weight. 4N 

©} Ina block-and- t / : 

inate 

Movable Pulleys A pulley in which one end of the rope 
is fixed and the wheel is free to move is called a movable pul- 

ley. Unlike a fixed pulley, a movable pulley does multiply 

force. Suppose a 4-N weight is hung from the movable pulley 

in Figure 18A. The ceiling acts like someone helping you to 

lift the weight. The rope attached to the ceiling will support half 

of the weight—2 N. You need to exert only the other half 

of the weight—2 N—to support and lift the weight. The output 

force exerted on the weight is 4 N, and the applied input force 
is 2 N. Therefore the IMA of the movable pulley is 2. 

For a fixed pulley, the distance you pull the rope downward 

equals the distance the weight moves upward. For a movable 

pulley, the distance you pull the rope upward is twice the dis- 

tance the weight moves upward. 

How does a movable pulley reduce the input 
force needed to lift a weight? 

The Block and Tackle A system of pulleys consisting of 
fixed and movable pulleys is called a block and tackle. 

Figure 18B shows a block and tackle made up of two fixed pul- 

leys and two movable pulleys. If a 4-N weight is suspended from 

the movable pulley, each rope segment supports one-fourth of 

the weight, reducing the input force to 1 N. The IMA of a pulley 

system is equal to the number of rope segments that support the 

weight. The block and tackle shown in Figure 18B has an IMA 

of 4. The IMA of a block and tackle can be increased by increas- 
ing the number of pulleys in the pulley system. 

advantage of various pulley systems 

two small, 2-ring tandem pulleys; cord; tackle. 
I-kg mass; 10-N spring scale 

ete ee ths 
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D LAG DEMONSTRATION 

Purpose to measure the mechanical the forces required to lift a l-kg mass Assessment 
using a single fixed pulley, then a single 

Materials one small, single-sheave pulley; movable pulley, and finally, a block and 

Expected Outcome The /MAs are, respec- pulley and block and tackle Which malts / t 
Procedure Use a spring scale to measure tively, 1,2, and 4. pene 

Which system(s) increased force? movable 
pulley and block and tackle Which system(s) 
changed direction of the force? single fixed 

increased force and changed direction? 
block and tackle 



Figure 19 The handle on a pencil sharpener is part of a wheel and axle. 
You apply a force to the handle. This force is made larger by the wheel and 

axle, making it easy to turn the sharpening mechanism. 

g i ; Bui 5 = a 

[" dhites | ena: 

Wheel and Axle 
Could you use the pencil sharpener in Figure 19 if the han- 

dle weren't attached? The handle on the pencil sharpener is part 

of a wheel and axle. A wheel and axle is a simple machine con- 

sisting of a shaft or axle attached to the center of a larger wheel, 

so that the wheel and axle rotate together. Doorknobs, screw- 
drivers, and faucet handles are examples of wheel and axles. 

Usually, the input force is applied to the wheel, and the output 
force is exerted by the axle. 

Mechanical Advantage of a Wheel and Axle Recall that 
the mechanical advantage of a lever is the length of the input arm 

divided by the length of the output arm. A wheel and axle is 

another modified lever. The center of the axle is the fulcrum. The 

input force is applied at the rim of the wheel. So the length of the 

input arm is the radius of the wheel. The output force is exerted at 

the rim of the axle. So the length of the output arm is the radius of 

the axle. The IMA of a wheel and axle is: 

IMA of a Wheel and Axle 

radius of wheel (m) 
ideal mechanical advantage = —— 

radius of axle (m) 

r 

IMA = 
w 

i 

According to this equation, the IMA of a wheel and axle can be 

increased by increasing the radius of the wheel. 
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Curriculum Connection Differentiated Instruction 

Math Supply students with several common 
wheels and axles, such as doorknobs or beaters 

from an electric mixer. Have them measure the 

radius of the wheel and the radius of the axle for 

each item and calculate its /MA. Logical- 

Mathematical 

English-Language Learners Use visual aids to show 

students what simple machines look like. Then 
have students write descriptions of simple 
machines in their homes. Examples could be a 
lever, an inclined plane, and a pulley. 

Text Question Answer 

No, it would be difficult to turn the axle 

with your fingers. 

Discussion 

Lifting a Car A person uses a block 
and tackle to lift an automobile 
engine that weighs 1,800 N. The 
person mist exert a force or 
300 N to lift the engine. How 
many ropes support the engine? 
Explain how you know. Six; the /MA 

is 1,800 N + 300 N = 6, and ina pulley 
system, the /MA equals the number of 
supporting ropes. 

Skating The wheel and axle on | 
| askateboard or a pair of in-line | 

skates is not the simple 
machine known as the wheel 
and axle. In the simple 

| machine, the wheel and axle 

j rotate together. Usually a | 
small force is applied to the | 

| wheel and is translated to a 

| larger force moving over the — 
} smaller distance of the axle. 
The wheels and axles on skate- | 

boards and in-line skates are 

rollers that help the vehicles 
move with less friction. The | 

| axle is fixed and the wheel | 

/ rotates around the axle. 

on Reading Strategy | 

Double-Entry Notes Ask stu- 

dents to draw a line down the 
middle of their papers. On the 
left, have them write the name of 

a simple machine, such as lever, 
and draw a simple depiction 
under the name. On the right 
side, have them write the purpose 
and advantage of the simple 
machine. Students should repeat 
this note-making process for each 
simple machine. 
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Activity 
Inclined Plane Create an inclined 

plane by resting a board against a 
stack of books. Have students 

measure the input and output 

distances and calculate the IMA. 

Then ask students to use a 

spring scale to measure the force 

required to lift a toy car verti- 
cally and the force required to 
drag it up the ramp. Have them 
use the numbers they measured 

for distance and force and calcu- 

late the amount of work done 

pulling the toy car along the 
ramp and lifting it vertically. Are 
the two amounts of work the 

same? Why or why not? The two 
amounts of work should be close. Any 
difference is due to inaccurate measure- 
ments and loss of energy to friction. 
GBD | Kinesthetic 

Figure 20 [fan input force is 

applied to the larger gear and 

it rotates clockwise, the smaller 

gear rotates counterclockwise. 

The output force exerted by the 

smaller gear is less than the input 

force applied to the larger gear. 

Sciencepl ING 
Topic: Nanobots 

Visit fl.gpescience.com for Web 

links to information about how 

tiny robots called nanobots might 

be used as microsurgical 

instruments. 

Activity Use the information 

you find to make a diagram of a 

nanobot that might be used to ~ 

perform surgery. 
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Gears A gear is a wheel and axle with the 
wheel having teeth around its rim. When 

the teeth of two gears interlock, the turning 

of one gear causes the other gear to turn. 

When two gears of different sizes are 

interlocked, they rotate at different rates. 

Each rotation of the larger gear causes the 

smaller gear to make more than one rota- 

tion. If the input force is applied to the 

larger gear, the output force exerted by the 

smaller gear is less than the input force. 
Gears also may change the direction 

of the force, as shown in Figure 20. When 

the larger gear in is rotated clockwise, the smaller gear rotates 

counterclockwise. 

inclined Planes 
Why do the roads and paths on mountains zigzag? Would it 

be easier to climb directly up a steep incline or walk a longer 

path gently sloped around the mountain? An inclined plane is a 

sloping surface, such as a ramp, that reduces the amount of force 

required to do work. 

Mechanical Advantage of an Inclined Plane You do the 
same work by lifting a box straight up or pushing it up an 

inclined plane. By pushing the box up an inclined plane, how- 

ever, the input force is exerted over a longer distance compared 

to lifting the box straight up. As a result, the input force is less 

than the force needed to lift the box straight upward. The IMA of 

an inclined plane can be calculated from the following equation: 

IMA of an Inclined Plane 

length of slope (m) 
ideal mechanical advantage = — 

height of slope (m) 

The IMA of an inclined plane for a given height is increased by 

making the plane longer. . 

When you think of an inclined plane, you might think of 
moving an object up a ramp—you move and the inclined plane 
remains stationary. The screw and the wedge, however, are vari- 
ations of the inclined plane in which the inclined plane moves 
and the object remains stationary. 

Visual Learning 
Figure 20 Point out that the teeth on the gears and the large gear has 72 teeth, how much faster 
must be the same size in order to rotate smoothly. will the small gear turn? What is the IA? The 
‘Tell students that the ratio of the number of teeth __ large gear will make one-third of a turn for each full turn of the 
on the gears determines the speed that the gears small gear, so the small gear will turn three times faster. The 
turn and the JMA. If the small gear has 24 teeth /MAis 3. Logical-Mathematical 

172 CHAPTER6 Work and Machines 



Figure 21 A screw has an inclined 

plane that wraps around the post of 

the screw. 

The thread gets thinner farther from 

the post. This helps the screw force its 

way into materials. 

Many lids, such as those on peanut 

butter jars, also contain threads. 

The Screw 
A screw is an inclined plane wrapped in a spiral around a 

cylindrical post. If you look closely at the screw in Figure 21, you'll 

see that the threads form a tiny ramp that runs upward from its tip. 

You apply the input force by turning the screw. The output force is 

exerted along the threads of the screw. The IMA of a screw is 

related to the spacing of the threads. The IMA is larger when the 

threads are closer together. However, when the IMA is larger, more 

turns of the screw are needed to drive it into a material. 
How do you remove the lid from a jar of peanut butter, such 

as the one in Figure 21? If you look closely, you will see threads : __ 

similar to the ones on the screw in Figure 21. Where else can you : Figure 22 A knife blade is a 

find examples of a screw? , MERIGe AS OREM MOTE Ne 
apple, the blade pushes the halves 

The Wedge of the apple apart. 

Like the screw, the wedge is also a simple 

machine in which the inclined plane moves 

through an object or material. A wedge is an 

inclined plane with one or two sloping sides. It 

changes the direction of the input force. 

Look closely at the knife in Figure 22. 

One edge is sharp, and it slopes 

outward at both sides, 
forming an inclined plane. 

As it moves through the 

apple, the downward input 
force is changed to a hori- 

zontal force, forcing the 

apple apart. 
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Write—Draw-Discuss ‘This strategy encourages 
students to actively participate in reading and 
lectures, assimilating content creatively. Have 
students write about the different simple 
machines, clarify their ideas, and then make 
illustrations or drawings of the machines and 
how they work. Ask students to share responses 
with the class and display several examples. 

__ Teacher Gi) 

Make a Model 

Archimedes Screw An Archimedes’ 
screw is a type of revolving screw 

used to lift water. This simple 
device was invented in the third 
century B.c. by the Greek scien- 
tist Archimedes. Have interested 
students make a model of an 
Archimedes’ screw, using plastic 

sheeting attached to a dowel. [13] 
IN) Kinesthetic 

+eay 
‘Screw Parts ‘The hued: of | on | 
“screw are the windings. Theg 
‘pitch is the distance fr from a 1 
point on one t thread to a point 

directly above i 9 on the Ded { 
_ thread. ” ‘The pite h determines 
‘the force “you must exert fied 
turn a screw. — ee 

Text Question Answer 
Other examples of a screw include 
an auger, a cork screw for opening wine 

bottles, and a spiral stair case. 

Activity 
Wedge /MA ‘The ideal mechanical 

advantage of a wedge is calcu- 
lated by dividing the length of 
one side of the wedge by the 
width of the wedge at the thick 
end. Ask students to calculate the 
mechanical advantage of a wedge 
that is 12 cm long and 5 cm 
Wide. MA aCe oC een 

Logical-Mathematical 

~~ Fun Fact 
In a compound machine, the 

output force of one of its simple 
machines becomes the input force 
of another. For a compound 
machine made of two simple 
machines, MA = MA> X MA). 
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@>» Post Reading , 

Question a Partner Ask stu- 
dents to review what they have 
learned about simple machines. 
Then, have them question each 
other about a machine’s purpose 
and advantages, as well as provid- 
ing an example. Remind students 
to refer to their drawings and 
notes to form or answer questions. 

' DAILY INTERVENTION 

Wheel and axle 

Figure 23 A compound 
machine, such as a can opener, is 

made up of simple machines. 

Compound Machines 
Some of the machines you use every day are 

made up of several simple machines. Two or 

more simple machines that operate together 

form a compound machine. 

Look at the can opener in Figure 23. To open 

the can, you first squeeze the handles together. 

The handles act as levers and increase the force 

applied on a wedge, which then pierces the can. 

You then turn the handle, a wheel and axle, to open the can. 

A car is also a compound machine. Burning fuel in the cylin- 

ders of the engine causes the pistons to move up and down. This 

up-and-down motion makes the crankshaft rotate. The force 

exerted by the rotating crankshaft is transmitted to the wheels 

through other parts of the car, such as the transmission and the 

differential. Both of these parts contain gears which can change 

the rate at which the wheels rotate, the force exerted by the 

wheels, and even reverse the direction of rotation. 
Check for Understanding 
Logical-Mathematical Have  stu- 
dents brainstorm how to organize 
information about the six kinds of 
simple machines into a_ table. 

Include the type of machine, an 
example of each type, and a brief 
description of how it works. You 
may want to include other infor- 
mation such as mechanical 
advantage and efficiency. |L2 

Reteach 

Arrows From construction paper, 
cut three arrows, about 10, 20, 

and 30 cm long. Make a similar 

set in another color. Label the 

first set of arrows F;,, and the sec- 

ond set F,,;. Collect examples of 

simple machines. Ask volunteers 
to choose a machine and use the 

arrows to show the direction and 

ail SIZesn On pe aliclnr er [2] 

Visual-Spatial IE 
Assessment 

section. oe 

coraae 

The Lever Family 

@ A lever is a bar that is free to pivot about a 

fixed point called the fulcrum. 

@ There are three classes of levers based on the 

relative locations of the input force, the out- 

put force, and the fulcrum. 

@ A pulley is a grooved wheel with a rope, 

chain, or cable placed in the groove and is a 

modified form of a lever. 

@ The /MA of a lever is the length of the input 

arm divided by the length of the output arm. 

@ A wheel and axle consists of a shaft or axle 

attached to the center of a larger wheel. 

The Inclined Plane Family 

_ @ Aninclined plane is a ramp or sloping surface 

that reduces the force needed to do work. 

® The /MA of an inclined plane is the length of 

the plane divided by the height of the plane. 

® A screw consists of an inclined plane wrapped 

around a shaft. 

® A wedge is an inclined plane that moves and 

can have one or two sloping surfaces. 
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Tevielu. 

Self Check 

. Classify a screwdriver being used to turn a screw as one 

of the six types of simple machines. Explain how the 

IMA of a screwdriver could be increased. 

. Determine for which class of lever the output force is 

always greater than the input force. For which class is 

the output force always less than the input force? 

. Make a diagram of a bicycle and label the parts of a 

bicycle that are simple machines. 

. Think Critically Use the law of conservation of energy 

to explain why, in a second-class lever, the distance over 

which the input force is applied is always greater than 

the distance over which the output force is applied. 

Applying Math 

. Calculate /MA What is the /MA of a car's steering wheel 

if the wheel has a diameter of 40 cm and the shaft it’s 

attached to has a diameter of 4 cm? 

. Calculate Output Arm Length A lever has an /MA of 4. If 

the length of the input arm is 1.0 m, what is the length 

of the output arm? 

. Calculate /MA A 6.0-m ramp runs from a sidewalk to a 

porch that is 2.0 m above the sidewalk. What is the 

ideal mechanical advantage of this ramp? 

More Section Review fl.gpescience.com 

Process Ask students to compare 

and contrast pulleys and gears. 
Both use wheels. Gears have teeth, but 
pulleys don’t. Pulleys use a cord to 1. wheel and axle; by increasing the 

radius of the handle of the screw- move the wheels. Gears are pulled by 
interlocking teeth or a chain. driver 

. second-class lever; third-class lever 

3. Check students’diagrams. 
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Section 6) 
4. The input work cannot be greater lw 

than the output work. The input fe (ern) 

review 

| | | 

force is always less than the output —_ (1.0m) 

distance. 

force, so the input distance must 

be greater than the output 1 (6.0m) 



Have you ever tried to balance a friend ona 

seesaw? If your friend was lighter, you had to 

move toward the fulcrum. In this lab, you will 

use the same method to measure the mass of 

a coin. 

© Real-World Problem 
How can a lever be used to measure mass? 

Goals 
@ Measure the lengths of the input arm and 

output arm of a lever. 

@ Calculate the ideal mechanical advantage 

of a lever. 

m@ Determine the mass of a coin. 

Materials 
stiff cardboard, 3 cm by 30 cm 

coins (one quarter, one dime, one nickel) 

balance 

metric ruler 

Safety Precautions Cau Ka 

© Procedure — 
1. Measure the mass of each coin. 

2. Mark a line 2 cm from one end of the card- 

board strip. Label this line Output. 

3. Slide the other end of the cardboard strip 

over the edge of a table until the strip 

begins to tip. Mark a line across the strip at 

the table edge and label this line /nput. 

4. Measure the mass of the strip to the near- 

est 0.1 g. Write this mass on the input line. 

5. Center a dime on the output line. Slide the 

cardboard strip until it begins to tip. Mark 

the balance line. Label it Fu/crum 7. 

6. Measure the lengths of the output and 

input arms to the nearest 0.1 cm. 

7. Calculate the /MA of the lever. Multiply the 

IMA by the mass of the lever to find the 

approximate mass of the coin. 

8. Repeat steps 5 through 7 with the nickel 

and the quarter. Mark the fulcrum line 

Fulcrum 2 for the nickel and Fulcrum 3 for 

the quarter. 

© Conclude and Apply — 
1. Explain why there might be a difference 

between the mass of each coin measured 

by the balance and the mass measured 

using the lever. 

2. Explain what provides the input and output 

forces for the lever. 

3. Explain why the /MA of the lever changes 

as the mass of the coin changes. 

ommunicating 
Your Data 

Compare your results with those of other 

students in your class. For more help, refer 

to the Science Skill Handbook. 

ommunicating 
wan Your Data 

that explain the lab and illustrate their results. 

Have students use graphics software to draw diagrams 

* Assessment 

Oral Evaluate student understanding of the lever 
design by having them explain to the class how they 
performed the calculations. Use Performance 
Assessment in the Science Classroom, p. 101. 

‘T Assessment — 

© Real-World 
Problem ———— 

Purpose Students calculate the 
mechanical advantage of levers. 

Logical-Mathematical 

Process Skills measure, use 
numbers, interpret data, clas- 
sify, observe and infer, compare 
and contrast, recognize cause 
and effect, form operational 
definitions, interpret scientific 
illustrations 

Time Required 40 minutes 

© Procedure ——— 

Teaching Strategies 

¢ Be sure students understand 
how to use a balance to accu- 
rately get a mass of their coin. 

¢ Some students may need help 
labeling their strips of card- 
board. 

© Conclude and 

Appl) snes 
1. There will be some experimental 

error in this process. 

2. The input force is the weight of the 
coin. The output force is the weight 
of the cardboard extended over the 
edge of the table. 

3. because the input force changes 
with the changes in the weights 
of the coins 
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® Real-World 
Problem ————— 

Purpose Students will make 
models of different simple 

machines to lift a weight and 

compare the forces used. 

‘COOP LEARN [KY Kinesthetic 

Process Skills observe, use num- 

bers, communicate, measure, 

infer, compare and contrast, rec- 

ognize cause and effect, interpret 

data, formulate models, make and 

use tables 

Time Required one class period 

Materials The block and 
tackle can be difficult to set up 
unless the pulleys and string 
sizes are matched. The pulleys 
should be made for block and 
tackle use. The small pulleys 
typically available from hard- 
ware stores will work, but can 

be difficult to handle as they 
don’t usually have the needed 
fastening points on both top 
and bottom. Be sure to arrange 
the double pulley and single 
pulley as illustrated. 

Safety Precautions Be sure 
students wear eye protection for 
this lab. 

‘ Goals 
ie @ Model lifting devices 

Re based on a block and 

— tackle and on an 
aes inclined plane. 
pecs Calculate the output 

. work that will be 

accomplished. 

2 Measure the force 

x needed by each 

ising S'mPLe {lACHINES 
® Real-World Problem 
Suppose that you are the contractor on a one-story building with a 

large air conditioner. How can you get the air conditioner to the roof? 

How can you minimize the force needed to lift an object? What 

machines could you use? Consider a fixed pulley, a block and tackle 

system of pulleys, and an inclined plane. How can you find the effi- 

ciency of machines? 

© Make a Model 
1. Work in teams of at least two. Collect all the needed equipment. 

2. Sketch a model for each lifting machine. Include a control in which 

the weight is lifted while being suspended directly from the spring 

scale. Model the inclined plane with a board 40-cm long and 

raised 10 cm at one end. 

3. Make a data table like the one below. 

4. |s the pulley support high enough that the block and tackle can lift 

a weight 10 cm? 

5. Obtain your teacher's approval of your sketches and data table 

before proceeding. 

Problem Data 

rite Inclined Block and 

Plane Tackle 

Ideal Mechanical Advantage, /MA 1 4 3 

Input force, F;,., N Willvary Will vary Will vary 

Input distance, d;., m 0.10 0.40 0.30 

Output force, Fue N 9.8 98 9.8 

Output distance, Gout M 0.10 0.10 0.10 

Work. = Fi, d.., Joules Will vary Will vary Will vary 

WOK ie — Pout Gout Joules 0.98 0.98 0.98 

Efficiency = (Work... /Work,.) < 100% Will vary Will vary Will vary 

fee 3 machine to lift a 
: ; 2 
pret weight. 

iene Calculate the input 
ate work and efficiency for 

2a oe each model machine. 

it Select the best 

ee oie machine for your job 
Ye based on the force 

Ee required. 

| Possible Materials 
Ee spring scale, O—10 N range 

bre 9.8-N weight (1-kg mass) 

Ps = double pulley 

pe single pulley 

a string for the pulleys 

ar stand or support for 

oe the pulleys 

Sal wooden board, 40 cm long 

ee support for board, 10 cm 
ts high ES: / 

Safety Precautions 

See 

eee 
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© Test Your Model_——— 
1. Tie the weight to the spring scale and measure the force required 

to lift it. Record the input force in your data table under Control, 
along with the 10-cm input distance. 

2. Assemble the inclined plane so that the weight can be pulled up 

the ramp at a constant rate. The 40-cm board should be supported 

So that one end is 10 cm higher than the other end. 

3. Tie the string to the spring scale and measure the force required to 

move the weight up the ramp at a constant speed. Record this 

input force under /nclined Plane in your data table. Record 40 cm 

as the input distance for the inclined plane. 

4. Assemble the block and tackle using one fixed double pulley and 

one movable single pulley. 

5. Tie the weight to the single pulley and tie the spring scale to the 

string at the top of the upper double pulley. 

6. Measure the force required to lift the weight with the block and 

tackle. Record this input force. 

7. Measure the length of string that must be pulled to raise the 

weight 10 cm. Record this input distance. 

© Analyze Your Data 
1. Calculate the output work for all three methods of lifting the 

9.8-N weight a distance of 10 cm. 

2. Calculate the input work and the efficiency for the control, the 

inclined plane, and the block and tackle. 

3. Compare the efficiencies of each of the three methods of lifting. 

© Conclude and Apply ———— 
1. Explain how you might improve the efficiency of the machine in 

each case. 

2. Infer what types of situations would require the 

use of aramp over a pulley to help lift something. ommunicating 

3. Infer which machines would be most likely to Your Data 

be affected by friction. Make a poster showing how the best 

machine would be used to lift the air 

conditioner to the roof of the building. 

LAB 177 

aay Res eee 

”~, Assessment 

Process Have students make bar graphs of the dif- 

ferent amounts of force used and work done using 

each machine. Use Performance Assessment in 

the Science Classroom, p. 111. 

ommunicating 
Your Data 

Have students compare their posters. Did they all agree 
on the best machine? Display student posters in the 

classroom. 

© Makea 
Model — 

Possible Procedures If you 
don’t have double pulleys, you can 
tie the string on the single pulley, 
as shown, and loop the string over 
a horizontal bar, then around the 

moveable pulley and then around 
the bar again instead. 

Teaching Strategy Teams of 
two will be required to simplify 
assembly of apparatus and meas- 
urements. 

Troubleshooting When stu- 
dents pull on the weight using the 
spring scale, make sure they pull 
slowly, smoothly, and at constant 

speed. Jerky pulling will lead to 
the use of unnecessarily large 
forces. 

© Test Your 
Model 

Expected Outcome Students 
will build models of three simple 
machines and use them to model 

lifting an air conditioner to a 

roof. 

© Analyze Your 
Data 

1. Output work is the same for all 
three, 0.98 J. 

2. Answers will vary. 
3. The block and tackle require the 

lowest force. The reason for the 
efficiency difference is probably the 
difference in the friction between 
the ramp and the block and tackle. 

© Conclude and 

Apply 
1. You could improve both by lubricating 

the ramp and the pulleys. 
2. Answers will vary. 
3. Answers will vary. A slick ramp will be 

less affected by friction than a rusty 
pulley. A well-oiled pulley will work 
better than a rough-surfaced ramp. 
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TIME 
Content Background 
The current vision of nanotech- 

nology and its possible uses was 
discussed in a book by Dr. K. 
Eric Drexler in 1986. He envi- 
sioned the precise construction 

of advanced materials from 
chemically pure ingredients, 
eliminating the toxic byproducts 
of conventional manufacturing. 
The long-term goals for molec- 
ular manufacturing range from 
ultra-small computers and space 
construction to the alleviation of 
disease, hunger and pollution. As 
developments increase at a rapid 
pace, many questions arise con- 
cerning the possible use and 
misuse of the new technology. 

Discussion 
Nanobots What would be the 
advantage of having nanobots 
perform medical tasks now done 
by drugs or surgery? Possible 
answer: By acting on a cell-by-cell basis 

nanobots can avoid damaging healthy 
cells and reduce recovery time. 
Logical-Mathematical 

Activity 
Precision drawing Divide the class 
into groups of three or four. 
Assign a word to each group. Each 
group will use four different ways 
to spell out the word using sand 

on black paper, each time making 
the word as small as possible. The 

first time students put on gloves, 

the second time they will use their 

bare fingers to move the sand. For 

the third time, have them use an 

implement such as a craft stick 

to move the sand to make the 

word, and finally, provide 

students with tweezers and a 

magnifying glass. Ask students 

to compare their smallest word 
with 500 nanometers. [L2| 

Kinesthetic 
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This is the smallest guitar in 

the world. It is about as big as a 

human white blood cell. Each of 

its six silicon strings is 100 atoms 

wide. You can see the guitar only 

with an electron microscope. 

magine an army of tiny robots, each no bigger 

than a bacterium swimming through your 

bloodstream. 

Welcome to the world of nanotechnology, 

the science of creating molecular-sized 

machines. These machines are called nanobots. 
The smallest of these machines are only bil- 

lionths of a meter in size. They are so tiny that 

they can do work on the molecular scale. 

Small, Smaller, Smallest 
Nanotechnologists are predicting that within 

: Sardis from a few decades they will be creating nanobots 

attached to an oft - the body and that can do just about anything, as long as it’s 

onboard computer 7% ie le| dispense small. Already, nanotechnologists have built 
sends and : i drugs “te Z 5 d 
ore. Ss rf oe J gears 10,000 times thinner than a human hair. 
ultrasound to : ; uter . ae ase Sy eee Pte ce 599 : 
communicate Ae { t. Ea heli-gads They’ve also built tiny molecular motors only 

hab medical de of strong 50 atoms long. At Cornell University, nanotech- 
eam i : : , 

ere nologists created the world’s smallest guitar. It is 

Sensors an » | diamonds appoximately the size of a white blood cell and it 
Daeg rey wf 0? even has six strings. 

and perform cell- In the future, nanobots might transmit your 

by-cell surgery internal vital signs to a nanocomputer implanted 

under your skin. There the data could be ana- 

lyzed for signs of disease. Other nanomachines 

then could be sent to scrub your arteries clean of 

dangerous blockages, or mop up cancer cells, or 

even vaporize blood clots with tiny lasers. These 

are just some of the possibilities in the imagina- 

tions of those studying the new science of 

nanotechnology. 

Design Think up avery small simple or complex machine that 
could go inside the body and do something. What would the 

machine do? Where would it go? Share your diagram or design with 
your classmates. 

TIME 
For more information, visit 

fl.gpescience.com 

Design Provide time for students to Resources for Teachers and Students 
give short presentations of their designs to Engines of Creation by K. Eric Drexler, Garden 
the class. Ask each student to describe why City, N.Y.: Anchor Press/Doubleday, 1986 

the tiny machine would do the job better 

than current technology. Nanotechnology: A Gentle Introduction to the Next 

Big Idea by Mark Ratner, Prentice Hall PTR, 2003 
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1. Work is the energy transferred when a force 
makes an object move. 

2. Work is done only when a force produces 

motion in the direction of the force. 

3. Power is the amount of work, or the 

amount of energy transferred, in a certain 

amount of time. 

1. A machine 

makes work 

easier by 

changing the 

size of the 

force applied, 
by increasing 

the distance an 

object is 

moved, or by 

changing the 
direction of the applied force. 

_ 
——— 

. The number of times a machine multiplies 

the force applied to it is the mechanical 

advantage of the machine. The actual 

mechanical advantage is always less than 

the ideal mechanical advantage. 

Interactive Tutor fl.gpescience.com 

4. A combination of two or more simple 

HCE SSSI NORAD ESI NET 

Study Guide 

3. The efficiency of a machine equals the out- 

put work divided by the input work. 

4. Priction always causes the output work to 

be less than the input work, so no real 

machine can be 100 percent efficient. 

“Section 3 | Simple Machines 

1. A simple machine is a machine that can do 

work with a single movement. 

2. A simple machine can increase an applied 

force, change its direction, or both. 

3. A lever is a bar that is free to pivot about a 

fixed point called a fulcrum. A pulley is a 

grooved wheel with a rope running along 

the groove. A wheel and axle consists of two 
different-sized wheels that rotate together. 

An inclined plane is a sloping surface used 

to raise objects. The screw and the wedge 

are special types of inclined planes. 

machines is called a compound machine. 

Use the Foldable that you made at the begin- 

ning of this chapter to help you review how machines make 

doing work easier. 

CHAPTER STUDY GUIDE 179 

S/d 
aK 

A 

the following question. 

Julio lifted a box onto a desk. Joshua pushed an 

identical box up an inclined plane onto the desk. 
Friction on the inclined plane opposes Joshua’s 

ntifying Misconceptions 

After students have done the activity on page F 

and completed the chapter, have them answer 

push. Which boy probably used more force in 
lifting the boxes? Julio Which boy did more work? 
They did about the same amount of work. 

Expected Outcome Students will see that simple 

machines may reduce the amount of force 
exerted; but not the work done. 

Cheaprer, G 

Study Guide 

Reviewing Main Ideas 

Summary statements can be 
used by students to review the 
major concepts of the chapter. 

Science! !/1E 
Visit fl.gpescience.com 

More Section Review 

Interactive Tutor 

Vocabulary PuzzleMaker 

More Chapter Review 

Standardized Test Practice 

Assessment Transparency 
For additional assessment ques- 
tions, use the Assessment 

Transparency located in the trans- 
parency book. 

Assessment 

Assessment Work and Machines Chapter 

Transparency | 6 

Directions: Carefully review the table and the diagram and answer the following questions. 

Position Input | Output Effort 
distance distance force 

40 cm 40 cm 20N 

40 cm 20cm 10N 

40 cm 10cm 5N 

40 cm ? 

Input force 
e} 

Output force & 
/20N 

are TRS TS 
a lane Z 

Input distance » Output distance 

Fulcum——, 

1. According to this diagram and the table, which variable is being 
changed? 
A The fulcrum 

B The input distance 
C The output force 
D The output distance 

2. If the data in the table remains the same, what input force is 
required to lift the object when the output distance is 5 cm? 

F2N G25N HSN J10N 

3. Which hypothesis was probably tested by collecting these data? 

A The input force decr the input distance decreases. 

B The input force incre the input distance decreases. 
the output distance decreases. 

‘sas the output distance decreases. 
The input force deer: 
The input force incre 

™ [lave students use 

FOLDABLES their Foldables to 

review the content of the chap- 
ter. Ask them to think of ways to 
improve the efficiency of the 
work they do without machines. 

CHAPTER STUDY GUIDE 179 



Chaprer 

Review 

. compound machine 

. inclined plane 

. mechanical advantage 

. pulley 

. output force 

. work 

1 

2 

3 

4 

5 

6 

7. Power 

8. B 1Z2C 

950 13. A 

10. A 14. B 

11. D 15. D 

Interpreting Graphics _ 

16. See student page. 

17. B 

18. Four = 1.3 X 50N = 65N 

180 CHAPTER REVIEW 

chapter 

SC.B.1.4.7 

“Using Vocabulary 

compound machine p.1/4 output force p. 162 

efficiency p. 164 power p.157 

inclined plane p. 17. pulley p. 169 

input force p. 162 screw p. 17 

lever p. 166 simple machine p. 16¢ 

machine p. | wedge p.1/ 

mechanical advantage wheel and axle p. 1/1 

p. 164 work p.154 

Complete each statement using a word(s) from 

the vocabulary list above. 

1. A combination of two or more simple 

machines ts a(n) 

2. A wedge is another form of a(n) 

3. The ratio of the output force to the input 

force is the of a machine. 

4. A(n) is a grooved wheel with a 

rope, chain, or cable in the groove. 

5. The force exerted by a machine is the 

6. Energy is transferred when is 

done. 

de is the rate at which work is done 

or energy is transferred. 

Checking Concepts 

Choose the word or phrase that best answers the 
question. 

8. Which of these is not done by a machine? 

A) multiply force 

B) multiply energy 

©) change direction of a force 
D) work 

9. Which of the following increases as the 

efficiency of a machine increases? 

A) work input ©) friction 

B) work output D) IMA 

180 CHAPTER REVIEW 

as ) Review 

10. In an ideal machine, which of the follow- 

ing is true? 

A) Work input is equal to work output. 
B) Work input is greater than work output. 

© Work input is less than work output. 

D) The IMA is always equal to one. 

Use the picture below to answer question 11. 

aie 

12; 

3: 

14. 

15; 

V 

What simple machines make up a pair of 

scissors? 

A) lever and pulley 

B) pulley and wheel and axle 

©) wedge and pulley 
D) wedge and lever 

What term indicates the number of times a 

machine multiplies the input force? 

A) efficiency 

B) power 

© mechanical advantage 

D) resistance 

How could you increase the IMA of an 

inclined plane? 

A) increase its length 

B) increase its height 

© decrease its length 

D) make its surface smoother 

What is the IMA of a screwdriver with a 

shaft radius of 3 mm and a handle radius 

of 10 mm? 

A) 0.3 C) 30 

B) 3.3 D) 13 

What is the IMA of an inclined plane that 

is 2.1 m long and 0.7 m high? 

A) 0.3 Lt es) 

B) 2.8 D) 3.0 

Vocabulary PuzzleMaker fl.gpescience.com 

Curriculum ‘Tags 

Use the ExamView® Pro Testmaker CD-ROM to: 
* create multiple versions of tests 

create modified tests with one mouse click for inclusion students 

edit existing questions and add your own questions 

build tests aligned with state standards using built-in State 

* change English tests to Spanish with one mouse click and vice versa 



Review SHEAIe! FR chapter GE 
——————._ Review 

16. Copy and complete the concept map of 

simple machines using the following 

terms: compound machines, mechanical 

advantage, output force, work. 

7 s . 

J (mechanical 
\ 

advantage 
combine 

to make 

sees 

y, 

ork ey one Co) 

ey Co) 

( Beep force input force 

Use the table below to answer questions 17 and 18. 

Lever Input and Output Arms 

. Input Arm Output Arm 
Lever 

(cm) (cm) 

A 25 75 

B 53 4) 

C 36 36 

D 32 99 

E 10 30 

17. Determine which of the levers listed in the 

table above has the largest IMA. 

18. Calculate An input force of 50 N is applied 

to lever B. If the lever is 100 percent effi- 

cient, what is the output force? 

Thinking Critically 

20. Determine what arrangement of movable 

and fixed pulleys would give a mechanical 

advantage of 3. 

21. Explain which would give the best mechani- 

cal advantage for driving a screw down 

into a board: a screwdriver with a long, 

thin handle, or a screwdriver with a short, 
thick handle. 

Applying Math 

22. Calculate Work Find the work needed to 

lift a 20.0-N book 2.0 m. 

23. Calculate Axle Radius A doorknob has an 

IMA equal to 8.5. If the diameter of 

the doorknob is 8.0 cm, what is the 

radius of the shaft the doorknob is 

connected to? 

24. Calculate Input Work A machine has an 

efficiency of 61 percent. Find the input 

work if the output work is 140 J. 

25. Calculate Efficiency Using a ramp 6 m 

long, workers apply an input force of 

1,250 N to move a 2,000-N crate onto a 

platform 2 m high. What is the effi- 

ciency of the ramp? 

~~ Thinking Critically 

19. The fulcrum should be moved 

toward the adult to increase the 
length of the input arm of the 
child's lever. This will multiply the 
input force exerted by the child. 

20. A fixed double pulley with a move- 
able single will give MA = 3.Tie the 
string to the moveable pulley and 
loop it first through the lower pulley 
on the fixed double pulley, then 
through the single, moveable, and 
finally over the top double pulley. 
This gives three supporting strings. 

21. The one with the fat handle; the 
screwdriver is being used as a 
wheel and axle, with the handle 
acting as the wheel. The screwdriver 
with the fat handle will therefore 
have a greater MA. The length 
does not matter. 

Applying. Mata 
Math Standards 
National: 1,2,9 

Florida: MA.D.1.4.2 

22. 40) 

23. 0.47 cm 

24. 2305 

25. 53% 

26. 300 W 

19. Describe how the input force, output force, 26. Calculate Power A person weighing 500 N 

and fulcrum should be arranged so that a climbs 3 m. How much power is 

child can lift an adult using his own body needed to make the climb in 5 s? 

weight on a seesaw. 

More Chapter Review fl.gpescience.com CHAPTER REVIEW 181 

‘To Assessment __ 
\@y Reproducible Masters 
Chapter Fast File Resources 

Chapter Review, pp. 39-40 
Chapter lests; pp. 4144 
Assessment ‘Transparency Activity, p. 51 

Glencoe Science Web site 
Chapter Review ‘Test 
Standardized ‘Test Practice 

Glencoe Technology 

& s Assessment Transparency 
® ExamView® Pro Testmaker 
oe Videoquiz 

3s) Interactive Chalkboard 

CHAPTER REVIEW 181 
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Standardized Test Practice 

Answer Sheet An answer sheet 

can be found at fl.gpescience.com. 

Standardized Test Practice Answer Sheet 

(Multiple Choice 

riaae esponse 

¢ Multiple Choice 

Use the figure below to answer questions 1 and 2. 

1. The figure above shows a doorknob with a 

radius of 4.8 cm and a mechanical advan- 

tage of 4.0. What is the radius of the inner 

rod that connects the knob to the door? 

A. 0.6 cm 

B. 1.2 cm 

Geesrem 

D. 2.4 cm 

2. What would happen to the mechanical 

advantage if the radius of the doorknob 
were doubled? 

A. It would be multiplied by 4. 

B. [t would be multiplied by 2. 

C. It would be divided by 4. 

D. It would be divided by 2. 

3. A ramp is 2.8 m long and 1.2 m high. How 

much power is needed to push a box up the 

ramp in 4.6 s with a force of 96 N? 

A. 21 W 

B. 25 W 

Cc. 58 W 

D. 270 W 

STANDARDIZED TEST PRACTICE 

chaprer 4 ) Standardized Test Practice 

The assessed Florida Benchmark appears above the question. 

Be | Record your answers on the answer sheet provided by your teacher or on a sheet of paper. 

4. How much work is done in lifting a 9.10-kg 

box onto a shelf 1.80 m high? 

A. 5.06 J 

Bs 16,43) 

C.. 49:5.) 

D. 161 J 

5. An input force of 80 N is used to lift an 

object weighing 240 N with a system of 

pulleys. How far down must the rope 

around the pulleys be pulled to lift the 

object a distance of 1.4 m? 

A. 0.47 m 

B. 1.4m 

(Psy ina 

D. 4.2m 

Use the figure below to answer questions 6 and 7. 

utput 
force 

6. If a lever’s input arm is 8 cm and its output 

arm is 24 cm, what is the ideal mechanical 
advantage of the lever? 

A. 4 

~~ Short Response 

9.4 

10. 5N 

182 STANDARDIZED TEST PRACTICE 



Standardized 
Test Practice | 

@G chaprer 

Standardized Test Practice 

= 4 ~~ Gridded Response 

7. How much more work is done to push a 

box 2.5 m with a force of 30 N than to 

push a box 2.0 m with a force of 26 N? 

8. As you throw a ball, you exert a force of 

4.2 N on the ball. You exert this force on 

the ball while the ball moves a distance of 

0.45 m. The ball leaves your hand and trav- 

els a horizontal distance of 8.5 m to your 

friend. How much work have you done 

on the ball? 

READ 

INQUIRE INQUIRE ort Response 
SS 

Use the illustration below to answer questions 9 

and 10. 

wr 

A 

9. What is the ideal mechanical advantage 

of the pulley system shown in the figure 

above? 

10. If the block supported by the pulley sys- 

tem has a weight of 20 N, what is 

the input force on the rope? 

Standardized Test Practice fl.gpescience.com 

ei Extended Response 

b SC.B.1.47 ) 
11. Use the law of conservation of energy to 

explain why it is impossible for the output 

work of a machine to be greater than the 

machine’s input work. 

Use the illustration below to answer question 12. 

12. The boy in the figure below is carrying a 

box to the top of the stairs. 

PARTA Describe how the work that the boy 

does on the box is related to the 
energy transfer that occurs. How 

does the energy of the box change 

form as the boy carries the box up 

the stairs? 

PART B Explain how the work, power, and 

energy would change if the boy 

walked faster. How would the work, 
power, and energy change if the 

steps were the same height but 

steeper? 

|_Test-Taking Tip _| 
Don’t Panic Stay calm during the test. If you feel yourself 

getting nervous, close your eyes and take five slow, deep breaths. 

LT 

STANDARDIZED TEST PRACTICE 183 

11. When work is done on the 
machine, energy is transferred 
to the machine. When the machine 
does work, energy is transferred 
from the machine. If energy can- 
not be created, then the output 

work cannot be greater than the 
input work. 

12. Part A. The chemical energy from 
the boy’s muscles is converted to 

potential energy of the box. 
The potential energy of the box 
increases as the boy increases 

the height of the box. 

12. Part B. Work would be the same. 

Power would increase because the 

time required to do the work 

decreased. The energy change of 
the box would be the same. 

Rubrics 
For more help evaluating 
Short- and Extended-Response 
questions, see the rubrics on 
eowall 

STANDARDIZED TEST PRACTICE 183 
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Section/Objectives 

Chapter Opener 

Standards 

National 

See pp. 16T-17T for a 

Key to Standards. 

State/Local 

Lab/Features 

Launch Lab: Relative Sizes of Earth, 

the Moon, and the Sun, p. 185 

Foldables, p. 185 

Section 1 Earth in Space National Content Florida Science Online, p.187 

@ 1 session Standards: Benchmarks: Integrate Physics, p. 188 
CP 5 block UCP.1-3, UCP.5, SC.E.1.4.2, 

: A.1,A.2, SGESIF4 3; 

1. Compare and contrast Earth's physical D.1,D.3 SC.E.2.4.3 
characteristics with those of other planets. 

2. Explain Earth’s magnetic field. 

3. Describe Earth’s movement in space and how 

eclipses occur. 

Section 2 Time and Seasons National Content Florida MiniLAB: Modeling the Sun’s Rays 

@ _2sessions Standards: Benchmarks: at Solstice, p. 195 

=z UGP 1-3, 0CPo; SC.E.1.4.1 Lab: Comparing the Angle of 
CP 1 block ely a2 SGiE2°4.3 Sunlight to Intensity, p. 196 

4. Calculate the time and date in different time 

zones. 
5. Differentiate between revolution and rotation. 

6. Discuss what causes seasons to change. 

Section 3 Earth’s Moon National Content | Florida Applying Math, Tides, p. 198 

@  3sessions Standards: Benchmarks MiniLAB: Modeling Phases and 
=, UCP.1-5, SCE.1.4.1 Eclipses, p.200 ELD Video Lab 

og Weeks A.1,A.2, S@EZ43 Integrate History, p. 201 
7. Describe how tides on Earth are caused by the D.3, D.4 SC.E.2.4.6 Science Online, p. 204 

Moon. SC.H.1.4.1 Visualizing Water on the Moon, 
8. Explain how the Moon’s phases depend on the SG Aiea 

relative positions of the Sun, the Moon, and 
Earth. 

9. Compare and contrast solor and lunar eclipses. 

10. Analyze what surface features of the Moon 

reveal about its history. 

184A CHAPTER7 The Earth-Moon-Sun System 

p. 205 

Lab: Identifying the Moon's Surface 

Features and Apollo Landing Sites, 

pp. 208-209 
Oops! Accidents in Science: Even 

Great Scientists Make Mistakes,p. 210 



Launch Lab: chalk, 

nm 

———SS__SS_— , 

Chapter Fasr Fite Resources 

SiudentWorks/=_ 

Lab Materials Reproducible Resources 

Glencoe Exclusive! 

Teacher Works = 
Section Assessment 

All-In-One Planner and Resource Center 

Technology 

TeacherWorks includes: 

meterstick Foldables Worksheet, p. 17 * Interactive Teacher Edition 
Note-taking Worksheets, * Lesson Planner with calendar 

pp. 33-35 hs te * Access to all program 

Directed Reading Overview, ANTP blacklines 
p.19 * Correlations to standards 

+ Web links 

Chapter Fasr Fite Resources Portfolio % Section Focus Transparency 

Transparency Activity, p. 44 Check for Understanding, p.189 | ® Interactive Chalkboard 
Need materials? Enrichment, p. 30 Performance Ps CD-ROM 

Contact Scie nce Ki at 1-800-828-7777 a www.sciencekit.com, 

MiniLAB: globe, flashlight 
or gooseneck lamp 

Lab: 75-W gooseneck lamp, 

alcohol thermometers (2), 

two sheets of a single color 

of construction paper, 

protractor 

Reinforcement, p. 27 

Directed Reading, p. 20 

Lab Activity, pp. 9-11 

Home and Community 

Involvement, p. 36 

Applying Math, p. 189 

Content 

Section Review, p. 189 

StucentWorks Plus 

Chapter Fasr Fite Resources 

Transparency Activity, p.45 

MiniLAB, p. 3 

Enrichment, p. 31 

Reinforcement, p. 28 

Directed Reading, p. 20 

Lab Worksheet, pp. 5-6 

Cultural Diversity, p. 29 

Portfolio 

Check for Understanding, p. 195 

Performance 

Applying Math, p. 195 
Content 

Section Review, p. 195 

Section Focus Transparency 

Interactive Chalkboard 
CD-ROM 

StucentWorks Plus 

O° Cad 

Os 

MiniLAB: lamp with no 

shade; small, white, plastic- 

foam ball; pencil 

Lab: large-scale maps or 

globes of the Moon; 

individual, smaller maps of 

the Moon 

ASSESSMENT 
“%, NT eo 

Chapter Fasr Fire Resources 
Chapter Review, pp. 37-38 
Chapter Test, pp. 39-42 

Standardized Test Practice, pp. 32-35 

Chapter Fasr Fie Resources 

Transparency Activity, p. 46 

MiniLAB, p. 4 
Enrichment, p. 32 

Reinforcement, p. 29 

Directed Reading, pp. 21-22 

Transparency Activity, 

pp. 47-48 

Lab Worksheet, pp. 7-8 

Lab Activity, pp. 13-15 

Laboratory Management and 

Safety, p.66 

Performance 

Applying Math, p. 198 

MiniLAB, p. 200 

| Applying Math, p. 207 
Content 

Section Review, p. 207 

End of Chapter Assessment 

MindJogger Videoquiz 

@ ExamView® Pro Testmaker 

D) TeacherWorks CD-ROM 

D Interactive Chalkboard CD-ROM 

CHAPTER 7 Chapter Organizer 

& Section Focus Transparency 

& Teaching Transparency 
) Interactive Chalkboard 

CD-ROM 

®) StudentWorks Plus 

[D Video Lab 

Performance Assessment in the Science 

Classroom (PASC) 

184B 
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Thesearth:Moon-Sun system” 

| pany 
| Section Focus Aurora B. Moves South 
| a Transparency 

This is a representation of key blackline 

masters available in the Teacher Classroom 

Resources. See Resource Manager boxes 

within the chapter for additional information. 

Key to Teaching Strategies 

The following designations will help you 
decide which activities are appropriate 

for your students. 

Transparencies 

Assessment 

Id it be the fall equinox in the northern 

Teaching 

ay 
3 Teaching - Edipses 

Transparency 

C. Barth 

D. Earth Level 1 activities should be 

appropriate for students with 
n is the night the longest in th 

H. Earth 

J. Ea learning difficulties. 

[2] Level 2 activities should be within 
the ability range of all students. 

[3] Level 3 activities are designed for 
above-average students. 

@® ELL activities should be within 
the ability range of English 
Language Learners. 

COOP LEARN Cooperative Learning 

activities are designed 

for small group work. 

Multiple Learning Styles logos, 

as described on page 12T, are 

used throughout to indicate 

strategies that address different 
learning styles. 

P| These strategies represent student 

products that can be placed into 

a best-work portfolio. 

PBL) Problem-Based Learning activities 
apply real-world situations to 

learning. 

<2) Comparing the Angle of 
LAB, Sunlight to Intensity ed 

Laboratory Activities 

C7 (ecrcicimm™ Yow to Measure the 

Activity Circumference of Earth 

Hands-On Activities 

Strategy 

184C CHAPTER7 The Earth-Moon-Sun System 



Content Outline 

ute uu 

The Earth-Moon-Sun System 

Section 1 Earth in Space 
A. Earths shapes similar to a 

1. This shape 
the antracuv 

Meeting Individual Needs 

Meeting Different Ability Levels 

Earth in Space 

Directions: (vce the term in parentheses that correctly completes each sentence 

1, Harts shape is (elliptical at/oval), 
2 Earth completely (circumnayigate/encireles/orbits) the Sun once each year 

3, Among Earth's physical properties i its rotation, which takes one (year/day/hour) ta 
complete 

4. Earth's diameter ls measured by its distance (Irom pale to pole/around each pale/beside each 
pole 

3. During a Iunar eclipse, the shachow cast by Uarth is (straight/curved/ perpendicular), 

The attractive force between two objects that depends on the masses ofthe objects anid th 
Histanice between then is called (yravity/jlanctary/anis), 

7. Earthy magnetic felis concentrated or two ends 
Meeting Individual Needs 

Earthis magnetic poles move around the (north and south poles/rotational poles/gravity 
Dolls) inn Jeregular way as polar wandering 

Harmful radiation from the Sun deflgctes! by Earth's (magnet fleldvaxis/cloud layers) 
generates lange electrical currents that flaw into Earth's atmosphere near the magnetic pole 

These electric current 1s Un the night sky: that ure known in the northern 
hemisphere as (te F horenligaurara lve 

Because the Sun ia not located in the center of Earth's orbit, Garth’s distance from the Sun 
[VarieWnever chunges/might change 

2. Earth is one of (seven/elyhU/nine) planeto in our solar system 

Oceans on Earth absorbed much of the (oxygerearbor 
arly atmosphere 

The high temperatures on (Mercury/Venus/Mara) exist because of the huge amount of carbon 
luside in the planet's atmosphere 

5. When large amount bon dioxide trap and hold onto heat energy, the process ia knewn 
as the (greenhouse effect/cause and effect/clectran effect), [2] 

The Lath sen Sa Sten, 

Study Guide 

ate 

(EM Earth in Space 

¢ Determine Whether the ialieiei term makes cach statement true or fulse- Ifthe 
ru, write true oi the blank: If the Matement i fulse, write in the blank the term 

or terms tat make the sutentent tr 
1, Earth revolves around the Sun in a cir 
2, The period of rotation of Earth ts approximately 465 day 
3, Farth is shaped like a sphere 
4, The area within Earth's magnetic field ie called the aur 

Directions: For cc observation given below write the cause or explanation of the obvervation 
On the line provide. 

5. the northerw and southern light 

mavement of the location of Earth's north and south magnetic pole 

ds the center of Earth, 

Earth's shadow on the Moon during an edipse W albeays curved. 

A compass always points north. 

the small amounts of carbon dioxide in Earth's atmosphere 

NASA’s Solar Radiation 
and Climate Experiments 

You will recall that solar radiation is the dorninant direct energy input by the Sun into the 
Lcrrestrial ecosystern It affects alliphysical, chemical, and biological processes, The Sun provides » 
natural influence an Earth's atrmosphere and climate. In order to understand mankind's eles in 
Jimate change, the Sun's impact must first be understood. 

The Solar Radiation and Climate Experiment (SORCE) is a five-year satellite mission launched 
‘on January 25,2008 by the National Aeronautical Space Administration (NASA), It pra 
LateoF-the-art measurements of incoming x-ray, ultraviolet, visible, near-infrared, and total solar 
radiation: These measurements from space are showing scientists how the Sun affects Earth's 

ve layer, the circulation within its atmosphere, and its clouds and ocean) 
SORCE measures the Sun's oulput with the use of radiameters spectrometers, photodiodes, 

detectors, and bolometer: that are engineered nto instruments mounted on a satellite observa 
tory. The SORCE satellite orbits around Earth accumulating solar data, Spectral measurements 
identify the Sun's energy and emissions in the form of color that can then be translated into 
‘quantities and elements of matter. Data obtained by the SORCE experiment are being used by 
scientitts at NASA and at the University of Colorado to model the Sun's output and to explain, 
indiprediet the effect of the Sun's radiation on Earth's atmosphere and climate 

For updates and n formation on thie satellite mission to explore Earth's climate, please 
see hitpr//lusp.colorad.edulsorc 

1, What us the purpote of the SORCE satellite mission’ 

2 What isthe path of the SORCE satellite 

30 The Lar aan San Ste 

section © Earth in Space 
ectet—9L1 17 hay At en et ep tk en 

What You'll Learn ®@ Before You Read 

Sarat Haye you seen pictures of Earth taken from space? Describe 
© about Eanhis magnetic how Earth looks from space 

field 
1 how Eanh moves 

through space 

@ Read to Learn 

Earth's Size, Shape, and Other Properties 
You know Earth is round and gravity pulls things toward. 

the center of Earth, These are two of Earth's characteristic 
As you read, you will learn much more about Earth 

What did ancient people know about Earth? 
Ancient astronomers thought that Earth was a sphere. A 

sphere iso round, three-dimensional object with a surface 
that isthe same distance from the center in all direction: 

Aristotle as an early astronomer, He saw that objects fall 
straight down. He saw that Earth's the shadaw on the Moon is 
curved, Finally, he learned that in different parts of the world 
the same stars appear at different heights above the hor 
These three things could happen only if Earth is sphere 

FFouwauies} 
Gather information 

Make the following Foldable to 
help you organize what 
earn about Earth iso: Earth's shape. For example, if you drive toward a city, first you 

shape. magnetiefedand see the tops of tall buildings. As you drive closcr, the buildings 

What is everyday evidence of Earth's shape? 
Pictures of Earth taken from space show that Earth is a 

sphere. You have probably noticed other evidence that confirms 

gradually appear to you from the top down because Earth is 
curved 

Gravity helped to shape Earth. Gravity is the attractive force 
between two objects that depends on the masses of the objec 
and the distance between them. The early Earth was molten 
and gravity formed it into a sphere 

7-2 OWPTERT The Eaton San Sten 

DIRECTIONS 
Chapter Earth-Moon-Sun System 
eview 

Part A. Vocabulary Review 

Directlons: Write the answers fo the clues provided in the appropriate columns 

ACKOSS DOWN 

decurs when the Sun ts direct! hope of Larth’s orbit 
above Earth's equator around the Sun 

2, Aitractive force between two abject A round, three-dimensional object 

6, Layer of debris on the Moon Furth spinning on its axis 

7. Large ocean wave caused by gravity 5, Area measured in degrees in which 
of the Sun and Moon Uime is the same 

8, Dark-colored, fairly flat areas on the . Motion of Earth in its orbit arot 

ate co 

The Earth-Moon-Sun System 

|. Testing Concepts 
Directions: Determine whether the talcized term or terms make each statement true or fate Ifthe statement 
‘s true, write true in the blank: the statement is false, write in the space provided the terior terms that make 
the statement true 

(Op average, each time zone is about 360° wide 
‘ehias more hours af daylight than any other day 

phases are caused by its changing positions relative 10 
the Sun 
Solar exlipses occur during a full Moon and lunar eclipses occur dur 
ings new! Moor: 
When the Moon appears to gravy larger, it bs said to be wing 
When the Moon appears to grow smalley, ils said 10 be waxing. 
Both the Moon and the Sun appear to rise in the est andi set mn the 

The Sun's gravity allects tides on the Moor. 
During » neap rile, Ne Sun and the Mon are at right angles to one 
another 
When itis winter jw one hemisphere, itis fallin the other 
The Moon most likely was formed by a glant impact when « Mars 

ded with the Sun ize abject 
Assessment The Moon revolves provind Earth every 27-3 day 

Eclipses can happen only when Earth, the Moon, and the sfurs are 
perfectly’ lined up. 
Craters, mountains, and regolith are landforms on the Moorts sur 

15, Earth's nearest neighbor in space is the Moor 

The arth oon San Ste [L2| 
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Science Content Background. 
section: Earth in Space 

*¢ Earth’s Magnetic Field 
Convection currents of molten 

2 iron deep in Earth’s core, along 
with Earth’s rotation, produce huge electrical 
currents. These electrical currents cause Earth’s 
magnetic field. 

The orientation of the direction of Earth’s 
magnetic field changes periodically over time. In 
the past, the direction of Earth’s magnetic field 
has been north-south, as it is now. At other 

times, the direction has been south-north. This 

is one bit of evidence supporting the theories of 
sea-floor spreading and plate tectonics. 

Recent evidence suggests that Earth’s inner, 
solid core is rotating slightly faster than the rest 
of the planet. The rate of increase is such that 
the inner core completes one extra quarter turn 
in 100 years. In fact, the orientation of Earth’s 
solid inner core has shifted about 20 km during 
the past 30 years, equivalent to a motion that is a 
million times faster than the motion of conti- 
nents at Earth’s surface due to plate tectonics. 

A better understanding of the outer 
core-inner core boundary will help scientists 
understand how the inner core is growing as 
Earth cools, how the outer core continues to 

solidify, and how the interaction of these two 
layers helps to produce Earth’s magnetic field. 

Internet Resources 

For additional content background, visit 

fl.gpescience.com to: 

e access online college-level textbooks 

e find references to related articles in popular 

science magazines 

e access Web links with related content background 

* access current events with science journal topics 
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Time and Seasons 

Why do seasons change? 
Earth’s seasons result from the fact 
that Earth always tilts in the same 

direction as it revolves around the Sun. This 
constant tilt of 23.5 degrees means that sunlight 
strikes different locations on Earth at different 
angles throughout the year, and that there are 
more hours of daylight in some areas, and fewer 
hours of daylight in others. 

Earth’s Moon 

Craters, Maria, and 
Mountains 
About 3.9 billion years ago, large 

meteorites created huge impact basins on the 
Moon’s surface. By 3.2 billion years ago, lava 
flows had filled in these impact basins forming 
the large, relatively flat, dark maria seen today. 
Coes have formed on the maria and other 
areas of the Moon’s surface since, but its surface 
looks much as it did 3.2 billion years ago. Fewer 
maria formed on the Moon’s far side because the 
crust is thicker on that side, making it harder for 
lava to reach the surface. 

Print Resources 

A+ Projects in Astronomy, Janice VanCleave, John 

Wiley & sons, 2002. 

Astronomy—Journey to the Cosmic Frontier, John 

D. Fix, McGraw-Hill Companies, 2004. 

Foundations of Astronomy, Michael A. Seeds, 

Brooks/Cole—Thomson Learning Inc., 2005 



Students may think that... 

* Sunlight strikes Earth indirectly at some times 

during the year, causing seasonal changes. 

A common misconception is that the sunlight 
that falls on Earth during the summer is more 
direct than the sunlight that falls on Earth dur- 
ing other seasons. In reality, the Sun’s rays that 
strike Earth are always direct, no matter what 
season it is. This misconception comes about 
because of the misuse of the word direct. 

Demonstration 
Have two students help with the demonstration. 
Provide each student with a meterstick and chalk. 

¢ Shine light from the overhead projector per- 
pendicularly on the chalkboard. Have one 
student measure the length and width of the 
lighted square and ask students to calculate 
the area of the lighted square. 

e Shine light from the overhead projector so 
that it strikes the chalkboard at 45°. Have 
another student measure the length and width 
of this rectangular area of light. Have students 
calculate the area of the lighted rectangle. 

¢ Ask students to compare the areas of the two 
lighted areas. Emphasize that light from the 
projector covered more area when striking the 
chalkboard at the lower angle. Relate this to 
the fact that light from the Sun covers a larger 
area when striking Earth’s surface at angles 
other than vertical. Thus, Earth’s surface 

receives less light and heat per unit area. 

Helping You Prepare 

Discussion 
Organize the class into groups, and have them 
work together to define the words direct and 
indirect as they are used in other subjects. Possible 
answer: When the bus takes the most direct route to school, it 

travels on only one street. However, when it takes an indirect 

route, it travels down several side streets on its way to school. 

Similarly, the Sun’s rays follow a straight line. 

Assess 

After completing the chapter, see Identifying 
Misconceptions in the Study Guide at the end 
of the chapter. 
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Chapter Vocabulary 
sphere, p. 186 

gravity, p. 187 

ellipse, p. 188 

time zone, p. 190 

rotation, p. 192 

revolution, p. 192 
ecliptic, p. 192 

equinox, p. 195 

solstice, p. 195 
ade, palo? 

moon phase, p. 199 

solar eclipse, p. 201 
lunar eclipse, p. 202 
maria, p. 203 

regolith, p. 203 

Science Journal The 
Moon’ influence on tides is 
well-known. Some scientists 
also suspect that the Moon’s 
gravity might influence a slight 
flexing of tectonic plates and 
trigger some earthquakes. 

ATERACTIV 
CHALKBOARD with Image Bank 

"PowerPoint" Presentations 
This CD-ROM is an editable 

Microsoft® PowerPoint® 
presentation that includes: 

a pre-made presentation for 

every chapter 
interactive graphics 
animations 

audio clips 
image bank 

all new section and chapter 
questions 

Standardized Test Practice 
transparencies 

Foldables directions 
links to fl.gpescience.com 

chaprer 

- 

% 
> 3 

Systems and Interactions ‘he day-night cycle on 
Earth and its seasons are caused by Earth’s rota- 

tion and revolution. Interactions among the 

Farth-Moon-Sun system set up conditions that 

produce the different phases of the Moon and 

eclipses of the Sun and the Moon. Tides on Earth 

also are produced by interactions among the 

Farth-Moon-Sun system. 

184 CHAPTER7 The Earth-Moon-Sun System 

Are there tides in a desert? 

Did you know the Moon exerts gravitational 

force on Earth? On Earth, the Moon’s gravita- 

tional attraction is evidenced as tides in 

oceans and seas. Even in the desert, the 

Moon’s gravity influences the flexing of 

tectonic plates. 

Science Jourmal — Research to discover what landforms 

or events are affected by the Moon’s gravitational force on Earth. 

snization in the Solar System and the 
ognizes the vastness of 

Swaying Cactus? You can watch tides come and go 
under swaying palms along the beach. But, this 

saguaro cactus stands motionless under a crescent 

moon in Kofa National Wildlife Refuge in 

Arizona. Scientists study the Earth-Moon-Sun 

system to discover possible effects on plate 

tectonics. It is unknown whether the Moon’s 

gravitational influence triggers some earthquakes. 
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Purpose Use this Launch Lab to 

introduce students to the relative 

sizes of Earth, the Moon, and 

FOLDABLES Earth, Sun, and Moon Make 

TET ETT = the following Foldable to help 
organize what you learn about 
the Earth-Moon-Sun system. the Sun. Students will model the 

E relative sizes of these bodies. [L2| 

| STEP 1 | Fold’a sheetor ; Preparation Locate a sidewalk or 

paper vertically from 4 other paved area for the lab and 

side to side. Make obtain permission to draw on it 
ile front edge about with chalk. 

> inch longer than 

the back edge. Materials chalk, meterstick, me- 

tric ruler 

Turn lengthwise Alternate Materials stick 

and fold into thirds. : Teaching Strategy Encourage stu- 
dents to select a size for the 

Moon. If no one does, or if the 
Unfold and cut only the top layer 

along both folds to make three tabs. size selected is too large, suggest 
a l-cm radius for the Moon. 

Troubleshooting Draw the repre- 
sentative circles ahead of time to 

be sure all will fit on the section 

of sidewalk that is selected. 

| STEP 4 Label each tab. : Safety Precautions 

¢ Select a site near the school 

Sun | & | Moon | : that is away from traffic. 

¢ Caution students to be on the 

lookout for cars that might cross 
uestions As you read the chapter, write what : 

a y P the sidewalk. 
you learn about each body under the correct tab 

of your Foldable. After you read the chapter, : Z si 

note the many ways that the three affect each 3 Think Critically 

other. The Moon can appear the same size as 

the Sun because it is much closer. Tell 

students that the Sun is about 400 times 

25 erry ; . farther from Earth than the Moon. Ask 
Preview this chapter's content § 

Mnline and activities at : them how much larger the Sun must be. 

about 400 times 

Assessment 
Process Students can model the 

relative positions and sizes of the 
Moon and Sun by closing one eye 

and using their thumbs to block 

their view of a classmate. The 

thumb can completely block the 

view of a classmate if it is held 

close enough. 

Yes Dinah Zike 
Tie otudy Fold 

Student preparation materials for 

this Foldable are available in the 

Chapter Fasr Fite Resources. 
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INTERACTIVE. 
CHALKBOARD 

tion is available on Interactive 

Chalkboard CD-ROM. 

Bellringer 

Section Focus ‘Transparencies 

also are available on the 

Interactive Chalkboard CD-ROM. 

[2] GD 

(erty Aurora B. Moves South pe Ly 
Transparency 

Most of the time, the aurora borealis, shown below, can only be seen by 

people located close to or within the Arctic Circle. Occasionally, people 
located further south can experience these curtains or ribbons of 

lights. The lights are created when c ravaed articles that are spiraling 
along the Earth’s magnetic field lines (see inset) bump into particles in 

the Earth’s atmosphere, emitting various colors of light. 

1, When do you think the aurora borealis can be seen by people located 

south of the Arctic Circle? 

2. What would happen to solar winds if Earth did not have a magnetic 
field around it? 

Reading Preview 

Tie to Prior Knowledge 

Earth’s Unique Properties ‘Tell 
students that every planet in 

the solar system has unique 

physical properties. Ask stu- 
dents to brainstorm about 
unique properties of Earth that 
make it possible for life to exist. 
Start them out by writing, 

“Earth has oceans” on the 
board. Accept other student 
responses. 

Predict The new vocabulary 
words for this section may be 
familiar to students in an 
everyday sense. Ask students to 
share what they know about 
each word with a partner. Then 
have students seek out the 
physics definition in the text. 

An editable Microsoft® 

PowerPoint® presenta- 

What Vou'll Learn 

of other planets. 

Figure 1 Objects fall toward 

Earth’s center. 

Infer How would apples fall from 

trees if Earth were shaped like a cube? 

ie covets SCEISS SC.E.2.4.3 

a ‘Earth i
n 

— 

@ Compare and contrast Earth’s 

physical characteristics with those 

@ Explain Earth’s magnetic field. 

= Describe Earth’s movement in 

space and how eclipses occur. 

® Review Vocabulary 

orbit: curved path of one object, 

such as the Moon, around another 

object, such as Earth 

Why It’s Important 

Gravity from the Earth-Moon-Sun 

system directly affects what it’s like 

to live here on Earth. 

New Vocabulary 
@ sphere e ellipse 

@ gravity 

Earth’s Size and Shape 
Like most people, you are aware that Earth is round like a 

ball. But can you prove that this is true? If you jump up, you 

know that you'll come back down, but why is this so? What is the 

force that brings you down? You may have used a compass to tell 

directions, but do you know how a compass works? You will 

learn the answers to these questions and also about many phys- 

ical characteristics of Earth in this section. 

Ancient Measurements Earth’s shape is similar to a sphere. 
A sphere is a round, three-dimensional object, the surface of 

which is the same distance from the center in all directions. Even 

ancient astronomers knew that Earth is spherical in shape. We 

have pictures of Earth from space that show us that it is spheri- 

cal, but how could astronomers from long ago have learned this? 

They used evidence from observations. 

Aristotle was one of these early astronomers. He made three 

different observations that indicated that Earth’s shape is spher- 

ical. First, as shown in Figure 1, no matter where you are on 

Earth, objects fall straight down to the surface, as if they are 

falling toward the center of a sphere. Second, Earth’s shadow on 

the Moon during a lunar eclipse is always curved. If Earth 

weren't spherical, this might not always be the case. For exam- 

ple, a flat disk casts a straight-edged shadow sometimes. Finally, 
people in different parts of the world see different stars above 

their horizons. More specifically, the pole star Polaris is lower in 

the sky at some locations on Earth than at others. 
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Chapter Fasr Fite Resources 

Note-taking Worksheet, pp. 3: 

‘Transparency Activity, p. 44 

Enrichment, p. 30 

Reinforcement, p 27 
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Directed Reading for Content Mastery, 
pp. 19520 

Lab Activity, pp. 9-11 

Home and Community Involvement, p. 36 
Reading and Writing Skills Activities, pp. 11-12 



Everyday Evidence of Earth’s Shape What have you 
seen, other than pictures from space, that indicates Earth’s 
shape? Think about walking toward someone over a hill. First, 
you see the top of the person’s head, and then you can see more 
and more of that person. Similarly, if you sail toward a light- 
house, you first see the top of the lighthouse and then see more 
and more of it as you move over Earth’s curved surface. 

You can see other evidence, too. Just like ancient 
astronomers, you can see for yourself that objects always fall 
straight down. Today, however, we know more about gravity. 
Gravity is the attractive force between two objects that depends 
on the masses of the objects and the distance between them. 
Astronomers think Earth formed by the accumulation of 
infalling objects toward a central mass. Energy released in the 
impacts kept the growing Earth molten. Gravity caused it to 
form into the most stable shape, a sphere. In this shape, the pull 
of gravity toward the center of the planet is the same in all direc- 

tions. If a planet is massive enough, the pull of gravity could be 

so strong that even tall mountains would collapse under their 

own weight. Table 1 lists some of Earth’s other properties. 

y, Reading Check How does the pull of gravity indicate that Eaith’s 
shape is spherical? 

Table 1 Earth’s Physical Properties 

Diameter (pole to pole) 12,714 km 

Diameter (through equator) 12,756 km 

Circumference (poles) 40,008 km 

Circumference (equator) 40,075 km 

Mass 5.98 X 10” kg 

Average density 5.52. 9/cm? 

Average distance to the Sun 149, 600,000 km 

Average distance to the Moon 384,400 km 

Period of rotation 23h, 56min 

Period of revolution 365 days, 6h, 9 min 

Sciencag|iNe 
Topic: Comparing Earth to 

Other Planets 

Visit fl.gpescience.com for Web 

links to information about how 

Earth is similar to and different 

from other planets in the solar 

system. 

Activity Make a table that lists 

the similarities and differences of 

Mercury, Venus, Earth, and Mars. 
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Cultural Diversi 

Arab Astronomers After about 620 a.p. the Islamic 

religion spread from Arabia into Egypt, 

Mesopotamia (Iraq), and Syria. In this religion, it 

is necessary to have accurate readings of time and 

direction to follow the Koran concerning daily 

prayer and worship. Astronomy was crucial to the 

teachings of Islam. A very useful handbook of 

astronomical tables, called the Z7j, was developed 

in Baghdad, and this city became the first major 

center of Islamic science. Persian poet Omar 

Khayyam was also an astronomer and mathemati- 

cian who corrected the Islamic calendar. Have 
students research the history and importance of 
contributions of Arab astronomers to the study 

of astronomy during the Renaissance. When 
Constantinople fell, eastern scholars headed to Europe carry- 
ing knowledge that helped begin the European Renaissance 

after the Dark Ages. 

2 Teach | 
Caption Answer 
Figure 1 at an angle 

'%, Reading Check 

Answer All objects affected by Earth’s 

gravity tend to fall toward the center of 
the planet. 

‘ie Quick Demo 
“<a Earth’s Shadow is Round 

Materials Earth globe, jar lid, 2 

flashlights 

Estimated Time 5 minutes 

Procedure Have one student hold 
a globe or large ball about 3 m 
from the wall. Have another stu- 
dent hold the jar lid at the same 
distance. Shine the flashlights on 
both the Earth globe and on the 
jar lid so the shadows fall on the 
wall. Have the students slowly 
rotate the globe and the jar lid. 
Which object always casts a 
round shadow, no matter how it 

is held? the globe 

Visual Learning 

Table 1 Ask students to explain 
how they can tell Earth is not a 
perfect sphere from the informa- 
fion presented im Table 1. 

Students should note that measurements 
of Earth’s diameter and circumference are 

different if measured at the poles or at 

the equator. They should explain that a 

perfect sphere would have the same 

measurements in each direction. 

Reading Strategy 

Causal Relationships Have 

students identify cause and effect 
relationships for concepts in this 
section. For instance, gravity may 

have caused objects in space to 
pull together and eventually form 
the spherical shape that earth 

possesses. Another idea might 
involve earth’s magnetic field 
causing the auroras. 
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Van Allen Belts Earth’s magnetos- 
phere traps charged particles of 
the solar wind from the Sun, 

thus protecting Earth’s surface. 
The magnetosphere contains 
two belts of high-energy, 
charged particles, the Van Allen 
belts—one lies about 3,000 km 

and the other about 20,000 km 

above Earth’s surface. 

Research Are the Van Allen 

belts hazardous to humans? 
Possible answer: The highly charged 
particles in the Van Allen belts are haz- 
ardous to humans and must be shielded 
to protect astronauts. Without shield- 
ing, living organisms and delicate 
instruments would be subjected to high 
energy discharge if they come in contact 
with the charged particles. For this rea- 
son, the /nternational Space Station is 

located below the Van Allen belts. 

Caption Answer 
Figure 2 The shapes follow Earth’s 
magnetic field lines. 

Discussion 

Planet Earth Remind students 
that Earth has many forms of 
life. What characteristics of 
Earth make it possible for life 
to exist? Possible answer: Earth’s 
atmosphere moderates temperatures 
and provides oxygen to breathe. 

Van Allen Belts The mag- 

netosphere lies above the 

outer layers of Earth's 

atmosphere. Within this 

magnetosphere are belts of 

charged particles known as 

the Van Allen belts. They 

contain thin plasma com- 

posed of protons (inner 
belt) and electrons (outer 
belt) that are trapped by 
Earth’s magnetic field. 

Research how the magne- 

tosphere protects Earth 

from the solar wind and 

why the Van Allen belts 

are hazardous to astro- 

nauts and satellites. Report 

your findings to the class. 

Figure 2 Like a common bar 

magnet, Earth also has north and 

south magnetic poles. The inner 

and outer gold shells respectively 

represent the positive and nega- 

tive Van Allen Belts. 

Explain why the Van Allen Belts 

are shaped as they are. 

Magnetic axis 

Earth’s Magnetic Field 
Earth has a magnetic field that protects us from harmful radi- 

ation from the Sun. Scientists hypothesize that Earth’s rotation 

and movement of matter in the core set up a strong magnetic 

field in and around Earth. This field resembles that surrounding 

a bar magnet, shown in Figure 2. Earth’s magnetic field is con- 

centrated at two ends of an imaginary magnetic axis running 

from Earth’s north magnetic pole to its south magnetic pole. This 

axis is tilted about 11.5° from Earth’s geographic axis of rotation. 

Wandering Poles The locations of Earth’s magnetic poles 
change slowly over time. Large-scale movements, called polar 

wandering, are thought to be caused by movements in Earth’s 

crust and upper mantle. The magnetic north pole is carefully 

remapped periodically to pinpoint its location. 

The Aurora An area within Earth’s magnetic field, called the 
magnetosphere, deflects harmful radiation coming from the 

Sun, a stream of particles called solar wind. Some of these 

ejected particles from the Sun produce other charged particles 

in Earth’s outer atmosphere. These charged particles spiral along 

Earth’s magnetic field lines toward Earth’s magnetic poles. There 

they collide with atoms in the atmosphere. These collisions 

cause the atoms to emit light. This light is called the aurora 

borealis (northern lights) in the northern hemisphere and the 

aurora australis (southern lights) in the southern hemisphere. 

Earth Orbits the Sun 
Earth orbits the Sun at an average distance of 

149,600,000 km. Its orbit, like those of all the planets, moons, 

asteroids, and many comets, 

is shaped like an ellipse. An 

ellipse is an elongated, closed 
curve with two foci. The Sun 

is not located at the center of 

the ellipse, but at one of its 
two foci. This means the dis- 

tance from Earth to the Sun 

varies during the year. Earth 

is closest to the Sun—about 

147 million km away— 

around January 3 and is far- 
thest from the Sun—about 

152) million km = away— 

around July 4 of each year. 

Van Allen belts 
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Curriculum Connection Differentiated Instruction 
Geography Show students a map that includes the Learning Disabled ‘To help students understand 
directions of geographic (rotational) and magnetic how to use the two north directions on a map 
north. This is called the declination of the map. Ask have the student look at a desk forward but % 
them to determine the number of degrees east or _ their right and then to the front of the room. Ask 
west they would have to measure from magnetic them how far they have to turn their heads in 
north in order to find the geographic North Pole. If order for to look at the front of the room again 
magnetic north is east, they must subtract that number of Relate this to the difference between the twa 
sey if it is west, they must add. [L2] GI Visual-  norths. [2] GD Visual-Spatial 
patia 
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Earth as a Planet Earth is a planet, just as Venus, Mars, and 
Jupiter are planets. However, Earth is the only planet whose 
characteristics make it possible for life as we know it to survive. 

Earth resembles Venus more than any other planet. Earth 
and Venus are nearly the same size, and both have atmospheres 
that contain carbon dioxide, although in greatly different 
amounts. Earth’s oceans, shown in Figure 3, absorbed much of 
the carbon dioxide in Earth’s early atmosphere. Also, Venus’s 
atmosphere is much denser than Earth’s, with pressures as high 
as those encountered by submarines in Earth’s oceans at depth 
of 900 m. 

Another difference is the surface temperatures. On Earth, you 

(% Reading Check 

Answer oceans 

@® Post Reading 

Ilustration Ask students to cre- 

ate an illustration that incorporates 
the major ideas found in this sec- 

tion. Remind students to include 

= : a detailed information about Earth’s 

shape, magnetic field, orbit, and 
can walk outside and feel how cold or warm it is. However, tem- Figure 3 By absorbing carbon atmosphere. Share the illustrations 
perature on Venus is over 450°C. This high temperature is caused : dioxide, oceans protect Earth from in a class booklet. 
by the large amount of carbon dioxide in Venus’s atmosphere, : experiencing a greenhouse effect 
which traps heat energy and prevents it from escaping. Think : like that on Venus. 
about what life on Earth might be like with more carbon dioxide 
in the atmosphere. 

What feature of Earth’s surface has led to such a 
difference between Earth and Venus? DAILY INTERVENTION 

Although Mars is almost half the size of Earth, its surface 

gravitational pull is less than two-fifths that of Earth’s. Yet con- 

ditions there are more like those on Earth than any other planet 

in the solar system. Mars may even have frozen water near its 
surface. Mercury is very different from Earth; it has no atmos- 
phere, and is cratered like Earth’s moon. 

Check for Understanding 
Visual-Spatial Have students draw 
a diagram of Earth orbiting the 
Sun. Have them add the orbits of 

Mercury, Venus, and Mars to 

their drawings. TELL P | 

Reteach 
Planet Surfaces Show students 
photographs of the surfaces of 
Mercury and Earth’s moon. Ask 
them to list ways in which the 
two objects are similar. Possible 

answer: both are covered with craters 
and both lack color. [L1] > 

“Section 1 review 

Summary | Self Check 
Earth’s Size and Shape . Identify two pieces of evidence that prove Earth’s 

@ Earth has a spherical shape. spherical shape. 

@ Gravity causes very large objects in space to . Define the term gravity. 
form spheres. . Explain what produces Earth’s magnetic field. 

Earth’s Magnetic Field . Describe how Venus and Earth are similar. 

@ Earth’s magnetic field protects life on . Think Critically Evidence indicates that Mars once had 

Earth’s surface from harmful radiation. liquid water on its surface. Discuss some possible 

reasons why it has none today. 
™ Assessment @ Interaction of the solar wind with Earth’s 

magnetic field produces the aurora. ; App ying Math 

Earth Orbits the Sun 

@ Earth orbits the Sun in an elliptical orbit. 

Performance Provide students 
with 3 X 5 cards and ask them to 
make flash cards for the terres- 
trial planets. The name of the 
planet should be written on one 
side and important characteris- 
fics on the other side.shlave 
them quiz each other on the 
planet characteristics using the 
completed cards. TELL) 

. Calculate Speed Earth’s circumference at the equator 

is 40,075 km. If it spins once each day, what is the 
@ Earth and Venus are similar in size, and both speed of spinning in km/h? 

have atmospheres that contain carbon dioxide. 

SECTION 1 EarthinSpace 189 More Section Review fl.gpescience.com 
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1. curved shadow on the Moon; pho- 3. Earth’s rotation and movement of 6. 1,670 km/h 

tos from space, appearance of objects matter in its core ~ MAB242 

as they approach over the horizon 4, they have about the same size, den- 

2. the attractive force between two sity, and rocky nature 

objects that depends on the masses 5. Water on Mars may be frozen in its 

of the two objects and the distance rocks and at its poles. 

between them 
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4 Motivate 

INTERACTIVE] 
CHALKBOARD > 

PowerPoint Pececstons 

tion is available on Interactive 

Chalkboard CD-ROM. 

Bellringer 

Section Focus Transparencies 

also are available on the 

Interactive Chalkboard CD-ROM. 

[2] > 

To take advantage of the nonstop energy provided by the Sun, some 
utility companies have developed solar power plants, like the one 
shown below. These plants rely on solar panels that are precisely 
oriented to capture as much of the Sun’s energy as possible at any given 
time of the year. 

1. In which direction would the panels need to face if located in the 

northern hemisphere? The southern hemisphere? 

2. How would panels in the northern hemisphere need to be adjusted 

during the year to capture as much of the Sun’s energy as possible? 

Reading Preview 

Tie to Prior Knowledge 

Seasons Ask students to think 

about the different seasons. Ask 

them to list at least one positive 
and one negative comment 

about each season. Then ask 

each student to select his or her 

favorite season and to write a 

brief paragraph explaining the 
choice. 

Word Wall Post new vocabu- 
lary words in a prominent place 
in the classroom. Before read- 
ing, have students practice 
pronouncing the words. Ask 
them to predict meaning. After 
reading, ask students to use the 
terms in sentences, either orally 
or in written form. 

An editable Microsoft® 
PowerPoint® presenta- 

What You'll Learn 

different time zones. 

and rotation. 

change. 

Figure 4 The sunlit side of Earth 
is day; the shadow side is night. 

@ Calculate the time and date in 

®@ Differentiate between revolution 

®@ Discuss what causes seasons to 

Reading Guide 

Why It’s Important New Vocabulary 

Days and years are measurements of @ time zone 

Earth's movements. e rotation 
e revolution 

® Review Vocabulary e ecliptic 
latitude: angular distance north or pets Look 

@ solstice south of Earth’s equator 

Measuring Time on Earth 
People can determine the approximate time of day by 

determining where the Sun is in the sky. If the Sun is near an 

imaginary line drawn from due north to due south, it is about 

12:00 noon. Humans have used movements of Earth, the 
Moon, and the Sun to measure time for thousands of years. 

Around 3000 Bs.c., the Babylonians devised a method of 

timekeeping using their counting methods, which were based on 

60. They noticed that the Sun appeared to take a circular path 

through the sky. Because their counting methods were based on 

60, they divided a circle into 360 parts called degrees. The sym- 

bol for degree (°) was taken from their symbol for the Sun. 

Earth Movements Measure Time Earth spins and makes 
one complete turn in about 24 hours, as shown in Figure 4. This 

spinning causes the Sun to appear to move across the sky from 

east to west. It takes 24 hours from when the Sun is highest in the 

sky (noon) until it is highest in the sky again (noon the next day). 

If Earth spins approximately 360° in 24 hours, then it spins 

through 15° in one hour. This led to the setting up of time zones on 
Earth that have the same time in minutes but vary in hours. A time 

zone is an area 15° wide in which the time is the same. Figure 5 

shows the time zones in the U.S. Ideally, time zones should be equal 

in size and follow lines drawn from the north pole to the south 

pole. However, for convenience, time zones are modified to fit 

around city, state, and country borders, and other key sites. 

(qT. How many degrees does Earth spin in one hour? 

190 CHAPTER7 The Earth-Moon-Sun System 
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‘Transparency Activity, p. 45 

MiniLAB, p. 3 

Enrichment, p. 31 

Reinforcement, p. 28 
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Cultural Diversity, p. 29 
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The Date Line You can see that a problem would quickly 
arise if you just kept dropping back an hour earlier for each 15°. 
Eventually, you would come around Earth and it would be 
24 hours earlier. It cannot be two different days at the same spot, 
so a day is added to the time at the International Date Line. If it 
is Monday to the east of the date line, then it is the same hour 
on Tuesday to the west of the date line. This line is drawn down 
through the Pacific Ocean (around islands, such as New 
Zealand) directly opposite the Prime Meridian, the starting 
point for this worldwide system of measuring time. The Prime 
Meridian is an imaginary line drawn on Earth that passes 
through Greenwich, England. Time based on this method is 
called Coordinated Universal Time (UTC). In some areas, this 

time is modified in summer so that there are more hours of 
daylight in the evening. This is referred to as Daylight Saving 
Time (DST). Some areas apply local modifications to this sys- 
tem as well. 

Figure 5 The globe is divided into 24 time zones. Lines 
of longitude roughly determine the locations of time 

zone boundaries. Notice that each successive time zone 

to the west is one hour earlier. 

Think Critically /fyou leave Russia at 12:30 A.M. on 

Tuesday and’fly east for one hour across the Bering Strait, 

what time and day will you arrive in Alaska? 

() Areas where standard time differs by half an 
hour or where a zone system is not followed 
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Differentiated Instruction 

English-Language Learners Use an Earth globe and 

a light source to show students how the length of 

the day varies at different places on Earth. Tilt 

the globe so the Northern Hemisphere is pointing 

toward the light source. Show how areas farther 

north receive more hours of daylight than areas 

farther south. Reverse the tilt and show students 

how the opposite is true. 

gh Reading Strategy 

Double-Entry Notes Ask students to divide a 
sheet of paper into two columns. In the left col- 
umn, students should record specific notes from 
the text. The right column is reserved for student 
responses to the reading, such as comments, 

reflections, and opinions. 

Answer fifteen degrees 

Discussion 
Sunset Ask students to consider 

whether the Sun sets at the same 

time everywhere within a time 
zone. Would the Sun set at the 

same time in Wilmington, NC 
and Pittsburgh, PA? Possible 
answer: No, because it is farther east, the 

Sun sets earlier in Wilmington, NC. 

Caption Answer 
Figure 5 4:30 A.M., Monday (observe 
convergence of time zones near the 
Bering Strait on the map) 
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Fun Fact 
Inform students that each year, 
they have ridden Earth one more 
time around the Sun. 

Use an Analogy 
Walking Around the Room Explain 
to students that the Sun appear- 
ing to move around Earth in 

reference to the stars is like one 

of them walking around the 

room. Students sitting in their 
seats see the person’s position 
change with reference to objects 

on the wall. The person doing the 
walking sees his or her classmates 

seem to move with respect to the 
same objects. TELL) 
Visual-Spatial 

Use Science Words 
Word Meaning Students often 
have difficulty with describing the 
difference between rotation and 
revolution. Have one student 

stand in front of the class and start 
to slowly spin around. Ask stu- 
dents to say whether the moving 
student is rotating or revolving. 
Possible answer: rotating Then ask 
students to explain what the 

moving student should do to 
demonstrate revolution. Possible 
answer: The moving student should walk 
around the outer edge of the room, thus 
revolving around the other students. [1] 
GD [A Visual-Spatial 

Check 
Answer the plane of Earth’s orbit 
around the Sun 

Caption Answer 
Figure 6 Earth’s revolution around the 
Sun 

Figure 6 If the Sun were as faint 
as the stars at night, then you 

would see it travel along an annual 

path through the constellations of 

the Zodiac. 

Think Critically What causes this 

apparent motion of the Sun? 

192 

*  Capricornus 
oe 

Aquarius , red 
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Rotation Measures Days The spinning motion of Earth 

enables you to measure the passing hours of the day. Rotation is 

the spinning of Earth on its axis, an imaginary line drawn 

through Earth from its rotational north pole to its rotational 

south pole. 
The apparent movement of the Sun from noon one day until 

noon the next day is called a solar day. This period is a bit longer 

than the time it takes Earth to rotate on its axis, however. This is 

because while Earth rotates, it also moves in orbit around the 

Sun and must rotate a bit more each day to make the Sun reach 

noon. However, if you measure time based on when a certain 

star rises above the horizon until it rises again, you will see a 

slightly shorter time period (23 h 56 m 4 s). This is called a 

sidereal day and is the true measure of the time it takes for Earth 

to rotate once on its axis. 

Revolution Measures Years The motion of Earth around 
the Sun enables you to measure the passing of years. Revolution 
is the motion of Earth in its orbit around the Sun. Figure 6 

shows Earth’s orbit around the Sun. As Earth revolves in its 

orbit, the Sun appears to move through the skies compared to 

the seemingly fixed positions of the stars. 

The time it takes for the Sun to make one complete trip 

through the sky in reference to the background of stars is the 

same amount of time it takes for Earth to complete one trip 

around the Sun, or one sidereal year. The apparent path of the 

Sun during this year is called the ecliptic. Also, the ecliptic is 

defined as the plane of Earth’s orbit around the Sun. The 12 con- 

stellations (star patterns) through which we observe the Sun 

moving during this year is called the zodiac, shown in Figure 6. 

(di What is the ecliptic? 

Sagittarius 

a K¥ 

Cancer 

Taurus Gemini 

Science Journal 

The Time of Year Have students write a brief 
paragraph in their Science Journals describing 
differences they have noticed about the area 
near their homes or school as an entire year 
passes. Linguistic 
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Why do seasons change? 
Recall that Earth’s orbit around the Sun is an ellipse. This 

means that Earth is closer to the Sun at one time than it is at 
other times. Is this the cause of seasonal changes on Earth? 
Because Earth is closest to the Sun in January, you would expect 
this to be the warmest month. However, you know this isn’t true 
in the northern hemisphere; something else must be causing the 
change. These seasonal changes are caused by Earth’s rotation, 
its revolution, and the tilt of its axis. 

Seasons Many people, includ- 

ing many of your students, 
think that one cause of seasons 

is that the Sun’s rays hit Earth 

directly at some times and 
indirectly at other times. All 

rays from the Sun are direct; 

the true explanation is that 
sometimes the rays hit at 
higher angles compared to 
other times. 

Seasons change on Earth because the number of hours of 

daylight each day varies and also because the angle at which 

sunlight strikes Earth’s surface varies at different times of the 

year. Earth’s axis is tilted 23.5° from a line drawn perpendicular 

to the plane of its orbit, or ecliptic. Because of this tilt, Earth’s 

north geographic pole points toward Polaris throughout the 

year. Later, you will learn how this tilt, along with Earth’s revo- 
lution, causes the seasons. 

Changing Angle of Sunlight During the summer, the Sun 

is higher in the sky, and sunlight hits Earth’s surface at a higher 

angle. As the year progresses, the Sun is lower and lower in the 

sky, and sunlight strikes Earth’s surface at lower angles. When 
striking Earth’s surface at higher angles, approaching 90°, sun- 

light is mere intense and warms Earth’s surface more than when 

it strikes the surface at lower angles. Because Earth remains 

tilted in the same direction as it revolves, different hemispheres 

are tilted toward the Sun at different times of the year. As shown 

in Figure 7, the hemisphere tilted toward the Sun receives sun- 

light at higher angles than the hemisphere tilted away from the 

Sun. The greater intensity of sunlight is one reason why summer 

is warmer than winter, but it is not the only reason. Another fac- 

tor is involved. 

Activity 
Intensity of Sunlight Provide stu- 
dents with flashlights. Have 
them turn the flashlights on and 
hold them vertically above their 
desks so the light falls straight 
down on their desks. Then have 
them hold the flashlights at an 
angle with the surface of their 
desks. Discuss how the angle at 
which sunlight strikes Earth 
determines how intense or how 
spread out it is. Possible answer: The 
light from the flashlight, like that from 
the Sun, is spread out more when it 

strikes at an angle. TELL) 
Visual-Spatial 

Figure 7 The Sun’s rays strike 
Earth’s surface at higher angles in 

the northern hemisphere when the 

north pole is tilted toward the Sun. 

More intense 

covers less area 

High angle 

_Less intense 
‘covers more area 

Low angle ee 

SECTION 2 Time andSeasons 193 

(RS) LAB DEMONSTRATION 
Purpose Students will see how area cov- 

ered affects the intensity of sunlight. 

Materials empty paper towel roll 

Preparation Cut one end of the empty 

towel roll at a 45° angle. 

Procedure Have students hold each end of 

the towel roll against a sheet of paper and 
draw around it with a pencil. 

Expected Outcome Students should have 

drawn a circle around the flat end and an 
ellipse around the slanted end of the 

empty paper towel roll. 

Assessment 
Which drawing, the circle or the ellipse 
covers a greater area? Possible answer: the 
ellipse How does this relate to the intensity of sun- 

light striking Earth? Possible answer: If the same rays 
from the Sun cover a larger area, the intensity of the 

light must be lower. 
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¢ } Post Reading 

A 12-hour day There are 12 

hours of daylight and 12 hours 
of night all over Earth on only 

two days—the first day of 

spring and the first day of 

autumn. 

Hours of Daylight 

Materials two thermometers, 75- 

watt goose-neck lamp 

Estimated Time 15 minutes 

Procedure Place a thermometer 

flat on a desk. ‘Turn on the goose- 

neck lamp and direct its light on 
the thermometer for 4+ min. 

Record the temperature. Shine 

the goose-neck lamp on the other 

thermometer for 8 min. and 

record this temperature. What is 
observed about the temperature 

readings on the two thermome- 
ters? 

How does this 

relate to the number of hours of 

daylight? 

Visual-Spatial 

‘Reading Check 

Answer 

Immediately 

following the reading, have stu- 

dents write what they learned 

from the following sections: Mea- 

suring Time on Earth and Why 

Do Seasons Change? Respond to 
students’ comments without 

assigning a grade. 

During the summer, 

the Sun is above the horizon for more hours than it is when 

school begins in the fall. As the year progresses, the number of 

hours of daylight each day becomes fewer and fewer until it 

reaches a minimum around December 21 for the northern 

hemisphere. When do you think the number of hours of day- 

light would be at a maximum in the northern hemisphere? This 

happens six months later, around June 21. As shown in Figure 8, 

the hemisphere of Earth that is tilted toward the Sun receives 

more hours of daylight each day than the hemisphere tilted away 

from the Sun. This longer period of daylight is the second rea- 

son why summer is warmer than winter. 

rw, Baac During which month does Earth’s northern 
: ee See hemisphere experience more hours of daylight? 

Figure 8 During the winter solstice for the northern hemisphere, the Sun’s rays strike Earth perpendicular at the 

Tropic of Capricorn, while the area within the arctic circle remains in darkness. During the summer solstice, the Sun’s 

rays are perpendicular to Earth at the Tropic of Cancer, while the area within the arctic circle remains in sunlight. 

Winter solstice oO _ SP’ Summer solstice 
for northern hemisphere oe i y 4 for northern hemisphere 
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Visual Learning 
Figure 8 Help students understand the information hemisphere is tilted toward the Sun, the more 
shown in Figure 8. As you read the description, hours of daylight you will experience The farther 
emphasize that the hemisphere of Earth tilted south you are when the southern ean hoe 1s 
toward the Sun experiences more hours of daylight — tilted toward the Sun, the more hours of daylight 
each day. Also help students understand that the — you will experience. [L2] _ aK 
farther north you are on Earth when the northern 
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Equinoxes and Solstices Because of the tilt of Earth’s axis, 
the Sun’s position relative to Earth’s equator constantly changes. 
Most of the time, the Sun is north or south of the equator, but 
two times during the year, the Sun is directly over the equator. 
Figure 8 shows that the Sun reaches an equinox when it is 
directly above Earth’s equator, and the number of daylight hours 
equals the number of nighttime hours all over the world. The 
term equinox is derived from two words meaning “equal” and 
“night.” At that time, neither the northern nor the southern 
hemisphere is tilted toward the Sun. In the northern hemi- 
sphere, the Sun reaches the spring equinox on March 20 or 21, 
and the fall equinox on September 22 or 23. In the southern 
hemisphere, the equinoxes are reversed. 

The solstice is the point at which the Sun reaches its greatest 

distance north or south of the equator the Tropic of Cancer and 

Tropic of Capricorn, respectively. The term solstice is derived 

from the Sun’s name, Sol, and a Latin word meaning “standing”; > 

Modeling the Sun’s 

Rays at Solstice 

Procedure P89 To 
1. Use a globe with the 

equator, the Tropic of 

Cancer, and the Tropic of 

Capricorn indicated. 

2. Set up a light source, such 

as a flashlight or goose- 

neck lamp, so light shines 

vertically at Earth’s equator. 

3. Tilt the globe 23.5° from 

vertical so that first the 

northern and then the 

southern hemisphere is 

tilted toward the light. 

Purpose Students model the 

Sun’s rays Kinesthetic 

Materials Earth globe, flash- 

light or goose-neck lamp 

Teaching Strategy Anchor the 
light source so students only 
need to move the globe. 

Safety Precautions Caution stu- 
dents that the lamp is hot. | 

Troubleshooting Mark the loca- 
tion of the Tropics of Cancer 
and Capricorn on the globe. 

Analysis 

1. 23.5° Nand 23.5°S | 
2. north of 23.5° N and south of 23.5°S | 

that is, it appears to stand, or stop moving, north or south in the 

sky. In the northern hemisphere, the Sun reaches the summer 

solstice on June 21 or 22, and it reaches the winter solstice on 

December 21 or 22. Just the opposite is true for the southern 

hemisphere. When the Sun is at the summer solstice, there are 

more hours of daylight than during any other day of the year, 
and the Sun’s rays strike at a higher angle. When it’s at the win- 

ter solsticé, on the shortest day of the year, the most nighttime 

hours occur and the Sun’s rays strike at the lowest angle. 

Analysis 
1. When the globe was tilted 

23.5° toward and away 

from the light, what lati- 

tudes received vertical rays? 

2. What areas of Earth never 

received vertical rays? 

Assessment 
Oral Which season begins in the 
Northern Hemisphere when the 
Sun’s rays strike the Tropic of 
Capricorn vertically? winter [L2] 

“Section. 1) Tevieuw 

Summary Self-Check 

Measuring Time on Earth . Determine how long it takes Earth to make one com- 

@ Humans use movements of Earth, the Moon, plete turn on its axis. 
and the Sun to measure time. . Explain why each time zone contains 15° of longitude. 

If itis 4:15 p.m. in one time zone, what is the time two 

time zones to the west? 
@ Earth’s rotation is used to measure days. 

@ Earth’s revolution is used to measure years. Check for Understanding 
Linguistic Have students write 
a short narrative explaining 
two causes of Earth’s seasonal 
changes. P| 

, inh lar day differs f idereal day. 
® The ecliptic is the Sun’s apparent yearly path cedar uae het oc) MER ECR B Ny 

through the zodiac. . Compare and contrast rotation and revolution. 

. Think Critically Why does Earth’s surface become 

warmer in summer than it does in winter? 
Why do seasons change? 

® Earth’s seasonal changes are caused by its tilt, Applying Math 

ey us revaition, . Use Decimals It takes Earth about 365.25 days to 

@ Equinoxes occur when the Sun is directly over make one trip around the Sun. As it does this, Earth 
Earth’s equator. Solstices occur when the Sun travels 360° in its orbit. On average, how many 

reaches it greatest distance north or south of degrees does Earth travel each day? 

the equator. 

Reteach 
Equinox or Solstice Ask students 
whether an equinox or a solstice 
occurs when the Sun is at its far- 
thest point south of the equator. 

More Section Review fl.gpescience.com SECTION 2 Time and Seasons 195 

section @am review | __ Jam (% Assessment 

1. 24 hours; one day As Earth revolves around the Sun, the 5. The Sun’s rays strike Earth’s surface = Oral How much is light intensity 

2. If Earth rotates once in 24 hours, Sun appears to move slightly each at a higher angle for more time decreased, if the same amount of 

then it rotates 360° in 24 hours or day, making the solar day slightly each day during the summer. light is spread over an area three 

15° per hour; 2:15 P.M. longer than the sidereal day. 6. 0.99° or about 1° times larger? by one-third 

3. Asolar day is measured from noonon 4. Both are movements of Earth. ~~ MAA3.41 

one day until noon the next day. A Rotation is the spinning of Earth on 

sidereal day is Earth’s period of rota- its axis; revolution is Earth's move- 

tion based on the position of a star. ment around the Sun. 
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© Real-World 
Problem 

Purpose Students will model 

the intensity of light as it strikes 

Earth’s surface at different 

angles. Kinesthetic 

Process Skills model, compare 
and contrast, measure, observe, 

recognize cause and effect, make 

and use tables 

Time Required 40 minutes 

Alternate Materials unshaded 
75-W lamp, _ books, 
envelopes 

small 

Safety Precautions Caution 
students that the-lamp will be 
hot. Ask students to carefully =F 
handle thermometers. 

© Procedure 

Teaching Strategies 
* Practice setting the goose-neck 
lamp at different angles or 
using books to change angles. 

Troubleshooting 
¢ Check bulbs in lamps, and 

have extras available. 

© Conclude and 

Apply 
1. Temperature readings both increase. 

However, T-1 increases faster and 
reaches higher temperature. 

2. 75° = summer; 20° = winter 
3. The angle at which sunlight strikes 

Earth's surface changes, the intensity 

to Intensity 
Earth is warmed differently depending on the 

angle at which sunlight strikes it. 

® Real-World Problem ——— 

How can you a model the angle at which sun- 

light strikes Earth’s surface? 

Goals 
™ Model different angles at which sunlight 

strikes Earth’s surface. 

m@ Compare and contrast the amount of heat 

generated by light striking at different angles. 

Materials 
75-W bulb in a gooseneck lamp 

alcohol thermometers (2) 

sheets of construction paper, one color (2) 

protractor 

* unshaded 75-W lamp 

* books to change the angle of the thermometers 

“Alternate materials 

Safety Precautions 

Pik. 
WARNING: Do not touch lamp or lightbulb 

without safety gloves. They stay hot after being 

turned off. Handle thermometers carefully. 

© Procedure————— 
1. Copy the data table shown on this page. 

2. Label the thermometers 7-7 and 7-2 and 

record their temperatures in the data table. 

3. Fold the construction paper to form a pocket 

that will conceal the thermometer’s bulb. 
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of light changes and the surface is 
heated to a different amount. 

ommunicating 

Comparing the / 
Angle of Suntight } 

Data Table | 

4. Place T-7 in the pocket and lay them ona 

desktop. Turn on the lamp. Position the 

lamp so that light strikes the pocket at an 

angle of 75°. 

5. Record the temperature of 7-7 at 10 min 

and at 20 min. 

6. Repeat steps 3, 4, and 5 using 7-2, but aim 

the lamp at an angle of 20°. 

© Conclude and Apply —— 
1. Compare and contrast the temperature 

readings of each thermometer. 

2. Infer which angle models the Sun’s position 

during the summer and during the winter. 

3. Explain how changes in the angle at which 

sunlight strikes Earth’s surface are one cause 

of Earth’s changing seasons. | 

Original Temperature Temperature 

Thermometer Temperature at 10 min at 20 min 

T-1 

T-2 

Your Data. 

Compile your classmates’ data. Find the 

average temperatures—original, at 

10 min, and at 20 min—for 7-7 and 7-2. 

Compare and contrast your results with the 

class averages. 

Differentiated Instruction 

'{% Assessment 

Process Infer how placing the 
goose-neck lamp at 90° would 
affect temperature. It should rise 
more quickly and reach a higher final 
reading. Use PASC, p. 89. [La 

Your Data_ 
Students should prepare a drawing of sunlight falling on 

a round Earth. It should show how light hitting Earth at 
different latitudes strikes the surface at different angles. 

Temperatures should be higher where angles of sunlight 
are higher. 
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Visually Impaired Have visually impaired students 
watch while you show them how much light is 
concentrated when an overhead projector is held 
directly in front of the wall and then how it 
spreads over a larger area when held at an angle 
to the wall. 



Section 

f a ) ~ Also covers 2 SC.H.1.4.1, SC H.1. 4. 2 

E) Earth's Moon — 
Reading Guide 

What You'll Learn Why It’s Important 
m Describe how tides on Earth are The Moon is our nearest neighbor 

caused by the Moon. in space and affects Earth in many 
Explain how the Moon’s phases Ways. 

depend on the relative positions 

of the Sun, the Moon, and Earth. 

Compare and contrast solar and 

lunar eclipses. 

Analyze what surface features of 

the Moon reveal about its history. 

Movement of the Moon 
You have seen the Moon move across the sky from east to 

west, just like the Sun. This is an apparent movement like the 

Sun’s, caused by Earth’s rotation. But, the Moon actually does 

move in another way. If you look at the Moon each day at the 

same time over a period of a few days, you will see that it moves 

toward the east. 

Rotation and Revolution This eastward movement of the 
Moon is an actual movement that is caused by the Moon’s rev- 

olution in its orbit. It takes 27.3 days (a sidereal month) for the 

Moon to revolve once around Earth and line up with the same 

star again. Because Earth also revolves around the Sun, it takes 

more than two more days for the Moon to line up with Earth 

and the Sun again. This means that a complete lunar phase cycle 

takes 29.5 days, known as a synodic month. 
Many people think the Moon does not rotate because it 

always keeps the same side facing Earth. This is not true. As 
shown in Figure 9, the Moon keeps the same side facing Earth 

because it takes 27.3 days to rotate once on its axis—the same 

amount of time that it takes to revolve once around Earth. You 

can observe this by having a friend move the ball around you 

while keeping the same side of it facing you. You will see only 

one side. 

® Review Vocabulary 
lava: molten rock 

New Vocabulary 

@ tide 

@ moon phase 

e@ solar eclipse 

e@ lunar eclipse 

@ maria 

e regolith 

Figure 9 The face of the “man in 
the moon” is always facing Earth. 

Explain why the same side of the 

Moon always faces Earth. 

Moon's rotation 

Moon's orbit 
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An editable Microsoft® . 

=| PowerPoint® presenta- 

tion is available on Interactive 

Chalkboard CD-ROM. 

PowerPoint’ Preven! 

Bellringer 

Section Focus Transparencies 

also are available on the 

Interactive Chalkboard CD-ROM. 

PELL) 

" o8etlon, 

. BS High Highs and Low Lows r7 | 

Boaters all over the world must pay attention to the tides to safety navi- 
gate into and out of harbors and around dangerous underwater rocks 

r hazards. They particularly need to pay 
he Sun and the Moon in relation to Earth, 

al levels. 

1. What is a spring tide and how do meteorologists know one will 
occur? 

2, What is a neap tide and when does it occur? 

‘he arth Maon Suu Spvter 

Reading Preview 

Tie to Prior Knowledge 

When do we see the Moon? Ask 
students to draw the shape of 
the Moon they see during the 
day. Students may have seen 
crescent, quarter, and gibbous 
phases. Explain that the only 
phase that is visible only at 
night is the full moon and that 
the new moon is not seen 
during the day or the night. 

Skim Explain that skimming 
involves reading quickly to get 
the essence of text. Ask stu- 

dents to skim a few lines before 

and after each vocabulary term 

then record the meaning of the 

term in their own words. 
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Caption Answer 
Figure 9 The Moon’s period of revolu- 
tion and period of rotation are the same. 

| Misconceptions 

| The Moon’s Rotation Some stu- 
dents may think that the Moon 

| does not rotate because it keeps 

| the same side facing Earth. 

Explain that since the Moon 

revolves around Earth we 

| would see all sides if it did not 

rotate. Ask students to hold 

| their right hand at the side of 

their faces edge-on, so that they 
| see the palms. Tell them to 
move their hands to the left side 

| of their faces without rotating 
it. They should now see the 

| backs of their hands. 

Applying Math 

Math Standards 

National: 1, 2,9 

Florida: MA.B.3.4.1 

oer le Strategy 
* Explain that because the Moon 

revolves around Earth in a counter- 

clockwise direction as Earth revolves 

around the Sun, it rises 52.7 minutes 

later each day, 

The Moon travels around Earth (360°) 

in 27.3 days or 13.2° per day. Earth 
spins through 360° in one day and 
13.2° is equal to 52.7 minutes. 

Answers 

1. 2:38 PM 

How does the Moon affect Earth? 

The Moon affects Earth in many ways, some obvious and 

others less so. If you have ever been to a beach for vacation, you 

realized that the water is not always at the same location on the 

beach. Sometimes the water comes farther up the beach than at 

other times. Have you ever placed your towel on the beach and 

come back later to find it wet because the tide came in? You also 

may have noticed that the Moon doesn’t look the same each 

evening. Sometimes you can see all of the side facing Earth, 

while at other times, you can barely see any of it. Let’s take a look 

at these and some other effects of the Moon on Earth. 

Oy Sette meta: @@ Solve a Simple Equation 

TIDES The Moon rises an average of 52.7 min later each day. If the time of high 

tide is known for one day, this formula can be used to determine when high tide 

will occur on the next day or any successive day. 

Ty =i aN Vig min 

In this formula, T, is the original time of high tide on a given day and T,, is the 

time of high tide on any successive day. N is the number of days later for which 

you wish to determine the time of high tide. If the tide is high at 1:00 p.M., find 

out what time it will be high in 7 days. 

IDENTIFY known values and unknown values 

Identify the known values: 

T, = original time of high tide = 1:00 P.M. 

N = the number of days later for which you wish to determine 

high tide = 7 

52.7 min = how much later the Moon rises each day 

Identify the unknown value: 

Ty, = the time of high tide on N number of days 

| SOLVE | the problem 

Substitute the known values into the equation for time. 

Ty = 1:00 PM. + 7 X 52.7 min = 1:00 pM. + 369 min 

Ty = 1:00 2M. + 6h 09 min = 7:09 pM. 

Practice Problem 

Low tide is the best time to hunt for seashells. If you see that the tide is low at noon on 
Thursday, when during the day will it be low on the following Sunday? 

For more practice problems, go to page 879 and visit Math Practice at f|.gpescience.com. 
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4 » Reading Strategy 

Infer Inferring involves using prior knowledge 
to make a logical prediction based on evidence. 
Use a statement, such as the following, to 
model: The Earth’s surface passes through a 
high tide and a low tide. Students might infer 
that the closest coastal area to their home would 
experience a high tide and a low tide daily. 
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Tides Think again of the beach and how the level of the sea 
rose and fell during the day. This rise and fall in sea level is called 
a tide. A tide on Earth is caused by a giant wave produced by the 
gravitational pulls of the Sun and the Moon. This wave has a 
wave height of only | or 2 m, but it has a wavelength of thou- 
sands of kilometers. As the crest of this large wave approaches 
the shore, the level of the water in the ocean rises. This rise of sea 
level is called high tide. About six hours later, as the trough of 
the wave approaches, sea level drops, causing a low tide. 

Earth and the Moon both revolve around their common cen- 

ter of mass located about 1,700 km below Earth’s surface. Because 

Earth is much more massive, the Moon does most of the moving, 

and it seems to us as though the Moon were revolving around 

Earth. This center of mass, in turn, revolves around the Sun. This 

is why Earth, Moon, Sun are considered as a three-body system. 

As Earth rotates and the Moon revolves, different locations 

on Earth’s surface pass through the high and low tides. Although 

the Sun is much more massive than the Moon, it also is much 

farther away. Because of this, the Moon has a greater effect on 

Earth’s tides than does the Sun. However, the Sun does affect 
Earth’s tides: it can strengthen or weaken the tidal effect. When 
the Moon and the Sun pull together, when they are lined up, 

high tides are much higher and low tides are much lower. This 

is called a spring tide, as shown in Figure 10. However, when the 

two are at right angles to each other, the high tide is not as high 
and the low tide not as low, producing a neap tide. 

WE CT rer. What happens to the sea level at spring tide? 

Moonlight 
The Moon shines because it reflects sunlight from its surface. 

Just as half of Earth experiences day as the other half experi- 

ences night, half of the Moon is lighted while the other half is 

dark. As the Moon revolves around Earth, different portions of 

the side facing Earth are lighted, causing the Moon’s appearance 

to change. Moon phases are the changing appearances of the 
Moon as seen from Earth. The phase you see depends on the rel- 

ative positions of the Moon, Earth, and the Sun. 

Phases of the Moon A new moon occurs when the Moon is 

between Earth and the Sun. During a new moon, the side of the 

Moon facing away from Earth is lighted and the side of the 

Moon facing Earth receives no light from the Sun. The Moon is 

in the sky, but it cannot be seen, except for a special alignment 

you will learn about later. 

Figure 10 Earth’s tides are an 

example of how the Sun, Moon, 

and Earth pull on each other and 

operate as a three-body system. 

GY The Sun, Earth, and Moon are 

in alignment during spring tide. 

© The Sun, Earth, and Moon form 

a right angle during neap tide. 

Identify whether high tide is 

higher during spring tide or neap 

tide. 

bulge large 

Tidal x. 2 
bulge large 
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Answer High tides are higher and low 
tides are lower. 

Caption Answer 
Figure 10 neap tide 

Discussion 

Phases of the Moon Remind stu- 
dents that when standing on 
Earth, they can see phases of the 
Moon. If they were on the Moon, 
would they see Earth go through 
phases? Possible answer: Yes, Earth 

would go through all of the phases, except 
that Earth would stay in one position in the 
lunar sky. This occurs because the Moon 
keeps one side always facing Earth. 

Use Science Words 
Word Usage The words waxing 
and waning are used to describe 
Moon _ phases. Have students 
research the meanings of these 
words and use them in sentences. 
Possible answer: Waxing phases occur as 
the Moon appears to grow larger. Waning 
phases occur as the Moon appears to get 
smaller. Linguistic 

Activity 
Moon Phases Have students face 

south and observe a first quarter 
moon in the southwestern sky 

shortly after sunset. Have them 

sketch what they see. Student 
sketches should show that the 

right side of the moon was 

lighted. Ask students if people 
living south of the equator would 
see the same thing. Possible answer: 
No, they would see the Moon in their 

northwestern sky and would see it in 

reverse, with the left side of the Moon 
lighted. [2] > [h} Visual-Spatial 
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Purpose Students will model the 

interactions among Earth, the 

Moon, and the Sun that cause 

phases and eclipses to occur. 

Materials unshaded lamp, pen- 
cil, small white-plastic foam ball 

Teaching Strategy Prior to doing 

the lab, ask students to brain- 

storm about what they think 
causes eclipses and lunar phases. 

Safety Precaution Warn students 
that the lightbulb will be hot. 

Analysis 

1. More or less of the side of the ball 
facing the student was lighted. 
New moon—the ball was 
between the student and the light. 

The other phases followed in order. 

2. During new moon, the ball blocked 
the light. During full moon, the ball 
was in the shadow of the student. 

Assessment 

Performance Ask students to use their 
models to demonstrate various phases of 

the Moon or an eclipse to members of 
their families or a fellow student. 

Content 
Background 

In 1504, Columbus and his crew 

were stranded in what is now 
Jamaica while they repaired their 
ship. They faced starvation when 
the native people refused to sell 
them food. But Columbus knew 
exactly when a lunar eclipse 
would occur and told them that 
he would darken the Moon if they 
did not supply food. At first they 
laughed, but were terrified as the 
Moon started to disappear. 
Although they probably had seen 
eclipses before, they could not 
imagine a man causing one to 
happen. Columbus got his food. 

Modeling Phases and 

Eclipses 

Procedure 

re | Zo SFO 
. Turn on a lamp with no 

shade and place a small, 

white, plastic-foam ball 

on the end of a pencil. 

2. Stand facing the lamp and 

hold the white plastic- 

foam ball between your 

head and the lamp. 

3. Slowly move the ball coun- 

terclockwise around your 

head and observe how 

much of the side of the ball 

facing you is lighted at dif- 

ferent positions. 

4. Note positions where the 

ball blocks light from the 

lamp—or moves into the 

shadow cast by your head. 

Analysis 
1. Describe what happened 

to the ball as it was moved 

around your head, and 

identify the moon phases 

at various positions. 

2. At which positions 

(phases) was the ball 

blocking the light or falling 

into shadow? At which 

phase(s) can 

eclipses 

occur? 

Waxing Phases After a new moon, the moon’s phases are 

said to be waxing—the lighted portion that we see appears 

larger each night. The first phase we see after a new moon 1s 

called the waxing crescent. About a week after a new moon, we 

see one-half of the Moon’s lighted side, or one-quarter of the 

Moon’s surface. This phase is the first-quarter. 

The moon is in the waxing gibbous phase from the first 

quarter up until full moon. A full moon occurs when we see all 

of the Moon’s lighted side. At this time, the Moon 1s on the side 

of Earth opposite from the Sun. 

Waning Phases After a full moon, the lighted portion that 

we see begins to appear smaller. The phases are said to be wan- 

ing. When only half of the side of the Moon facing Earth is 

lighted, the third-quarter phase occurs. The waning crescent 

occurs before another new moon. Only a small slice of the side 

of the Moon facing Earth is lighted. 
The word month is derived from the same root word as Moon. 

The complete cycle of the Moon’s phases, shown in Figure 11, 

takes about 29.5 days, or one synodic month. Recall that it takes 

about 27.3 days for the Moon to revolve around Earth. The dis- 

crepancy between these two numbers is due to Earth’s revolution 

around the Sun. It takes the Moon a little over two days to “catch 

up” with Earth’s advancement around the Sun. 

4 Waxing crescent 

Full é 

Figure 11 When viewed from 

Earth’s north pole, the Moon has a 

counterclockwise orbit. 

Infer /n this figure, the Sun’s rays 

are coming from the right. Why are 

the Moon's waning phases showing 

sunlight on the left? 
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Waning gibbous Waning crescent 

3rd qtr. 

Sierentnteal Instruction 

Learning Disabled Help your learning-disabled stu- 

dents to understand how a smaller Moon can block 
out a larger Sun. Have them hold one hand in front 
of their faces and then move it until their hand 
(much smaller) can block out your desk (much 
larger). ‘Tell students to compare the distances 
between their faces and their hands and their faces 
and the desk. |L1] Gi 
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Visual Learning 
Figure 11 Help students understand the informa- 
tion presented in Figure 11. The Moon’s cycle of 
phases begins with new moon. From new moon to 
full moon the phases are waxing or growing in size. 
After full moon, the phases are waning or getting 
smaller, A full moon is on the opposite side of 
Earth from the Sun, so it rises as the Sun sets and 
sets as the Sun rises. A new moon rises and sets 
with the Sun. [L2| TELL) 



Eclipses 
heen 

If you knew nothing about what the Sun is 
- or why it produces so much light and heat, 

wouldn't you be concerned if suddenly it darkened? Think of 
how humans from long ago must have reacted when the Moon 
passed in front of the Sun and the source of light and heat was 
blocked, as it is during an eclipse. 

In the year 585 B.c., a battle was raging between the armies 

of the Lydians and the Persians when suddenly, the Sun was 
eclipsed by the Moon. The two armies were so stunned by the 
event that they put down their weapons and stopped fighting. 

Now we understand what causes eclipses of both the Sun 

and the Moon. We know that for the Moon to block out the Sun, 

it must appear to be the same size. In fact, both the Sun and the 

Moon have apparent diameters that are almost the same, about 

0.5°. If it weren't for this, a total eclipse of the Sun might never 

happen. Because the Sun is about 400 times larger than the 

Moon, it also must be about 400 times farther from Earth for a 
total solar eclipse to occur. 

Eclipses occur when Earth or the Moon temporarily blocks 

sunlight from reaching the other object. Sometimes, during a new 

moon, a shadow cast by the Moon falls on Earth, causing a solar 

eclipse. During a full moon, a shadow of Earth can be cast on the 

Moon, resulting in a lunar eclipse. Eclipses can occur only when 

the Sun, the Moon, and Earth are lined up perfectly. Because the 

Moon’s orbit is tilted about 5° from the plane of Earth’s orbit 

around the Sun, eclipses happen only a few times each year. 

Solar Eclipses A solar eclipse occurs when the Moon moves 

directly between the Sun and Earth and casts a shadow on part of 

Earth. The darkest portion of the Moon’s shadow is called the 

umbra. A person standing within the umbra experiences a total 
solar eclipse. As shown in Figure 12, the only portion of the Sun that 

is visible during a total eclipse is part of its atmosphere, which 

appears as a pearly white glow around the edge of the eclipsing 

Moon. This is the only time the entire disk of the new moon 

phase can be photographed—it appears black against the Sun. 

As shown in Figure 13, surrounding the umbra is a 

lighter shadow on Earth’s surface called the penumbra. 

Persons standing in the penumbra experience a partial solar 

eclipse. WARNING: Regardless of where you are standing, 

never look directly at a solar eclipse. The light can permanently 

damage your eyes. 

How are Earth, the Moon, and the Sun 
aligned during a solar eclipse? 

Figure 12 The solar corona can 

be seen as a pale glow around the 

lunar disk. Sunlight shining 

through lunar valleys produces a 

diamond-ring effect. 

Early Civilizations 

Celestial objects were 

studied by early civiliza- 

tions. Some hypotheses 

proposed by the 

Babylonians and the early 

Greeks were close to reali- 

ty, but other ideas were 

wrong. Research how 

some early civilizations 

explained eclipses and 

other astronomical obser- 

vations and report your 

findings to your class 

using drawings and 

diagrams. 

Figure 13 A total solar eclipse 

appears only within the Moon’s 

umbra. 

Area of total eclipse 
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Caption Answer 
Figure 11 The photos show the Moon 
as seen from Earth position. 

Early Civilizations |t is said that Thales 
predicted a soloar eclipse in 585 B.C. By 

430 B.c., Athenian Meton described the 
19-year cycle of eclipses. Aristotle claimed 
that Earth was the center of the universe. 
He thought that if it wasn’t, we should 
see parallax among the stars. Since no 
parallax could be observed, either Earth 

was in the center or the stars were very far 
away. He believed stars were fairly close, 
thus he concluded that Earth was in the 
middle of the universe. 

Make a Model 

A Sun-Moon Model Have students 

cut out a circle 200 cm (2 m) in 

diameter from yellow paper that 
has been pieced together. Have 
them cut another circle from a 

piece of gray paper that is 0.5 cm 
in diameter. ‘Tell students that 

they have cut out circles that rep- 
resent the comparative diameters 
of the Sun and Moon. Have one 

student hold the small paper cir- 
cle up to his or her eye. Have 
other students carry the large cir- 

cle away from the first student 

until he or she says that the small 
circle can block out the large one. 

Students now have a model of the 

Moon eclipsing the Sun. Ask stu- 
dents to explain how the Moon 
can block out the Sun. Possible 

answer: the Sun is about 400 

times farther from Earth then is 

the Moon. TELL) 

(%, Reading Check 

Answer The Moon is directly between 

Earth and the Sun. 

Solar Eclipse Have students write a brief descrip- ing new moon. ‘Then ask them why a solar eclipse 

tion of factors that must be true in order for a doesn’t occur every new moon. Possible answer: The 

solar eclipse to occur. Possible answer: The Moon must — Moon’s orbit is tilted such that it can sometimes be above or 

line up directly between Earth and the Sun. This can occur dur- below the Sun during a new moon. Linguistic 
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ry, Reading Check 

Answer The Moon is on the opposite 

side of Earth from the Sun. 

Lunar Eclipses 

Question Why don’t lunar 
eclipses occur every time the 
Moon is full? 

Possible Materials flashlight, small 
light source, plastic foam balls, 
large pieces of cardboard or 
hard plastic, cardboard circles or 
plastic hoops 

Estimated Time 30 minutes 

Teaching Strategies 

¢ Encourage students to 

develop models that demon- 

strate a full moon can occur 

without a lunar eclipse. 

¢ Remind students that the 

Moon’s orbit varies about 5° 

above and below the ecliptic and 
that for a total lunar eclipse to 
occur, the Sun, Earth, and the 

Moon must be _ perfectly 
aligned—that is, they must be 
on the same plane. 
* Guide students to see how 

two planes can intersect, but do 
not have to be in the same plane. 
¢ If students ask, tell them that 

the diameter of Earth is about 

four times that of the Moon and 

that the distance from Earth to 

the Moon is about 30 Earth 

diameters. 

° Suggest that students use their 
model to demonstrate partial 
lunar eclipses. 

For additional inquiry activities, see 
Science Inquiry Lab Manual. 

Caption Answer 
Figure 15 small shadow 

Figure 14 Sometimes during 

a partial lunar eclipse, Earth’s 

curvature can be seen silhouetted 

on the Moon. The red coloration 

is caused by the refraction of 

sunlight passing through Earth’s 

atmosphere before reaching the 

Moon’s surface. 

Figure 15 A total lunar eclipse 

occurs when the Moon is entirely 

within Earth’s umbra. Umbra is the 

Latin word for “shadow.” Just as a 

peninsula is almost an island, a 

penumbra is almost a shadow. 

Research What does umbrella 

mean? 

Lunar Eclipses When Earth’s shadow falls on the Moon, a 

lunar eclipse occurs. A lunar eclipse begins when the Moon 

moves into Earth’s penumbra. As the Moon continues to move, 

it enters Earth’s umbra, and you see a curved shadow on the 

Moon’s surface, as shown in Figure 14. It was this shadow that 

led Aristotle to conclude that Earth is spherical. When the Moon 

moves completely into Earth’s umbra, a total lunar eclipse 

occurs, as shown in Figure 15. The Moon sometimes becomes 

red during an eclipse because light from the Sun is scattered and 

refracted by Earth’s atmosphere. Longer wavelength red light is 

affected less than shorter wavelengths, so more red light falls on 

the Moon. 
A partial lunar eclipse occurs when only a portion of the 

Moon moves into Earth’s umbra. The remainder of the Moon is 

in Earth’s penumbra and, therefore, receives some direct sun- 

light. A partial lunar eclipse also occurs when the Moon is par- 

tially or totally within Earth’s penumbra. However, this can be 

difficult to see because some direct sunlight falls on the Moon, 

making it appear only slightly dimmer than usual. 

A total solar eclipse can occur as often as twice a year, yet 

most people live their entire lives without witnessing one. You 

may never see a total solar eclipse, but it is almost certain you 

will have a chance to see a total lunar eclipse. The reason why it 

is So rare to view a total solar eclipse is that only those people in 

the small region where the Moon’s umbra strikes Earth can see 

one and, even then, there must be clear skies. In contrast, the 

opportunities to witness lunar eclipses are much more frequent, 

and anyone on the night side of Earth can see them. 

How are Earth, the Moon, and the Sun aligned 
during a lunar eclipse? 
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Lunar Eclipse Have students write a brief descrip- eclipse can be seen by more people than a solar 
tion of factors that must be true in order for a eclipse. Possible answer: Since the Moon is passing into 
lunar eclipse to occur. Possible answer: The Moon must — Earth’s shadow, all people on the night side of Earth can see a 
line up directly on the opposite side of Earth from the Sun. This lunar eclipse. Linguistic 
can occur during full moon. Then ask them why a lunar 
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The Moon’s Surface 
When you look at the Moon, as shown in Figure 16, 

you can see many of its larger surface features. Craters, 
rays, mountains, and maria can easily be seen through 
a small telescope or a pair of binoculars. What are 
these different features, how did they form, and what 
do they tell us about the Moon’s history and interior? 

Craters, Maria, and Mountains Many depres- \ 
sions on the Moon were formed by meteorites, aster- 
oids, and comets, which strike the surfaces of planets 
and their satellites. These depressions, which are called 
craters, formed early in the Moon’s history. Surrounding 
many craters are ray patterns produced by lighter-colored 

material from just below the lunar surface that was blasted out 

on impact and settled on top of the darker surface material 
around the craters. During the impact, when these large basins 
formed, cracks may have formed in the Moon’s crust, allowing 
lava from the still-molten interior to reach the surface and fill in 
the basins, forming maria. 

Maria are the dark-colored, relatively flat regions on the 
Moon's surface, shown in Figure 16. The igneous rocks of the 

maria are 3 to 4 billion years old. They are the youngest rocks 

found on the Moon so far. This indicates that the craters formed 

after the Moon’s surface originally cooled. However, the maria 

formed early enough in the Moon’s history that molten rock 

material still remained in the Moon’s interior. 

Surrounding the large depressions that later filled with lava 

are areas that were thrown upward in the original collision and 

formed mountains. The largest mountain ranges on the Moon 

surround the large, flat, dark-colored maria. 

Regolith When NASA scientists started to plan for crewed 
spacecraft to land on the Moon, they were concerned about 
whether the lunar surface would be able to support the craft? To 

find out, unmanned Surveyor spacecraft were landed on its sur- 

face. One Surveyor craft actually bounced a few times as it 

landed on the side of a crater. What was this material that the 

spacecraft had landed on? 
Impacts on the Moon thoughout its history led to the accu- 

mulation of debris known as regolith. On some areas of the 

Moon, this regolith is almost 40 m thick, while in other loca- 

tions, it is only a few centimeters thick. Some regolith is coarse, 

but some is a fine dust. If you watch astronauts walking on the 

Moon, you will notice that they often kick up a lot of dust. 

Figure 16 Notice the light- 
colored material radiating outward 

from the large crater near the base 

of the Moon. 

Identify What are the flat, dark- 

colored regions called? What are the 

light-colored areas radiating from 

the craters called? 
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Caption Answer 
Figure 16 maria; rays 

~ Fun Fact 
The Moon is covered in dust, called 

regolith, to an average depth of 
about 20 m. The regolith has the 
consistency of fine powder, similar 
to ready-mix dry mortar. It has 
formed from billions of years of 
meteorite impacts. 

Quick Demo 
Moon Surface Features 

Materials moon map or globe 

Estimated Time 10 minutes 

Procedure Show students a map 
of the Moon (near side and far 

side) or a globe. Show how the 
far side has many more craters 
than the near side. Ask students 
why this might be true. Possible 
answer: Earth protects the near side of 
the Moon. Many meteorites that would 
have hit the Moon’s near side were 
pulled toward Earth. Point out key 
features on the near side of the 
Moon (craters, maria, moun- 

tains). Ask students how maria 

may have formed. Possible answer: 
When meteorites impacted on the 

Moon’s surface, they formed depressions 
and cracks in the crust. Magma flowed 
through the cracks onto the Moon’s sur- 
face, filling the depressions. TELL) 

Visual-Spatial 

Visual Learning 

Figure 16 Help students understand the informa- the Moon, light material of the crust was ejected 

tion presented in Figure 16. Show students that out over the darker surrounding rock. TELL) 

rays of lighter material radiate outward from Visual-Spatial 

craters. Explain that when the meteorites struck 
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Caption Answer 
Figure 17 Earth’s gravitational attrac- 

tion is stronger between Earth and the 

Moon’s greater-density core than 

between Earth and the Moon’s less- 

dense crust. 

Content Background 
The Moon’s Interior Discuss with 
students that seismographs were 
left behind on the Moon. ‘Vhey 
detected moonquakes and this 
data has enabled NASA scientists 
to model the Moon’s interior. 

Data shows that the Moon’s inte- 
rior is differentiated. Although it 
is thought that the Moon has an 
iron core, it is not as large as 

Earth’s. This may be a result of 
the giant impact that formed the 
Moon. Most of the iron cores of 
the two colliding bodies fell back 
to the reforming Earth. 

As the Moon began to cool, 
Earth’s gravity affected different 
parts of the Moon’s structure dif- 
ferently. The thinner crust on the 
side of the Moon facing Earth 
was caused by the tidal influence 
of gravity pulling more on the 
mantle material than on the 
crustal material. 

(%, Reading Check 

Answer on the side facing away from 
Earth 

Figure 17 The Moon’s crust is 

thinnest on the side nearest to 

Earth. 

Infer Why is the Moon's crust 

thinnest on the side facing Earth? 

Sciencepnline 

Topic: Clementine and 

Lunar Prospector Missions 

Visit fl.gpescience.com for Web 

links to information about the 

missions of the Clementine and 

Lunar Prospector spacecraft. 

Activity Make a table that lists 

the major goals of each mission _ 

and whether or not it succeeded. 

The Moon’s Interior 
The presence of maria on 

the Moon’s surface tells us 

something about its interior. If 

cracks did form when the large 
depressions were produced by 

impacts, and lava did flow onto 

the lunar surface, then the inte- 

rior of the Moon just below its 

surface must have been molten 

at that time. It is believed that 
this was the case and that before 

the Moon cooled to what it is 
like today, its interior separated 

into layers. 
Other information about 

the Moon’s interior comes from 

seismographs left on the Moon by Apollo astronauts. Just as the 

study of earthquakes allows scientists to map Earth’s interior, 

the study of moonquakes helps them study the Moon’s interior 

and has led to the model shown in Figure 17. This model shows 

that the Moon’s crust is about 60 km thick on the side facing 

Earth and about 150 km thick on the side facing away. Below the 

crust, a solid mantle may extend to a depth of 1,000 km. A partly 

molten zone of the mantle extends farther down. Below this is 

an iron-rich, solid core. 

(ae Where is the Moon’s crust thickest? 

Upper mantle 

Lower mantle 

Exploring the Moon 
More than 20 years after the Apollo program ended, the 

Clementine spacecraft was placed in lunar orbit. Clementine com- 

piled a detailed map of the Moon’s surface, including the South 

Pole-Aitken Basin. This is the oldest identifiable impact feature on 

the Moon’s surface. It is also the largest and deepest impact basin or 

depression found so far anywhere in the solar system, measuring 12 

km in depth and 2,500 km in diameter. Because the angle of sun- 
light is always low near the poles, much of this depression remains 

in shadow throughout the Moon’s rotation. This location provides 

a cold area where ice deposits from impacting comets may have col- 

lected. The Clementine spacecraft, and later the Lunar Prospector, 

both collected evidence that supports the hypothesis that water-ice 

has accumulated in South Pole-Aitken Basin. See Figure 18 to learn 

more about this. 
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NATIONAL 
GEOGRAPHIC VISUALIZING WATER ON THE MOON 

Figure 18 

stronomers long believed that the Moon was a cold, dry place without atmosphere. 
But a few scientists hypothesized that water could exist on the Moon under certain 
conditions. This hypothesis was proven correct in the late 1990s by data from the 

spacecrafts Clementine and Lunar Prospector. 

HOW DID IT GET THERE? Throughout its history, the 

Moon has been bombarded by comets and meteorites, 

most of which contain water-ice. Upon impact, some of 

the water would have quickly vaporized and be lost to 

space. However, some was deposited in the bottom of 

deep polar craters. Temperatures in these craters never 

exceed about —173°C. At these temperatures, ice could 

persist for billions of years. 

HOW MUCH IS THERE? Estimates of 

how much water-ice exists vary, but 

some estimates are as high as 6 tril- 

lion kg. Ice might be buried several 

meters below the surface, either in 

solid blocks or as ice crystals mixed 

with lunar regolith. Water is impor- 

tant for many reasons. It would be 

needed for the survival of humans 

at any future lunar bases. Also, it 

could be split using solar power 

into hydrogen and oxygen to make 

rocket fuel. 

— & oo & = @ 

Challenge Ask students to research the topic and 

find out more why the water is found primarily in 

craters at the poles and more specifically in craters 

in the Aitken Basin. Prepare a diagram showing 

how parts of this area are particularly suited to 

preserving water-ice and present it to your class. 
o—| 
112 L3| 

NATIONAL 
GEOGRAPHIC 

Visualizing Water on 
the Moon 

Have students examine the 

pictures and read the captions. 
‘Then ask the following questions. 

What made some scientists 

think that water might exist on 

the Moon? 

How and where has water 

been detected on the Moon? 

Why might a source of water 
on the Moon be important for 

future space exploration? 

Devise a model or use a com- 

mon object to show how the 

bottoms of craters at the 

Moon’s poles are not struck by 

sunlight. 
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Activity 

Crater Formation Provide students 

with a flat pan in which you have 
placed a 2.5-cm layer of flour 

covered by a ().5-cm layer of dark 

eray ready-mix mortar. Have Ds pigs 

them drop various-sized objects ace 

into the pan from different 

heights. Have students write a 
brief description of their observa- A large, Mars-sized body collided with primitive The violent collision melted and vaporized some of 

tions in their Science Journals Earth approximately 4.6 billion years ago. Earth’s crust and mantle and hurled it into space. 

Possible answer: As an object impacted 

iatesaiay pone! sa clatel fortbed Figure 19 According to the : Clementine and Lunar Prospector Data from Clementine 

and lighter material from just under the giant impact theory, the Moon confirmed that the crust on the side facing Earth is much thin- 

surface was ejected and fell back onto the formed after Earth was struck a ner than on the far side. Data also found that the crust thins 

surrounding gray material. Deeper and lancing blow by a body that was > under impact basins and showed the location of mascons, con- 

larger craters were formed by larger a massive than Mars. For mil- : centrations of mass that are located under impact basins. What 

objects. [L2} GS Visual-Spatial lions of years after the aes : do you think they might be? Clementine also provided informa- 

birth, stray rock fragments ejected tion on the mineral content of Moon rocks. In fact, this part of 

by the original impact continued to: its mission explains the spacecraft’s name. Clementine was the 

pelt its surface, creating the craters : daughter of a miner in the ballad “My Darlin’ Clementine. 
Answer \Mascons are concentrations of See niarkcrinoMoan : 7 

mass under the Moon’s surface. They CET or Rie What are mascons: 

could be what are left of the meteorites : 
; ; In 1998, the Lunar Prospector spacecraft orbited the Moon, 

that formed the impact basins. 
taking photographs of the lunar surface. Maps made using these 

photographs confirmed the Clementine data. Also, data from 

Lunar Prospector confirmed that the Moon has a small, iron-rich 

core about 600 km in diameter. Lunar Prospector also conducted 
a detailed study of the Moon’s surface searching for clues as to its 
origin and structure. 

Origin of the Moon 
Prior to the data obtained from the Apollo space missions, 

there were three theories about the Moon’s origin. The first was 

that the Moon was captured by Earth’s gravity (the capture the- 

ory). It had formed elsewhere and wandered near Earth. The sec- 

ond theory was that the Moon condensed from the same loose 

material that Earth formed from during the early formation of 

the solar system (the binary accretion theory). The third theory 

was that a glob of molten material was ejected from Earth while 

Earth was still molten (the fission theory). Ironically, the goal of 

one Apollo mission was to help determine which of these theo- 

ries was correct. Instead, the mission showed that none of the 

three theories can explain the Moon’s composition. 

206 CHAPTER7 The Earth-Moon-Sun System 

Differentiated Instruction Visual Learning 
Behaviorally Disordered Hlave teams of students Figure 19 Help students understand the theory 
make illustrated posters, each showing one stage being presented in Figure 19. A Mars-sized body 
in the formation of the Moon. Display posters in impacted a young Earth at a glancing angle. The 
the correct order to show all the stages in the for- cores of the two bodies and most of the other 
mation of the Moon according to the giant material merged to form a new Earth. Material 
impact theory. [2] Visual-Spatial that was thrown far enough away from Earth 

later condensed to form the Moon. [io 
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Post Reading 

Reflection Ask students to re- 

spond to the following prompts: 

How have lunar explorations 
broadened our understanding of 

the Moon’s physical characteris- 
tics? How does the Moon affect 

Earth? In your opinion, should 

future explorations to the Moon 

and other parts of space be 

Solid particles eventually condensed from the 

cooling gas and the Moon began to accumulate. 

Some material fell back to Earth, some escaped 

into interplanetary space, and some orbited Earth 

as a ring of hot gas and debris. 3 pursued? 

Giant Impact Theory Data gathered by the Apollo missions 
led many scientists to form a new giant impact theory, which has 3 Assess 
gained wide acceptance among astronomers. According to this 
theory, the Moon formed about 4.6 billion years ago when a Mars- 
sized object collided with Earth. After colliding, the cores of the a erer 
two bodies combined and settled toward the center of the larger JAILY INTERVENTION 
object. Gas and other debris were thrown i ‘bit. Some fe } ebris were thrown into orbit. Some fell Check for Understanding 

Visual-Spatial Divide 
into small groups. Have each 

group of students devise a way to 

show what happens to cause a 

solar eclipse or a lunar eclipse. 
[.2] GD [A Linguistic 

Reteach 

Tides Ask students to hypothe- 

size about how tides on Earth 

back to Earth, but the remainder condensed into a large mass, 

forming the Moon. This sequence is shown in Figure 19. This the- 

ory helps to explain how the Moon and Earth are similar, yet not 

similar enough to have formed from the same condensing mass. If 

the core of the Mars-sized body was added to the core of Earth, 

this explains why the Moon’s composition is like Earth’s mantle 

and why the Moon has a much smaller central core than expected. 

students 

section 

Summary Self Check 
would be affected if we had no 

How does the Moon affect Earth? 

@ The Moon and the Sun affect Earth’s tides. 

@ As the Moon revolves, different amounts of 

the side facing Earth are lighted by the Sun, 

causing the changing phases. 

@ The alignment of Earth, the Moon, and the 

Sun produces eclipses. 

The Moon’s Surface and Interior 

@ The Moon’s surface has craters, mountains, 

and maria. 

Maria are the dark-colored, relatively flat 

regions on the Moon. 

The Clementine and Lunar Prospector found 

evidence of water-ice on the Moon. 

More Section Review fl.gpescience.com 

. Compare and contrast solar and lunar eclipses. 

. Explain tides in Earth’s oceans. 

. Diagram the positions of Earth, the Moon, and the Sun 

during a full moon. 

. Describe how lunar maria might have formed. 

5. Think Critically Why is it so important to future space 

exploration if the Moon has water-ice near its surface? 

. Calculate An estimate of the amount of water frozen 

at the Moon’s south pole is 100,000 m°. If this deposit 
was spread over an area measuring 160 m by 125 m, 

how many meters deep would the deposit be? 

SECTION 3. Earth’s Moon 207 

. | Section 

1. Both are eclipses involving Earth, the 3. 

Moon, and the Sun. A solar eclipse 

occurs when the Moon’s shadow falls 
on Earth. Alunar eclipse occurswhen 4. 

the Moon moves into Earth’s shadow. 
2. Tides are one large water wave in 

Earth’s oceans caused by the gravities 

of the Moon and the Sun. 

5. The water-ice could be used by a 

lunar base, and rocket fuel (oxygen 
and hydrogen) could be obtained 

from the water-ice. 

6. 5mdeep 

Student diagrams should show the 

Moon on the opposite side of Earth 

from the Sun. 
Large meteorites struck the Moon, 

forming large depressions and crack- 

ing its surface. Magma from inside 
the Moon flowed onto the surface 
and filled the large depressions. 

ae | MA.B.3.4.1 

Moon. Possible answer: High and low 

tides would still occur because of the 

Sun’s gravity. The tidal range between 

high tide and low tide would be less and 
there would be no spring or neap tides. 

L2 

Assessment 

Oral Have students discuss why 
the pull of the Moon’s gravity 
causes higher and lower tides on 

Earth than does the pull of the 

Sun’s gravity. Possible answer: 
Although the Moon is much smaller than 

the Sun, it is much closer to Earth. 
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® Real-World 
Problem — 

Purpose Students will use a 
map of the Moon to locate spe- 
cific features and Apollo landing 

sites on the Moon. 

Process Skills use a 
identify, interpret scientific 

illustrations, draw and label, 

map, 

trace 

Time Required 40 minutes 

Alternate Materials tracing 
paper 

© Procedure 

Teaching Strategies 
* Place a large map of the Moon 

with features labeled in front 
of the class. 

¢ Prior to beginning this lab, 
show students the differences 
among various lunar features 

mountains, (craters, maria, 

and rays) 

Tie to Prior Knowledge Ask 
students if they have ever used 

their imagination to try to find 

the ‘man in the Moon.’ Tell 

them that the dark-colored 

maria can look like the eyes of a 
face in the full moon. Mention 

that other cultures have found a 

woman, a rabbit, and an ant in 

the features of the Moon. 

Troubleshooting Have _ stu- 
dents trace an illustration of the 

full moon. They can then label 

the features and Apollo landing 

sites on their tracings. 

ea 
es Goals 
ree @ Identify prominent 
ee surface features on the 

a Moon. 

‘ @ Determine the rela- 
cS tive ages of features on 

hie oe the Moon’s surface. 

pace @ Locate the Apollo 

cc landing sites on the 

ee Moon. 
has ibs - 

—o Materials 
a | lob ea arge-scale maps or globes 

ee of the Moon 

a individual, smaller maps 
of the Moon 

ister 

tee F 

as 

--. 

eo 

Meta - 

ey 

: 
| 

te 
we 

iy gee 
BP i 

Identifying the Mccn’s 

Surface Features and 

APOLLO Landing Sites 

@® Real-World Problem 

When you look at a full moon in the night sky, you can see light and 

dark areas. When you look through binoculars or a small telescope, 

you can see many craters and the large, dark-colored maria. Many 

craters are named after great philosophers and scientists. The maria 

are named for what early scientists thought they saw there; for exam- 

ple, Oceanus Procellarum means “ocean of storms.” Can you tell the 

difference between an old crater and one that has formed more 

recently? If craters are seen on a maria, which of the features is older? 

If one crater partially covers another, which one formed first? 

© Procedure-——— 
1. Obtain a large-scale map or globe of the Moon. 

2. Familiarize yourself with some of the more prominent surface fea- 

tures of the Moon. 

= 208 CHAPTER7 The Earth-Moon-Sun System ¥ 

Modeling the Moon Students could construct a 3-D 

model of a section of the Moon’s surface to extend 

the investigation of specific features and Apollo 

landing sites on the Moon’s surface. They could 

place a thin layer of modeling clay that covers a 
spherical ball. Craters and maria could be impres- 

sions on the surface with mountains being areas 

a Moon map or globe to determine the scale to 
be used on their models. They might want to 
concentrate on just one of the landing sites and 
include as much as possible about the lunar topog- 
raphy around the specific landing site. For example, 
Apollo 15 would enable students to show the relative 
altitude of mountains on the Moon. 

where additional clay is placed. Students could use 
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3. Look for examples of younger craters (those with sharp sides and peaks in the = : © Analyze Your 
center) and examples of older craters (those whose sides are worn down or ae Data ——=—""—- 
missing). 

“| 

Expected Outcome Students will 
draw and label a map (or a tracing 
of a map) of the Moon. Students 
will find all features and Apollo 
landing sites listed in this lab. 

Features on the Moon Answers to Questions 

Maria Craters Mountain Ranges Apollo Landing Sites 1. Answers will vary. Students may 
mention differences among craters 

4. Using a large-scale, labeled map or globe of the Moon, locate, identify, and 
label the following prominent surface features of the Moon and Apollo landing 
sites on a copy of the Moon’s surface. (If an unlabeled Moon map is not avail- 
able, draw one and illustrate and label the features listed below.) 

sh oo) AE is ae enue or interest in Apollo landing sites. 
Mare Frigoris Aristarchus  Apennine 12-Oceanus Procellarum =| 2. Again, answers will vary but should 
Mare Imbrium Clavius Caucasus 14-Fra Mauro ool mention differences in crater 

Mare Serenitatis Copernicus Jura 15-Mt. Hadley appearance (sharp or worn sides) 

Mare Tranquillitatus  FraMauro ‘Mt. Hadley 16-Descartes and superimposed craters. 

Oceanus Procellarum Grimaldi 17-Taurus Littrow me Error Analysis Possible sources of 

Kepler S| error are students not realizing 

Plato that maria are colored darker 
het than highland areas of the Moon 

and that craters can form on 
maria and on top of other craters. 
Ask students where on their maps 

>) Analyze Your Data——————— they located Tycho crater. This 

1. Describe the specific lunar features you studied and what you learned from : crater has bright rays radiating 

them. out from it over long distances on 
the Moon’s surface. 2. Identify one specific observation that helped you decide which of two features 

formed first. 

: ] 
© Conclude and Apply ——— | “J Acct) wea 
1. Infer from your study of the large-scale map or 

globe whether Copernicus Crater or Grimaldi 

Crater is older. Do the same for Fra Mauro Crater 

and Tycho Crater. Explain your answers. 

2. Research the Apollo missions and explain 

why there is no landing site for Apollo 13. 

1. Copernicus crater is younger than 

Grimaldi crater. Tycho crater is 
younger than Fra Mauro. Younger 

craters have steep sides and often 
show central peaks. Older craters 
have been weathered by continued 
impacts. 

2. Apollo 13 experienced a failure on 
route to the Moon. One of its fuel 

. tanks exploded and the fuel that 
Lap 209 remained in the Command Module 

and Lunar Excursion Module was 
used to power the spacecraft around 

Differentiated Instruction the Moon and its return trip to Earth. 

Learning Disabled Provide small or book-sized 
maps for your students who have learning ™ Assessment 
disabilities. Trace a copy of a map of the full 
moon and provide a copy of the tracing for your Process Ask students to use 

students to use. [L1]| @MB Visual-Spatial a map of the Moon to lo- 
cate Ptolemaeus crater and 

Mare Humorum. TELL) 

Visual-Spatial 

ommunicating 
Your Data 

Compare your map of the Moon with the 

maps labeled by other students in your 

class. Discuss why individual maps may be 

labeled differently or why map illustrations 

might look different. 

ommunicating 
Your Data 

Instruct students to view the Moon through a pair of 

binoculars or a small telescope. Ask them to locate as 

many of the features they have written on their maps, 

as they can see. Have students share what they 
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Content Background 
Newton worked with optics from 
1670 to 1672. He was the first to 
realize that the colors produced 
when light passes through a prism 
are inherent in the light. Before 
this, it was believed that the col- 
ors of the sprectrum were added 

by the prism. 

In Newton’s time, the borders 

between science and alchemy 

were not sharply defined. 
Newton himself believed in the 

existence of an ether that trans- 

mits forces between particles and 
in what was then the “occult idea” 

of action at a distance. Such erro- 

neous beliefs possibly aided him 
in developing his ideas of gravity. 
Because of his contributions in 

mechanics, optics, and mathe- 

matics, Newton is often ranked 

foremost among scientists. 

Analyze the Event 
Today we know that refraction 
and dispersion occur because the 
light passes though substances of 

different density. What examples 
of this have you seen in everyday 
life and what are substances 

involved. Possible Answers: Students 
may mention seeing rainbows, either in 

the sky or in the spray of a garden hose, 
seeing colors as light passed through 

hanging glass pieces on lamps, seeing 

colors in a puddle covered by an oil slick. 

Discussion 

Ask students how a person like 
Newton discovered so 

many basic scientific principles 
could have considered alchemi- 

cal or occult ideas. Help them to 
see Newton in the context of his 
time and to see that even great 
scientists can make mistakes. 

who 

£2 Acci 
s/ dev Sc 

“If | have been able 

to see further, it was 

only because | stood 

on the shoulders of 

giants.” 

—Sir Isaac Newton 

even Great § 
Scientists 

Make Mistakes 
lem this dispersal of light causes. Newton 

light behaves like a wave and at other thought the opposite was true. He tried 

times it behaves like a particle. However, to eliminate chromatic aberration by chang- 

early scientists believed it had to be one way ing or adding lenses and using prisms, but 

or the other. Sir Isaac Newton, 1642-1727, was unable to correct the problem. 

believed in the particle nature of light. Based Another mistake made by Newton was 

on his observations and a few erroneous that he assumed light particles begin to 

assumptions, he eventually invented what is refract before they contact matter. Because of 

now called the Newtonian reflecting tele- these assumptions, he concluded that there 

scope. was no way to fix the problem. So, he gave 

up on refracting telescopes and used a 

curved mirror to focus light. This worked, 

because light does not disperse when it is 

reflected. His incorrect assumptions led to 

the invention of the most-used instrument in 

astronomy, the reflecting telescope. 

Sometimes the greatest discoveries in sci- 

ence are based on incorrect assumptions. 

But, that’s okay—it is called science. 

Where did Newton go wrong? 

One erroneous assumption involved the 

behavior of light as it passes through matter 

such as glass, a property known as chromatic 

aberration. White light is composed of many 

different wavelengths that can disperse when 

refracted. This also happens with telescopes 

because lenses act 

like a combination 

of many prisms 

and disperse white 

light into the col- 

ors of the rainbow. 

We now know that 

the larger the lens, 

the less of a prob- 

Newtonian Telescope 

; : Eye piece 
Primary mirror 

| Incoming 

light 

/ 

Flat secondary mirror 

Try it yourself Experiment with shining light through 
a prism and reflecting it from a mirror. Try using several 
different prisms with different angles. 

Orv 
For more information, vis 

fl.gpescience.com 

Resources for Teachers and Students 

The Life of Isaac Newton, Richard S. Westfall, 
Cambridge University Press, 1999 

Try it Yourself Students should be 
able to disperse light using prisms or any 
angular pieces of glass or plastic. The light 
refracted by prisms will produce colors; the 

light reflected by mirrors will not. Isaac Newton:The Last Sorcerer, Michael White, 
Helix Books, 1997 

Newton's Gift , David Berlinski, Touchstone, 2000 

Isaac Newton, by James Gleick, Vintage Books, 
2003 : 
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chapter Gp StudyGuide cite CD vane — 

ain ideas 

Section 1 Earth in Space 4. The Sun reaches its greatest distance north 

of the equator on the summer solstice for 

ewing Main Ideas 

Summary statements can be 
used by students to review the 
major concepts of the chapter. 

1. The fact that Earth always casts a curved ; y ie the northern hemisphere and on the winter 
shadow, as shown here, is evidence of its Taye solstice for the southern hemisphere. 

Section 3 Earth’s Moon 

1. Tides in Earth’s oceans are affected by the 

gravity of the Moon and the Sun. The 

Moon’s gravity has a greater effect because 

spherical shape. 

2. When Earth was molten, 

the force of gravity pulling 

equally in all directions SciencegNiiNe 

Visit fl.gpescience.com 

More Section Review 

caused Earth to form into a 

spherical shape. 

3. Earth’s rotation and movement of matter in the Moon is much closer to Earth. Interactive Tutor 
its core cause Earth’s magnetic field. 2. Changing positions of the Moon in relation Vocabulary PuzzleMaker 

4. Earth is different than other planets. These to the Sun cause it to go through a lunar More Chapter Review 
differences enable life to flourish on Earth. phase cycle every 29.5 days. Standardized Test Practice | 

3. Solar eclipses occur during a new moon, 

“Section 2. | Time and Seasons and lunar eclipses occur during a full 
; moon. Assessment Transparency 

1. Earth’s rotation and revolution are used to For additional assessment ques- 
4. Craters, like this one, are depressions on the 

measure time in days and years. , cs 
Moon’s surface. Some large depressions tions, use the Assessment 

2. During the year, the Sun appears to move may have filled with lava, forming maria. Transparency located in the trans- 

on the ecliptic through a background of parency book. 

constellations called the zodiac. 

3. Earth experiences changing seasons because 

locations on Earth receive sunlight for 

varying amounts of time each day and at 

varying angles throughout the year, as 

shown here. 

1. In which diagram could it be the fall equinox in the northern 

hemisphere? 

C, Earth Position C A. Earth Position A 

B. Earth Position B D, Earth Position D 

2, On which diagram is the night the longest in the southern 

UMYTTESY Use the foldable that you made at the begin- 

ning of this chapter to review the Earth-Moon-Sun system. 

hemisphere? 
F. Earth Position A H, Earth Position ¢ 

G, Earth Position B J. Earth Position D 

3, What season is taking place in the northern hemisphere in 

diagram Dz? 

A. Spring Cc. Fall B. Summer D, Winter 

The Earth Moon Sun System 
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<7 Have students use 
OLDABLES ee 

their Foldables to 

review the Earth-Moon-Sun 

system. 

ntifying Misconceptions 

Demonstration Use this assessment asa follow-up — strikes the wall with more intensity than light 

to page F at the beginning of the chapter after _ from the flashlight that falls on the wall from an 

students have completed the chapter. angle other than vertical. 

Materials flashlight Expected Outcome Students will understand that 

the more vertical the rays are from the Sun, the Procedure Demonstrate that light from the flash- 

light that falls on the wall, no matter from what 

angle, are direct; all light falls directly on the 

wall. Show that light falling perpendicularly 

more intense the light and heat from the Sun is. 
Students will realize that all rays from the Sun, 
whether vertical or slanted are direct rays. 
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chaprer ry 

Review “2” 
chapter Cy 

SC.E.1.4.1, SC.E.2.4.3 

“~~ Using Vocabulary 

‘ ecliptic p.192 revolution p. 192 

1, matia ellipse p.188 rotation p. 192 

2. rotation equinox p. 195 solar eclipse p. 201 

3. tide gravity p.187 solstice p. 19! 

Junar eclipse p. 20. sphere | 

4. sphere maria p.203 tide p.199 

5 revolution moon phase p. 199 time zone p. 190 

H regolith p.203 
6. solar eclipse 

7. time zone 
Reccih Match the correct vocabulary word or phrase 

Phan ls with each definition given below. 
9. gravit 

: : , . dark-colored, relatively flat areas on the 
10. ecliptic 

LW EAG 16. D 

12. D 17. B 

13. C 18. C 

14. D 19. B 

15. B 20. A 

Moon 

. Earth spinning on its axis 

. a large wave in Earth’s oceans caused by 
the gravity of the Moon and the Sun 

4. a round, three-dimensional object, the sur- 

face of which is the same distance from the 

center in all directions 

. Earth moving in orbit around the Sun 

6. eclipse that occurs during a new moon 

. 15°-wide area on Earth’s surface in which 

the time is the same 

8. occurs when the Sun is directly above 

Earth’s equator 

9. attractive force between two objects 

. yearly path of Earth around the Sun 

~ Checking Concepts 

Choose the word or phrase that best answers 

each question. 

11. How long is a month of lunar phases? 
A) 14 days 

B) 27.3 days 

C) 29.5 days 

D) 365 days 

212 CHAPTER REVIEW 

eview 

12 

WEE 

14. 

16. 

WA 

. During winter solstice in the northern 

hemisphere, the Sun is directly over which 

part of Earth? 

A) equator 

B) pole 

QC) Tropic of Cancer 

D) Tropic of Capricorn 

Which movement causes lunar phases? 

A) Earth’s revolution 

B) Earth’s rotation 

©) the Moon’s revolution 

D) the Moon’s rotation 

Which eclipse do you experience if you are 

standing in the Moon’s umbra? 

A) partial lunar C) total lunar 

B) partial solar D) total solar 

. Which phase occurs when the Moon is on 

the opposite side of Earth from the Sun? 

A) g-. 8) ar. "6 D) , 

Which material may have been found on 

the Moon by the Clementine spacecraft? 

A) atmosphere 

B) dark-colored rocks 

©) light-colored rocks 

D) water-ice 

On average, how many degrees of longi- 

tude are contained in one time zone? 

A) 05° @) 2o.5" 

B) 15° D) 30° 

. Which occurs a few days after a full moon? 
A) waning crescent 

B) waxing crescent 

© waning gibbous 
D) waxing gibbous 

Vocabulary PuzzleMaker fl.gpescience.com 

Use the ExamView® Pro Test Bank CD-ROM to: 

* create multiple versions of tests 

create modified tests with one mouse click for inclusion students 

edit existing questions and add your own questions 

build tests aligned with state standards using built-in State 
Curriculum ‘Tags 

change English tests to Spanish with one mouse click and vice versa 
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20. 

21. 

Use the data in the table below to answer question 22. 

22 

23. 

24. 

chapter 

19. Which season begins around December 21 
in Australia? 

A) spring 

B) summer 

© fall 

D) winter 

Which forms when small meteorites crash 

into the Moon? 

A) craters 

B) maria 

© mountains 

D) cracks 

“Interpreting Graphics _ 

Make an illustration showing how magnetic 

force lines surrounding Earth are similar 

to those surrounding a bar magnet. 

Earth’s Physical Properties 

Diameter (pole to pole) 12,714 km 

Diameter (through equator) 12,756 km 

Circumference (poles) 40,008 km 

Circumference (equator) 40,075 km 

Average distance to the Sun 149,600,000 km 

Average distance to the Moon 384,400 km 

. What is the difference between the diame- 

ter of Earth through the poles compared 

to the equator? How many times farther 

from Earth is the Sun, compared to the 

Moon? 

Thinking Critically 

Infer why more craters are present on the 

Moon’s surface than on Earth’s. Hint: 
Consider gravity and the presence of an 

atmosphere. 

Infer how seasons would be affected if 

Earth had no tilt instead of the 23.5° tilt 

that it has. 

More Chapter Review fl.gpescience.com 

\@@y Reproducible Masters 
Chapter Fast File Resources 

Chapter Review, pp. 37-38 

Chapter Tests, pp. 39-42 
Assessment Transparency Activity, p. 49 

Glencoe Science Web site 
Chapter Review Test 
Standardized ‘Test Practice 

Za 

26. 

27. 

CT » Review; 

Explain why a lunar base would best 

be built on a plateau that is always in 
sunlight. 

Form a hypothesis about why during crescent 

phases we can often see a dim image of 

the rest of that side of the Moon. Hint: 

Recall the arrangement of Earth, the Moon, 

and the Sun during crescent phases. 

Form a hypothesis about how the thickness of 

the Moon’s crust might play a part in the 

fact that the side of the Moon facing Earth 

has more maria than the side facing away. 

- Applying Math — 

Use the illustration below to answer questions 

28-29. 

Far side crust 

(approx. 150 

km thick) 

Near side crust 

(approx. 65 

km thick) 

28. Model to Scale If you are making a 
scale model of the Moon (diameter 

approx. 3,500 km), what scale should 

you use to obtain a model that is about 

35 cm in diameter? 

. Calculate Using your scale, what would 

the thicknesses be, in centimeters, for 

the near-side crust and the far-side 

crust? 

CHAPTER REVIEW 213 

(tT) Assessment: 

Glencoe Technology 

iS 6 Assessment Transparency 
Y + rs. (i je - 

D ExamView” Pro Testmaker 

MO MindJogger Videoquiz 
¥ ne | 
» Interactive Chalkboard 

chapter CF 

Review 

Interpreting Graphics _ 

21. Student illustrations should show a 

spherical Earth with magnetic force 
lines drawn around the planet 
between the North and South Poles. 

22. Earth’s diameter through the equator 
is 42 km more than through the 
poles. The Sun is 389 times farther 
than Moon. 

23. Although Earth’s higher gravity 
would have pulled more meteorites | 

toward it, its atmosphere would 
have burned many of them up. Also, 
some fell into oceans and some on 

land, making craters that eroded or 
remain covered by vegetation. 

Weather conditions would vary at 
different locations on Earth, but there 
would be no changing seasons. 

25. The Sun's rays could be used to pro- 
duce power. 

26. Sunlight reflecting off of Earth lights 
up the dark portion of the Moon fac- 
ing Earth. This is called earthlight. 

27. Since the Moon's crust is thinner on 

the side facing Earth, cracks formed 
more readily allowing lava to seep up. 

24 e 

Applying Math | 
Math Standards 

National: 1, 4,9 

Florida: MA.B.2.4.1 

28. 1cm = 100 km 

29. 0.65 cm; 1.5 cm 

CHAPTER REVIEW 213 
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chapter qT 

Standardized Test Practice 

Answer Sheet An answer sheet 

can be found at fl.gpescience.com. 

Standardized Test Practice Answer Sheet 

S000 Oc 

¢ Multiple Choice 

NA UP WNn = (O11. Sion os oS . 

riage esponse 

8. 29.5 — 27.3 = 2.2 days 

~ 

chaprer 

¢ Multiple Choice 

Use the illustration below to answer question 1. 

1. Which theory explaining the Moon’s origin 

is widely accepted by astronomers? 

A. binary accretion theory 

B. capture theory 

C. fission theory 

D. giant impact theory 

. How far is Earth’s magnetic axis tilted from 

its geographic axis? 

A. 5° 

B 

(ey lee 

D 

. On which number did the Babylonians base 

a A0NM their counting methods? 

A. 10 

B. 60 

Cc. 100 

D. 360 

214 STANDARDIZED TEST PRACTICE 

Record your answers on the answer sheet provided by your teacher or on a sheet of paper. 

The assessed Florida Benchmark appears above the question. 

4. Which is a way that Venus and Earth are 

similar? 

A. atmospheric density 

B. liquid water oceans 

c. rocky nature 

D . surface temperature 

Use the illustration below to answer question 5. 

Sun ~~ 
November <P> 

+ 

Ww . Which is a group of constellations through 

which the Sun appears to move? 

A. ecliptic 

B. equinox 

C. solstice 

D » ZOGIAG 

in) . Which contains bands of charged particles 

known as the Van Allen belts? 

A. exosphere 

B. ionosphere 

C. magnetosphere 

D. stratosphere 

Test-Taking Tip 

Caution Read each question carefully for full understanding. 

NS 

10. Most of the material from the cores of 

the two objects fell back to Earth and 
formed one iron core inside Earth. 

11. Oceans on Earth may have 

214 CHAPTER7 The Earth-Moon-Sun System 

absorbed much of the C02 in 
Earth’s early atmosphere. 

12. The interaction of solar wind with 
Earth’s magnetosphere generates 

large electrical currents which add 
energy to molecules of gas in 
Earth's atmosphere. When the mol- 
ecules return to a lower energy 
state, light is produced. 



Standardized 

Test Practice _ 
chaprer 45 

Standardized Test Practice 

SC.E.2.4.3 

7. During which month of the year is Earth 
farthest from the Sun? 

A. January 

B. April 

C. July 

D. September 

-/ La 

8. If a synodic month is 29.5 days long and 

a sidereal month is 27.3 days long, how 

much longer is a synodic month? 

Use the illustration below to answer question 9. 

165°° 150° /135°. 120° 105% 90° 75° 60°, 45° 

San Francisco 

New York 

SC.E.2.4.3 

9. If it is 9:00 A.M. in New York city, what 
time is it in San Francisco? 

10. If the collision of two planetary-sized 

objects (Earth and another object) formed 

the Moon, why is the Moon’s iron core so 

small compared to Earth’s? 

Standardized Test Practice fl.gpescience.com 

READ INQUIRE ort Response 
= 

SC.E.1.4.2 

11. What may have caused the great difference 

in the percentage of CO, found in Earth’s 

atmosphere compared to those of Venus 

and Mars? 

12. What causes the auroras? 

ende esponse 

Use the illustration below to answer question 13. 

13. PARTA The Lunar Prospector discovered 

possible concentrations of water- 

ice in the area of the South Pole- 

Aitken Basin on the Moon. How 

does location and geographic ter- 

rain affect the possibility of find- 
ing water there? 

PART B How might this discovery affect 

the future of spaceflight? 

STANDARDIZED TEST PRACTICE 215 

Extended Response 

13. Part A: The location of possible 
sources of water have been found in 

below the surface without melting or 
evaporating. 

some of the Moon’s crater’s. Some 
craters located near the poles, such 
as the South Pole-Aitken Basin, do 
not receive direct sunlight at their 
bottoms. These locations maintain 
very cold temperatures that might 
allow water-ice to remain buried 

Part B: It could supply the water 
needs of a Moon base or could be 
used to extract hydrogen and oxy- 
gen for rocket fuel, possibly making 
flight to other planets more eco- 
nomical and easier. 

Rubrics 
For more help evaluating 
Short- and Extended-Response 
questions, see the rubrics on 
Dene Le 

STANDARDIZED TEST PRACTICE 215 



Section/Objectives 

Chapter Opener 

Standards 

National 

See pp. 16T-17T fora 

Key to Standards. 

State/Local 

Lab/Features 

Launch Lab: The Size of the Solar 

System,p.2 17 

Foldables, p. 217 

Section 1 Planet Motion National Content Florida MiniLab: Plotting Retrograde 

@ 2 sessions cp 1 block Standards: Benchmarks: Motion, p. 219 

UPGs 15, AnAC2. | SGET Aa, Applying Math: Heliocentric 

1. Compare and contrast geocentric and Ba Di3; DiAnG:3 SC.E.2.4.3, Longitude, p. 220 
heliocentric models of the solar system. S@ HEAD Integrate Physics, p.220 

2. Describe each planet's position in orbit around SC.H.1.4.5, 

the Sun. SC.H.1.4.6, 
3. Classify planets by location and characteristics. S@iEoMa 

Section 2 The Inner Planets National Content | Florida Science Online, p. 227 
@ _2sessions GP i block Standards: Benchmarks: Integrate Chemistry, p. 228 

OAS SG E42, Lab: Interpreting Features of Mars’s 

4. Compare and contrast other inner planets D3,G6.3 SC.E.2.4.6, Surface, p. 230 (1D Video Lab 

with Earth. S@iaaeaay 

5. Describe important characteristics for each SGT a2: 

inner planet. SG@ibaa4 

6. Evaluate the success of various missions to Mars. 

Section 3 The Outer Planets National Content | Florida Integrate Language Arts, p. 232 
What Galileo Saw, p. 233 

216A CHAPTERS The Solar System 

@ 2sessions CP i block Standards: Benchmarks: 
UGPMES Aaa Aw S@EarAe Science Online, p.234 

7. Compare and contrast the outer planets. B.4,D3,D4,G3 SC.E.2.4.6 MiniLab: Comparing Sizes of Outer 
8. Describe important characteristics for each SC.H.1.4.1 and Inner Planets, p. 235 

outer planet. 

9. Evaluate the success of NASA missions Galileo 

and Cassini. 

Section 4 Life in the Solar System National Content | [orice Lab: Testing Unknown Soil Samples 

@  2sessions CP 1 block Standards: Benchmarks for Life, pp. 242-243 
WGP: 125) A. 1) AD S@iE Aes, Science Stats: Night Sky Wonders, 

10. Evaluate other planets in the solar system for €3,C5.C6, SGE143; p. 244 
the possibility of containing life. Do pA SG.E.2.4:6 

11. Examine life forms that exist in exotic locations SC.F.2.4.3 

on Earth. S@ ales) 

12. Discuss locations in which life might exist on SEI bh ht 
other planets. SC.H.3.4.2 



Launch Lab: adding- 

machine tape, meterstick, 

metric ruler 

Chapter Fasr Fite Resources 

Foldables Worksheet, p. 17 

Directed Reading Overview, 

Lab Materials Reproducible Resources Section Assessment 

Glencoe Exclusive! 

f i Teacher Works = 
All-In-One Planner and Resource Center 

Technology 

TeacverWorks includes: 

+ Interactive Teacher Edition 

* Lesson Planner with calendar 

* Access to all program blacklines Ded () fey 

Note-taking Worksheets, VantP * Correlations to standards 
pp. 35-37 * Web links 

MiniLab: graph paper Chapter Fasr Fite Resources Portfolio 

ee Transparency Activity, p. 46 Assessment, p. 222 
Need Materials 2 MiniLAB, p. 3 Performance CD-ROM 
Contact Scents Kit Enrichment, p. 31 MiniLab, p. 219 ©) StudentWorks Plus 
at 1-800-828 i SAREE www.sciencekit.com, 

Reinforcement, p. 27 

Directed Reading, p. 20 

Lab Management and Safety, 
p. 69 

Applying Math, p. 222 

Content 

Section Review, p. 222 

& Section Focus Transparency 

©) Interactive Chalkboard 

Lab: scissors, erasable 

marker, transparent 

removable tape, 

photograph of the 

Martian surface, 

clear-plastic sheet 

Chapter Fasr Fire Resources 

Transparency Activity, p.47 

Enrichment, p. 32 

Reinforcement, p. 28 

Directed Reading, p. 20 

Lab Worksheets, pp. 5-6 

Lab Activity, pp. 9-11 

Portfolio 

Activity, p. 225 

Performance 

Lab, p. 230 

Applying Math, p. 229 

Content 

Section Review, p. 229 

® Section Focus Transparency 
*) Interactive Chalkboard 

CD-ROM 

StudentWorks Plus 

Video Lab 

MiniLab: drawing paper, 

colored pencils, 

drawing compasses 

Chapter Fasr Fire Resources 

Transparency Activity, p. 48 

MiniLAB, p. 4 
Enrichment, p. 33 

Reinforcement, p. 29 

Directed Reading, p. 21 

Lab Activity, pp. 13-15 

Portfolio 

Activity, p. 233 

Assessment, p. 237 

Performance 

MiniLab, p. 235 

Applying Math, p. 237 

Content 
Section Review, p. 237 

& Section Focus Transparency 

©) Interactive Chalkboard 

CD-ROM 

*) StudentWorks Plus 

Lab: clear-plastic cups, 

sand or soil, warm water, 

magnifying glass, 

thermometer 

ASSESSMENT 
/ & Ova nec? 

Chapter Fasr Fite Resources 

Chapter Review, pp. 39-40 
Chapter Tests, pp. 43-44 

Standardized Test Practice, pp. 36-39 

Chapter Fasr Fie Resources 

Transparency Activity, pp. 49, 

51-52 

Enrichment, p. 34 

Reinforcement, p. 30 

Directed Reading, pp. 21 

Lab Worksheets, pp. 7-8 

Portfolio 

Assessment, p. 243 

Performance 

Lab, pp. 242-243 

Applying Math, p. 241 

Content 

Section Review, p. 241 

End of Chapter Assessment 

| 
ry 

v 

of 

TO MindJogger Videoquiz 

) ExamView® Pro Testmaker 

s) TeacherWorks CD-ROM 

®) Interactive Chalkboard CD-ROM 

Section Focus Transparency 

Teaching Transparency 

Interactive Chalkboard 
CD-ROM 

©} StudentWorks Plus 

(i> < 

Performance Assessment in the Science 

Classroom (PASC) 
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Misty That's One Hot Cac 

arbon dil 
Venus takes this ¢ 

 Rellected by 
~ cloud cover 

Regs 
Temperatore 

1. How is this effect on Earth and Venus similar to a real greenhouse? 

2. What might happen on Earth if its surface continued to heat up? 

This is a representation of key blackline 

masters available in the Teacher Classroom 

Resources. See Resource Manager boxes 

within the chapter for additional information. 

Key to Teaching Strategies 

The following designations will help you 
decide which activities are appropriate 
for your students. 

[1] Level 1 activities should be 

appropriate for students with 

learning difficulties. 

Level 2 activities should be within 

the ability range of all students. 

[3] Level 3 activities are designed for 

above-average students. 

G® ELL activities should be within 
the ability range of English 

Language Learners. 

COOP LEARN Cooperative Learning 

activities are designed 

for small group work. 

Multiple Learning Styles logos, 

as described on page 12T, are 

used throughout to indicate 

strategies that address different 
learning styles. 

P| These strategies represent student 
products that can be placed into 
a best-work portfolio. 

PBL| Problem-Based Learning activities 
apply real-world situations to 
learning. 
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Transparency MENG Halley’ s comet. 
e ears since 240 B.C, people Records indicate that 9 

have viewe 
sp 

shown below 

2, Why did scientists say that people were able to see bits and pieces 
of this comet in L998? 

Assessment 

Period of Orbit and 
SAIS Distance to Sun 

Directions: Corefully review the figure and answer the following questions 

Frans | 
eam) 

hs ie 

tke 

Which planet is 9.53 AU from the Sun? 
A. Uranus 
Bj, Saturn 
C. Jupiter 
Pp, Neptune 
What can you conclude about planet orbits compared to their 
distances from the Sun? 

from the Sun, its AU decreases, 
» its orbil, it gets farther from the Sun. 
bit, the farther away it is from the Sun. 

J, As planets moye closer to the Sun, their orbits incre; 
3, Estimate a planet's distance to the Sun if it has an orbit of 

200 years. 
A, 35 AU 
B,5AU 
C,80 AU 
Dp, 30 AU 

olds with similar conditions? 

es of extreme environments in which life 

you think the moss was able to survive for so long? 

4 5 Teaching The Size of the 
EAE TEISE Solar System 

an TY 40,000 Years Old and Chapter 

EAE Going Strong! 8 | 

Could you live here? Maybe not. Bul a type of moss was found that 

en lying dormant for 40,000 years. Could life, then, survive on 

er : ou 

« Interpreting Features EAB) ct Mares Sin \ | of Mars’s Surface 

Lab Preview 
Directions: Aniverh 

Laboratory Activities 

= Tome Making Craters 
= Activities 

Strategy 

Safety Precautions Ca 2 

Hands-On Activities 



Content Outline Enrichment 
oe 

[eeketiem The Solar System 
Worksheet 

Section} Planet Motion 
A. Moxlels of the solar rysters explain th pe Suan, the Moo 

Bie Planet Motion Planet Motion 
How old are you... on other planets? 

Directions: Answer the following questions in complete sentences 
1 Uigplain the difference between he arn weocentric models of th cm Aree 365 days long (4 set) based on the time it takes Larth 19 make 

rotations Barth ha 
1 eodels h 

bits that 
hatter than arti’ their p 

Revived Age = cv 

Individual Needs Period of Revolution Calculation 
4. Whicly planet has a longer year—Puto or Neptune (in Earth Years) 

Inferior Planets 

i 
g 2 
3 
& 
2 
£ 
a 
= Meeting Individual Needs Marcuty 

Directlons: Answer the flloming questions a 
Ui the onder of the planets, starting from the planet vloseat to the Sun und moving outward Supatior Pla 

ne asteroid belt 6 00) 880) 
9 Jupitor 011,900 

ut fn 2 Saturn 
planets ovtot ar het ars in other soda syatern Name the inner planets Uranus 084 00 

Section2 — The Inner Planets 

Name three other stars that have been found ta have extrasalar planet Pluto 248,500 
17 18, 

‘On which planet would you have the mast birthday The fewest 

Study Guide Reading Essentials 
a 2 = Py 

Overview ; 
The Solar System Planet Motion 

e The Solar System 

stomata section © Planet Motion | 
th Dba SLA ond ee inhi | 

aan ; 
The closer planet is 10 the Sun, the slower it moves What What You'll Learn Before You Read 

went are you talking about here? Rotation o¢ revolution’ h Have you ever looked at the night sk 
head? Why think that some of these "stars may 

2 Inthe ic model of the universe, plancts move in path: really be some of the planets in aur solar system’ 
Inv the the location and charac 

tert ofthe plan 

nica unit is the distance from Burtleye the Sun 
cenitic model, the stars rotate vround Earth once 

6 Scientists hypothesize that the solar system formed from clouds Not 
Meeting Individual Needs 

‘ @ Read to Learn 
king Strategies 

A‘you red underine orth - Models of the Solar System 
Tight key words or ideas about 0 

the following sjueations ur complete the sentence by: writing the correct letter particu subject to help iden [would be difficult to make a model of the solar system if 

fas ie, andl ust trillions oF years age 

ni fythe important information in = you did not know that Earth rotates. All you ean see from 
thivseetion Earth is the movement of planets across the sky and they all 

Which ie the correct order in time for the discuverics af the following scientists? seem to move In a path around Earth It's easy to understand 
4. Galileo, Kepler, Copernicus b, Copernicus, Keplen, Galil why many early scientists thought the Earth was the center 

Copernicus, Galilea, Kepler 4. Newton, Copernicus, Galea around which all things they saw in the sky revolved. 
JFouwnwtes} 

datement describes how planets were discavered © Compare Scientific What is there geometric model? 
Jent Grecks observed objects in the sky that had irregular Models Mate » wo tap Before scientists understood that Barth rotates on its axis 

ered planets by observing them with his tel Foldable lke the one their models of the solar systein placed Earth at the center. In 
those moxlels, the Sun ond all other planets orbit around : | 
Earth, The geocentric model of the solar system has Earth at & | 

meted planets when he developed the heliocentric model 

lage about planets tha " , Greek scientists thoug \¢ and the 
Moon were each a part of a sphere tea 

bout they have never been ob around Earth. They 1 stare J in another 
neid they ney here phere that rotated arou 1 sphere with the 

tars moved in a regular, predictable way, The spheres w 
s seemed 10 move in irregular patterns. The planet 
wander across the sky. In fact, the word planet 

from the Greek word that means “wanderer. In time 
leas led to of the solar systerny developed bry 

P ber hee Date Ane . Date 

The Solar System The Solar System 
- DIRECTIONS Test 

I. Testing Concepts |. Testing Concepts 

Diecheees MOA IPN Reta a oer een 
Directions: Match the definition in Column Il to the correct term in Column I. 

1. planet about the see of Earth jor planes 
Martian 

the flowing. write the letter ofthe term pete the sentence Directions: foreach o the following, write the ete ofthe term o phrase thot best competes the sentence 

ear ©, 160.9344 mill 
6100 millionkm FAL 

estimated to be leat than $0 frown Path 
kin eight year milion ie 

— 10. The 
a4 

dak of ar Nephi U1. The y 
Eanh’s revolut she | wat wart Ch fhe Kuper Melt e Setnn ‘ 1 Oori Cowl Kuiper Sel asteroid bel Assessment 

: found in the Antarctic; so ‘ent ——— 1). ALTIBIO0! fe a meteorite front Jounal in the Antarctic, ame scientist 

average iistance firm the Sun bo Mule «. Vem 4 Teton a Mar by Halley Venu A Tron 
14. What is Ville Marineri 

aisyott ott Mar ss ilegp cliffs on Mercury © large canyon 
a Satuen mon ace probe sent ta Mar b, craters on a Salurn moon 

Jno frat viewer the 
hi ken 

sf Jupiter was 15, ‘The astronomer whorfivst viewed the 1 Jupiter va 
alle alle ri i Copernic b. Kepler 

mi V6. The CassinisHuyyene mbsabon is stndyiny 
besatue Mo d. Juphter a Vern b, Saturn 
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Gteatae Planet Motion 
¢ Heliocentric Model 

Most objects in the solar system 
rotate and revolve in a counter- 

clockwise direction as viewed from above the 
north pole of the Sun. From Earth, objects 
appear to move from west to east. Any apparent 
motion different from this counterclockwise 
motion is called retrograde motion. Retrograde 
motion of Mars was one piece of evidence 
Copernicus used to support his Sun-centered, 
heliocentric model of the solar system. Any 
planet in an orbit farther from the Sun than 
Earth’s orbit will occasionally display retrograde 
motion because Earth travels more rapidly in its 
orbit than the superior planets. 

Origin of the Solar System 
One hypothesis on the formation of our 

solar system, as well as formation of Sun and 
other stars, suggests that a nearby star might 
have exploded, sending shock waves through the 
nebula from which the solar system eventually 
formed. The shock waves from the explosion 
caused the particles in the cloud to condense, 
leading to gravitational instability that caused 
the cloud to fragment into smaller and smaller 
pieces. One of these fragments eventually 
formed into the solar system. Whether this 
shock was the cause or not, scientists agree that 

Science Content Background 
something had to initiate the process within the 

nebula that eventually formed the Sun and most 
likely several other stars. Perhaps the movement 
of one of the arms of the Milky Way through the 
nebula started the formation process. 

The Inner Planets 

Venus, Earth, and Mars 
When secondary atmospheres 
formed, temperatures on Mars 

were low enough that H,O most likely con- 
densed as ice, thus no greenhouse effect could 
develop on Mars. However, Earth’s temperatures 
were warm enough to allow H,O to condense as 
liquid water. 

Carbon dioxide (CO;) dissolves in water; 

therefore, much of the CO, in Earth’s atmos- 

phere has been removed by rain. If no liquid 
water existed on Earth, the amount of CO, in 

the air would probably be similar to that in 
Venus’s atmosphere. 

On Venus, the high temperatures caused 
HO to evaporate and no liquid water remained 
to dissolve the CO, in the atmosphere. The 
combination of H,O vapor and CO), caused a 
runaway greenhouse effect. 

If Earth were just 5 percent closer to the Sun, 
it would have evolved like Venus—something to 
consider when searching for life elsewhere. 

“Chapter content resources 
Internet Resources 

For additional content background, visit 

fl.gpescience.com to: 

e access your book online 

¢ find references to related articles in popular 

science magazines 

e access Web links with related content background 

* access Current events with science journal topics 

CHAPTER 8 The Solar System 

Print Resources 

A+ Projects in Astronomy, by Janice VanCleave, 

John Wiley & Sons, 2002 

Astronomy—Journey to the Cosmic Frontier, by 

John D. Fix, McGraw—Hill Companies, 2004 

Moons & Planets, by William K. Hartmann, 

Brooks/Cole—Thompson Learning, Inc., 2005 



The Outer Planets 

Jupiter, Saturn, and Uranus 
The atmospheres of Jupiter and 

Saturn contain three distinct lay- 
ers. [he upper layer is composed of ammonia 
ice; just below this is a layer of ammonium 
hydrosulfide ice, and the lowest cloud layer is 
composed mostly of water ice. 

Unlike the other jovian planets, Uranus 

doesn’t appear to have an internal heat source. 
Some scientists believe a collision with another 
object may have turned Uranus on its side and 
destroyed its heat source. 

Other Objects in the Solar System 
Comets appear to orbit the Sun in the Oort 
comet cloud some 50,000 AU from the Sun. 
Some comets take more than one million years 
to complete one orbit. The Oort comet cloud is 
most likely where long-period comets originate. 
Short-period comets (those taking fewer than 
200 years to orbit the Sun) are thought to orig- 
inate in the Kuiper Belt beyond the orbit of 
Neptune. 

The Kuiper Belt is thought to extend about 
30 AU outward from the orbit of Neptune to 
about a distance of 100 AU from the Sun. Some 
scientists believe that the retrograde revolution 
of Neptune’s moon, Triton, indicates that it was 

captured by the gravity of Neptune and could 
once have been a planet like Pluto. In fact, Pluto 

and Charon might have been members of the 
Kuiper Belt. One Kuiper Belt object, 28,978 

Ixion is about 1,000 km across and has the same 

type of orbit as Pluto. Its closest approach to the 
Sun is 29.8 AU (Pluto’s is 29.7 AU) and its far- 
thest distance is 49 AU (Pluto’s is 49.3 AU). 

Another group of objects from which comets 

could originate is known as the Centaurs. ‘These 

objects have elliptical orbits and are located in 
the region extending from Saturn to Neptune. 

Poaithy Life in the Solar System 
| ™¢ Europa 

Europa’s crust of ice is cracked but 
be <a smoother than expected, and has 

hardly any large craters. Some areas of Europa’s 
crust appear to have floated around like ice- 
bergs. Photographs show ice flows and systems 
of ridges. It is thought that gravitational pulling 
and pushing between Jupiter and its larger 
moons generated the heat to melt Europa’s inte- 
rior, smooth Europa’s crust, and possibly supply 
energy needed for life to begin and survive on 
Europa. For life as we know it on Earth to form 
on Europa, the oceans would have to contain 
molecules with C, H, O, and N. 

CHAPTER 8 Helping You Prepare 
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the Solar Systen 
nizes the vastness of 

chapter 

Chapter Vocabulary 
geocentric model, p. 218 

heliocentric model, p. 219 

astronomical unit, p. 220 * 

extrasolar planet, p. 222 

Mercury, p. 223 

Venus, p. 224 

Earth, p. 225 

Mars, p. 225 

Jupiter, p. 23 

Saturn, D2 

Uranus, p. 

Neptune, p. 

Pluto, p. 236 

comet, p. 236 

5) 

asteroid, p. 236 

meteoroid, p. 236 

Sedna, p. 237 

extraterrestrial life, p. 239 

*% FCAT Vocabulary 

Science Journal > A quartz 
crystal grows, but is a quartz 
crystal living? Students are 

encouraged to explore what is 

meant by /ife and what condi- 

tions might be required to ee 

support life. chaprer preview 

Home Sweet Home 
Nestled within one of the great spiral arms IATERACTIV of the Milky Way lies our solar system. As 

CI tALKBO iD large as the solar system is, it is still only a 
with Image Bank 

PowerPoint“ Presentations 

This CD-ROM is an editable 
Microsoft® PowerPoint® 

presentation that includes: 

a pre-made presentation for 
every chapter 

tiny fraction of our galaxy! 

Science Journal! — Inyour Science Journal, write a 

hypothesis about whether life might exist beyond Earth, or 

even beyond the solar system, and how you would test for it. 

interactive graphics 

animations 

audio clips 
image bank 

all new section and chapter 
questions fl.gpescience.com 

Scale and Structure ‘The solar system has an overall Imaginary View From Afar This page shows an illus- 

Standardized Test Practice 
transparencies 
Foldables directions 
links to 
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structure, with smaller inner planets and generally 
larger outer planets. The entire solar system lies 
within a large cloud of comets that completely 
surrounds the Sun, the planets, the asteroids, and 
many other objects. The theme of scale is empha- 
sized when comparing the inner with the outer 
planets. 

tration of our solar system because a photograph 
cannot show the entire solar system. The Sun, 
Mercury, Venus, Earth, and Mars are surrounded 
by a broad asteroid belt. Jupiter and Saturn are in 
the foreground, Uranus and Neptune are in the 
background, and Pluto and Charon are in the 
upper left. 
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Distance to 

Sun (AU) 

ao 

FOLDABLES 
Study Organizer 

The Solar System Make the 

following Foldable to help you 

organize information about the 

planets. 

| STEP 1 | Collect five sheets 

of paper and layer 

them about ; inch 

apart vertically. Keep 

the edge level. 

Fold up the bottom 

edges of the paper 

to form ten equal 

tabs. 

Fold the papers and 

crease well to hold the 

tabs in place. Staple 

along the fold. Label 

each tab with the 

names of the nine 

planets and Sedna. 

AT tH 
Organize As you read the chapter, write infor- 

mation about each planet on its sheet. 

Preview this chapter's content 

Mniine and activities at 

Purpose Use this Launch Lab to 

introduce students to the size of 

the solar system. [L2| 

Preparation Cut 4.5-m sections 

from a roll of adding machine 

tape. 

Materials adding machine tape, 

meterstick, metric ruler 

Teaching Strategy Have students 
work in pairs. 

Think Critically 
Possible answer: The solar system is very 

large. A scale model is needed to show 

the relative positions of all planets. To do 

this, at least 40 m of tape are needed. 

Assessment 
Oral Could you use the same 
scale if you wanted to add the 
planets to your model? Explain. 

Possible answer: No, the planets 

would all be very small on the scale 

used in this lab. 

FOLDABLES Bruw Al 
Titi otudy Fold 

Student preparation materials for 

this Foldable are available in the 

Chapter Fasr Fite Resources. 
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An editable Microsoft® 

PowerPoint® presenta- 

tion is available on Interactive 

Chalkboard CD-ROM. 

Bellringer 

Section Focus Transparencies 

also are available on the 

Interactive Chalkboard CD-ROM. 

ae | 
iatey Can you see me now? 

Transparency 

Knowing the locations of different celestial bodies at various times of 

the year doesn’t just assist NASA scientists in figuring out where to 
send their space probes; it also assists ground-level astronomers in 
determining where to site their telescopes to look for these objects. 
Plotting heliocentric longitude is one tool astronomers can use. 

1, Which planets do you think would be easier to find today 
(or tonight)? 

2. Which planet(s) would we not be able to see, even with the most 
powerful telescopes? 

Reading Preview 
Tie to Prior Knowledge 

Planet Movement Have stu- 
dents think about how stars, 

planets, the Moon, and the Sun 

appear to move across the sky. 

Discuss why people thought 
Earth was in the center of the 

universe. Possible answer: Seeing all 
objects move across the sky made people 
think they all moved around Earth. 

Morphological Word Analysis 
Write geocentric and heliocentric 
on the board. Tell students that 
the prefix geo- means “Earth”, 
helio- means “Sun”, and centric- 
means “centered upon”. In this 
section, they will read about 
two early theories of the solar 
system—geocentric and helio- 
centric. Have students infer 
what the theories might be. [2] 
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What You'll Learn 

@ Compare and contrast geocentric 

and heliocentric models of the 

solar system. 

®@ Describe each planet's position in 

orbit around the Sun. 

@ Classify planets by location and 

characteristics. 

rene covers s SC.E.2.4.3, SC.H.1.4.2, SC. Has SC. H. 1.4.6 

Planet Motion 

Why It’s Important 

Understanding the solar system 

helps you understand Earth’s posi- 

tion in space. 

Reading Guide 

® Review Vocabulary 
ellipse: an oblong, closed curve 

drawn around two foci 

# FCAT Vocabulary 

New Vocabulary 

e geocentric model 

e heliocentric model 

¥% astronomical unit 

e extrasolar planet 

Models of the Solar System 
Think how difficult it would be to construct a model of the 

solar system if you didn’t know that Earth is a rotating planet. 

All you can see is the nightly movement of planets across the 

sky and they all appear to move in a path around Earth. You 

can understand why many early scientists thought that Earth 

Figure 1 Ptolemy presented was the center around which everything they saw in the sky 
his geocentric model of the solar 

system in 140 A.D. 
revolved. 

Geocentric Model In the 
geocentric model of the solar 

system, Earth is considered the center and every- 

thing else revolves around it. You have seen why 

ancient scientists thought this. Many early Greek 

scientists explained this by saying that the planets, 

the Sun, and the Moon were embedded in separate 

crystal spheres that rotated around Earth. They 

thought that the stars were imbedded in another 
sphere that also rotated around Earth. The sphere 
bearing the stars moved in a regular, predictable 
way, but those bearing the planets seemed often to 
move erratically against this background. For this 
reason, they were called planasthai, a Greek word 
that means “ Our word planet comes 

"hese ideas led to the model of the solar 
system devised by Ptolemy, shown in Figure 1. 

to wander.” 

from this. 1 

Chapter Fast Fite Resources 

‘Transparency Activity, p. 46 

Directed Reading for Content Mastery, 
pp. 19, 20 

Note-taking Worksheets, pp. 35-37 

MiniLAB, p. 3 

Enrichment, p. 31 

Reinforcement, D.27 

Lab Management and Safety, p. 69 



Earth's orbit 
Mars orbit 

Apparent path of Mars 

Geocentric Modifications Although the Ptolemaic model 
of the solar system was accepted and used for centuries, there 
were many problems with it. One problem was the fact that 
planets periodically appear to move in a retrograde, or back- 

ward, direction when viewed against a background of stars, as 
shown in Figure 2. Modifications helped, but eventually the 
model grew very complex. 

Heliocentric Model In spite of its complexity, the Earth- 
centered ->model held until 1543 when Polish astronomer 

Nicholas Copernicus published a different view. Using an idea 
proposed by an early Greek scholar, Copernicus stated that the 

Moon revolves around Earth, which is a planet, and that Earth 

and the other planets revolve around the Sun. He also stated that 

the apparent motion of the planets, the stars, and the Sun is due 
to Earth’s rotation. This is the heliocentric model, or Sun- 

centered model of the solar system, shown in Figure 3. 

Galileo Using his telescope, Italian astronomer Galileo Galilei 
found evidence that supported the ideas of Copernicus. He 

observed that Venus went through phases like the Moon’s. These 

phases could be explained only if Venus orbited the Sun and 

passed between Earth and the Sun on each orbit. He also saw 

moons in orbit around Jupiter. These observations convinced 

him that everything didn’t move around Earth, and he con- 

cluded that Earth and Venus revolve around the Sun and that 

the Sun is the center of the solar system. 

Figure 3 The heliocentric model of the solar system states 

that Earth and the other planets revolve around the Sun. 

Figure 2 As Earth catches up 
and passes Mars, Mars appears to 

move backward, or retrograde. 

Plotting Reronaae 

Motion 

Procedure Bia Tad 
1. Using graph paper, draw 

and label the following: 

x-axis, Right ascension, from 

12 hours to ten hours; y-axis, 

Declination, from 0° to 20°. 

2. Plot and label these posi- 

tions of Jupiter: 

Oct. 1, 2003 (10h 38m, 10°); 

Jan. 1, 2004 (11h 21m, 6°); 

April 1, 2004 (10h 51m, 9°); 

May 1, 2004 (10h 44m, 9°); 

Aug. 1, 2004 (11h 20m, 6°). 
3. Connect the plotted posi- 

tions in chronological order 

with a solid line. 

Analysis 
1. What do you notice about 

Jupiter's direction of motion? 

2. Using a heliocentric model 

of the solar system, explain 

why Jupiter appears to 

move as it does. 
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ry Reading Strategy 

Clarify Text Have groups of three students 

model the process described in Figure 2 by 

demonstrating the movement of Earth, Mars, 

and the Sun. Remind them that Earth travels 

faster than Mars, causing the retrograde effect. 

[2] > 

Differentiated Instruction 

Visually Impaired Provide a tracing of Figure 2 
on which key stars have been marked with fin- 
gernail polish drops and the lines for right 
ascension and declination have been marked 
with wax-coated yarn. TELL) 

Content 

Background 

In order to understand what we 
now know to be true about 
planet positions and movement, 
students should understand why 
a geocentric universe was consid- 
ered to be correct for so long. 

Purpose Students will recognize 
the cause and effect of planetary 
motion in their orbits around 

the Sun. 

Materials graph paper 

Teaching Strategy Use a trans- 
parency to show students how 
to mark the axes. Right ascen- 

sion is divided into hours and 

minutes and declination. 

Troubleshooting Show students 
how to locate a place on an 
Earth globe using longitude and 
latitude. Compare this to locat- 
ing objects in the sky using right 
ascension and declination. 

Analysis 

1. The direction of Jupiter started to 
the east, backed up to the west, and 

then moved east again. 

2. Jupiter appears to do this because 
Earth moves past it in the solar 

system. When Earth catches and 

passes Jupiter, the planet seems to 

move in the opposite direction. 

Assessment 
Process Have students plot the 
current positions of Mars, 

Jupiter, and Saturn on a star 
chart of the complete sky. Current 
positions are given in astronomy maga- 

zines and observer's handbooks. 

[2] 
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Understanding the Solar System 
Copernicus and Galileo led the way, but many scientists con- 

tributed to our understanding of the solar system. Foremost 

among them is German mathematician Johannes Kepler. In the Planet Motion Johannes 

Planet Motion If p = the planet’s Kepler devised a system of 
period in years, and d= the equations that determinea_: early 1600s, Kepler discovered that the planets travel around the 

planet’s distance in AUs the planet’s motion based on Sun in ellipses, not circles, as Copernicus had believed. Kepler 

equation then becomes: p> = d’. its position in the solar sys“: also learned that the planets travel at different speeds in their 

tem. Use this equation to : orbits. The closer a planet is to the Sun, the faster it travels. This 
Jupiter: d = 5.2 AU 

p’ = (5.2)° = 140.6 

p = 11.86 years 

calculate the orbital period 

(in years) for Jupiter, which 

is 5.2 AU from the Sun. 

means that the outer planets take more time to orbit than the 

inner planets. Mercury takes just 88 days to complete one orbit, 

AUs)? or period, but Pluto takes over 248 years to complete an orbital 
planet’s distance in AUs 
‘ ae 2 period. 

Ree oe To measure the large distances within the solar system, 

“Applying Math Check your result against > astronomers use a different unit. This is the astronomical unit 

the known value. (AU), which equals the average distance from Earth to the Sun, 

Math Standards about 150 million km. 

National: 1,5, 9, 10 

Florida: MA.E.1.4.1 a 
Neyo) Matelemit-taewe Use Geometry 

Teaching Strategies 
* Inform students that the arrow in the 

diagram points toward the point on 

the celestial equator where the Sun is 
on March 21. 

Explain to students that H.L. is the 
angle between the planet and the 
position of vernal equinox (first day of 
spring) in the northern hemisphere. 

Obtain H.L. values for another day 
from astronomy magazines or an 
observer's handbook or make up 

values of H.L. to give students the 
opportunity to practice. 

HELIOCENTRIC LONGITUDE (H.L.) This is the position of a planet on any day of any year. It 

is plotted by measuring the angle between a line of the spring equinox in the northern 

hemisphere and the position of the planet on its orbit. This measurement is done counter- 

clockwise because that is how planets appear to move when viewed from above the north 

pole of Earth. Plot the heliocentric longitudes given below. 

‘13 13© known values and the unknown value 

Identify known values: 

H.L. on March 4, 2004 for Mercury, Venus, Earth, Mars, 

and Jupiter are 344°, 103°, 164°, 84°, and 164° respectively. 

Identify unknown values: 

the position of each planet marked below 

| SOLVE | the problem 

Using this diagram as a model, make a larger drawing on a 

piece of paper. Use a protractor to measure the H.L. angles Answers to 
Practice Problems 

Answers will depend on the values given 
to the student. 

and mark the position of each planet on its orbit in the 

diagram and label it with its name or planet symbol: 

Mercury Y, Venus Q, Earth @, Mars Go, and Jupiter 4 

id@\(2 the answers 

Switch papers with another student and use a protractor to check each other’s plots. 

-Practice Problems 

For more practice problems, go to p. 879 and visit Math Practice at fl.gpescience.com. 
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the 
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Vaud, from the Sun, = 

has the same H.L. as Earth, itis re heae on a removed fro 

is known as opposition. Because inferior plan- in superior c 

Pa is ee hae PST | _ Teacher FY 
4 “4 i 

Planet Positions Heliocentric longitude ( shee 
is the position of a planet with respect to i 3co rh Hi a 
hours of right ascension. If a superior planet Earth. Me 

the opposite side of Earth from the This eee 
aee@* 

| ets weave ang ras can never be grey: . i. ee Z* Bie i id 
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Classifying Planets The nine planets can be classified in 
several ways. One system uses size and other characteristics. 
Those similar to Earth are called terrestrial planets, and the 
giant planets are jovian planets. Pluto is sometimes called ter- 
restrial, but does not perfectly fit either category. 

Two other systems classify planets by location. The system 
used most often classifies planets whose orbits are between 
the Sun and the asteroid belt as inner planets and those 
beyond the asteroid belt as outer planets. The other system 
classifies planets whose orbits are between Earth’s orbit and 
the Sun as inferior planets, and those whose orbits are beyond 
Earth’s orbit as superior planets. 

What separates the inner planets from the 
outer planets? 

Origin of the Solar System Evidence suggests that the Sun 
probably formed as part of a multiple star system or star cluster. 
Scientists hypothesize that a huge cloud of gas, ice, and dust began 

forming into the present solar system about 4.6 billion years ago. 
This cloud, called a nebula, might have been as 

large as a million billion kilometers across. When 
something in nearby space produced an immense 

shock wave, the nebula began to condense and 
fragment because of gravitational instability. 

Eventually fragmentation stopped, but con- 

traction continued. The cloud fragment from 

which our Sun formed was about the size of the 

entire solar system and was slowly rotating in 

space. As it continued to contract, the matter in 

the cloud fragment condensed into less space. As 
its density became greater, gravity pulled more 

gas, ice, and dust toward the center. This caused 

the cloud fragment to rotate faster, which in turn 

caused it to flatten into a disk with a dense center, 

as shown in Figure 4. 

Temperature inside the cloud fragment 

increased. When it reached about ten million 

degrees Celsius, hydrogen fused into helium, and 

the Sun was born. Viewed from above the north 

pole of the Sun, the nebular disk rotated in a 

counterclockwise direction. Leftover mass in the 

outer portions of the disk condensed and formed 

planets and other objects that continue to revolve 

around the Sun in a counterclockwise direction. 

Figure 4 Our solar system 
formed from one fragment of a 

giant nebula in a sequence of 

contractions and condensations. 
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Visual Learning 
Figure 4 Help students understand the informa- fused into helium. Once fusion began and the 

tion presented in Figure 4. The nebula fragment — energy released began to radiate into space, this 

was slowly turning in space. As the material in the fragment was a star, the Sun. The remainder of 

cloud condensed, it began to flatten into a disk. the disk condensed to form the planets and other 

The center of the disk became hotter and hotter — objects. PELL) 

until deep inside the center of the disk, hydrogen 

Discussion 

Classifying Earth All planets can 
be classified in three ways, 
except Earth. Have students dis- 
cuss why Earth is only classified 

in two ways. What two ways 1s 
Earth classified? Why is it not 
classified in the third way? 
Possible answers: Earth is an inner planet 

and a terrestrial planet. Earth is not classi- 
fied as an inferior or superior planet 
because it is the basis for this classification. 

GD hh Linguistic 

(% Reading Check 

Answer the asteroid belt 

‘fey’ Quick Demo 
<< Extrasolar Planets 

Materials yellow softball, small, 
plastic-foam ball 

Estimated Time 5 minutes 

Procedure Hold the softball in 
one hand and the plastic foam 
ball in the other. Move both 
objects as if they were in orbit 
around each other. Move the 
smaller ball more than the larger 
one. While doing this, gradually 
move the two object system 
across the student's line of sight. 
Explain how this models the 
movement of a planet around 
another star. Ask students to 
explain how they would know 
the smaller object is there if it 
was too close to the larger object 
to be seen. Possible answer: The 
movement of the larger object back and 

forth as it moved across our line of sight 
indicates that another object (possibly a 

planet) is in orbit around the larger 

object (a star). [L2] GM JR) Visual- 
Spatial 

Activity 
Classifying Planets Provide stu- 
dents with plastic foam models of 
two of the planets (Mars and 
Saturn). Be sure the models con- 
form to the same scale. Have 
students classify the model planets 
according their positions relative 
to Earth (inferior/superior), their 
size (terrestrial/jovian), and their 

position relative to the asteroid 
belt (inner/outer). PELL) 
Visual-Spatial 
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| Figure 5 The planetary system : Other Solar Systems 

Answer planet orbiting another star SL ee : Until recently, our solar system was the only one known. 

SIONS MUSSEL Ey > Now we know that many other stars also have planets around 

pL Se CUES he ke > them. Figure 5 shows the orbits of three planets around the star 

Upsilon Andromedae, a yellow star about 44 light-years away. Post Reading 
These extrasolar planets—planets in orbit around other stars— 

Check Comprehension Have : + ‘are helping astronomers learn how planetary systems form. 

students check their comprehen-~ 1 Feta : Astronomers have devised new techniques and instruments 

slime Cre gh Ne) iota : to find planets around other stars. So far, they have found over 

preci guetta ae 100 stars that have planetary systems, and many more probably 

ae PRCOuTaES Bho ies oe exist. Some of these planetary systems have been found around 

ane ee u hegiles ne Bee ott: stars like the Sun, but so far only giant planets similar to Jupiter 

WEARS SUS dis IR) AST ' have been detected. If these large planets exist, scientists say the 

ue a : chances are good that planets of lower mass exist also. 

ge = ) New instruments developed by NASA will look for Earthlike 

; : planets around other stars. It is difficult because the low mass of 

planets like Earth make them harder to find than giant 

planets. Even so, some of the planets found so far are 

comparatively low in mass and a few of these have a mass 

very similar to Neptune’s. Scientists hypothesize this indi- 

cates that many more planets of even lower mass will be 

found. 

r . 

Cassiopeia 

DAILY INTERVENTION | 

| Check for Understanding 
Visual-Spatial Show students slides 
of Mars, Earth, Jupiter, and 

Saturn. Ask students to classify 

these planets as terrestrial or jov- 
ian. The terrestrial planets would be 

Earth and any planets close to Earth’s size 

(Mars). The jovian planets would be 

larger, like Saturn. TELL) 

AC hry. What is an extrasolar planet? 

TEVIeLU 

Summary Self Check 
| Models of the Solar System . Compare and contrast the geocentric and heliocentric 

® Geocentric models of the solar system place models of the solar system. 
Earth in the center. . Explain how heliocentric longitude is used to show the 

@ Heliocentric models of the solar system place position of planets in orbit around the Sun. 
the Sun in the center. . Classify planets two ways using their positions in the 

solar system. 

Reteach 

Planet Movement Ask students 
what was the direction of spin of 
the original cloud that formed the 
solar system. Since all planets move 
around the Sun in a counterclockwise 
direction—as seen from above, the origi- 

nal cloud was spinning counterclockwise. 

ae) 

Understanding the Solar System 

® Planet orbits are ellipses. 
® Planets are classified by their positions in the . Think Critically Would a year on Venus be longer or 

solar system and by their characteristics. shorter than an Earth year? Explain. 

. Define terrestrial planets. 

® Planets move around the Sun in a counter- 

clockwise direction. 

. Using Equations Use the equation (planet's period 
‘GigZ | Assessment Other Solar Systems in years)? = (planet's distance in AUs)? to find the 

® Extrasolar planetary systems have been orbital period of a planet that is 19.2 AU from the Sun. 

Performance Have students draw | Ciseoreieek 
an illustration of how the cloud eee 
from which the solar system 
Saee moving. The cloud 222 CHAPTER 8 The Solar System . More Section Review fl.gpescience.com 

- Applying Math ~ 

was moving counterclockwise, as 

viewed from above, and the inner part 
of the cloud was moving faster than 
the outer part of the cloud. Use 

Section @§e review 
PASC, p. 127. a 1. Re ere ea eaticcae Lp AS can be inferior or superior Sun and it takes less time to com- 

, ed on the position of Earth’s plete an orbit. Being closer to the 
the center; whereas in the heliocen- orbit) or inner or outer (based on Sun, Venus also travels around the 
tric model, the Sun is in the center, the location of the asteroid belt). Sun at a faster rate. 

2. Measurements of heliocentriclongi- 4. planets that are about 16,000 km in 6. 84 years 
tude show the angular position of a diameter (Earth-sized) and Earth-like 
planet in its orbit around the Sun. 5. Ayear on Venus would be shorter Y MA.B.2.4.1,MA.D2.4.1 

because its orbit lies closer to the 
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What You'l\ Learn 
m@ Compare and contrast other 

inner planets with Earth. 

= Describe important characteris- 

tics for each inner planet. 

m™ Evaluate the success of various 

missions to Mars. 

Why It’s Important 

Answering questions about life 

on other planets helps you better 

appreciate the unique qualities 

of Earth. 

Planets Near the Sun 
Recall that not all the gas, ice, and dust in the nebula fragment 

that formed the Sun was drawn into its core. Remaining gas, ice, and 
dust particles collided and stuck together, forming solid objects that 

in turn attracted more particles because of the stronger pull of grav- 

ity. Close to the Sun, high temperatures vaporized lighter elements 

so they could not condense. This explains why light elements are 

scarcer in planets closer to the Sun than in those that formed farther 

away. Also, any lighter elements surviving were probably driven 

from the surface by the solar wind. As a result, small, rocky planets 
with iron cores formed in the inner solar system. 

Mercury 
The second-smallest and closest planet to the Sun is Mercury. 

Mariner 10 was the first American space probe sent to Mercury. 

During 1974 and 1975, it flew by the planet and sent pictures back to 

Earth, but only 45 percent of Mercury’s surface was photographed. 

What we can see of its surface looks very much like our Moon’s. 

Mercury is covered by craters, some of which have double rings, as 

shown in Figure 6. Scientists do not yet understand why this is true. 

The magnetic field around Mercury, discovered by Mariner 10, 

indicates that Mercury has a much larger iron core than would be 

expected and is missing some lighter materials you would expect to 

find in its mantle. One theory is that two similarly sized bodies col- 

lided. Their cores merged to form one large iron core, and some of 

the lighter material vaporized and was lost to space. 

Also covers SC.E1.42, SCHA.41,SCH42 SCHI44 

The Inner Planets 

Review Vocabulary 
robot lander: part of a spacecraft 

that lands on another planet or 

other object 

New Vocabulary 

e@ Earth 

e@ Mars 

e Mercury 

e Venus 

Figure 6 The outer ring of this 
double-ringed crater on Mercury is 

170 km across. 
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Section 2 Resource Manager 

Chapter Fasr Fite Resources 

Transparency Activity, p. 47 

Enrichment, p. 32 

Reinforcement, p. 28 

Directed Reading for Content Mastery, p. 20 

Lab Worksheets, pp. 5—6 

Lab Activity, pp. 9-11 

Lab Management and Safety, p. 71 

Reading and Writing Skills Activities, pp. 11-12 

Critical Thinking/Problem Solving-Earth Science, p. 8 
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also are available on the 

Interactive Chalkboard CD- ROM. 

[L2] > 

Eeausases That's One Hot 
LAGS Greenhouse! 

Have you heard about global warming and the greenhouse effect? 
Global warming is the gradual increase of Earth's surface temperature 
because the atmosphere does not allow some of the Sun’s radiation to 
return to space. Global warming is increasing because of a build-up of 
carbon dioxide and other gases in our atmosphere (greenhouse effect). 
Venus takes this effect to the extreme, as you can see below. 

Venus Greenhouse Effect 

Average 
Temperature 

1. How is this effect on Earth and Venus similar to a real greenhouse? 

2. What might happen on Earth if its surface continued to heat up? | 

Reading Preview 

Tie to Prior Knowledge | 
Inner Planets Help students 
recall information about the | 
inner planets. Ask them to write | 
the names of the terrestrial 
planets in their Science Journals 
and list one fact about each. 
Possible answer: Mercury—cratered, | 

Venus—greenhouse effect, Earth—lig- 
uid water, Mars—red color [L1] GE 

Activate Vocabulary Knowl- 

edge Ask students why the 
vocabulary words are capital- 
ized. ‘Tell them that these are 
planets in our solar system. 
The words Sun and Moon also 
are capitalized. Remind them 
that the use of capital letters 
references a named_ planet, 
moon, or Star. CELL) 
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Discussion 

Messenger In August 2004, 
NASA sent the first spacecraft 
toward Mercury since Mariner 

10 flew by the planet in 1975. 
Have students research and dis- 

cuss the method that will be 

employed by NASA to place the 
Messenger spacecraft into orbit 
around Mercury in 2011. Possible 
answer: To save fuel that would be 
needed to slow the spacecraft down and 
go into orbit, NASA will send Messenger 
past Earth, Venus, and Mercury several 

times so that the gravity of those planets 

will slow the craft enough to enter an 

orbit around Mercury 

Mercury is named for the Roman 
god of commerce, travel, and thiev- 
ery. It was given this name because 

it moves across the sky so quickly. 

lronically, its year is only 88 days 
long, but its day lasts for 176 Earth 
days. 

(%, Reading Check 

Answer Venus’s clouds produce an 

intense greenhouse effect 
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Figure 7 Thick clouds obscure 

the surface of Venus. This view of 

the surface was assembled from 

radar data of Magellan and Pioneer 

Venus Orbiter and then colorized. 

Figure 8 Radar images of volca- 

noes with visible lava flows on 

Venus were captured by the 

Magellan space probe. 
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Mercury’s Surface Mercury’s relatively large core and thin 

outer layers resulted in some extreme differences in its surface ter- 

rain. Mercury’s large, solid core shrank much more rapidly than its 

thin outer layers. As the outer layers adjusted, they wrinkled, form- 

ing dramatic cliffs as high as 3 km. This is similar to what happens 

when an apple dries and shrivels up. 

Is there an atmosphere around Mercury? Mercury is 

small, has a comparatively low gravitational pull, and its surface 

experiences extremes in temperature. These conditions indicate 

that the planet has no atmosphere. Mariner 10 and Earth-based 

observations did find traces of what was thought to be an 

atmosphere, but turned out to be gases that remain for a while 

and then leak into space. They are thought to be hydrogen and 

helium deposited by the solar wind and sodium and potassium 

vapors that diffuse upward through the crust. Mercury has no 

true atmosphere. This, along with its closeness to the Sun, causes 
= 

surface temperatures that vary from 427°C to -170°C 

Venus 
Venus, shown in Figure 7, is the second planet from the Sun. 

Venus and Earth are similar in some respects; their sizes and 

masses are almost the same. However, one major difference is that 

the entire surface of Venus is blanketed by a dense atmosphere. 

The atmosphere of Venus, which has 92 times the surface pressure 

of Earth’s at sea level, is mostly carbon dioxide. The clouds in the 

atmosphere also contain droplets of sulfuric acid, which gives 

them a slightly yellow color. 

Clouds on Venus are so dense that only about two percent of 

sunlight reaches the planet’s surface. However, the solar energy 

that reaches warms Venus’s surface. Then, heat radiated from 
Venus’s surface is absorbed by the carbon dioxide gas, causing 

what is called a greenhouse effect. Due to this intense greenhouse 

effect, temperatures on the surface of Venus 

are between 450°C and 475°C. 

Why is Venus’s surface 

temperature so high? 

In the 1970s, the former Soviet Union sent 

the Venera lander probes to Venus. One pho- 

tographed and mapped the surface before 

landing, but after about an hour, was destroyed 

by the intense heat. In 1995, the U.S. Magellan 

probe sent back radar images that revealed fea- 

tures of Venus, as shown in Figure 8. 

Science Journal 

Water on Mercury Have students write a brief para- 

graph in their Science Journals about how a 

planet as hot as Mercury could have deposits of 
water-ice on it. Possible answer: Radar studies of Mercury 
indicate the presence of a highly reflective material in craters 
at its poles. Since Mercury is tilted very little, the Sun is never 
very high in the sky at the poles and some craters remain in 
darkness all the time. [L Linguistic N 

Visual Learning 
Figure 7 Help students understand the informa- 
tion shown in Figure 7. The surface of Venus is 
constantly covered by thick clouds. Explain to 
students that the only way to get ‘pictures’ of the 
surface of the planet is to use radar images. This’ 
photograph is a mosaic of radar images pieced 
together to show the surface of the planet as if it 
had no clouds. TELL) 



Earth 
The third planet from the Sun is Earth, 

shown in Figure 9. Unlike other planets, sur- 
face temperatures on Earth allow water to 
exist as a solid, a liquid, and a gas. Earth’s 
atmosphere causes most meteors to burn up 

before they reach the surface. Ozone in 
Earth’s atmosphere also protects life from the 
Sun’s intense radiation. Life exists all over the 
planet. Life has been found on Earth in 
extreme conditions of temperature and pres- 

sure in which scientists would never have 

guessed it could survive. These finds are 

encouraging for the possibility of life existing 
elsewhere in the solar system. You will learn 

more about this in Section 4. 

Mars 

The fourth planet from the Sun, Mars, is called the red 

planet because iron oxide in some of the weathered rocks on its 

surface gives it a reddish color, as shown in Figure 10. Other 

Martian features visible from Earth are the polar ice caps and 

changes in the coloring of Mars’s surface. 

Mars istilted 25° on its axis, which is very close to Earth’s tilt. : Figure 10 The dark region 

Because of this, Mars goes through seasons as it orbits the Sun, : below Mars’s polar cap in this 

just like Earth does. The polar ice caps, which are made of frozen : Hubble photograph is composed of 

carbon dioxide and frozen water, get larger during the Martian pulverized volcanic rock. A swirling 

winter and shrink during the summer. The color of Mars’s sur- : storm of water-ice is visible to the 

face changes according to its seasons. 

In fact, both the changing sizes of the ice 

caps and changes in Mars’s surface col- 

oration were observed from Earth long 

before we ever sent a probe to the planet. 

Some people saw these changes and thought 

that life forms such as lichens might exist on 

Mars and grew more during the summer, 

thus making the area look darker. We know 

now that what actually causes this seasonal 

change in coloration of the Martian surface 

is wind, not the cyclic nature of plant life. As 

the seasons change during the Martian year, 

winds blow the dust around on the planet’s 

surface. When the wind blows dust off one 

area, it may appear darker. 

Curriculum Connection 

Literature Invite students to read a classic work of 

fiction dealing with Martians or Mars. Examples 

would be War of the Worlds by H.G. Wells, origi- 

nally published in 1898, The Martian Chronicles by 

Ray Bradbury, originally published in 1946, and 

the Red Mars, Green Mars, Blue Mars trilogy by 

Kim Stanley Robinson, published in 1993, 1994, 

and 1996. Encourage students to discuss in class 

Figure 9 Seen from space, 

Earth’s white clouds and blue 

oceans testify to the abundant 

water that makes life possible. 

left of the polar cap. 

SECTION 2 The Inner Planets 225 

what they read. Have them concentrate on how 
the authors pictured Mars and its possible inhab- 
itants. Have them compare what the authors 

thought Mars would be like with what we now 

know it to be. Another discussion could center on 

the possibility of changing Mars into a more 
Earthlike planet. [L2| [R) Linguistic 

Make a Model 

Terrestrial Planets Provide stu- 

dents with various-sized balls. 

Have them select different balls 

to represent the four inner plan- 

ets and explain their choices. 
Possible answer: Ifa softball is used as a 

model of Earth, then Venus is a softball, 

Mercury is a ping-pong ball, and Mars is a 

5-cm rubber ball (a golf ball will work, 

but it is slightly small). TELL) 
Visual-Spatial 

Activity 
Colorful Planets Explain to stu- 
dents that a planets color is 
dependent on the composition 
of its surface or atmosphere. 
Have them draw Earth, Venus, 

and’ “Mars to scale’ in’ their 

Science Journals and then find 

out what causes each planet’s dis- 
tinctive color. Have them color 
their drawings. | P | 

Fun Fact 
Mercury's iron core appears to make 

up about 65% of the planet's mass. 

@@ Reading Strategy 

Question the Text Tell students 

that good readers ask questions as 
they read to make certain they 
understand. Have them write 
questions that come to mind as 

they read Earth. For example: 
What is the range of temperature 
on Harth? Ist there Lite tac the 

South Pole? Discuss the role of 
questions in understanding text. 

.2| GD 
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Misc . 

Air on Mars Because of science — 

fiction books, television shows, 

and movies, 

might think the Martian — 

atmosphere is breathable. Help 
students realize that Mars’s — 

atmosphere is too thin for — 

humans to survive without a 

special suit and portable air — 
supply. The density of air at the 
surface of Mars is about the 

same as 32 km above Earth’s, 

3.6 times higher than Mt. | 
Everest. It is about | percent of — 
Earth’s surface atmosphere. 

Visual Learning 
Figure 11 Help students under- 
stand the information presented 
in Figure 11. The so-called blue- 
berries were discovered on Mars 
by the Opportunity robot rover. 
Although they are not berries or 
blue, analysis indicates they are 
concretions of the mineral 
hematite. Emphasize the impor- 
tance of this discovery. On Earth, 
this type of hematite deposit is 
usually formed in the presence of 
standing water. |L2 

channels formed on Mars 

plastic beaker, water 
Alternate Materials stream table 

some students | 

Purpose to demonstrate how water-carved 

Materials large, flat pan; fine-grained sand, 

Preparation Place enough fine-grained sand to 
completely cover the bottom of the flat pan. 

Figure 11 These spherical 
concretions found on Mars provide 

evidence of Mar’s wet past. 

Figure 12 These photographs 

taken by Mars Global Surveyor 

show gullies and channels inside 

the Newton Basin. 

Mars’s Atmosphere The Martian atmosphere is much 

thinner than Earth’s and is composed mostly of carbon dioxide 

with some nitrogen and argon. The thin atmosphere does not 

filter out harmful rays from the Sun as Earth’s atmosphere does. 

Surface temperatures range from 37°C to — 123°C. This temper- 

ature difference sets up strong winds on the planet, which can 

cause global dust storms. 

Martian Moons Mars has two small, heavily cratered moons 

called Phobos and Deimos. Phobos is slowly spiraling inward 

toward Mars, and is expected to hit the Martian surface in 

about 50 million years. Deimos, which is smaller, orbits about 

23,500 km above the surface. 

Was Mars once wet? Currently, Mars appears to be a very 
dry world, but has it always been dry? Does it have any water 

now? The Spirit and Opportunity probes sent to Mars seem to 
indicate that liquid water was once on the planet and may still 

be there. Figure 11, a photo from Opportunity, shows deposits 

on Mars that have been labeled “blueberries” because of their 

round shape. These are concretions, most likely composed of 

hematite. Similar concretions form on Earth in the presence of 

water. Figure 12 shows photographs taken in 2000 by the Mars 

Global Surveyor spacecraft. You can see the layering and gullies 

that look as if they were made by running water. Wind might 

have formed the layering of sediment and gullies, but more and 

more evidence indicates that water was once present on Mars. 

Other formations at the edges of craters suggest that frozen 

water in Mars’s surface may flow outward from time to time, 

forming the channels. NASA has sent many spacecraft to Mars 

to find out if Mars is or was once wet. 

sediment in the flat pan. 

BOSS EES EE SOS Sas 
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Procedure ‘lilt the flat pan slightly by plac- 
ing two books under one end. Gradually 
pour water from the plastic beaker onto 
the elevated end of the pan. 

Expected Outcome The flowing water will 
erode a channel and produce an apron of 

Assessment 
What did the flowing water do to the sand 
in the flat pan? What formed where the 
water stopped flowing? Possible answers: a 
water-carved channel; a delta or apron of sediment 

: 



NASA on Mars 
Mars has been a major focal point of NASA planetary explo- 

ration for many years. Although not all missions to Mars have 
been successful, several missions have returned a great amount 
of data about our reddish-colored neighbor, One of the earliest 
missions to Mars was the Mariner 9 space probe that orbited 
Mars in 1971-1972. It revealed long channels on the planet that 
may have been carved by flowing water. Valles Marineris (the 
valley of the Mariners), shown in Figure 13, is a large canyon 
that was discovered by this early mission. It is so large that, if it 
were on Earth, this canyon would reach from San Francisco to 

New York City. It probably formed when Mars was still geologi- 

cally active. Mariner 9 also found large, extinct volcanoes. One 

of these, Olympus Mons, is the largest volcano found in the 
solar system. 

MEST what is Valles Marineris? 

Until 2003, most of the information about Mars came from 

the Mariner 9, Viking probes, Mars Global Surveyor, Mars 

Pathfinder, and Odyssey. The most recent data come from the 

Mars Exploration Rover Mission and its two landers, Spirit and 

Opportunity. 

The Viking Probes In 1976, the Viking 1 and Viking 2 probes 

landed on Mars at the locations shown in Figure 13. Each space- 

craft consisted of an orbiter anda 

lander. The Viking 1 and Viking 2 

orbiters photographed the entire 

surface of Mars from orbit, while 

their landers conducted meteoro- 

logical, chemical, and biological 

experiments on the planet’s sur- 

face. Although initial results of 

the biological tests provided data 
that seemed to indicate the pres- 

ence of life, scientists soon real- 

ized that the same data also could 

indicate chemical reactions. The 

biological experiments found no 

conclusive evidence of life in the 

soil. 
The Viking landers also sent 

back pictures of Mars’s reddish- 
rocky, and colored, barren, 

windswept surface. 

Sciencep line 
Topic: NASA Missions to 

Mars 

Visit fl.qpescience.com for Web 

links to information from recent 

studies of missions to Mars. 

Activity List new information 

you learned about Mars and write 

about the significance of each dis- 

covery in your Science Journal. 

Figure 13 Mars’s Valles 
Marineris is six to seven times 

deeper than Earth’s Grand Canyon. 
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Visual Learning 

Figure 13 Help students understand the informa- largest canyon in the solar system. Although its 

tion presented in Figure 13. This photograph of origin remains unknown, a leading hypothesis 

Mars shows Valles Marineris and the landing sites 

of Pathfinder and Viking 1. Valles Marineris is the 

suggests that it started as a crack billions of years 

ago as the planet cooled. CELL) 

Oo 
i ctolalet eens 

» Sores On 

Re 

Answer a large canyon on Mars 

Use Science Words 

Word Meaning Have students 
research the meaning of Valles 

Marineris. Why was this feature 

on Mars given this name? Possible 

answers: Valley of the Mariners; It was 
first seen by the Mariner spacecraft. 

PELL) 
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Global Surveyor, Pathfinder, and Odyssey Cameras 

on board Global Surveyor showed that the walls of Valles 

Marineris, shown in Figure 13, have distinct layers similar 

to those of the Grand Canyon. They also showed that a 

vast flat region, resembling a dried-up seabed or mudflat, 

covers a large area of Mars’s northern hemisphere. Many 

believe the water is now frozen into Mars’s crust at the poles 

Martian Minerals In addi- 

tion to “blueberries,” 

Opportunity discovered 

evidence that water once 

Martian Minerals Deposits of salt 
could have been left behind by evapo- 
rating water. Sulfates also could have 

peatiatiscluiony and Ch ae existed on Mars. It found > or has soaked into the ground. In fact, a more recent probe, 

water evaporated. Deposits of salt and deposits of salts and high > Mars Odyssey, provided evidence for water as frost beneath 

sulfates have been found on Earth that concentrations of sulfur. > a thin layer of soil in the far northern and southern parts 
were formed by the evaporation of a It also found holes in : a Vee 

Martian deposits left 

behind when a mineral is 

eroded. Research evidence 

body of water. Hematite concretions can 

form on Earth in the presence of stand- 

ing water. Vugs are openings in rocks in 

The Mars Pathfinder and its rover, Sojourner, gathered data 

that indicated that iron in Mar’s crust may have been leached 

which sulfates, such as gypsum, were that indicates water was in ; out by groundwater. 

deposited as they evaporated from peg ave : F arr 
ses Ryiretinetee atceiuiere wreath: cae A in your Science Mars Exploration Rover Mission Recall the round con- 

: cretions, called “blueberries,” that indicate water may once 
ered and eroded away, the openings 
were left behind. 
Research Find examples where vugs 
were formed on Earth. 

‘hey Quick Demo 
Terrestrial/Jovian Planets 

Materials soccer ball, large marble 

Estimated Time 5 minutes 

Procedure Walk around the room 

holding a large marble and a soc- 
cer ball. Ask students if they 
know what you are demonstrat- 

ing. Possible answer: The relative sizes 
of terrestrial versus jovian planets. The 
large marble represents a terrestrial 

planet; the soccer ball represents a jovian 

planet. [L2| GD JR) Visual-Spatial 

have existed on the surface of Mars. These were discovered by 

the Opportunity rover in Meridiani Planum. The rover con- 
firmed that the concretions were hematite deposits. The fact 

that the hematite was deposited on top of other features sug- 

gests that it was deposited in a standing body of water. Other 

deposits of hematite have been found by the Spirit rover in 
Gusev Crater. The Mars Exploration Rover mission that placed 

these two landers on Mars provided a great deal of evidence 

that water existed on Mars in the past. Photographs of the 

Martian surface taken by the two landers Spirit and 
Opportunity are shown in Figure 14. 

Figure 14 The top photograph 2 | 
of light-colored volcanic rocks and 7 ‘ 
fine-grained soils was taken by 

Spirit in Gusev Crater. The bottom 

photograph shows Opportunity’s 

landing site on the Meridiani 

Planum and a rock outcrop about 

8 meters away. 
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panna! Fun Fact 
_ Mars Mars’ axis is tilted 25° degrees from 
the orbital plane. This means that Mars Each Mars rover (Spirit and Opportunity) is 
experiences seasons as Earth does. equipped with 9 cameras or imagers; four Hazcams 
However, Mars’s orbit is more elliptical (engineering hazard avoidance cameras), two 
causing summer in the southern hemi- Navcams (Navigation cameras), two Pancams 
sphere to be much warmer than summer in (panoramic cameras), and one Science Microscopic 
the northern hemisphere. Imager. 

eR TEN RET 
‘ 
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Martian Meteorites Space probes sent to Mars are not the 
only way we have learned about our planetary neighbor. 
Meteorites have been found on Earth that are believed to have 
been blasted into space from Mars. An interesting discovery 
was reported in 1996 that caused a lot of debate over the pos- 
sibility of life on Mars. A meteorite from Mars (ALH84001) 
that had been found in the Antarctic in 1984 was studied by 
a group of scientists. They found long, egg-shaped micro- 
scopic structures that they thought were fossilized evidence of 
ancient life on Mars. The meteorite, shown in Figure 15, 
is thought to have been ejected by an impact on Mars about 
16 million years ago. 

ry, Reading Check How was a meteorite that originated on Mars 
found on Earth? 

A debate began in which many scientists suggested other 
possible reasons for the egg-shaped structures. They pointed out 
that processes not related to life might have formed these struc- 

tures. Although no firm conclusions can be drawn from this evi- 

dence, research will continue until data are found to determine 
whether life exists, or may once have existed, on Mars. 

~~ Section. 1) Teview 

Summary 

Mercury 

®@ Mercury has an extreme range of tempera- and Mars. 

Figure 15. This meteorite 
fragment found in Antarctica is 

believed to have been dislodged 

from Mars by a huge impact about 

16 million years ago. 

Self Check 

. Compare and contrast Mercury, Venus, Earth, 

tures, many craters, and long, steep cliffs. 

Venus 

@ The sizes and masses of Venus and Earth are 

similar. 

@ The carbon dioxide in Venus’s atmosphere 

has caused an extreme greenhouse effect, 

creating high surface temperatures. 

Earth 

®@ Surface temperatures on Earth allow water to 

exist as a solid, a liquid, and a gas. 

® Earth is the only planet definitely known to 

support life. 

Mars 

. Describe the atmosphere of Venus. 

. Explain why scientists believe Mars was once a 

wetter planet. 

. Explain why the Mars Exploration Rover mission is 

considered a success. 

. Think Critically Explain why Mars is a more likely 

planet for humans to visit than Venus. 

Applying Math 

. Using Percentages If the diameter of Mars is 

53.3 percent of Earth’s diameter (12,756 km), find 

its diameter in kilometers. 

. Converting Units If Earth takes 365.26 days to orbit 
@ Mars has ice caps and surface coloring that 

experience seasonal changes. 

@ There is much evidence of water on Mars in 

both past and present. 

More Section Review fl.gpescience.com 

the Sun and Mars takes 686.98 days, how many 

Earth years does Mars take to orbit once around 

the Sun? 
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‘ Section ) 

1. Allare terrestrial planets. Mercury has 
essentially no atmosphere and like 
Venus, is very hot. Mars is much 
colder than the others because of its 
distance from the Sun and lack of a 

thick atmosphere. 
2. Venus’s atmosphere is composed 

mostly of carbon dioxide. It has an 

atmospheric pressure 92 times that of 

Earth at sea level. Clouds contain 

droplets of sulfuric acid. 
3. Hematite and other deposits have 

been discovered which often form on 

Earth in the presence of water. 
4, It has discovered evidence that could 

mean water once existed on Mars. 

revielu 

6. 6,799 km 
7. 1.88 Earth years 

pe | MA.B.2.4.2 

This was one of its major goals. 
5. Mars has a thin atmosphere and tem- 

peratures more like Earth’s. Venus has 

a very dense atmosphere and surface 
temperatures of 450°C to 475°C. 

(% Reading Check | 

Answer It was blasted off Mars about | 
16 million years ago, traveled through 

space, and eventually fell to Earth. 

Post Reading es 

Time-Line Project Have 

students begin a time-line of 
space probes that shows what 
was learned from each mission. 
It may be helpful for students to 
write information for each space 
probe on separate note cards and 
then arrange them in proper 
sequence. PELL) Visual- 
Spatial 

Check for Understanding 
Visual-Spatial Have students review 
the photographs of the Martian 
surface in this section. What is 

true about the Martian surface 
that helps explain the pink color 
of its atmosphere? Possible answer: 
There is so much red dust in the lower 
atmosphere that it reflects its color and 
the sky is pink. [L2] > | 

Reteach 
“Planet Jeopardy” Provide stu- | 
dents with answers about each of 
the terrestrial planets. Have 
them form questions to go with 
each answer. "lie 1] GD 

COW Rowse oun aa ™ Assessment 
Oral Why does the Martian sur- 
face have more craters than are 

on Earth? Possible answer: 
Meteorites do not burn up in the thin 

Martian atmosphere like they do in 
Earth’s. Also, much of Earth is covered by 

ocean, and many meteorites might have 

landed there. Also, Earth’s plate tectonics 

could have destroyed many craters 

formed in its early history and vegetation 
on Earth might conceal meteorite craters. 
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Video Lab available for this Lab. 

© Real-World 
Problem ——— 

Purpose Students will identify 
Martian features and interpret 
formation processes. 

Process Skills identify, infer, 
interpret scientific illustrations, 
make and use tables, observe, 

recognize cause and effect 

Time Required 40 minutes 

Safety Precaution Caution 
students to use scissors with care. 

© Procedure ——— 

Teaching Strategy A high 
quality photo of Mars’s surface 
for this activity is available at 
gpescience.com. Also at this site 
is a link to an Exploring Mars 
Project, that may interest 
advanced students. Show photo- 
graphs of features on Earth that 
are similar to the ones the stu- 
dents will be looking at on Mars 
photographs. 

Troubleshooting Point out one 
key surface feature to show 
students what they are expected 
to do. 

© Conclude and 

Apply 
1. Table should resemble the one given 

in the lab. 

2. and 3. Refer to data table. 
4. Flowing water or lava formed the 

flow structures. Channel flow is from 

NE to SW; Lava flows, NW to SE. 

5. from the east 

Much of what scientists have learned about 

Mars involves interpreting data and photo- 

graphs obtained from spacecraft that explored 

Mars. Comparing features found on the surface 

of Mars to similar features on Earth enables 

scientists to hypothesize about what may have 

caused these features. How can you interpret 

Martian surface features in the classroom? 

@® Real-World Problem —— 
How can you interpret the surface features 

shown on a photograph of the surface of Mars? 

Goals 
m@ Identify surface features shown on a pho- 

tograph of Mars. 

@ Interpret what processes were involved in 

the formation of these surface features. 

Materials 
photograph of the Martian surface from NASA 

clear-plastic sheet erasable marker 

SCISSOrS transparent removable tape 

Alternate Materials 
additional laminated photographs of the 

Martian surface 

Safety Precautions Bia Gal 

© Procedure——————.... 

1. Cut the clear-plastic sheet to fit, and tape it 

over the photograph. 

2. Use the erasable marker to mark, trace, or 

circle the features you can recognize, such 

as craters, lava flows, flow structures (chan- 

nels), terraces, and sediment layering. 
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Internreting Features of 
Mars’s Surface 

3. Indicate the direction that a flow of lava or 

water may have traveled. 

® Conclude and Apply —— 

1. Make a table to show the data you will 

obtain in this Lab. 

2. List in your table the features you were able 

to recognize in the photograph. 

3. Identify and list in your table a process 

that might have formed each feature. 

Surface Feature Formation Process 

favacne water erosion or 
lava flows 

craters meteorite impact 

lava flows volcanic eruptions 

water or lava flow 

deposition by water 
or wind 

volcanic eruptions 

flow structures 

sediment layering 

possible volcano 

4. Recognize cause and effect for the flow 

structures you identified. Record possible 

flow material and the direction for flow. 

5. Infer from which direction sunlight was 

shining on the Martian surface when this 

photograph was taken. 

Explain to friends, classmates, or your family 

that this is what NASA scientists do with data 

obtained from spacecraft. 

eae 

™ Assessment | 
Content Have students work in groups of three to 
write a poem about the processes that may have 
formed the features observed in the Mars photo- 
graph. Poems may rhyme or not. Use 
Performance Assessment in the Science 
Classroom, p. 169. [.2] GE fh Linguistic 
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for these different interpretations. 

ommunicating 
Your Data 

Have students discuss with one another any differences 
in their interpretations of features or the processes that 
may have formed them. Have them list possible reasons 



section 

Also covers SCE1.4.2, SC.H.1.4.1 

What Vou Learn Why It’s Important 
= Compare and contrast the outer — Studying the outer planets helps sci- 

planets. entists to understand the formation 
®@ Describe important characteris- of planets orbiting other stars. 

tics for each outer planet. 
m™ Evaluate the success of NASA 

missions Galileo and Cassini. 

Review Vocabulary 
space probe: an instrument that is 

sent to space to gather information 

Why are the outer planets so different? 
Recall how the small, rocky inner planets formed. High tem- 

peratures near the Sun prevented the lighter elements from con- 

densing readily, so these elements are scarcer in the planets 

closer to the Sun. Things were different in the outer portion of 
the cloud. fragment that formed our solar system. There, lighter 

elements condensed, collided, and stuck together. The growing 

masses collected still more particles because of the stronger pull 

of gravity. This produced the giant planets found in the outer 

part of our solar system. Only Pluto does not fit this description. 

Jupiter 
The largest and fifth planet from the Sun is Jupiter. It is 

composed mostly of hydrogen and helium, with some ammo- 

nia, methane, and water vapor. Scientists theorize that the 

atmosphere of hydrogen and helium gradually changes to a 

planetwide ocean of liquid metallic hydrogen toward the middle 

of the planet. Below this liquid layer may be a solid rocky core 

much larger than Earth. However, the extreme pressure (about 

50 million Earth atmospheres) and temperature (40,000°C), 

make the core different from any rock on Earth. 
You've probably seen pictures of Jupiter’s colorful clouds. Its 

atmosphere has bands of white, red, tan, and brown clouds, as 

shown in Figure 16. Continuous storms of swirling, high- 

pressure gas have been observed on Jupiter. The Great Red Spot 

is the most spectacular of these storms. Lightning also has been 

observed within Jupiter’s clouds. 

New Vocabulary 

e Jupiter @ comet 

e Saturn e@ asteroid 

e Uranus e@ meteoroid 

e@ Neptune e Sedna 

@ Pluto 

cS The Outer Planets 

Figure 16 The Great Red Spot 
on Jupiter in the lower right is a 

storm that has raged for more than 

300 years. 
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Section 3 Resource Manager / “Sy # 

Chapter Fast Fie Resources 

Transparency Activity, p. +8 

MiniLAB, p.4 

Enrichment, p. 33 

Reinforcement, p. 29 

Directed Reading for Content Mastery, p. 21 

Lab Activity, pp. 13-15 

Home and Community Involvement, p. 27 

Mathematics Skill Activities, pp. 1-2 

Lab Management and Safety, p. 70 

Ie! An editable Microsoft® 
PowerPoint® presenta- 

CHALIKBOARD Ji 

tion is available on Interactive 

Chalkboard CD-ROM. 

Bellringer 

Section Focus Transparencies 

also are available on the 

Interactive Chalkboard CD-ROM. 

CELL) 

Tilassts Holy Comet! prea ag 
ISB That's Halley's comet. 

out every 76 years since 240 B.C., people 
haye viewed Halley's comet. Although some sightings have been more 
spectacular than others, probably none has been as striking as the 
photographs taken by modern spacecraft. One of these photos is 

shown below. 

Records cate tha 

1. In what year would you be able to see Halley's comet if it were last 

visible early in 1986? How old will you be? 

2, Why did scientists say that people were able to see bits and pieces 

of this comet in 1998? 

J Reading Preview 

Tie to Prior Knowledge 

Outer Planets Ask students to 

recall what they know about 
the outer planets. Ask if any 
students have seen Saturn’s 

rings through a_ telescope. 
Some students will recall 

Jupiter’s Great Red Spot. 

K-W-L Ask students to make a 

three-column K-W-L chart. 

Have them write three things 
they already know about each 
vocabulary word in the know 
column. Then have them write 

three things they want to learn 
in the middle column. As they 

read, have them complete the 

learned column. TELL) 
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Activity 
Classifying Planets Have pairs of 
students make flash cards of the 
three ways to classify planets. 
Students should write a planet 

classification on one side and the 
planets in the classification on 
the reverse of the card. Students 

should quiz each other on planet 
classification. GD Visual- 

Spatial 

(%, Reading Check 

Answer water may exist under the icy 

surface 

Use Science Words 

Word Origin Help students recall 
that planets can be classified as 
terrestrial or jovian. Ask students 

to research the origin of these 
words and explain their use. 
Possible answers: terrestrial—of Earth of 
its inhabitants, from terra (Earth); jov- 
ian—of Jove (Roman god, Jupiter or 
planet Jupiter); Planets that are Earth-like 
are terrestrial; those that are Jupiter-like 

are jovian. {L1] Gi 

se 
Naming Moons The names of the 
four Galilean moons refer to 
characters in myths about 
Jupiter, and the names of the 
moons of Uranus come from 
works by Shakespeare or Pope. 
The names of Mar’s moons 
Deimos and Phobos mean panic 

and fear, respectively. 

232 CHAPTER8 The Solar System 

more than sixty moons in orbit. 

Two of them are shown above. 

Naming Moons You may 

know that the names of 

all the planets except 

Earth come from names 

of Greek and Roman 

gods. But did you realize 

that many of the names 

chosen for moons come 

from either mythology or 

literature? For example, 

Charon was the name 

of the boatman who 

erned the dead to the 

underworld kingdom of 

Pluto. Research the 

moons of Mars and find 

out why their names are 

appropriate. 

Figure 17 Jupiter's gravity holds 
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Space Probes to Jupiter 

In 1979, Voyager 1 and Voyager 2 

flew past Jupiter, and the Galileo 

space probe reached Jupiter in 

1995. The major discoveries of 

these probes include information 

about the composition and 

motion of Jupiter’s atmosphere, 

characteristics of some of its 

moons (including volcanoes on 

one of them), and the discovery of 

new moons. The Voyager probes 

also discovered that Jupiter has 

faint dust rings around it. 

Jupiter’s Moons Jupiter has 
more than 60 moons. You can 
see some of them orbiting the 

planet in Figure 17. Many of 

these are small, rocky bodies 

that may be captured asteroids. 

However, four are large enough to be considered small planets. 

Galileo was the first to discover these moons when he looked 

through his telescope and he drew a picture of what he saw. 

These Galilean moons of Jupiter are lo, Europa, Ganymede, and 

Callisto, and are described in more detail in Figure 18. One of 

these, Ganymede, is larger than the planet Mercury and is the 

largest moon in the solar system. 

Io is under a constant tug-of-war between the gravities of 

Jupiter and Europa. This heats up the interior of Io and causes it to 

be the most volcanically active body in the solar system. The volca- 

noes on Io were first seen in photographs from the Voyager probes. 

The most recent interpretation of the data sent back by the 

Galileo space probe about the other three Galilean moons is that 

they all most likely have an ocean of water underneath an ice- 

rock crust. Some scientists speculate that Europa’s ocean is very 

large and could possibly harbor some kind of life. Using gravity 

and magnetic field measurements, NASA scientists generated a 

model that shows the existence of water beneath Europa, 

Ganymede, and Callisto. When Galileo’s mission ended, NASA 

chose to send the probe into Jupiter’s atmosphere, where it was 

crushed and destroyed. They didn’t want to risk having it crash 

on Europa and contaminate any life that might exist there. 

Why do scientists think Europa is a good 

candidate for supporting life? 

Reading Strategy 

Question the Author ‘Tell students that good 

readers ask questions of the author as they read. 
Model this strategy after reading 
Moons by asking: How does the tug 

Jupiter's 

of war of 
gravity between Jupiter and Europa cause Io to 
heat? Have students develop a question they 
would like to ask the author. [L2] G@® 



NATIONAL 
GEOGRAPHIC VISUALIZING WHAT GALILEO SAW 

Figure 18 

alileo Galilei, 1564—1642 In 1610, Italian scientist Galileo Galilei 
did something revolutionary for his time. Galileo used a telescope 
to look at the planet Jupiter and saw four objects revolving 

around it. This and other observations convinced him that our solar 
system is heliocentric. 

Like its namesake, the Galileo 

spacecraft changed our under- 

standing of the solar system. 

Galileo launched a probe into 

Jupiter's atmosphere, which 

gathered data about cloud 

layers, chemical composition, 

and lightning. 

Ganymede, the largest moon in the solar system, is larger than the planet Mercury. It has grooves covering its 

surface that indicate a violent past. These grooves most likely resurfaced over time through volcanic activity. 

Callisto is marked by one giant crater called Valhalla, which was formed by an impact over four billion years 

ago. Callisto has a thin atmosphere of carbon dioxide and most likely has an ocean of salty water surrounding 

its interior of ice and rock. 

lo is caught between Jupiter's tremendous gravitational force and the gravity of neighbor Europa. It is the 

most volcanically active object in the solar system. 

Europa is mostly rock with a thick, cracked but smooth crust of ice. 

Callisto 
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| e Visually Impaired Have a student helper read the — shown in each image with the other student. For 

text about Galileo and about each moon example, the helper can point out the fact that 

described. Have the helper show enlarged active volcanoes are evident on Io. This can help 

images of those in this feature to the other stu- the visually-impaired student “see” the image. 
; 

dent. Encourage the helper to discuss what is [2] 

NATIONAL 
| GEOGRAPHIC 

Visualizing Jupiter’s 

Galilean Moons 
Have students compare what 

Galileo, the man, saw compared 
to what Galileo, the spacecraft 

saw by examining the pictures 

and reading the captions. Then 

ask the following questions. 

What is true about the num- 

ber of craters seen on the four 

Galilean moons? 

Which moon is the most geo- 
logically active? 

Which moon shows cracks on 
its surface that may have been 
caused by tidal pulls from Jupiter 
on an ocean underneath? 

Have students examine the 
pictures and read the captions. 
Then ask the following question. 

Explain how Galileo’s discov- 

ery of these satellites provided 
evidence for the Copernican 
theory? 

What Galileo Achieved ‘The Galileo 

mission increased — scientific 

understanding of Jupiter and its 
moons. Have students research 

the mission and create a poster, 

booklet, or multimedia presenta- 
tion describing some of Galileo's 

major findings. |L2 
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Discussion 
Saturn’s Rings ‘Tell students that 
the Roche Limit is a critical dis- 
tance from a planet below which 
gravitational forces of the large 
planet overcome a moon's inter- 
nal gravity and the moon is torn 
apart. Smaller moons (less than 
10 km) can exist inside a planet’s 
Roche Limit because they are 
held together by interatomic 
forces, not gravity. Ask students 
to explain whether they believe 
Saturn’s Roche Limit lies inside 
or outside its ring system. Possible 
answer: Inside the Roche Limit, moons 
larger than 10 km in diameter were 
pulled apart by Saturn’s gravity and the 
pieces formed rings around the planet. 

Thus Saturn’s ring system lies inside the 

Roche Limit. |L3 

~ Fun Fact 
The Cassini-Huygens spacecraft 

began a four-year study of Saturn 
and its moons on July 1, 2004. The 

Cassini-Huygens Mission is an inter- 

national program. It involves NASA, 

the European Space Agency, and 

the Italian Space Agency. 

Activity 
Planet Flash Cards Have students 
make flash cards of the nine 

planets. On one side of the card, 

they should draw the planet and 
name it. On the reverse of the 

card, they should list three or 

four facts about the planet. Have 
students work in teams of two to 

quiz each other on planet char- 
acteristics. [2] TELL) Visual- 
Spatial 

Figure 19 Cassini-Huygens pro- 

vided detailed views of Saturn and 

its rings. 

SciencaaNiNe 
Topic: Discoveries of 

Cassini-Huygens 

Visit fl.gpescience.com for Web 

links to information about 

discoveries made by the Cassini 

and Huygens probes at Saturn. 

Activity Write a paragraph 

describing new discoveries made by 

Cassini space probe about Saturn. 

Figure 20 Cassini produced 

this image by filtering starlight 

through Saturn’s rings. The bands 

of color represent changes in ring 

density as rings are affected by the 

gravity of two of Saturn’s moons. 
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Saturn 
NASA began a new study of Saturn when the Cassini- 

Huygens spacecraft reached Saturn in July 2004. The spacecraft’s 

arrival, insertion into orbit, and initial operation went flawlessly. 

Many data about Saturn, its rings, and its moons were collected 

during its approach. Saturn, shown in Figure 19, is the sixth 

planet from the Sun and is known as the ringed planet. It is not 

the only ringed planet, but it has the largest and most complex 

ring system. Based on Cassini-Huygens data, Saturn could have 

at least 34 moons. Although Saturn is the second-largest planet 

in the solar system, it has the lowest density. This is because 

Saturn’s gravitational pull is weaker than Jupiter’s—Saturn’s 

cloud layers are not squeezed as close together as cloud layers in 

Jupiter’s atmosphere are. 

Like Jupiter, Saturn is a large planet with a thick outer 

atmosphere composed mostly of hydrogen and helium with 

some ammonia, methane, and water vapor. As you go deeper 
into Saturn’s atmosphere, the gases gradually change to liquid 

hydrogen and helium. Below its atmosphere and liquid ocean, 

Saturn may have a small rocky core, but no rocky surface like 

Earth’s. When compared to Earth, the pressures and tempera- 

tures at the core must be tremendous. 

Saturn’s Rings Saturn’s rings are composed of countless ice 
and rock particles ranging in size from a speck of dust to tens of 
meters across. The rings appear as several broad bands, each of 

which is composed of thousands of thin ringlets. 

As Cassini-Huygens entered its orbit around Saturn, it took 

close-up pictures of these rings that showed a density wave, just 

as had been predicted by physicists, as shown in Figure 20. Also 

shown in this figure, are areas where the ring material bends up 

and down. Other Cassini-Huygens photographs showed that the 

gravity of Saturn’s moons affects its rings 

and the presence of a new ring associated 
with the moon, Atlas. 

Cassini-Huygens at Saturn Cassini- 
Huygens is actually two spacecraft in one. 

Cassini was programmed to orbit Saturn 

for over four years and to release a probe 

named Huygens when it passed Saturn’s 

moon Titan. Huygens was designed to 

descend through the thick atmosphere of 

Titan and land on its surface. You will learn 

more about Titan later. 

Teacher 
Uranus If you know exactly where to look on 
a dark night, Uranus is visible to the unaided 
eye. Even in large Farth-based telescopes, it 
appears as just a tiny greenish disk. Because 
its rotational axis is tilted 98°, the poles of 
Uranus alternately point in the direction of 
the Sun. 
ELE TT Se aot Se RO 

: 
; 
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Uranus 
After touring Saturn, Voyager 2 flew by Uranus 

in 1986. Uranus, shown in Figure 21, is the seventh 
planet from the Sun and wasn’t discovered until 
1781. It is a large planet with 27 moons. 

Uranus’s axis of rotation is tilted on its side, so 
that it is nearly perpendicular to the plane of its 
orbit. This may have happened as the result of a 
collision with another object. Voyager also 
revealed numerous thin rings, and detected that 
the planet’s magnetic field is tilted 55 degrees from 
its rotational poles. 

Purpose Students will compare 
the relative sizes of the planets. 

Materials drawing paper, col- 

ored pencils, drawing compasses 

Teaching Strategies 

¢ Show students how to use a 
drawing compass. 

The atmosphere of Uranus contains hydrogen, helium, and: Figure 21 Uranus, left, and * Provide students with the 

about two percent methane. The methane gives the planet its | Neptune, right, are about the same diameters of the nine planets. 
blue-green color because methane absorbs red and yellow : size. Uranus has faint cloud bands ¢ Encourage students to color 
light, and the clouds reflect green and blue light. No cloud and a ring system that are visible their planets. 
bands and few storm systems are seen on Uranus because of its > only in false color. Safety Precaution If drawing 
cold upper atmosphere. This lack of bands and storms may be 

connected to the fact that Uranus has less internal heat than 

Neptune. Evidence suggests that under its atmosphere, Uranus 

compasses are used, caution 

students to handle them care- 

fully and to place a pad under 
their drawing paper. 

Troubleshooting ‘ry some scales 
ahead of time to see what size 

best fits the paper being used. 

Analysis 

1. Inner planets are smaller than outer 
planets (except Pluto). 

2. Pluto; Jupiter 

has a mantle of liquid water, methane, and ammonia sur- 

rounding a rocky core. 

tt Comparing Sizes 
GOERS What causes Uranus to have a blue-green color? of Outer and Inner 

Planets 

Procedure Bw Gad 
1. Research the planets to 

find their diameters in 

kilometers. 

2. Select a scale to draw the 

planets. The scale must be 

such that the small planets 

can be seen and the larger 

planets can fit your paper. 

3. Using your scale, draw a 

circle with the diameter of 

the smallest planet. 

4. Using the same scale, draw 

circles representing each of 

the other planets. 

Neptune 
From Uranus, Voyager 2 traveled on to Neptune. Neptune, 

another large planet similar in size to Uranus, is the eighth 

planet from the Sun. Neptune, also shown in Figure 21, was dis- 

covered in 1846 when studies of Uranus’s orbit indicated that 
the gravity of another unseen planet must be pulling on it. 

Under its atmosphere, Neptune is thought to have liquid water, 

methane, and ammonia covering a rocky core. Voyager also 

detected that Neptune has rings that are thin in some places and 

thick in others. 
Neptune’s atmosphere is similar to that of Uranus, but has a 

little more methane—about three percent—causing it to look 

bluer. Neptune’s atmosphere has dark spots similar to the Great 

Red Spot on Jupiter. With its dynamic atmosphere, Neptune's 

internal heat must be greater than Uranus’s. 
Neptune has at least 13 moons. Triton, the largest, has a 

diameter of 2,700 km and a thin atmosphere composed mostly 

of nitrogen. Some methane is also present; Voyager detected 

methane geysers erupting on Triton. 

Assessment 

Oral Based on the relative sizes 
of the planets, does Pluto seem 
to fit the inner or the outer 
planets better? Pluto’s size fits better 
with the inner planets. 

Analysis 
1. How do the model sizes of 

the inner planets compare to 
those of the outer planets? 

2. Which planet is 

smallest? 

Largest? 
Answer methane in its atmosphere 

Quick Demo 
< Comets 

Materials crushed ice, dirt, small 

(mm CLC ee Differentiated instruction = Seo" 
Estimated Time 10 minutes 
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Think-Pair-Share Getting students involved as Visually Impaired I elp your visually impaired stu- Procedure Mix ice, dirt, and 
active participants is key to helping them learn. dents gain understanding from the MimLAB. Have pebbles in a pan. Make a dirty 

The Think-Pair-Share strategy allows students your visually impaired students work with other snowball that consists of about 

to think about a topic and brainstorm what they students who are using brightly colored pieces of half ice and half dirt and rock. 

know about it, pair up to discuss what they wax-covered yarn LS make 3-D drawings ot the Explain that comets often are 

know, and finally, get involved in a whole-class planets’ comparative sizes. Encourage visually described as dirty snowballs. 

share session. Have students use this strategy on impaired students to help build the 3-D models. [2] 

a Think Critically question in a Section Review PELL) 

in this chapter. 
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Speeding Baseballs and Meteoroids 

Question How do the speeds of a 
thrown ball and a meteoroid 

compare? 

Possible Materials stopwatch, 

tennis ball, baseball, softball, 

racquetball, meterstick, calculator. 

Estimated Time 30 minutes 

Teaching Strategies 

¢ Students should use a tennis 
ball or racquetball when possible. 
Students should never throw balls 
near other students, cars, build- 
ings, or streets. 

¢ Students can measure a 10-m 
distance and use stopwatches to 
determine the time it takes for a 
thrown ball to travel the distance. 
¢ Using the formula for speed, 
students can calculate the speed 
of the ball in meters per second. 
They can derive the mathemati- 

cal equation for converting m/s 

to km/s or simply divide their 
value for speed by 1,000. After 
converting the ball’s speed to 
km/s, they can compare their 
value with the range of meteoroid 
speeds. 
* Encourage students to research 
the orbital velocities for the plan- 
ets and compare the speed of 
their ball to these values. 

For additional inquiry activities, see 
Science Inquiry Lab Manual. 
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Figure 22 Pluto's moon, Charon, 

is about half the size of Pluto. 

Figure 23 Comets often have 
two tails—one made of dust and 

one made of ions. 

Figure 24 Asteroid 433 Eros has 

an irregular shape and is 23 km 

long. Spacecraft NEAR-Shoemaker 

landed on its surface in 2001. 
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Teacher 
_ NEAR-Shoemaker On February 14, 2000, the 

_ NEAR-Shoemaker spacecraft went into orbit 
around asteroid 433 Eros. It showed that Eros 
was composed of solid rock, probably primitive, 

_ solar system material. The NEAR-Shoemaker 
spacecraft later successfully survived a low- 

_ velocity landing on the asteroid and sent radio 
signals to Earth for 16 days. 

at 
' 

Pluto 
The smallest planet in our solar system 

and the one we know the least about is Pluto. 

Because Pluto is farther from the Sun than 

Neptune during most of its orbit, it is consid- 

ered the ninth planet from the Sun. Although 

Pluto comes closer to the Sun than Neptune 

for part of its orbit, the two planets will never 

collide because Pluto’s orbit is inclined far- 

ther from the ecliptic plane. Because of this 

angle, the two orbits cannot intersect. 

Pluto is unlike the other outer planets. It has a thin atmos- 

phere and is the only outer planet with a solid, ice-rock sur- 

Charon 

face. Pluto’s only moon, Charon, is large compared to Pluto 

and orbits close to Pluto, as shown in Figure 22. 

Comets and Other Objects 
A comet is composed of dust and rock particles mixed with 

frozen water, methane, and ammonia. As a comet approaches 

the Sun, it begins to vaporize because of heat from the Sun. The 
released dust and gases form a bright cloud called a coma 

around the nucleus, the solid part of the comet. The solar wind 

pushes on the vaporized coma, forming a tail that always points 

away from the Sun, as shown in Figure 23. 

Most comets come from two places—a vast disk of icy comets 

called the Kuiper Belt near Neptune’s orbit and the Oort Cloud, 

which completely surrounds the solar system. Gravity from the Sun 

or from passing stars may periodically disturb these areas, sending 

comets on long journeys toward the Sun. Once in orbit around 

the Sun, comets reappear at predictable times. One of the most 

famous of these is Halley’s comet, which returns every 76 years. 

Asteroids Rocky objects formed from material similar to that 

of the planets are called asteroids. One of these is shown in 

Figure 24. Most asteroids are found in a belt between the orbits 

of Mars and Jupiter. Asteroids range in size from tiny particles to 

objects 940 km in diameter. 

Meteoroids Other rocky objects orbiting within the solar 

system are meteoroids. They may have formed when asteroids 

collided or when comets passed close to the Sun, leaving a trail 

of debris. When Earth passes through these trails, meteoroids 

may enter the atmosphere. Most burn up completely and we see 

them as meteors or “shooting stars.” Others do not burn com- 

pletely and strike Earth. These are called meteorites. 

Cultural Diversity 
Japan in Space Japan launched two spacecraft that 
studied Halley’s Comet in 1986. The spacecraft 
were the Sakigake spacecraft which studied 
Halley’s Comet from a distance of 6.88 million 
km and the Swisei which conducted a flyby at a 
distance of 151,520 km. Have students research 
current space missions conducted by the Japan 
Aerospace Exploration Agency. 
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Sedna Another object in the solar system that 

has puzzled astronomers is Sedna, shown in 
Figure 25. Sedna has been labeled a distant plan- 
etoid and with a diameter of 1,200 to 1,700 km, it 
is smaller than Pluto, but larger than comets in the 

Kuiper Belt. Also, it has a very elliptical orbit. 

Sedna comes as close as 76 AU from the Sun, but 

travels to a distance of 950 AU—far beyond the 

Kuiper Belt, but much closer than the Oort Cloud. 

Some suggest that the Sedna’s orbit was 
severely affected by a passing star less than 

100 million years after the Sun formed. This 

supports the idea that our Sun formed as part of 

a star cluster. A close encounter with another 

star so soon after the Sun’s formation and so 

nearby (800 AU) could be explained if the Sun 

formed within a cluster. 

Another puzzle is Sedna’s apparent rate of rotation of 

40 days. This is best explained if the object had another object in 

Figure 25 Sedna is larger than 
an asteroid or comet, but smaller 

than a planet. 

orbit around it. Even if Sedna has no companion, there may be 

other similar objects, some even larger than Pluto, out there. At 

present, objects this far away and having orbits this elliptical can 

be detected only when they are closest to the Sun. 

section 

Summary 

Jupiter 

® Jupiter is the largest planet in the solar system. 

® The four largest moons of Jupiter are lo, 

Europa, Ganymede, and Callisto. 

Saturn 

@ Saturn has the most complex system of rings. 

Uranus, Neptune, and Pluto 

®@ Uranus’s axis of rotation is tilted on its side. 

@ Neptune’s atmosphere has storms similar to 

those on Jupiter. 

TeVIEW | 
Self Check 

. Compare and contrast Jupiter, Saturn, Uranus, 

Neptune, and Pluto. 

. Explain what Saturn’s rings are composed of. 

3. List three things scientists learned about Jupiter and 

its moons from the Galileo space probe. 

. Think Critically Explain what would happen to the 

density of Saturn if its atmospheric layers squeezed 

inward toward the center of the planet. 

Applying Math 

. Use Numbers If the diameters of Earth and Jupiter 
@ Pluto has a solid, icy-rock surface. 

Comets, Asteroids, and Meteoroids 

@ The asteroid belt lies between the orbits of 

Mars and Jupiter. 

® Meteoroids form from pieces of comets and 

asteroids. 

More Section Review fl.gpescience.com 

are 12,756 km and 142,984 km, respectively, how 

many Earths could fit across Jupiter's equator? 

. Use Decimals On average, if Earth is 150 million km, 

or 1 AU, from the Sun and Venus is 0.71 AU from the 

Sun, what is the distance to Venus in kilometers? 
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1. All are outer planets. All except 3. discovery of new moons, volcanic 5. slightly over 11 

Pluto are gas giant planets. The gas activity on Io, possible ocean under 6. 106.5 million km 

giants have differently colored the ice crust of Europa, new data me | MA.A3.4.1, MAB.1.4.2 

clouds. about Jupiter's atmosphere 

2. Pieces of rock and ice ranging from 4. ‘If the atmospheric layers of Saturn 

fractions of millimeters to tens of squeezed inward toward the center 

meters. Most are the size of snow- of the planet, the density would 

balls. increase. 

@@ Post Reading 

Discussion Have students share 
their questions and answers from 

their K-W-L Charts. Are there 
any unanswered questions? Dis- 

cuss how to do further reading or 
research to answer these questions. 
Challenge students to use research 
materials to gain knowledge about 
a topic of interest. 

DAILY INTERVENTION 

Check for Understanding 
Visual-Spatial Show students pic- 
tures of each of the outer planets. 
Have them identify the planet 
shown and write at least one fact 

about each planet. Write com- 
ments from students on the board 

under the name of each planet. 
Have students check comments 

on the board for correctness. 

BELL 

Reteach 

Planet Sizes Have students write 
the names of the outer planets in 
order of size from the largest to 
the smallest. Possible answer: 
Jupiter, Saturn, Uranus, Neptune, and 

Pluto 

™ Assessment 

Content Have students draw a 

comet as it would appear when 

approaching the Sun. Possible 
answer: Student drawings should 

include a nucleus, a coma, and a tail. 
Students might show more than one 
tail; one of ions and one of dust. Use 
Performance Assessment in 

the Science Classroom, p. 127. 

Ea 2] GD I Visual-Spatial 
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Gicin@ma@! An editable Microsoft® 
CHALKBOARD § . ® 

sfaatccaes, PowerPoint presenta- 

tion is available on Interactive 

Chalkboard CD-ROM. 

Bellringer 

Section Focus Transparencies 

also are available on the 

Interactive Chalkboard CD-ROM. 

a] 

( 4 Sesakassty 40,000 Years Old and 
SSE Going Strong! 

Could you live here? Maybe not, But a type of moss was found that 

had survived in an environment like this, Scientists estimated that it 

had been lying dormant for 40,000 years. Could life, then, survive on 

other worlds with similar conditions? 

1, Name several other types of extreme environments in which life 

exists on Earth. 

2. How do you think the moss was able to survive for so long? 

b Reading Preview 

Tie to Prior Knowledge 

Life on Other Worlds NASA con- 

siders it possible that Mars, 
Europa, and Titan could have or 
once did have life on them. 

Remind students of the ocean 

under the icy crust of Europa. 

Morphological Word Analysis 

‘Tell students that extra- means 

“beyond” and terre— means 
“Earth”. Something that is 

extraterrestrial is from beyond 
Earth. Ask them to describe how 

terrarium, terrian, terrace, terri- 

tory, terrazzo, and terrier are 
related to the word earth. [2] 
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What You'll Learn 

m= Evaluate other planets in the 

containing life. 
@ Examine life forms that exist in 

exotic locations on Earth. 

® Discuss locations in which life 

might exist on other planets. 

Figure 26 Tube worms and 
mussels at this hydrocarbon seep 

on the floor of the Gulf of Mexico 

get their energy from bacteria that 

consume methane. Predators, such 

as crabs feed on the community. 

‘Also covers SCENA2, SC.E.2.4.6, SCF243, SC.H.1.43, SCH145, SC.H.3.4.2 

Life in 1 the Solar System 

solar system for the possibility of 

© Review Vocabulary Why It’s Important 

The lack of evidence showing that fossil: remains, imprints, or traces 

life exists elsewhere helps you real- _of past life 

ize how important it is to take care 
of Earth. New Vocabulary 

e@ extraterrestrial life 

Life As We Know It 
We know life exists in our solar system. It’s all around us; in 

the air, on rocks, and in the sea, as shown in Figure 26. It thrives 

even in harsh environments on Earth, but does it exist anywhere 

else in the solar system and, if so, where? What does life need to 

survive? Life on Earth is carbon-based and requires water to sur- 

vive. Does water exist elsewhere in sufficient quantities to make 

life possible? 

Think about what you consider to be life. You might think of 

yourself, your friends, your pet, and maybe birds flying by the 

window. There is so much diversity to life on Earth. There is life 

we easily can see, such as grass, trees, and animals, but there is 

also a multitude of life that we cannot see. For example, 

microorganisms are so small you need a microscope to see 

them. When we define life, we might forget about microorgan- 

isms but they are very important to us. 

If you were asked to check a sample of soil to see if 

there was or ever had been life in it, what would you 

do? You might look for moving things, but motion 

doesn’t always mean something is alive. You might 

look for residues or traces of life that once lived in the 

soil, such as fossils. You know that you release gases as 

you breathe. You might check to see if gases are being 
emitted from the soil. Think about what type of tests 

you could perform on Martian soil to check for life, 

and remember that these tests would have to be done 

by a robot lander. 

Chapter Fasr Fire Resources 

‘Transparency Activity, pp. 49, 51-52 

Enrichment, p. 34 

Reinforcement, p. 30 

Lab Worksheet, pp. 7-8 

Critical Thinking/ Problem Solving-Earth Science, p. 4 

Reading and Writing Skills Activities, pp. 9-10 

Directed Reading for Content Mastery, 
pp. 2 



Exotic Life on Earth Before we rule out 
the possibility of life on other worlds, we 
should take a closer look at life on Earth. Some 
of the exotic life-forms that exist on Earth are 
strange, indeed. 

In the 1970s, a research submarine, the 

Alvin, found some interesting life-forms while 

exploring hot, volcanic vents on the ocean 

floor at depths where light could not penetrate. 
A variety of life was living where 

scientists didn’t think it could. Life- 

forms found included crabs, clams, 

and tubeworms. They were living 
and thriving in a dark environment 

under tremendous pressures. Alvin 

also discovered colonies of bacteria 

living off the extremely hot material 

spewing from volcanic vents. These 

organisms use thermal and chemi- 

cal energy to survive and are the 

basis of food webs there. 

A surprising amount of life has 

been found elsewhere on Earth in 

extreme conditions—scalding heat, freezing cold, salt, lye, and 

darkness: For example, a moss shown in Figure 27 was dormant 

for 40,000 years in permafrost in northeastern Siberia. Three 

forms of bacteria thrive in the mud of Mono Lake, California, 

where the environment is dark, lacks oxygen, and contains a large 

amount of salt and lye. What does this tell us about the ability of 

life to exist in the harsh environments of other planets? 

Can life exist on other worlds? 
Think about what you have learned about Earth compared 

to other planets. None of the planets you have studied has char- 

acteristics so close to Earth’s that you could definitely say life as 

we know it could exist there. But can you say for certain that life 

cannot exist on other planets in the solar system? 
The high temperatures found on Mercury and Venus and the 

lack of a surface on Jupiter and the other gaseous giants make 

finding life as we know it unlikely. But such facts do not rule out 

the possibility of some form of extraterrestrial life, that is, life 

on other worlds. Let’s take a look at some places where scientists 

are searching for extraterrestrial life. 

Ar eye What is extraterrestrial life? 

SECTION 4 Life in the Solar System 239 

Figure 27 The moss shown to 
the left is growing again after 

being dormant for 40,000 years. 

The photograph above shows a 

researcher collecting mud samples 

from Mono Lake, California. One 

bacteria in this mud obtains 

energy from chemicals rather than 

sunlight. 

Visual Learning 

Figure 27 Explain to students that the moss 

shown here was discovered by scientists in an 

extreme environment on Earth and had survived 

thousands of years in a dormant state. Also tell 

them other life forms have been found on Earth 

living in environments that are usually not con- 

ducive to the survival of life. TELL) 

Differentiated Instruction 

English-Language Learners Help your English- 
language learners with their Creature Feature 
activity. Provide illustrations of life-forms that 
could possibly exist beyond Earth. For example, 
some scientists have proposed large life-forms 
filled with gas that could possibly live in the atmos- 
pheres of the jovian planets. The life-form they 
choose could be one-celled organisms. 

Text Question Answer 
It is possible. 

Discussion 

Life in Extreme Environments 

Remind students that even 

though NASA is looking for life 
as we know it (similar to life on 

Earth) on other worlds, there are 

many environments on Earth 
where scientists have found life 
where it was least expected. 
Where do life-forms that exist in 
the darkest parts of Earth’s 
oceans, get the energy needed 
for life processes? Possible answer: 
thermal and chemical energy 

Activity 
Creature Feature Have students 

choose one of the other planets 
or moons in our solar system. 

Ask them to research the condi- 

tions on the surface or in the 

atmosphere of the place they 
selected. Have them write a one- 

page description in their Science 
Journals that explains how a life- 
form might have developed and 
survived on their chosen world. 

Students will need to answer the 

following questions: How and 
what does the creature breathe, 

eat, and drink? How does the 

creature reproduce? How is the 
creature protected from the 
enviroment? Does it move? If so, 

how does it move? Have then 

draw an illustration of the 

life-form Linguistic 

ry, Reading Check 

Answer life beyond Earth, on other 
worlds 
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Quick Demo 
Ocean Under Ice 

Materials crushed ice, clear-plas- 

tic container, water 

Estimated Time 10 minutes 

Procedure Place crushed ice into 
the plastic container until it cov- 
ers the bottom of the pan and ts 
about 2 cm thick. Pour cold 
water into the pan until all of the 
ice is floating. Place a ther- 
mometer into the water and 
explain that an icy crust com- 
pletely covering the water would 
help to maintain some warmth 
in the water. Explain that the ice 
covering the Arctic Ocean is 
similar to the ice that is believed 
to cover the oceans on Europa. 
GD {f) Visual-Spatial 

Reading Strategy 

read the section about Mars and 
the caption for Figure 28, ask 
them what the words splish, splash, 
and splosh bring to mind. Scien- 
tists speculate that "splosh" 
craters on Mars might have been 
made when a space object struck a 
water-soaked area. Remind stu- 
dents to make connections with 
the text to help them remember 
information. TELL) 

Make Connections As students 

Figure 28 This crater on Mars 

is called a splosh crater. It is 

hypothesized that a splosh crater 

forms from the impact of an object 

on a water-soaked surface. 

Figure 29 Surface cracking on 

Europa may indicate that a liquid 

ocean lies beneath. 

Mars During most of Earth’s history, one- 

celled organisms were the major form of life 

on Earth. Could such life-forms be present 

on Mars today or could they have existed on 

Mars in the past when the planet was wetter? 

Evidence from space probes has shown that 

Mars probably had large amounts of water 

on its surface, as shown in Figure 28. If life 

existed and left evidence, future astronauts 

will find it. Such a discovery would be almost 

as exciting as finding living life-forms. 

Actually, searches for life on Mars already 

have been done. Viking landers on Mars per- 

formed some tests designed to detect life. 
The first tests showed positive results, but 

additional study showed that these results 

could be explained just as well by chemical 

reactions that did not require life. Ultimately, the Viking experi- 

ments found no evidence of life. However, the tests used only 

would detect life similar to that which exists on Earth. What if 

life on Mars is totally different from life on Earth? 

Europa Data from the Galileo probe of Jupiter and its moons 

indicate that three Galilean moons have ice-covered oceans. The 

oceans under the ice of Ganymede and Callisto might be par- 

tially frozen. However, data related to surface cracking, as shown 

in Figure 29, tidal bulges, and movement of the surface over 

some lubricating substance below, support the idea of a liquid 

ocean about 25 km deep in Europa. Europa’s ocean could hold 

more than twice the amount of water that Earth’s oceans hold. 

Some scientists speculate there is a chance that Europa’s 

ocean could harbor life. One reason is that it might be deep and 

long-lasting, possibly even liquid water that is warmed by 

Jupiter’s gravitational pull on Europa. 

On Earth, we find life everywhere there is water. If life can 

exist in extremely hot liquid 

flowing from volcanic vents 

on Earth’s ocean floor, could 

it not exist in a similar envi- 

rOniInent if il existsyorn 

Europa? In fact, ocean cur- 

rents have been detected on 

Europa. Today, some scien- 

tists consider Europa to be the 

most promising location to 

look for extraterrestrial life. 

Europa Europa’s surface ie es not 

 -Visual Learning 

Figure 29 This photograph mosaic of Europa, 
Jupiter’s fourth largest moon, shows some double craters. This indicates. col 5 

surface. One explan ation pe here ae 
liquid-water aoe unde ie ied crust. Data 
from the Galileo spacecraft indicate that — 
cracks form on Europa’ V5 surface because ali 
the tidal influence of] u iter on oe ocean, rr 
deme nea aan iseiieariiid 

ridges on the moon’s surface. These double 
ridges are thought to be frozen remnants of water 
eruptions onto the surface that indicate the pres- 
ence of liquid oceans under the frozen crust. 

ae ee tee 
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Titan Saturn’s moon, Titan, shown in Figure 30, is larger than 
Mercury and has an atmosphere composed mostly of nitrogen, 
with some argon and methane. Certain features on Titan’s sur- 
face indicate this moon has a long-term, interesting geologic his- 
tory. Some darker areas contain relatively pure water-ice, while 
other, brighter areas are composed of hydrocarbons, organic 
compounds containing hydrogen and carbon. Recall that life on 
Earth is carbon-based. A bright cloud of the hydrocarbon 
methane is visible near the south pole. Large particles in this area 
indicate that a dynamically active atmosphere exists there. 

The presence of hydrocarbons on the surface of Titan inter- 

[% Reading Check 

Answer the presence of hydrocarbons 
and absence of large impact craters, which 

indicate internal geological activity 

, Post Reading 

Reflection Ask students to 

imagine that they are scientists 

who must design the next space 
ests exobiologists, scientists who search for evidence of life on! Figure 30 This image of Titan robe and decide where it should 
other worlds. Also, the apparent absence of large impact craters taken by Cassini shows two thin . ; iEewe aa ite a brief 
indicates that Titan has experienced internal geologic activity. jaye tS 0 Hazy aumospiicte inal ate caer h Ty ake a ae 
This activity could provide the energy needed for organic mol- : MeHg TED conalh] atiiog eral ealeabeaupeideamen gus oes 
ecules to develop into the building blocks of life. peta ne: ee ae fae ey oe 

A more detailed study of Titan is programmed for the : Se 
Huygens probe. Data obtained from the Huygens probe might destination, and purpose ol the 
help solve the mystery of whether life exists or may have existed probe. How will this space probe 
on Titan. benefit the people on Earth? 

What fact about Titan particularly interests 
exobiologists? 

(% Reading Check 

section p Teviel | DAILY INTERVENTION 
Summary | Self Check | ; 

Life As We Know It . Define extraterrestrial life. | Check for Understanding 

@ Life as we know it is carbon-based and needs . Describe how finding life in extreme environments on | Linguistic Have students write a 
liquid water to survive. Earth supports the idea that life may exist elsewhere. | | poem or song about the likeli- 

Eeetes te Oe Earth . Explain how hot fluids from volcanic vents on Earth’s . hood that life will be found on 

ocean floor support energy for life. another world in our solar sys- 

. Discuss other locations in the solar system where life = | | — tem. Possible answer: Hey, hey, Mars is 
may once have existed. red. Could it be we've found a bed? For 

. Think Critically Explain why scientists consider Europa | life to use when tired. Life not of Earth, 
Mars to be a good place to search for extraterrestrial life. | I've said. L2| 

@ Viking’s tests for life on Mars were inconclusive. —— 
J Applying Math 

Europa 

®@ Life exists in extreme environments on Earth. 

@ Life can remain dormant for long periods of 

time and still survive. 

Reteach 
. Use Numbers Atmospheric pressure at the surface of : 

® There is strong evidence for a warm, liquid Venus is 92 times Earth’s at sea level. If atmospheric Needs of Life Ask students to 

ocean on Europa. pressure on Earth at sea level is 101.3 kPa, find the | consider what primitive life on 

© Europa is considered the most promising atmospheric pressure on the surface of Venus in kPa. Earth needs to develop. Possible 

location to look for extraterrestrial life. . Use Percentages The average composition of Mars’s answer: water and warmth Then ask 

atmosphere is 95% CO,, 3% N, and 2% Ar. Approximately | | them where conditions like these 
ee what fraction of Mars’s atmosphere is nitrogen? ; ; may exist other than on Earth. 
® Organic compounds exist on Titan. : 

Possible answer: Europa [t2] 

More Section Review fl.gpescience.com SECTION 4 Life in the Solar System 241 

Section eae % Assessment 
Oral Why do scientists want to 

1. life that developed on other worlds produce food that supplies the are present under Europa’s icy CU Sap eae ael Henidremee, 

2. If life can withstand, and even energy for life. This could supply energy for life ee ee ie re ek 

thrive, in extreme environments on 4. Mars was once a wetter planet and processes. past? Possible answer: If Mars had 

Earth, then life could exist in the could have supported life. Europa 6. 9,320 kPa oceans or large seas when it had a 

extreme environments found on may have an ocean under its ice that 7. 3/100 warmer environment, life may have 

other planets. could or may have supported life. ~ MAA144 begun. Fossils might provide evidence 

3. Organisms use thermal and chemi- 5. Evidence suggests that ocean cur- of this possible early life. 

cal energy instead of sunlight to rents, perhaps caused by volcanoes, 

SECTION 4 Life in the Solar System 241 



© Real-World 
Problem ——— 

Purpose Identify evidence that 
might indicate that life exists in 

soil from another world. 

Process Skills form a hypothe- 
sis, design an experiment, separate 

and control variables, interpret 

data, observe, infer, compare and 

contrast, recognize cause and 
effect, communicate 

Time Required 30 minutes to 
plan the experiment and 40 min- 
utes to conduct the experiment, 
observe results, and draw con- 

clusions 

Materials Provide three con- 
tainers of sand/soil mixture; one 

containing finely crushed antacid 
tablets, one containing dry yeast 
(about 1/2 tsp per 3 T), and one 
with nothing added. 

Alternate Materials baking 
soda (however, the reaction is 

not as great as it is for antacid 
tablets) 

Safety Precautions 

* Students should wear protec- 
tive clothing and eye protection 
in case of spills. 

* Caution students to wash 
hands thoroughly after the 
experiment 

© Forma 
Hypothesis ——— 

° The sample of soil or sand 
containing life will release gas. 

° The sample of soil or sand 
containing life will release gas 
and produce heat. 

* The sample of soil or sand 

containing life will release gas, 
produce heat, and _ release 
odors. 

242 CHAPTER8 The Solar System 

> Design Your Own 

Testing Unknown 
Soil Samples for Life 

= Goals ® Real-World Problem — 
: ‘. @ Identify several things What is life? You know that life needs water, air, and food to survive. 

= that you might see if The type of food depends on the life form. You eat certain foods to 

Pe life existed in an provide you with the energy to live. Other forms of life need different 

a : unknown sand or soil foods for energy. You know that many plants make their own food 

| sample. using photosynthesis, and you have learned about life-forms on Earth 

Demonstrate that obtain their energy from chemical reactions. How might you find 

Co processes you could use out if life is present in an unknown sample? Perhaps you might look 

to search for life in the for evidence that an organism was taking in one gas and expelling 

| es unknown sample. others. Perhaps you might look for energy being produced. How could 

| < Illustrate evidence of you determine if an unknown sample of sand or soil contained life? 

Pes life that you observe in 
: each of your samples. >) Forma Hypothesis ; 

Se Compare and ee sen Hieron 
| = contrastobconvotion: sate a Aa esis oe ae evidence ie t indicate t oh oh or 

ee : that may or may not = samp ee ife. ave your teacher approve your hypothesis 

Fae : ‘adicate that life erists efore you begin your experiment. 

[Somat in your samples. OT H Rak: 

; : est Your othesis 
ee Possible Materials yP 
as a clear plastic cups (3) Make a Plan 

ee sand or soil 1. As a group, agree upon the hypothesis and decide how to test it. 

is x" warm tap water Identify which results will confirm your hypothesis. 
ae fyi , 
| a magnifying glass 2. List the steps you will need to test your hypothesis. Be sure to 

= we thermometer include a control run. Describe exactly what you will do in each 

bee Safety Precautions tee 
lt ee A 

fe 

as 
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Data Table 

Comparison of Soil or Sand Samples 

Hypothesize and Research Students imagine a life 
form and describe conditions that will support it. 
Remind them of conditions such as temperature, 
pressure, gravity, chemical composition, and 
energy sources. Students then will research 
whether a planet provides the necessary condi- 
tions to support their hypothesize life form. 

Observations 

No observed reactions. 

Gas escapes 

Gas escapes; heat and odor are produced. 



3. List the materials you will need to perform the experiment. Determine who will 
prepare your unknown samples from your materials. 

4. Prepare an illustration in your Science Journal where 
observations. 

5. Read the entire experiment to make sure all steps will be per- 
formed in a logical order. 

6. Identify all constants, variables, and controls of the experi- 
ment. Keep in mind that the person who prepares you 

unknowns must follow your instructions carefully and 

divulge which sample(s) contain life. 

Follow Your Plan 

1. Make sure your teacher approves your plan and oversees the 

you will record your 

r 

not 

preparation of your unknown samples before you start. Le 

2. Carry out your experiment as planned. 

3. While doing the experiment, record your observations 

illustration in your Science Journal. 

+ 

© Analyze Your Data 

in your 

1. Illustrate your visual observations of unknown sand or soil samples. 

2. Label your drawings with other observations that you 

of heat or change in odor. 

® Conclude and Apply — 
1. Examine Do the illustrations show the 

observations you expected to make? 

Describe any unexpected observations 

noted. 

N Determine Do any of your observations 

indicate that life exists in any of your 

unknown samples? Describe any 

inconclusive observations. 

Draw Conclusions Did your results 

support your hypothesis? Explain why or 

why not. 

w 

make, such as production 

Compare your data with those of other 

students. Discuss how your experiments 

may have differed, and how this could have 

changed the observations. 

LAB 243 

fo? A... ee 
™, Assessment 

Portfolio Have groups of students prepare a mis- 
sion description of an experiment to search for 
evidence of life on Mars that could be done by a 

robot rover. Possible answer: A robotic arm scoops up soil 

from the Martian surface and retracts it into a container where 

various solutions are introduced into the sample. Use 

Performance Assessment in the Science 

Classroom, p. 169. J 

Have students use graphics software to prepare a 

poster explaining their experiment and the results. 
Posters should contain the illustrations and data table 

produced during the experiment, as well as any conclu- 

sions they have reached. 

© Test Your 
Hypothesis ——— 

Possible Procedures One stu- 
dent from each group obtains 
warm water from the tap and 
adds just enough to completely 
cover the material in each cup. 

Teaching Strategy Encourage 
students to measure equal 
amounts of soil or sand mixtures 

and to add the same amount of 

water into each cup. 

Tie to Prior Knowledge Help 
students recall that life processes 
can produce gas, heat, and odors. 

Troubleshooting Before 
beginning the lab, provide three 
containers with properly mixed 
material. 

Expected Outcome Students 
should note gas being released 
from two of the mixtures. 
Increased heat and odors may be 
present. 

© Analyze Your 
Data - 

1. Illustrations should show gas being 
emitted from two of the samples. 

2. Illustrations might show an increase in 

temperature and odors may be present. 

Error Analysis Ask students to 
compare their results with others 
and discuss possible differences in 
conclusions drawn. 

@® Conclude and 
Apply ——— 

1. Gas is released from two mixtures. 

Answers will vary. 

2. Released gas and production of heat indi- 

cate life may be present. Released gas 

alone is inconclusive. 

3. Answers will depend on student 

hypotheses. 
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Content Background 
Many planets are easily visible 
with the unaided eye. Venus 
appears as the brightest object in 

the night or morning sky, with 
the exception of the Moon. 
Jupiter is also bright, and resem- 

bles a cream-colored star. Mars 

looks like a bright, orange-yel- 

low star, while Saturn appears as 

a gold-colored star. Mercury is 

the most difficult planet to spot, 

because its location usually keeps 
it within the Sun’s glare. Often 

the weather page of a newspaper 
says which planets are visible. 
You can also check astronomy 

guidebooks and internet sites. 

[L2] 

Discussion 
What do you think? Some people 
believe that planetary alignments 
can cause natural disasters, such 

as floods, earthquakes, and hur- 

ricanes. Do you think these 
phenomena are related? Possible 
answer: Scientists know that all plan- 

ets, even those closest to Earth, are too 
far away to have any noticeable gravita- 
tional effect on Earth processes, the 

oceans, or the atmosphere. [12] 

Teaching Strategies 
¢ Make sure students use the 

correct units to express the 

answer to question 2. 

¢ Review with students how to 

best establish ratios to answer 

question 3, 

* Remind students to measure 

angles in a counterclockwise 
direction. 
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Night Sky Wonders 

Did You Know... 

... Five of the nine planets can be seen 
from Earth without the aid of a telescope 
or binoculars. Mars, Venus, Mercury, Jupiter, 

and Saturn can be seen at various times throughout 

the year in the night or early morning sky. Mercury 

is visible for only a few days, but the other planets 

are often clearly visible, such as Mars and Venus 

shown here. 

... All five planets were visible as a group 
in the evening sky in the spring of 2004. 
All five planets were briefly positioned on the same 

side of the Sun at the same time. This stunning sight 

will not be seen in the evening skies again until 2036. 

Because they orbit the Sun at different rates, it is 

rare for all five visible planets to be as close together 

in the sky as they were in 2004. 

Applying Math — 

1. How old will you be when the next planetary alignment like the one 

that was visible in 2004 can be seen from Harth again? 

2. The reflected light we see when observing planets travels through 

space at 300,000 km/s. If Jupiter is 588.5 million km from Earth at 

its closest approach, what is the minimum amount of time required 

for light to reach Earth from Jupiter? 

3. Using the heliocentric longitude diagram you made in the Applying 

Math feature, plot the positions of the planets using the following 

longitudes: Mercury 96°, Venus 135°, Earth 184°, Mars 94°, Jupiter 

165°, and Saturn 103°. 
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_ Applying Math _ 

Answers 

Activity 
Study the sky. Have students research which plan- 

ets are currently visible in your area. Ask students 
to locate these planets in the nighttime or early 
morning sky. Students should record their obser- 
vations for at least one week, describing any 
trends they notice. 

1. Answers will vary. Have students subtract the current year 
from 2036, then add the remainder to their age. 

2. 1,962 s or 32.7 minutes 

3. Check diagrams 

YY MA.B.2.4.1 



chapter 4:3 study Guide 

Section 1 Planet Motion 

1. In the geocentric model of the solar system, 

Earth is in the center. In the heliocentric 

model, the Sun is in the center. 

. The position of a planet in orbit around 

the Sun can be shown by heliocentric 
longitude. 

. Inner planets have orbits closer to the Sun 
than the asteroid belt; outer planets have 

orbits beyond the asteroid belt. 

. A large nebula, like the one shown below, 

fragmented into smaller ones, one of which 

later condensed and flattened to form the 

solar system. 

“Section 2 | The Inner Planets 

1. Mercury has a larger iron core than 

expected for a planet its size. 

The carbon dioxide in Venus’s dense 

atmosphere has caused a strong greenhouse 

effect that produces very high surface 

temperatures. 

Mars landers like the one shown in the next 

column have provided evidence that Mars, 

once had more water on its surface than it 

does today. 

Interactive Tutor fl.gpescience.com 

=o The Outer Planets 

1. Jupiter is the largest planet in the solar sys- 

tem and has the most moons. Four of these 

moons were first seen by Galileo. 

. Saturn has the most developed ring system 

of all outer planets. 

. The green-blue color of Uranus and the 
blue color of Neptune are caused by 

methane in their atmospheres. 

. Pluto is the smallest planet, and unlike 

other outer planets, it has a thin atmos- 

phere and an icy rock surface. 

Section 4 | Life in the Solar System 

1. Life exists in extreme environments on 

Earth and may be able to survive in 

extreme environments on other planets. 

. Europa is considered the most promising 

location in the solar system to look for 

extraterrestrial life. 

ET TES3 Use the Foldable that you made at the begin- 

ning of this chapter to help you review details about each of 

the planets. 
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Study Guide 

Reviewing Main Ideas 

Summary statements can be 
used by students to review the 
major concepts of the chapter. 

Scienceg INE 

Visit fl.gpescience.com 

More Section Review 

Interactive Tutor 

Vocabulary PuzzleMaker 

More Chapter Review 

Standardized Test Practice 

Assessment Transparency 
For additional assessment ques- 
tions, use the Assessment 

Transparency located in the trans- 
parency book. 

Assessment 

Chapter 

Directions: Carefully review the figure and answer the following questions. 

200 

vs} 4 
150, 

Ae 

S| ‘Saturn 

{dupiter A 
(nn ONY OS) 

Astronomical Units 

Periods of Orbit in Years 

1, Which planet is 9.53 AU from the Sun? 

A, Uranus 

8. Saturn 

©. Jupiter 

D. Neptune 

2, What can you conclude about planet orbits compared to their 

distances from the Sun? 

Ff. Asa planet gets farther from the Sun, its AU decreases, 
G. Asa planet gets closer to its orbit, it gets farther from the Sun. 

H. The longer a planet's orbit, the farther away it is from the Sun. 
), As planets move closer to the Sun, their orbits increase. 

3, Estimate a planet’s distance to the Sun if it has an orbit of 

200 years. 
A.35 AU 

B.5 AU 

C, 80 AU 

D.30 AU 

The Solar System 

7 Have students use 

FOLDABLES their Foldables to 

review the content of the chapter. 
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chapter @ 

Review * 

10. 

. Neptune has slightly more methane 
in its atmosphere. Both are jovian 
(gas giant) planets. 

. Extraterrestrial life might be found 
on extrasolar planets. Both are 
beyond Earth. 

. Pluto is a planet; Sedna is a plane- 

toid. Both are icy worlds far from the 

Sun. 

. Venus is much hotter and has a 

denser atmosphere. Both are about 
the same size. 

. Mercury is an inner planet; Jupiter is 

an outer planet. Both are planets. 

. Asteroids are located between Mars 

and Jupiter; Sedna lies far beyond 
Pluto. Both are small rocky bodies. 

. Earth is at the center of the geocen- 
tric model; the Sun lies at the center 

of the heliocentric model. Both are 

models of the solar system. 

. An astronomical unit is a measure of 

distance; Earth is a planet. Earth is 
one astronomical unit from the Sun. 

. Jupiter is larger and denser than 
Saturn; Both are jovian (gas giant) 
planets. 

Earth has oceans; Mars may once 
have had water on its surface. Both 
are terrestrial and inner planets. 

11. 

12. 

13. 

14. 

15. 

246 CHAPTERS 

A 16. C 

C 17. D 

B 18. A 

B 19. D 

D 20. D 

Ehapren ( 6Fm Review 

asteroid p. 236 Mars p.225 

% astronomical unit p. 220 Mercury p. 223 

comet p. 236 meteoroid p. 236 

Earth p.225 Neptune p. 235 

extrasolar planet p. 222 Pluto p. 236 

extraterrestrial life p. 239 Saturn p. 234 

geocentric model p. 218 Sedna p. 237 

heliocentric model p. 219 Uranus p. 23! 

Jupiter p.231 Venus p. 224 

#% FCAT Vocabulary 

Use what you know about the vocabulary terms 

to explain the differences in the following sets of 

words. Then explain how they are related. 

1. Uranus—Neptune 

. extrasolar planet—extraterrestrial life 

. Pluto—Sedna 

. Venus—Earth 

. Mercury—Jupiter 

. asteroid—Sedna 

. geocentric model—heliocentric model 

. astronomical unit—Earth 

. Jupiter—Saturn 

. Earth—Mars (oo oo ©) On  -  o  ) = 

Choose the word or phrase that best answers the 

question. 

11. Who proposed the heliocentric model of 

the solar system? 

A) Copernicus 

B) Galileo 

©) Kepler 

D) Ptolemy 

12. Which planet has the most complex ring 

system? 

A) Jupiter 

B) Neptune 

C) “Saturn 

D) Uranus 

246 CHAPTER REVIEW 

13. Which planet is the red planet? 

14. 

15. 

16. 

Lie 

©) Neptune 

D) Venus 

A) Jupiter 

B) Mars 

Which chemical or gas produces a green- 

blue to blue color in Uranus and Neptune? 

A) carbon dioxide © oxygen 

B) methane D) sulfur dioxide 

Which planet has the highest surface 

temperature? 

A) Earth C) Mercury 

B) Mars D) Venus 

Which fact is true of superior planets? 

A) Earth-sized 

B) Jupiter-sized 

©) lie beyond Earth’s orbit 

D) lie beyond the asteroid belt 

Which Galilean satellite has active 

volcanoes? 

A) Callisto 

B) Europa 

©) Ganymede 

D) Io 

Use the illustration below to answer question 18. 

18. 

19. 

20. 

Which planet 

is shown? 

A) Jupiter 

B) Mars 

©) Saturn 

D) Venus 

Which part of a comet is on the opposite 

side of a comet from the Sun? 

A) coma C) nucleus 

B) head D) tail 

What is a reason Europa might be a good 

place to look for extraterrestrial life? 

A) liquid methane 

B) presence of organic molecules 

©) rust-colored rocks 

D) water ocean and tidal energy 

Vocabulary PuzzlteMaker fl.gpescience.com 

The Solar System 

Use the ExamView® Pro Test Bank CD-ROM to: 
create multiple versions of tests 

create modified tests with one mouse click for inclusion students 

edit existing questions and add your own questions 

build tests aligned with state standards using built-in State 
Curriculum ‘Tags 

change English tests to Spanish with one mouse click and vice versa 



“Interpreting Graphics _ 

21. Make a table summarizing the gases 

ree 

contained in the atmospheres of the nine 
planets. 

Make a model of how you think the 

geocentric model of the solar system was 
organized. 

Use the data in the table below to answer questions 

23-25. 

Planet Orbits 

Distance to 
Planet 

the Sun (AU) 

Mercury 0.39 

Venus 0.72 

Earth 1.00 

Mars 1.52 

Jupiter 5.20 

Saturn 9.54 

Uranus 19.19 

Neptune 30.07 

Pluto 39.48 

23. Which planet is a little over nine times 

24. 

25. 

26. 

7 fp 

farther from the Sun than Earth? 

How far is the orbit of Mars from that of 

Jupiter in AU’s? 

How much closer to Earth is Venus than 

is Mars? 

(Thinking Critically 
Explain why Venus has a higher surface 

temperature than Mercury even though 

Mercury is closer to the Sun. 

Form a hypothesis about where the oxygen 

that combined with the iron in rocks on 

Mars came from. 

More Chapter Review fl.gpescience.com 

chapter, rR | Review 

28. Classify a newly discovered planet, by using 

three classification systems, with the fol- 

lowing characteristics: 10,000 km in diam- 

eter, rocky surface, an orbit beyond Pluto’s. 

29. Explain why Mars, Europa, and Titan are of 

interest to scientists searching for extrater- 

restrial life. 

30. Explain several reasons why Earth is the only 

planet in the solar system that appears 

capable of supporting life as we know it. 

Applying Math — 

. Use Angles How far around in its orbit 

would a planet be if its heliocentric 

longitude was 90 degrees? 

. Calculate Jupiter’s distance from the Sun 

is 5.2 AUs. Use the equation (planet’s 

distancein AUs)* = (planet’s period in 
years)* to calculate Jupiter’s period of 

revolution. 

Use the diagram below to answer No. 33. 

33. Use Angles If the Heliocentric Longitude 

(H. L.) of planet A is 33 degrees, what 
is the approximate H.L. of planet B? 

. Using Equations Use the equation 

= 4 (1 r’) to determine the volume of 

Venus, which has a radius of 6052 km. 

CHAPTER REVIEW 247 

\@y Reproducible Masters 
Chapter Fast File Resources 

Chapter Review, pp. 39-40 
Chapter lests) pp-43—44 
Assessment ‘Transparency Activity, p. 53 

Glencoe Science Web site 
Chapter Review ‘Test 
Standardized ‘Test Practice 

Glencoe Technology 

3 Assessment Transparency 
@® ExamView® Pro Testmaker 
OD MindJogger Videoquiz 
(® Interactive Chalkboard 

chapter a». 

Review: a 

_ Interpreting Graphics 

21. 

Gases in the Planet Atmospheres 

Mercury }none 

enus {mostly carbon dioxide 

arth —_|nitrogen, oxygen, other 

ars — |mostly carbon dioxide 

helium, water, methane, 

hydrogen, ammonia 
upiter 

water, helium methane, 
aturn 

ammonia, hydrogen 

ranus |hydrogen, helium, methane 

eptune |hydrogen, helium, methane 

Pluto —_|very thin 

22. Earth, then Moon, Mercury, Venus, 
Sun, Mars, Jupiter, and Saturn. 

23. Saturn 

24. 3.68 AU 

25. 0.24 AU closer 

unking Critically 

26. Venus has a thick cloud cover that 

causes a greenhouse effect. 

27. Oxygen was once in the Martian 
atmosphere or in water. 

28. terrestrial; outer; superior 

29. Mars and Europa may have, Titan 

might have seas of methane. 

30. Water exists as a solid, a liquid, and 
a gas on Earth. Ozone protects life 
from intense solar radiation. 

Applying Math 

Math Standards 
National: 1,4,9 

Florida: MA.A.1.4.4, MA.B.1.4.1, 

MA.B.1.4.2 

31. Sof the way 

32. 11.9 

S32 13° 

34, 928 billion km* 
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chapter G Standardized Test Practice 
Standardized Test Practice er ee Sa ea 

Record your answers on the answer sheet provided by your teacher or on a sheet of paper. 

The assessed Florida Benchmark appears above the question. 

Answer Sheet An answer sheet 
can be found at fl.gpescience.com ultiple Choice 3. What did Galileo observe about Venus? 

: 2s through phases. SC.E.1.4.2, SCE.1.4.3 A. It goes through p 

Standardized Test Practice Answer Sheet Use the illustration below to answer question 1. B. It has two moons. 

M C. It is covered by clouds. 
; i 

ee D. Its surface temperature is over 450°C. 

4. Who determined that planets orbit the Sun 

in elliptical orbits? 

A. Brahe 

B. Copernicus 

C. Kepler 

: D. Ptolemy 
1. As seen from above their north poles, in 

which direction do planets move around Use the photo below to answer question 5. 
the Sun? 

A. clockwise 

B. counterclockwise 

(~~ Multiple Choice 
C. geocentric 

1.8 D. heliocentric 
2.8 
cey 2. Which model of the solar system places the 5. W hich moon of Jupiter, pictured here, is 
4. ( Sunn thercenter? most likely to have liquid water under its 

IGE "GhUStS 
5. B A. geocentric 
6.8 ‘ ; A. Callisto 

B. heliocentric 
Ay B. Europa 

C. inferior 
x Cc. Ganymede 

. superior 
D. Io 

Test-Taking Tip 

Practice Remember that test-taking skills can improve with 

practice. If possible, take at least one practice test and 

familiarize yourself with the test format and instructions. 

SS 
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Standardized 

Test Practice _ 
chapter H 

Standardized Test Practice 

13. Both are rocky inner planets. Liquid 
6. Which is composed of dust and rock parti- | 10. What causes Mars to have a reddish- water, which is needed for life, can- 

cles mixed in with frozen water, methane, orange color? not exist on Venus because Its 
and ammonia? aes ot 11. Why was the Galileo spacecraft given this surface temperature is too great. 
A. asteroid name? 14, Jupiter's gravity, chemical composi- 

B. comet 12. What is generally true of all jovian pe REUPeTARUTE, Dieser | pene : and lack of a well-defined surface 
C. meteoroid % are not conditions that support life. 

- Compare and contrast Venus Ip Ran i D. meteorite i : ; ‘ seed eA aan 15. If liquid-water existed on Europa 
/hy does it appear cely the sis ane Uh: i aap eat aie yan eee N under its icy crust, temperatures 
capable of supporting life as we k . capable of supporting life as we know it might have been high enough to 

== ridded Response 14. Compare and contrast Jupiter to Earth. that life could exist, especially if vol- 
Why does it appear unlikely that Jupiter is 

capable of supporting life as we know it? 
canic vents provided the chemical 

energy needed for life processes. 
7. Saturn travels 360° around the Sun for 

29.5 years to complete one orbit. How 

many years will it take Saturn to complete 

195° of its orbit? 

15. Why would the discovery of oceans exist- 

ing under the surface ice of Europa be so 

interesting to astronomers? 
~~ Extended Response _ 

16. Part A: The Opportunity spacecraft 
discovered blueberries, concretion 

deposits of hematite. 

Part B: Deposits of hematite of this 

nature form in the presence of 
standing water on Earth. This indi- 

cates that Mars was once wetter 
than it is today. If Mars were once 
wetter than today, perhaps life 

could have existed on ancient Mars. 

8. If the orbital radius of Jupiter is 5.2 AU, READ 
what fraction of that distance is Earth’s ecu Extended Response 
orbital radius? —— 

Use the photo below to answer question 16. 

gu ort Response 
EXPLAIN 
Sa 

Use the illustration below to answer question 9. 

Earth's orbit Mars orbit 

Rubrics 

For more help evaluating 
Short- and Extended-Response 
questions, see the rubrics on 
poe 

16. PARTA What, shown in the photograph, 

did the NASA spacecraft, 

Opportunity, discover on Mars? 

PARTB Why is this discovery so 

important? 

Apparent path of Mars 

9. How does retrograde motion of planets, 

such as Mars shown in the illustration, 

provide support for the heliocentric 

model of the solar system? 

Standardized Test Practice fl.gpescience.com STANDARDIZED TEST PRACTICE 249 

\ Gridded Response 

7. about 16 years 

8. about one-fifth 

planets, seem to move backward Jupiter, 

compared to their earlier movement. 12, Jovian planets are gaseous giant 

10. Mars’s surface is composed of planets, similar in size and character- 

thered rocks containing iron istics to Jupiter. They have diameters 
(—ShortResponse —__ ie me 

ri atc oxide. greater than 10,000 km, the visible 

9. As Earth moves in orbit around the 44, Galileo recognized that four objects surface being thick cloud layers that 

Sun, it overtakes and then passes were orbiting Jupiter, which were gradually change to denser layers 
the position of Mars, or other Supe. named the Galilean moons of deep inside the planets. 

rior planets. Mars, or other superior 

STANDARDIZED TEXT PRACTICE 249 



Unit Contents 

aad ‘Temperature and ‘Thermal 

Energy 

2 States of Matter 

3 ‘Transferring Thermal Energy 

4 Using Thermal Energy 

1 The Nature of Waves 

2 Wave Properties 

3 The Behavior of Waves 

1 Sound 

2 Reflection and Refraction of 

Light 

3 Mirrors, Lenses, and the Eye 

Light and Color 

1 Evolution of Earth’s Crust 

2 Earthquakes 

3 Earth’s Interior 

4 Volcanoes 

y uest 

life scenario. Given the task of 

purchasing a natural or synthetic 

is a real- 

gemstone, students research to 

discover how natural gems form, 

what their chemical, physical, and 

optical properties are, as well as 

how their flaws are corrected and 

their colors enhanced. Students 

will compare the laboratory 
processes used to create gems, 

their prices, and properties, and PROJECT Study Skills 

decide if they are the same as their Vocabulary Students expand their knowledge to extend beyond a strict def- 
natural counterparts. Students inition. Students use a definition map in this unit to better understand 
will choose between a simulated essential vocabulary. The center box of the map might contain the word 

“wave.” One arm 1 would answer the question, “What is it?” Another arm would answer, “What are 

the types of waves?”-Cooperative teams would continue the map until they have reached a full 
able to give their reasons and jus- ee ove ee 
tify the amount of money they 
will spend. 

or a naturally created gemstone as 

a gift for someone. They must be 
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blowing (far left) is an art in which air is blown through a tube to shape 

nelted glass. In the mid-1800s, a glassblower created a glass tube, sealed 

jetal electrodes into the ends, and removed most of the air from inside. When 
electricity was passed through the tube, it glowed. The glow aroused the 

curiosity of scientists, who began experimenting with similar tubes. In order to 

observe the glow more closely, one physicist surrounded a tube with black card- 
board and darkened the laboratory. When the electric current was turned on, 

the tube glowed—but so did an object across the room! Apparently the tube 

was emitting some kind of radiation that could pass through cardboard. The 

mysterious radiation became known as X rays. Scientists eventually learned 

that X rays are a form of electromagnetic radiation, similar to visible light but 

with shorter wavelengths and higher energy. Because X rays pass through many 

substances, they have become important in medicine and science, making it 

possible to “see” structures inside the bodies of people—and also fish. 

Visit unit projects at to find project ideas and resources. 

Projects include: 

* History Adopt a landform to research and record its geological and 

environmental changes throughout history. 

* Technology Research medical procedures that use waves, sound, light, or 

heat to form diagnostic images. 

* Model Design and construct your own creative musical instrument. 

Participate in a class orchestra of homemade instruments. 

uest Created Gemstones: The Real Thing offers an opportunity to 

evaluate the process and value of manufactured gems. 

NATIONAL How Are Glassblowing & X Rays Connected? 

e ‘Tell students that X rays can be used on e Ask students to brainstorm as many exam- 

things that are not living. For example, ples of energy on the move as they can. 

they are helpful in locating cracks and 

overstressed areas in buildings and other 

structures. 

History Ask students to “adopt” a 
specific volcano, earthquake fault, 

mountain range, or geological 

region of the world and study its 

history. Patterns of activity, inten- 

sity of movement, and how these 

changes have affected the sur- 

rounding environment, as well as 

plant and animal populations 
should be considered. Students 

can prepare a journal, time line, 

or technology presentation to dis- 

play the change in their land form 

and its populations over time. 

Technology Working in small 
groups, have students research 

he procedures that use 

waves, sound, or light to form 

diagnostic images. Procedures 

may include MRI, CAT scan, 

X rays, thermal imaging, or ultra- 

sound. Have students create an 

advertisement or news broadcast 

about their particular procedure 

to demonstrate how their image 

is formed, its benefits and limita- 

tions, and any related health risks. 

Model Ask students to design 

their own creative musical 

instrument. Instruments should 

demonstrate a full scale and be 

able to be tuned to the proper 

pitch. Applying appropriate 

physics terms, students should 

be able to explain how their 

instrument produces a variety of 

sounds. Using a simple musical 

score (“Twinkle, Twinkle Little 

Star,” for example) have students 

participate in an all-class orches- 

tra with their physics musical 

instruments. 

Additional Resources Visit unit 

projects at fl.gpescience.com for 

more information, resources, 

and assessment rubrics. 
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Cueplen Organizer, 
aa 

Section/Objectives Standards Labs/Features 

Launch Lab: Expansion of a Gas, 

D258 

National State/Local Chapter Opener 

See pp. 16T-17T fora Foldables, p. 253 

Key to Standards. 

Section 1 Temperature and Thermal Energy National Content | Florida Applying Math: Converting to 

£ Standards: Benchmarks: Celsius, p.255 

J desssienns sd Vleck UGP1=3,UGR5; SC.B.1.4.3 Science Online, p. 256 

1. Define temperature. A.1,A.2, B.2, B.4, Integrate Earth Science, p. 258 

2. Explain how thermal energy and temperature B.5,B.6 Applying Math: Change in Thermal 

are related. Energy, p. 258 

3. Calculate the change in thermal energy of an 

object due to a temperature change. 

Section 2 States of Matter National Content Florida Science Online, p. 261 

@ 2 sessions GP ii block Standards: Benchmarks: MiniLAB: Comparing States of 

UCP.1-3, UCP.5, S@AMRAS Water, p. 262 

4. Describe the differences in the four states of matter. AeA Bo BS: 

5. Explain how the motion of particles in a material B.6,G.3 

changes at the material's melting point and 

boiling point. 

6. Explain why thermal expansion occurs. 

Section 3 Transferring Thermal Energy National Content MiniLAB: Comparing Thermal 

@  2sessions cep 1 block Standards: Conductors, p. 267 

UGE Is, UCP; Visualizing Convection Currents, 
. Compare and contrast the transfer of thermal Al, A2,B.2)B.4, p. 268 

energy by conduction, convection, and radiation. B.6 PabeconveconiniGeseaend 

8. Compare and contrast thermal conductors and Liquids, p.271 

insulators. 

9. Explain how insulators are used to control the 

transfer of thermal energy. 

Section 4 Using Thermal Energy National Content | Florida Integrate History, p. 273 

@ 3sessions CP a blocks Standards: Benchmarks: Science Online, p. 274 

10. Describe the first and second laws of UCP.1~3, UCR.5, SC.B.1.4.6, Lab: Conduction in Gases, 
thermodynamics. A.1, A.2, B.2, B.4, SC.B.1.4.7 pp. 278-279 Video Lab 

11. Explain how an internal combustion engine B.S Science Stats: Surprising Thermal 
converts thermal energy to mechanical energy. Energy, p. 280 

12. Describe how the entropy of the universe 

changes when any event occurs. 
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Launch Lab: balloon, hot 

plate, tape measure, large 

beaker, water 

Chapter Fasr Fire Resources 

Foldables Worksheet, p. 17 

Directed Reading Overview, 

oy KS, 

Note-taking Worksheets, 

pp. 35-37 

é 

é deni Workss—_ 
Lab Materials Reproducible Resources Section Assessment 

ENCO, Vv Qa 

— 

> NT pe 

Glencoe Exclusive! 

Teacher Works = 
All-In-One Planner and Resource Center 

Technology 

Jeacve Works includes: 

* Interactive Teacher Edition 

* Lesson Planner with calendar 

* Access to all program 
blacklines 

* Correlations to standards 

* Web links 

Need Materigly2 
Contact S cienc at 1-800-g7g° a 

“SCiencekit t.com, 

Chapter Fasr Fite Resources 

Transparency Activity, p. 46 

Enrichment, p. 31 

Reinforcement, p. 27 

Directed Reading, p. 20 

Lab Management and Safety, 
p. 66 

Portfolio 

Sciene Journal, p. 257 

Performance 

Applying Math, p. 255 

Applying Math, p. 258 

Applying Math, p. 259 
Content 

Section Review, p. 259 

Section Focus Transparency 

Teaching Transparency 

Interactive Chalkboard 

CD-ROM 

Student Works Plus 

Z 

(98 

MiniLAB: plastic bowl or 

ice tray, water marker or 
masking tape 

Chapter Fasr Fite Resources 

Transparency Activity, pp. 47, 

51-52 

MiniLAB, p.3 

Lab Activity, pp. 9-12 

Enrichment, p. 32 

Reinforcement, p. 28 

Directed Reading, p. 20 

Portfolio 

MiniLAB Assessment, p. 262 

Performance 

Applying Math, p. 265 

Content 

Section Review, p. 265 

Section Focus Transparency 

Interactive Chalkboard 

CD-ROM 

®) StudentWorks Plus 

MiniLAB: metallic spoon, 

plastic spoon, wooden 

spoon, small plastic beads 

(3), butter, water, beaker 

Lab: hot plate, water, 

candle, 500-mL beaker, 

black pepper 

Chapter Fasr Fire Resources 

Transparency Activity, p. 48 

MiniLAB, p.4 

Lab Activity, pp. 13-15 

Enrichment, p. 33 

Reinforcement, p. 29 

Directed Reading, p. 21 

Lab Worksheets, pp. 5-6 

Portfolio 

MiniLAB Assessment, p. 267 

Performance 

Applying Math, p. 270 

Content 

Section Review, p. 270 

& Section Focus Transparency 

©) Virtual Labs CD-ROM 
* Interactive Chalkboard 

CD-ROM 

Stucent’Works Plus 
i 0”) 

Lab: thermometers (3), 

foam cups (2), 400-mL 

beaker (2), hot plate or 

burner, paring knife, 

thermal mitts 

os 
ASSESSMENT 

Oran” 

Chapter Fasr Fite Resources 

Chapter Fasr Fire Resources 

Transparency Activity, p. 49 

Enrichment, p. 34 

Reinforcement, p. 30 

Directed Reading, pp. 22-23 

Assessment Transparency 
Activity, p. 53 

Lab Worksheets, pp. 7-8 

Portfolio 

Assessment p. 277 

Performance 

Applying Math, p. 277 

Content 

Section Review, p. 277 

End of Chapter Assessment 

& Section Focus Transparency 
®) Interactive Chalkboard 

CD-ROM 

) StudentWorks Plus 

(D Video Lab 

Performance Assessment in the Science CD MindJogger Videoquiz 
Chapter Review, pp. 39-40 Classroom (PASC) 

Chapter Tests, pp. 41-44 
® Virtual Labs CD-ROM 
(% 

a 

Standardized Test Practice, pp. 40-43 ® 

(x 

\a 

) ExamView® Pro Testmaker 

TeacherWorks CD-ROM 

) Interactive Chalkboard CD-ROM 



Cyenter Gm Heat and States of Matter 

| Transparencies 

«N90, 
é Section Focus MUTT Ca TTG ey f oneal Section Focus MUTTRT EBS) ro | 

2 “Transparency! | 9 | “Transparency are 

Sculptors use a variety of materials to create their works of art 
Those who sculpt marble or wood expect their work to last for many deena 

e hurdli ears. Ice s e othe now that the Sun will soon " es were used in fac nd mills ani pro : 

f 3,000°C! ane as * ater. in a cabbage patch. The flight lasted only 2.5 seconds, yet it was the 
atures of up to 3, ! The craft and t urn their Ss y wales 

- 

. ; Z beginning of the rocket age 
special protection in order to survive th 

1, What are some fuels that the engines might burn to create steam? 
2, Describe how liquid water is different from steam (gaseous water) 

nges steam energy to mechanical energy in the 
1, Why is it a concern that the exterior of a spacecraft experiences Get Tee ; 

What happens to molecules of water as ice melts? very high temperatures upon reentry? 1, What happ 
i es Si old yor dl? 2. Why does you hold it in your hand cee tins 

3. What happens when water boils? think gases are cooled to a liquid state for use in 

a = = —— ey 

This is a representation of key blackline 

masters available in the Teacher Classroom 

Resources. See Resource Manager boxes 

within the chapter for additional information. 

Key to Teaching Strategies 

| 
| 

| 

The following designations will help you | 
decide which activities are appropriate | a ? 
for your students. | ea aaa 

| 
| 
| 
| 

| 

er than any other metal. 

L1} Level 1 activities should be 

appropriate for students with 

learning difficulties. 

2. According to the diagram, which metal conducts heat BEST? 
F Aluminum 

G Nickel 
H Iron 
| Copper 

4, Most metals will have all of the following properties EXCEPT 
A shiny luster 
B good conductor of heat 
C solid at room temperature [2] Level 2 activities should be within 

the ability range of all students. 
1D good insulators 

[3] Level 3 activities are designed for 

above-average students. 

@® ELL activities should be within 
the ability range of English 

Language Learners. 

COOP LEARN Cooperative Learning 

activities are designed 

for small group work. 

ete 
\LAB, Convection in Gases and Liquids 

Lab Preview 
Directions: Answer these questions before 

Hands-On Activities Multiple Learning Styles logos, 

as described on page 12T, are 

used throughout to indicate 

strategies that address different 

learning styles. 

Strategy 

P| These strategies represent student 

products that can be placed into 

a best-work portfolio. 

[PBL| Problem-Based Learning activities 
apply real-world situations to 
learning. 

Procedure 
Part A 
1. Mea: 
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Content Outline 

ate uw 

Heat and States of Matter 

Section 1 Thermal Energy and Heat 
NV theory explains how particles of mutter behave 

1. All matter is composed of snail 

3. Particles with each other and walle of their container 

B related Wo the average kinetic energy of an obie 
Le The SI unit for temperature i k 

Meeting Individual Needs 

Section2 States of Matter 

Overview 
Heat and States of Matter 

Meeting Individual Needs 

Linens lemperature and 
Thermal Energy 

Directions: Derermine whether the italczed term makes each statement rue or false. Hf he statement i re 
ere true inthe blank Ifthe statement ffs write inthe blank the term that makes the statement tue 

1. Particles that make ap matter are in comune yotion, 
2 The faster particles move the fe kinetic energy they Nave 
3. Temperature is the nycasure of the average kinetic energy of the 

jrarticles in an object 
When temperature increases, the kinetic energy of the particle 
tea 
The thermal energy af an object isthe total energy of the particles iv 

A Sky chunk of alurninuin anh a5: 
ture have th 

us fr emyperuture fo a lower temperature 

Meeting Individual Needs 
9, Different materials noel the same amounts of heat to have similar 

The amount of energy it lakes to raise the temperature of | kg of a 
material | kelvin ls the specific hear of the m 

Ay Tow spexitic heat 

how little change in temperature 
Directions: Answer he lollowing questions about specific and thermal energy 
19. Change in thermal energy can be calculated using the equation @ 

a. In this equation, what does Q represent 

6 What does AT represent 

‘6. What doen the symbol mean 
£ Why lathe symbol a used with 7 but not @ 

14. What formula is used to calculate AT? 

Heat snd tates of Mater 

Temperature and Chapter 

Thermal Energy 

Directions: Arn wer the following a t 4 2 by writing the correct letter on 

What is the temperature of — 49°F in dey 

is the ternperattire of 85°C in degree 
4 185°T b 2128 
© 190" d 199 
Which statement describes the definition of temperature 
14. Temperature is how hot or cola substance feel 
be Temperature is hu much thermal energy « substance ha 
© Temperature is the average netic energy of a substance 
dc Temperature isa form of heat ina substance 
The specific heat ofa substance is determined by 

1: the natute of the subs 
1b the temperature of the substance 
¢ the omount of heat added to the substanc 
d.the amount of substance 
What is the temperature af 250% on the Kelvin scale 

b. 250K 
4. 2°k 

Directions: Th , tusenvcons below muake thers false. Replace th 

ific heat is measured with a device called u thermomete 
from a hot object (0 a cold object itis in 

Judes ki 

hat all matter is composed of particle 

he higher the temperature of an 
particles in the abject are mov 

Enrichment 

es ; 
oew 

Directions: Answer the folowing questons on the lines provide 
1, Ifyou put a heated rock in» bucket of water, the temperature of the water Will increase andthe 

Temperature of the rock Will decrease until the emperature is equal for both substances Ifyou 
roy) a heated rock (nthe ocean, will the sante thing happent fiyplain, 

cof central heating, twas come shea hot item ty bed with you to keep 
iM rather haves 10cky heated brick ora 10skg jug of hot water that are at the 

ame emperature! Explain 

Glass bottles have more max than ali + in glass bottles are cooled, 
{en times as much heat must be ren \< 11 1 cane ar 

ayoted. If you were a shop awne ( elect ll 

During the winter, after a hot bath, is it more the tuls immediately of let it si 
Why 

section © Thermal Energy 
Nae neces 

What You'll Learn @ Before You Read 
1 what temperatures 
(© how thermal - oes decmsett any floor feel cold vr warm on your bute feet? On the lines below 

You wake up in the morning and get out of bed. Does the 

temperature Write a sentence that compares how it feels to step on a bare 
2 how to cakulte the floor and on a rug on a cold morning 

ange in terra 
energy 

@ Read to Learn 

The Kinetic Theory of Matter 
Make an Outline Hake on 

All around you objects are getting warmer and cooler 
clude the Whar is temperature? What causes objects (o change 

vocabulary terms lemperalure? The temperature of an object is dependent on. 
our outline the motion of the particles in the object 

The kinetic theory is an explanation of how particles 
behave and move. There are three parts to the kinetic theory 

1. All matter és composed of particles—atoms, molecules, 
and ions 
The particles are in constant random motion. They mave 
in all directions at different speeds 
The particles collide with each other 

a Nesdlng Check | Temperature 
The particles in matter have kinetic energy because they are 1, Define Wit ise = in motion. The temperature of a substonce is a measure of 

pie the average kinetic energy of its patidles. As the temperature 
of something increases, the average sped of its partic 
increases. The temperature of hot tea i higher than the 
{emperature of iced tea because the particles in the hot tea are 
mowing faster. # 

How Is temperature measured? 
The SI unit for temperature is Kelvin (K). You are probably 
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Meeting Individual Needs 

DIRECTIONS 

temperature ¢ 
abstane 

ea 

Heat and States of Matter 

Part A. Vocabulary Review 
Directions: Wote the tern fromthe word Ist that best completes each stotement, Use eoch term once 

Viquid decrease calorimeter conduction particles 
Insulators radiation Kinetic energy convection 

ype oF heat transler that 

snaterred through matter by aireet contact of particles by 

wid, and rubber Uuit do ot allows heat to pass through them 

tate on 

Heat and States of Matter 

1. Testing Concepts 

Directions: in the blank at the lef. wnt the letter of the term or plvase tha completes the statement er 
answers the question. 
1, Matter that has 4 Uefinite volume and « definite shape isa 

a solid Bligh far 4. plasma 
2. Matter in which particles are arranged in repeating geometric patterns is a 

&. solid b liquid gas , plasma 
A gailike misture with no definite volume or shape that is made up of positively and 
‘negatively charged 

Matter with no definite volume andino definite ehape ts a 
4, solid , liquid re plasma 
Mater that has a definite volume but no definite shape ts a 
a. solid b, liquid er © plasma 
Maier in which the particles ave free (o move incall directions until they have spread 
ewwnly Uroughout thelr container 
a, solid by liquid © buoyant ay 
Most matter hen heated 
a. expand condenses 

Wind and ocean current 
a. railiation, h t ¢ d. condensation 
The amount gy needed (o change a material rom the solid state 10 the biquid 
slate isthe heat of 

4. cvaporation 

Assessment 

Inds only Ad, Fqulde ated gase 

ont sod Sates of Mater 
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chapter @tm Heat and States of Matter — 

Science Content Background 
eTiaaiue Temperature and Thermal 

Energy 
Temperature 
It is important to differentiate 

between temperature and thermal energy. A small 
nail at 100°C has less thermal energy than a large 
haminer at 70 (©. 

The common thermometer is a tube filled 
with colored alcohol or mercury, which expands 
with increasing thermal energy to give a reading 
of the temperature. Digital thermometers rely on 
the increase in electrical resistance with higher 
temperature to ascertain temperature. 

Three temperature scales are commonly 
used. The Celsius scale is used by most of the 
world and in most scientific work. The oldest, the 

Fahrenheit scale, is used in the United States. The 

Kelvin is the official SI unit for temperature. ‘This 
scale, used by scientists, is based on absolute 

zero—the lowest possible temperature. 0 K is a 
theoretical value not yet observed. 

Thermal Energy 
Which contains more thermal energy, liquid 
water at 100°C or steam at 100°C? Anyone who 
has been burned by steam knows the correct 
answer—steam! Thermal energy is the sum of 
both kinetic and potential energy. The steam, 
although at the same temperature as the liquid 
water, has more potential energy. ‘This is the 
energy it absorbed in the phase change from a liq- 
uid to a gas. 

Properties of materials can change as they 
gain or lose thermal energy. For example, most 
substances expand when they are heated, resist- 
ance in wire increases with rises in temperature, 

the color of some materials is influenced by tem- 
perature, and materials can change phase as they 
gain or lose thermal energy. 

Heat 

The SI unit of thermal energy is the joule. Calorie 
is another unit frequently used. One calorie, equal 

252E CHAPTER 9 Heat and States of Matter 

to 4.184 joules, is the amount of thermal energy 

needed to raise the temperature of one gram of 

water 1° C. This amount is so small that food 

energy is measured in kilocalories. Kilocalories 

are also called Calories. So, if a food label says the 

food contains 150 Calories, it really has 150,000 

calories, or 627,600 joules, of energy. 

Specific Heat 
Water has a very high specific heat. If you have | 
g¢ of water and 1 g of aluminum and you add one 
calorie of thermal energy to each, the water will 

increase in temperature by about one degree and 
the aluminum’s temperature will increase by about 
five degrees. The high specific heat of water has 
important influences on climate. Large bodies of 
water tend to maintain their temperatures longer 
than smaller bodies of water, so areas near the 

ocean often have milder summers and winters. 

Tait States of Matter 
, y= ¢ Matter at 0 K has the lowest possi- 

2 ble amount of thermal energy. The 
freezing point of water on the 
Celsius scale is 0 degrees; the freez- 

ing point of water on the Kelvin scale is 273 K. 
The average kinetic energy of the particles that 
make up a substance is directly proportional to 
the Kelvin temperature. 

Matter is made of tiny particles separated by 
distances with nothing between the particles. 
‘The particles are in motion. In gases, the sepa- 
ration of the particles is the greatest because 
these particles are moving the fastest. The 
amount of space between the particles varies 
with temperature, volume, and pressure. 

Transferring Thermal Energy 
‘Thermal energy can move from one 
place to another in three ways: con- 
duction, convection, and radiation. 

In any material, atoms and mole- 
cules are in constant random motion, continually 



colliding with one another. These collisions cause 
energy to be transferred between particles. 

Conduction 
Heat transfer by conduction is the most effec- 
tive way of transferring heat in a solid. Particles 
vibrate about a fixed position in a solid, and are 
not free to move from place to place. Collisions 
between vibrating particles cause thermal 
energy to be transferred from higher-energy to 
lower-energy particles. Conduction occurs when 
thermal energy moves in a material without any 
net movement of the material itself. Conduction 
can also occur in liquids and gases, but thermal 
energy is transferred more slowly than in solids. 

Convection 
Particles can move more freely in liquids and 
gases than in solids. As a result, thermal energy is 
transferred when particles in a material move 
from regions of higher temperature to regions of 
lower temperature. Convection occurs when 
thermal energy is transferred by the movement 
of matter from place to place. Thermal energy 
usually is transferred more rapidly by convection 
than conduction. 

Radiation 
Thermal energy can be transferred most rapidly 
by radiation. The vibrations of charged particles 
in any material cause the material to emit electro- 
magnetic waves. These waves travel at the speed 
of light from one place to another. Like all waves, 

Helping You Prepare 

electromagnetic waves transfer energy. The 
transfer of thermal energy by radiation occurs 
when electromagnetic waves strike a material, and 
energy is transferred to the material. This causes 
particles in the material to move faster, increasing 
the material’s temperature and thermal energy. 

section Using Thermal Energy 
Thermodynamics 
Thermodynamics is the study of the 
relationship between — thermal 
energy and work. Scientists in the 

early nineteenth century began developing ther- 
modynamics as a result of their interest in 
improving the efficiency of the steam engine. 

The work of Count Rumford, James Joule, 

and others showed that work could be converted 
into an equivalent amount of thermal energy. 
According to the first law of thermodynamics, the 
increase in the thermal energy of a system equals 
the thermal energy added to the system plus the 
work done on the system. 

According to the second law of thermody- 
namics, only processes that cause the entropy of 
the universe to increase can occur. The entropy of 
a system can be defined as a measure of the 
amount of energy of the system that cannot be 
converted into usable energy. The second law of 
thermodynamics means that the amount of usable 
energy is always decreasing. 

faprer content fresources 
Internet Resources 

For additional content background, visit 

fl.gpescience.com to: 

e access your book online 

e find references to related articles in popular 

science magazines 

e access Web links with related content background 

e access current events with science journal topics 

Print Resources 
Thermal Physics: Entropy and Free energies, by Joon 

Chang Lee, World Scientific Publishing 

Company, Inc., 2002 

Fundamentals of Thermodynamics, by Richard E. 

Sonntag, Claus Borgnakke, and Gordon J.Van 

Wylen, John Wiley & Sons, 2002 

Fundamentals of Heat and Mass Transfer, by Frank 

P. Incropera and David P. DeWitt, John Wiley & 

Sons, 2001 

Experiments with Solids, Liquids, and Gases, 

Salvatore Tocci, Children’s Book Press, 2002 
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Chapter Vocabulary 
kinetic theory, p. 254 
temperature, p. 255 

Kelvin, p. 255 * 
thermal energy, p. 256 

heat, ps2o7 

specific heat, p. 257 
plasma, p. 261 
heat of fusion, p. 262 * 
heat of vaporization, p. 262 * 

conduction, p. 266 

convection, p. 267 
radiation, p. 268 
thermal insulator, p. 270 
first law of thermodynamics, 

p. 274 *® 

second law of thermodynamics, 
p. 274 ® 

entropy, p. 276 

# FCAT Vocabulary 

Science Journal Student 
answers will vary. Accept al rea- 
sonable responses. 

PowerPoint" Presentations 

This CD-ROM is an editable 

Microsoft® PowerPoint® 

presentation that includes: 
* a pre-made presentation for 

every chapter 
* interactive graphics 
* animations 

* audio clips 
* image bank 

all new section and chapter 
questions 

Standardized Test Practice 

transparencies 

Foldables directions 

* links to fl.gpescience.com 

f chapter preview 

sections 

1. Temperature and Thermal Energy 

2 = States of Matter 

Transferring Thermal Energy 

Lab Convection in Gases and Liquids 

4 Using Thermal Energy 

Lab Conduction in Gases 

of Virtual Labs How do the insulation 

properties of various materials 

compare? 

jas observable, measurable properties. 
e changed in form with varying efficiency. 

Hot Stutt 
This hot, glowing liquid will become solid 

steel when it cools. The difference between 
liquid and solid steel is energy—thermal 

energy. Increasing the thermal energy of 

solid steel can cause it to melt and change 

into a fiery liquid. 

Science Jourmal Describe things you do to make 

yourself feel warmer or cooler. 

Theme Connection 

Energy Thermal energy is the kinetic and 
potential energy of the molecules, ions, and 

atoms that make up matter. The kinetic energy 
of the particles in a substance plays a major role 
in determining whether the substance is in the 

solid, liquid, or gas state. Thermal energy can 
be transferred by conduction, convection, and 

radiation, and can be converted into mechanical 

energy to do work. : 
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Molten Steel Steel is an alloy of iron and carbon. 
The carbon content of steel ranges up to 2% 
carbon. Alloys with higher carbon content are 

classified as cast iron. Steel is widely used to manu- 
facture a wide range of products, from skyscrapers : 
to rail cars. It is used extensively because it is rela- 
tively inexpensive to process; the raw materials are 
available in abundance, and because of its desirable 
properties. 



inl ei data cadence 

Purpose Use the Launch Lab to 
Thermal Ener . : 

4 ergy and States introduce students to the fact 
of Matter Make the following 

Foldable to help you under- 

stand thermal energy and ; ture changes. 
states of matter. | Preparation Before students do 

this activity, obtain metric tape 

that matter changes as tempera- 

| STEP 1 Fold a vertical measures. 

sheet of paper in / || Materials balloon, tape measure, 

eA MRS ANSE SD large beaker, hot plate, water 
bottom. ee) reer e! preeats 

Teaching Strategy Help students 
set up data tables in which to 

Fold in half from | record their measurements. 
side to side with 

the fold at 

the top. Think Critically 
The circumference of the balloon 

Dntald the paper increased as the temperature of the all 

i once. Cut only the in the balloon increased. The balloon’s 

fold of the top flap size would decrease if it were cooled. 
to make two tabs. 

Assessment 
EZ) Turn the paper ae Process Ask the students how the 

vertically and label energy results of this activity would have 

Eee apes been different if they had put 
shown. 

States of 

\ 

matte : water in the balloon instead of air. 

i The balloon would not have expanded 
Find Main Ideas As you read the chapter, write J much when it was heated. Use 
the main ideas you find about thermal energy f 

and states of matter under the appropriate tab. 

SAR aS 

tog 

Performance Assessment in 
the Science Classroom, p. 89. 

Preview this chapter's content 

Oniine and activities at FOLDABLES Dinah Zike 

STi otudy Fold 

Student preparation materials for 

this Foldable are available in the 

Chapter Fasr Fie Resources. 

CHAPTER 9 Heat and States of Matter 253 



section 

inti S Temperature and 
4 Motivate ?, 

An editable Microsoft® Th e rm a i - n e r gy
 

PowerPoint® presenta- 

tion is available on Interactive 

Chalkboard CD-ROM. $$$ 

Reading Guide 
Bellringer 

What You'll Learn Why It’s Important New Vocabulary 

# FCAT Vocabulary 

Section Focus ‘Transparencies 
ie Beailab he ® Define temperature. Cars, buses, trucks, and airplanes e kinetic theory 

oat ae ea, @ Explain how thermal energy and could not operate without thermal  % Kelvin 
Interactive Chalkboard CD-ROM. temperature are related. energy. e temperature 

i thermal energy L2 TELL) @ Calculate the change in thermal . ‘ e 

energy of an object due to a tem- 2 Review Vocabulary @ heat 

perature change. kinetic energy: energy an object has ® specific heat 
due to its motion A Spectacular Reentry eT 

In 1968, Apollo 8 became the first piloted vehicle to orbit the Moon. 

Below you see Apollo 8 as it reenters Earth's atmosphere, Friction 

between the atmosphere and the hurdling spacecraft created temper- 

atures of up to 3,000°C! The craft and the astronauts inside needed 
special protection in order to survive these inferno-like temperatures. 

Kinetic Theory of Matter 
All around you objects are warming and cooling. What is 

temperature and what causes the temperature of an object to 

change? The temperature of an object is related to the motion of 

the particles in that object. The motion of the particles in mat- 
ter is described by the kinetic theory of matter. 

According to the kinetic theory, matter is composed of par- 

ticles that are atoms, molecules, or ions that always are in ran- 

dom motion. This means that the particles in matter are moving 
ea ie au aie ane : at different speeds in all directions. Because these particles are in 
Ce ce ee {tal : motion, they have kinetic energy. These particles also can collide 

: and kinetic energy can be transferred from one particle to 
another particle. 

Reading Preview TLD How do the particles in matter move? 
Tie to Prior Knowledge 

Specific Heat Ask students whether 

they have ever noticed that some 
materials heat up faster than oth- Figure 1 When particles collide, 
ers. Tell students that the amount kinetic energy can be transferred 
of thermal energy it takes to make from one particle to another and. 
a substance warm up is called its the direction of particle motion 
specific heat, one of the things they changes. 
will learn about in this section. 

1. Why is it a concern that the exterior of a spacecraft experiences 
very high temperatures upon reentry? 

' 254 CHAPTER9 Heat and States of Matter Activate Background Know- — = 
ledge Ask students what they 
know about the new vocabulary 
words. Point out that each word 
is connected to a complex con- Chapter Fas Fite Resources 
cept. Have students find passages ‘Transparency Activity, p. 46, 

Note-taking Worksheets, pp. 35-37 

Earth Science Critical Thinking/Problem Solving, Dou 
Lab Management and Safety, p. 66 
Reading and Writing Skills Activities, pp. 35-36 
Mathmatics Skill Activities, pp. 19-20 

that contain the words and Enrichment, p. 31 
explain the words to a partner, yar 7 sry ats Reinforcement, p. 27 using context clues within the 

Amy ars Day 1 se ny > aetery 
text Have the clase share their Directed Reading for Content Mastery, 
eo 5 : | c¢ 2) word conversations. pp. 19-20 
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Temperature 
The particles in matter are moving at various speeds and 

have a range of kinetic energies. The temperature of a substance 
is a measure of the average kinetic energy of its particles. As the 
average speed of the particles in random motion increases, the 

temperature of the substance increases. For example, the parti- 

cles in hot tea move faster on average than those in iced tea. 

Temperature Scales The SI unit for temperature is the 
Kelvin (K). More commonly used temperature scales are the 

Celsius scale and the Fahrenheit scale. Subtracting 273 from a 

temperature in Kelvin converts the temperature to degrees 

Celsius. Temperatures measured on the Celsius and Fahrenheit 

scales can be converted into one another using these equations: 

Celsius-Fahrenheit Conversion Equations 

To convert temperature in °F to °C: °C = aCe = 2)))) 

To convert temperature in °C to °F: °F = ate sa 2 

Applying Math 

CONVERTING TO CELSIUS What is a temperature of 86°F on the Celsius scale? 

| IDENTIFY | known values and the unknown value 

Identify the known values: 

the temperature is 86°F °F = 

Identify the unknown values: 

What is this temperature on the Celsius scale? "C=? 

| SOLVE | the problem 

Substitute the temperature 86°F into the equation that converts °F to °C: 

(°F — 32) = 2 (54) = 30°C 

| CHECK | your answer 

, 9 
Does your answer seem reasonable? Multiply your answer by ~ and add 32. 

The result should be the given Fahrenheit temperature. 

Practice Problems 

1. What is —40°F in degrees Celsius? 

2. What is a temperature of 22°C in degrees Fahrenheit? 

For more practice problems, go to page 879 and visit Math Practice at {\.gpescience.com. 

Solve a Simple Equation 

SECTION 1 Temperature and Thermal Energy 255 

=, ee ae . i z 

Teacher Zi 
Shivering One way the human body main- 
tains its internal temperature is through 
the rapid movement known as shivering. 

Ge 

(%, Reading Check 

Answer in all directions with various 

speeds 

Activity 
Temperature Conversions Ask stu- 

dents how they might test to see 
if the temperature conversion 
equations are correct. Lead them 
to suggest that they can check 
the equations by inserting the 
correct numbers for the boiling 
and/or freezing points of water 
and making sure that the two 
sides are equal. 

Applying Math 

Math Standards 

National: 1, 4,9 

Florida: MA.B.2.4.1 

Answers to 
Practice Problems 

1. °C = (5/9)(-40 — 32) = -40°C 

2. °F = (9/5)(22) + 32 = 72°F 
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~ Fun Fact 
Water is a unique substance. Unlike 

most materials that expand when 
heated, water at temperatures of 1, 

2, or 3°C contracts when heated. 

Water is most dense at 4°C. This 
property allows ice to float in your 
glass of water and keeps ponds 
from freezing from the bottom up. 

(y, Reading Check 

Answer potential energy 

Caption Answer 
Figure 2 Increasing the temperature 

increases the kinetic energy of the particles. 

10nsS 

| Maintaining Thermal Energy 
During cold weather, people 

| often close doors and win- 
| dows “to keep the cold out.” 
Since cold is the absence of 
thermal energy, they are actu- 

| ally attempting to keep the 
| thermal energy inside, not 
| keep the cold out. 

4" Reading Strategy 

Note Taking Have students read 

Thermal Energy and ask them to 

write a formula for thermal 

energy as a way of summarizing 
and note taking. Thermal Energy = 
Kinetic Energy + Potential Energy 

Sciences 
Topic: Weather Satellites 

Visit fl.gpescience.com for Web 

links to information about how 

weather satellites use thermal 

energy to acquire weather data. 

Activity Draw a diagram show- 

ing how a satellite uses thermal 

energy to produce images. 

Figure 2 The thermal energy 
of a substance is the sum of the 

kinetic and potential energies of 

its molecules. 

infer why increasing the temper- 

ature of an object increases its 

thermal energy. 
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Thermal Energy 
According to the kinetic theory, atoms and molecules that 

make up matter are in constant motion. However, not only do 

these particles have kinetic energy due to their motion, they also 

have potential energy. This is because atoms and molecules exert 

attractive electric forces on each other. Recall that Earth exerts 

an attractive gravitational force on a ball. When the ball is above 

the ground, the ball and Earth are separated, and the ball has 

potential energy. In the same way, particles that exert attractive 

forces on each other have potential energy that increases as they 

get farther apart. The sum of the kinetic and potential energies 

of all the particles in an object is the thermal energy of the 

object. Figure 2 shows how thermal energy depends on the 

kinetic and potential energies of the particles in a material. 

What type of energy results from the attractive 

forces between particles? 

Thermal Energy of a Moving Object You've learned that 
the faster an object moves, the greater its kinetic energy. A ball 

rolling across the floor has greater kinetic energy than if it were 

sitting still. Does this mean that the rolling ball also has greater 

thermal energy? At first, the answer might seem to be yes, but in 

fact, the thermal energy is the same for both of the balls, if they 

are at the same temperature. Thermal energy is the sum of the 

kinetic energy and potential energy of the particles that make up 

the ball, not of the ball itself. The increase in the ball’s speed 

doesn’t affect the random motion of its particles, so it doesn’t 
affect its thermal energy. 

The kinetic energy 

increases as the Kinetic energy 
~—— molecules move faster. increases 

ST 
3° Speed increases 

@ © @ The potential energy 

increases as the 
~~ _Z—— molecules move 

fe) | farther apart. 

© 

oO 
Separation increases 

Potential energy e) 
increases 

Quickwrites ‘This strategy, sometimes called freewrite, lets students use spontaneous writing to 
discover what they already know. Have students write a list of ideas about thermal energy and 5 
then share these ideas with the class. Next, have students write about these ideas freely without 
worrying about punctuation, spelling, or grammar. Have students use a quickwrite to share ideas 
about thermal energy and heat. Linguistic 
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Heat 
Can you tell if someone has been sitting 

in your chair? Perhaps you’ve noticed that 
your chair felt warm, and maybe you con- 

cluded that someone was sitting in it 
recently. The chair felt warmer because ther- 

mal energy from the person’s body flowed to 

the chair, increasing the chair’s temperature. 

Heat is thermal energy that flows from 

something at a higher temperature to some- 

thing at a lower temperature. Heat is a form 

of energy, so it is measured in joules. 
Thermal energy always flows from a warmer 

to a cooler material. How did the ice cream 

in Figure 3 become cold? Thermal energy 

flowed from the warmer liquid ingredients 

to the cooler ice-and-salt mixture. The 

liquid ingredients lost enough thermal 

energy to become cold enough to freeze. 

Meanwhile, the ice-and-salt solution 

absorbed thermal energy, causing some of 
the ice to melt. 

(2B How are heat and thermal energy related? 

Figure 3 Thermal energy flows 

from the warmer ingredients 

inside the container to the ice- 

and-salt mixture around it. 

Specific Heat 
If you are at the beach in the summer, you might notice that 

the ocean seems cooler than the air or sand. Even though 
energy from the Sun goes to the air, sand, and water at the 

same rate, the water’s temperature changes less than that 

of the air or sand. 
As a substance is heated, its temperature change 

depends both on the amount of thermal energy added and 

| Table 1 Specific Heat of 

Some Common Materials 

the nature of the substance. For an equal mass of water and Substance Tse 

sand, about six times as much thermal energy is needed to U/kg") 

raise the temperature of the water than the sand by 1°C. It’s W 
as ; ater 4,184 

not surprising, then, that the sand feels much warmer than 
the ocean. The amount of thermal energy needed to raise Ice 2,110 

the temperature of 1 kg of some material by 1°C is called the 
specific heat of the material. Specific heat is measured in Asphalt 920 

joules per kilogram per degree Celsius, which is written as 

J/(kg °C). Table 1 shows the specific heats of some familiar Glass 800 

materials. aa re 

ARC ee what is the specific heat of a material? 
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Curriculum Connection 

History Have a group of students report on the 

experiments of James Joule that quantitatively 

related thermal energy and work. Joule used falling 

weights to turn paddles that stirred water and raised its tem- 

perature. He calculated the mechanical energy of the falling 

weights and the thermal energy from the increase in temper- 

ature of the water. Linguistic 

Science Journal 

Body Heat Have students describe in their Science 
Journals how thermal energy flows when an oral 

thermometer is used to take someone’s tempera- 
ture. The thermometer usually has a temperature lower than 
that of a human body, 37°C (98.6°F). In the mouth, thermal 

energy moves from the body to the thermometer, raising the 
temperature of the material in the thermometer. 
Logical-Mathematical [J 

Visual Learning 

Figure 3 Why is it necessary to 
stir the ice cream while it is 
freezing? Stirring allows the ice cream 
mix to cool evenly and more quickly. 

Logical-Mathematical 

(% Reading Check 

Answer Heat is thermal energy that 

flows from something with a higher 
temperature to something with a lower 
temperature. 
Answer the amount of thermal energy 
that is needed to raise the temperature 

of 1 kg of the material by 1°C 

Discussion 

Specific Heat Why is water often 
used in cooling systems? The spe- 
cific heat of water is higher than that of 
most materials. This means that water 
will warm more slowly than other mate- 
rials as thermal energy is added to it. 

Use Science Words 

Word Origin Have students use 
their dictionaries to identify the 
origin of the word thermal. The 
word thermal comes from the Greek 
word therme, meaning “heat.” Many 
English words derive from this, including 
thermos. 
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Changes in Thermal Energy The thermal energy of an 

object changes when its temperature changes. If Q is the change 

: in thermal energy and Cis the specific heat, the change in ther- 

Coastal Climates The mal energy can be calculated from the following equation: 

high specific heat of water Coastal Climates A narrow band 

of land that runs along coastal ; ; . 
: Coes lei or Thermal Energy Equation 

areas experiences little tempera- water to heat up and cool 

ture difference throughout the down more slowly than change in thermal energy (J) = 

year. The proximity to the water a as eee mass (kg) X change in temperature (°Q X specific heat fen, 
moderates the temperature. the temperature changes 

in coastal areas tend to be 

less extreme than they 

CS) Quick Demo 
are farther inland. 

<i Comparing Specific Heat 
Materials large beaker, crushed (ee ? , 

ice, water, three test tubes, sand Applying Math Solve a Simple Equation 

(or table salt), iron filings, 

starch-based packing peanuts 

Estimated Time 15 minutes 

Q= m(T,— 1)e 

CHANGE IN THERMAL ENERGY Find the change in thermal energy of a 20-kg wooden 

chair that warms from 15°C to 25°C if the specific heat of wood is 1,700 J/(kg °C). 

Procedure Partially fill a large Tisyla'@ known values and the unknown value 

beaker with crushed ice. Add Identify the known values: 

water to fill voids in the ice. Place A wooden chair with a mass of 20 kg = 20 kg 

a thermometer in each test tube. 
Partially fill each test tube with 
sand, iron filings, or packing the specific heat of wood is 1,700 J/(kg °C) C = 1,700 J/(kg °C) 

peanuts. Break up. the packing 
peanuts, if needed. Make sure the 
thermometers don’t touch the 
bottoms of the test tubes. They | SOLVE | the problem 

should be completely surrounded ; 
Substitute the known values into the thermal energy equation: 

by the other material. Place the ; 
test tubes in the beaker of ice OF ila CG = (20: ke \25"@ = 15 C1, 706 ) 

Walimsurom l5o© (0125. & = ISAC, guava = 2520 

Identify the unknown value: 

What is the change in thermal energy o) 

koe G 
water. Record the temperature of j es) 

: Ss = (20 kg)(10°C)(1,700 = c + = 340,000 
each test tube every minute for 5 ( B)( M kg °C - cg PC 0,000 J 

min. To remove the packing 
: c our answer 

peanuts from the test tube, add CHECK 
water to the test tube to dissolve Does your answer seem reasonable? Check your answer by dividing the change in 

the peanuts. thermal energy you calculated by the mass and the specific heat given in the prob- 

lem. The result should be the difference in temperature given in the problem. 

Practice Problems Applying Math 
Math Standards 

National: 1, 4,9 

Florida: MA.B.2.4.1 

Answer to 

Practice Problem 

Ot S (Vana linkial) O% 
= (72 kg) (25°C — 20°C) 
(1,010 J/kg °C) = 363,600 J 

The air in a living room has a mass of 72 kg and a specific heat of 1,010 J/(kg °C). What 

is the change in thermal energy of the air when it warms from 20°C to 25°C? 

For more practice problems, go to page 879 and visit Math Practice at fl.gpescience.com. 
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Differentiated Instruction 
Learning Disabled ‘Io help students calculate ate oF I Chart Text In their Science Journals, have stu- 
changes in thermal energy, make sure they know janes ; ht! : 8) | dents summarize the characteristics of thermal 
what each variable in the formula means, and show er oe Ganen energy, kinetic energy, potential energy, and 

heat. Then, in groups, have students create a 
the places where numerical values are put in. Be 
sure to show them how to calculate the change in : : graphic that demonstrates how each type of ° temperature. |L2 Logical-Mathematical : o I 9 energy is related to the other. 
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Measuring Specific Heat 
The specific heat of a material can be measured using a 

device called a calorimeter, shown in Figure 4. The specific heat 
of a material can be determined if the mass of the material, its 
change in temperature, and the amount of thermal energy 
absorbed or released are known. In a calorimeter, a heated sam- 
ple transfers thermal energy to a known mass of water. The 
energy absorbed by the water can be calculated by measuring 
the water’s temperature change. The thermal energy released by 
the sample is equal to the thermal energy absorbed by the water. 

Using a Calorimeter To measure the specific heat of a mate- 
rial, the mass of a sample of the material is measured, as is the 
initial temperature of the water in the calorimeter. The material 
then is heated, its temperature is measured, and the sample is 
placed in the water in the inner chamber of the calorimeter. The 

Thermometer ————— } 

Inner chamber 

Insulated flask 

(outer chamber) 

Figure 4 A calorimeter can be 
used to measure the specific heat 

of materials. The sample is placed 

in the inner chamber. 
sample cools as thermal energy is transferred to the water, and 

the temperature of the water increases. The transfer continues 

until the sample and the water are at the same temperature. 

Then the initial and final temperatures of the water are known, 

and the thermal energy gained by the water can be calculated. 

~~ Section Ce | 

Summary 

Temperature 

®@ The kinetic theory is a description of how the 

particles in a material are moving. 

@ The temperature of an object is a measure 

of the average kinetic energy of the particles 

that make up the object. 

Thermal Energy and Heat 

@ Thermal energy is the sum of the kinetic and 

potential energies of the particles in an object. 

®@ Heat is thermal energy that is transferred 

from an object at a higher temperature to an 

object at a lower temperature. 

Specific Heat 

@ The specific heat of a material is the amount 

of thermal energy needed to raise the tem- 

perature of 1 kg of the material by 1°C. 

@ The change in thermal energy of an object can 

be calculated from this equation: 

Q= m(T, — 7,)C 

More Section Review fl.gpescience.com 

FeVIeLl 

Self Check 

. Explain how energy moves when you touch a block of 

ice with your hand. 

. Describe how the thermal energy of an object changes 

when the object’s temperature changes. 

. Infer When thermal energy flows between two objects, 

does the temperature increase of one object always 

equal the temperature decrease of the other? Explain. 

. Describe how the particles in matter move, using the 

assumptions of the kinetic theory. 

. Think Critically Explain whether or not the following 

statement is true: For any two objects, the one with the 

higher temperature always has more thermal energy. 

Applying Math 

. Calculate the change in thermal energy of the water 

in a pond with a mass of 1,000 kg and a specific heat 

of 4,184 J/(kg °C) if the water cools by 1°C. 

. Calculate the specitic heat of a metal if 0.5 kg absorbs 

9,000 J of thermal energy as it warms by 10°C. 
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Check for Understanding 
Linguistic Have students write 
three sample test questions about 
the information in this section, 

then have students exchange 
papers. Have students write a 
complete answer to the sample 
questions they now have. Ask 
students to return the papers to 
the original owner to check the 
answers. Answer any questions 

that students may have. 

Reteach 

Temperature, Thermal Energy, and 
Heat Have students form small 
groups and draw concept maps 
that connect the following quan- 
tities temperanine ssc ermal! 

energy, molecular motion, heat, 

mass, and specific heat. Students 
should use short phrases to label the 
links on their concept maps. 

Visial-Spatial 

é section 1G) 

1. Thermal energy transfers from your 
hand to the block of ice as the parti- 
cles in your hand strike the particles of 
ice where your hand touches the ice. 

2. Temperature is the average kinetic 

energy of the particles in the object. 
Kinetic energy is one of the compo- 

nents of thermal energy—as 

material. 

kinetic energy changes, thermal 

energy changes. 
3. No. The temperature change 

depends on the specific heat of each 

4. The particles in matter are con- 

stantly moving and colliding with 

other particles. 

review 

5. It is false. Thermal energy depends 
on the amount of material and the 
potential energy of the particles in 

the objects. 

6. —4,184,000J 
7. 1,800 J/(kg°C) 

me MA.B.2.4.1 

COW Re ge 

ry, Assessment 

Process Ask students to imagine 
that equal masses of water and 
alcohol are put into identical 
pans and heated for ten minutes. 
At the end of ten minutes, the 

alcohol has a higher tempera- 
ture. What does this tell you 
about the specific heat of alco- 
hol? The alcohol must have a lower 
specific heat since its temperature rose 

more with the same amount of thermal 
energy added. Use Performance 
Assessment in the Science 
Classroom, p. 89. 
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er 

a | 

Gea) An editable Microsoft® 
CHALKBOARD Cre 
Tarren LOwerPoint presenta- 

tion is available on Interactive 

Chalkboard CD-ROM. 

Motivate 

Bellringer 

Section Focus Transparencies 

also are available on the 

Interactive Chalkboard CD-ROM. 

[2] 

+) SSNS Water Works 
Transparency 

Sculptors use a variety of materials to create their works of art. 

Those who sculpt marble or wood expect their work to last for many 
years, Ice sculptors, on the other hand, know that the Sun will soon 
turn their intricate works into pools of water. 

1. What happens to molecules of water as ice melts? 

2. Why does snow melt when you hold it in your hand? 

3. What happens when water boils? 

Heatand States of Matter 

Reading Preview 

Tie to Prior Knowledge 

Temperature and Fuel Ask students 
if they have ever heard of fuel line 
freeze-up or vapor lock. In sum- 
mer, fuel can vaporize at a hot 
spot, partially filling a fuel line 
with vapor. In winter, water from 
condensation in the gasoline tank 
can freeze and block the fuel line. 
Discuss how temperature affects 
the state of matter of the fuel. 

Activate Background Knowledge 
Ask students if they have heard of 
plasma television sets and discuss 
what may be special about them. 
‘Tell them that the terms plasma, 
heat of fusion, and heat of vaporiza- 
tion have very narrow and exact 
meanings in science. Have 
students find these words in the 
text and read the definitions to a 
partner. 

tates of Matter 

What Vou'll Learn Why It’s Important ® Review Vocabulary 

® Describe the differences in the You can use energy that is lost or force: a push or a pull that one 

four states of matter. gained when a substance changes object exerts on another 
= Explain how the motion of parti- from one state to another. 

cles in a material changes at the New Vocabulary 
material's melting point and boil- @ plasma 

ing point. * heat of fusion 
® Explain why thermal expansion # heat of vaporization 

occurs. 

Four States of Matter 
Every day you encounter different states of matter. Your lunch 

probably includes a solid and a liquid, such as pizza and a drink. 
The air you breathe is a gas. The Sun, lightning, and fluorescent 
lights contain a fourth state of matter called plasma. The differ- 
ences between solids, liquids and gases are due to differences in 
the attraction between particles. 

Solid State The spacing between particles is different for 
solids, liquids, and gases, as shown in Figure 5. The particles of a 
solid are packed closely together and are constantly vibrating in 
place. Because the attractions between particles are strong, solids 
have a fixed volume and shape. 

Figure 5 In solids, strong attractive forces hold particles in place. Particles 
in liquids and gases do not have fixed arrangements. Particles are farther 
apart in gases than in solids and liquids. 

Solid Liquid 

260 CHAPTER9 Heat and States of Matter 

Section 2 Resource Manager 
Chapter Fast Fite Resources 

Directed Reading for Content Mastery, MiniLAB, p. 3 p20 
Lab Activity, pp. 9-12 Transparency Activity, pp. 47, 51-52 
Enrichment, p. 32 Physical Science Critical Thinking/Problem Solving, p. 3 
Reinforcement, p. 28 Cultural Diversity, pp. 27-28 
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Liquid State In a liquid the attractive forces between parti- 
cles are weaker than in a solid. The particles can slide past each 
other, allowing liquids to flow and take the shape of their con- 
tainer. However, the attractive forces are strong enough to cause 
particles to cling together. As a result, liquids have a definite vol- 
ume, but not a definite shape. 

ARS Te Be why do liquids flow? 

Gas State Ina gas, the particles are much farther apart than in 
a liquid or a solid. Because the particles are so far apart, the attrac- 
tive forces between them are weak. In a gas the forces between 
particles are so weak that the particles no longer cling together. As 
a result, gases do not have a definite shape or volume. 

Because the particles in a gas are so far apart, a gas contains 

mostly empty space. This means that the density of gases is 

much less than the density of solids and liquids. Also, the parti- 

cles in a gas will spread throughout a given volume until they are 

distributed evenly. This process is called diffusion. Diffusion 

also occurs in solids and liquids, but occurs much more rapidly 

in gases. 

ee NTEGHATE Plasma State The most common 
state of matter in the universe is the 

plasma state. Plasma is matter consisting of positively and neg- 

atively charged particles and does not have a definite shape or 

volume. It results from collisions between particles moving at 

such high speeds that electrons are knocked from the atoms, 

leaving only charged particles. All of the observed stars, includ- 

ing the Sun shown in Figure 6, contain plasma. Lightning bolts, 

neon and fluorescent tubes, and auroras 

also contain plasmas. 

Changing States 
If you hold an ice cube in your hand, 

you can see it change from a solid to a liq- 

uid. A liquid changes to a gas when a 
puddle of water disappears after a rain on 

a hot day. Adding thermal energy caused 

the solid ice to change to a liquid and the 

liquid water to become a gas. Changes in 

the thermal energy of a material can 

cause it to change from one state to 

another. 

Sciencap lie 
Topic: States of Matter 

Visit fl.gpescience.com for Web 

links to information about states of 

matter. 

Activity Create a slide presenta- 

tion about the states of matter 

using computer presentation 

software. 

Figure 6 The Sun and other 

stars contain matter that is in the 

plasma state. Plasma usually exists 

where the temperature is 

extremely high. 

Describe the plasma state. 
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Answer The particles have gained 
enough kinetic energy to partially 
escape the attractive forces in the solid. 

‘Ye Quick Demo 
Observing Salt Crystals 

Materials salt crystals, micro- 

scope or magnifying lens 

Estimated Time 10 minutes 

Procedure Have students observe 
the regular, cubic shape of salt 
crystals under a microscope or 
with a magnifying lens. 

Caption Answer 
Figure 6 matter consisting of positively 

and negatively charged particles 

Content 

Background 

Plasma Over 99% of the visible 
universe is composed of plasma, 
found mostly in interstellar space 
and stars. Here on Earth, small 

amounts of plasma are used in the 
production of microchips and 
semiconductors. The challenge of 
controlling a large quantity of 
plasma is the main stumbling 

block in the development of a 
nuclear fusion reactor. 

gas particles 

Materials balloon, vanilla flavoring, dropper 

Procedure Use a dropper to put five drops 

of vanilla into a balloon. Close the bottle 

of vanilla flavoring so that a minimum balloon. 

(> LAG DEMONSTRATION 
Purpose to demonstrate the movement of amout of vanilla odor is released. Blow up 

the balloon, tie it closed, then smell near 

the surface of the balloon. 

Expected Outcome Students will detect the 
aroma of vanilla as it evaporates inside the 

SE TE 

Assessment 
Ask the students why they can smell the 
vanilla near the surface of the balloon. The 

moving particles of vanilla passed between 
the molecules of the stretched balloon. 
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Use an Analogy 
Sporting Event States of matter 
are like the crowd at a sporting 
event. When seated, people are 
like particles in a solid. They can 
move in place but don’t go any- 
where. The people in the aisles 
are like particles in a liquid. 
They move past each other but 
aren’t free to move far apart. 

Upon reaching the parking lot, 
the people are free to disperse, as 
are particles in a gas. 

Activity 
Altitude and Cooking Have stu- 
dents examine the labels of foods 

such as cake mixes. On Earth, air 

pressure decreases as altitude 

increases. Have students deter- 

mine the effect of altitude on 

cooking time and temperature for 
these items. Linguistic 

Purpose Students observe 

changes in volume due to 

change in state. [2] TELL) 
Kinesthetic 

Materials plastic bowl or ice 

tray, marker or masking tape 

Teaching Strategies Warn the 
students to not fill the bowl or 

ice tray completely full. 

Analysis 

1. The level of the ice is higher than 
the level of the water. 

2. Particles in the solid state of water 

have more space between them 

than particles in liquid water. 

Assessment 

Process Have each student 
write up the procedure used 
and results obtained for this 
MiniLAB in a lab report. Use 
PASC, p. 119 

Comparing States 

of Water 

Procedure 

1. Fill a plastic bowl or ice 

tray with water. Mark 

the level of the top 

surface of the water 

with a marker or piece 

of masking tape. 

. Place the container ina 

freezer overnight. 

. Remove the container 

from the freezer and 

observe the level of the 

ice that has formed. 

Analysis 
1. How does the level of ice 

compare with the level of 

water that you placed in 

the container? 

. Explain why the level of 
ice is different from 

the level of 

the water. 

the surface of the liquid. 

evaporation. 

Figure 7 Boiling occurs throughout a liquid 

when the pressure of the pockets of gas forming 

in the liquid equals the pressure of the vapor at 

Explain the difference between boiling and 

Melting What causes an ice cube to melt into liquid water? As 

the temperature of the ice increases, its particles move faster, and 

the attractive forces between them aren’t strong enough to keep 

them in place. The particles can slip out of their ordered 

arrangement, and the ice melts. The temperature at which a solid 

begins to melt is its melting point. Energy is required for the par- 

ticles to slip out of the ordered arrangement. The amount of 

energy required to change | kg of a substance from a solid to a 

liquid at its melting point is known as the heat of fusion. 

Freezing The heat of fusion is also the energy released when a 

liquid freezes, or changes to a solid. If you lower a liquid’s tem- 

perature, you decrease its particles’ average kinetic energy, and 

they move slower. The attractive forces then are strong enough 

that the particles form an ordered arrangement. 

Vaporization As the temperature of a liquid increases, the 
particles in the liquid move faster. As the particles move faster 

and become farther apart, the forces between them can become 

so weak that the particles no longer cling together. Then vapor- 

ization occurs as liquid changes into a gas. Vaporization can 

occur within the liquid or at the surface of the liquid. 

Vaporization that occurs at the surface of a liquid is called evap- 

oration. Particles that enter the gas state have more energy than 

the particles left in the liquid. Evaporation causes the tempera- 

ture of the liquid to decrease. 

Boiling A second way that a liquid can vaporize is by boiling, 

shown in Figure 7. Unlike evaporation, boiling occurs throughout 

a liquid. It occurs only at a certain temperature depending on the 

pressure on the surface of the liquid. The boiling point of a liquid 

is the temperature at which the pressure of the vapor in the liquid 

is equal to the external pressure acting on its surface. This external 

pressure is a force pushing down upon a liquid, keeping particles 

from escaping. The heat of vaporization is the amount of energy 

required for 1 kg of the liquid at its boiling point to become a gas. 
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Differentiated Instruction 

English-Language Learners Ilave students make 

vocabulary study cards out of index cards. Have 
students write a vocabulary word in both lan- 

guages on one side of the card. On the other side, 

write the definition of the word in both lan- 

Caption Answer 
Figure 7 Evaporation is vaporization that occurs at the sur- 
face of a liquid. It can occur at temperatures below the liquid’s 
boiling point. Boiling is vaporization that occurs throughout 
the liquid at a specific temperature depending on the pressure 
at the surface of the liquid. 

guages. Make a card for each vocabulary word in 

the chapter. Use the cards to study for quizzes 

and tests. 
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Condensation The heat of vaporization is also the amount of 
energy released during condensation, when a gas changes into a 
liquid. You've probably seen condensation form on the sides of a 
glass of ice water on a hot day. The cold glass reduced the tem- 
perature of nearby water vapor. The average kinetic energy of the 
water particles decreased, and the water vapor changed to a lig- 
uid. As shown in Figure 8, dew also is the result of condensation. 

I% Reading Check | What change of state occurs during 
condensation? 

Heating Curve of a Substance A graph representing water 

being heated from —20°C to 120°C is shown in Figure 9. This 

graph is called a heating curve because it shows the temperature 

change of water as thermal energy is added. There are two areas 

on the graph where the temperature does not change. One is at 

0°C, where ice is melting. All of the energy absorbed by the ice at 

this temperature increases the potential energy of the water mol- 

ecules. This causes water molecules to move farther apart and 

weakens the forces between molecules. However, the average 

kinetic energy of the water molecules doesn’t change. As a result, 

the temperature remains constant during melting. 

After the ice melts completely, adding additional energy 

causes the water molecules to move faster so that the temperature 

of the water increases. At 100°C, the water changes from a liquid 

to a gas. As the water absorbs energy, only the potential energy of 

the water molecules increases and the temperature of the water 

doesn't change. After the liquid water has changed completely 

into a gas, the temperature of the gas increases as energy is added. 

The Heating Curve of Water 

Energy Added (J) 

_> Heat of fusion 

—20—10 0 10 20 30 40 50 60 70 80 90 100 110 120 

Temperature (°C) 

Figure 8 The formation of dew 

is an example of condensation. 

Dew forms when the air around 

matter, such as spider webs, cools 

enough so that water vapor in the 

air changes to a liquid. 

Identify the change in state that 

occurs when dew evaporates. 

Figure 9 This graph shows 

the heating curve of one gram of 

water from — 20°C to 120°C. Ata 

and c, the energy absorbed causes 

water molecules to move faster 

and so the temperature increases. 

At b and d, the water changes 

from one state to another. The 

added energy increases the poten- 

tial energy of the water molecules, 

but not the kinetic energy, so the 

temperature doesn’t change. 
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Cultural Diversity __ 
Sharing Languages In English-speaking countries, 

the three states of water are called ice, water, and 

water vapor. In Spanish-speaking countries the 

words are bielo, aqua, and vapor. If you have stu- 

dents in your class that speak other languages, ask 

them to share the terms they know with the class. 

Use Graphs Ask students to look at the graph 
in Figure 9 as they are reading Heating Curve 
of a Substance. Have them read the labels on 
both axis and the range of numbers on the 
scales. Ask them to notice the temperatures at 
which there are two “jumps” or “spikes” in the 
curve. What occurs at 0° and 100° centigrade? 

| ea ae fe aes 
eae at ee — 

| tures. In fact, when 

| ah icese Se 

[%, Reading Check 

Answer the gas state to the liquid state 

Visual Learning 
Figure9 Ask a volunteer to read 

aloud the section of the SE text 

that describes the graph while 
the rest of the students follow 

the graph with their fingers. 
Discuss with students the effect 

of adding heat to water at dif- 

ferent temperatures. PELL) 
Auditory-Musical 

| Steam Students may think that 
steam is water in the gaseous 

| state. Actually, steam is made 

of liquid water droplets that 
| have condensed from gaseous 
water vapor in the air. 

Caption Answer 
Figure 8 the liquid state to the gas state 

SECTION 2 States of Matter 263 



Discussion 
States of Matter Around Us Ask stu- 
dents to think about shopping 
malls and how different states of 

matter are used to decorate the 

mall and make shopping more 
pleasant. Items may include fountains 
(liquid), helium-filled balloons (gas), mar- 
ble floors (solid), and fluorescent and neon 
lighting (plasmas). 

Sweating and Evaporation If you 
| ask students whether sweating is 

a heating or cooling process, 
many may initially say it’s a 
heating process, thinking of the 
fact that they sweat when they | 
feel warm. Lead them to under- 

| stand that being warm causes 
the body to sweat in an effort to 
cool down; therefore, evapora- 

tion must be a cooling process. | 

Figure 10 This expansion joint 

enables the road surface on this 

bridge to expand without causing 

the road surface to crack or buckle. 

Figure 11 The liquid in the 

thermometer tube expands as its 

temperature increases. Because 

the tube expands much less than 

the liquid, the height of the liquid 

column increases as the tempera- 

ture increases. 

Thermal Expansion 
When you have gone over a highway bridge in a car, you 

might have noticed the gaps between sections of the bridge, such 

as the gap shown in Figure 10. This gap is called an expansion 

joint. The materials that make up the bridge and the road sur- 
face expand when they get warmer. Expansion joints provide 

space for these materials to expand on hot days without causing 

the materials to become warped or cracked. 

The Thermal Expansion of Matter The kinetic theory 
explains why an object expands when its temperature 

increases. According to the kinetic theory, the particles in an 

object are in constant motion. The speed of these particles 

increases as the temperature of the object increases. As the par- 

ticles move faster, the attractive forces between them become 

weaker and the distance between particles increases. The 

increased separation between the particles results in the 

expansion of the object and the size of the object increases. 

When a material cools, the particles in the material move more 

slowly and become closer together. As a result, the material 

contracts and its dimensions decrease. 

Thermal Expansion of Liquids The forces between the 
particles in liquids are usually weaker than the forces between 

the particles in a solid. As a result, the same temperature 

increase usually causes liquids to expand much more than 

solids. For example, the liquid in the thermometer shown in 

Figure 11 expands as its temperature increases. However, the 
dimensions of the glass tube containing the liquid hardly change 
at all. This causes the height of the liquid column in the tube to 
increase as the temperature of the liquid increases. If the glass 
tube expanded as much as the liquid, the height of the liquid 
column wouldn't change as the temperature changed. 
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Differentiated Instruction 

Challenge Find out what the concept of absolute 
zero means. How do real and ideal gases behave 
at absolute zero? Which two widely used temper- 

ature scales are absolute temperature scales? 

Prepare a report of your research findings about 
absolute zero and share it with your class. Kelvin 

and Rankine are absolute temperature scales. [L3] 

264 CHAPTERS Heat and States of Matter 



Thermal Expansion of Gases In a gas, the forces 
between particles are much weaker than they are in liq- 
uids. As a result, gases expand even more than liquids 
for the same increase in temperature. When thermal 
expansion occurs, the volume of the material increases. 
Recall that the density of an object is the mass of the 
object divided by its volume. Because the material’s 
volume has increased, but its mass hasn’t changed, the 
material becomes less dense as it expands. 

The decrease in density caused by thermal expansion 

enables the hot-air balloon in Figure 12 to rise. The air 

inside the balloon is heated by a burner. The hot air in the 

balloon expands and becomes less dense than the cooler 

air outside the balloon. As a result, the hot-air balloon is 

pushed upward by the denser, cooler air around it. 

How does the density of a material 

change when the material expands? 

Figure 12 The air inside the hot-air balloon 

expands as it is heated. Its density decreases 

and the balloon rises. 

section 

Summary 

Four States of Matter 

@ |n solids, particles are held in place by strong 

attractive forces. Solids have a definite vol- 

ume and shape. 

In liquids, the attractive forces are weaker and 

particles can move past each other. Liquids 

have a definite volume, but no definite shape. 

In gases, the attractive forces between 

particles are weakest. Gases have neither a 

definite volume nor shape. 

A plasma is made of electrically charged 

particles. 

Changing States 

® The heat of fusion is the amount of energy 

needed to change 1 kg of a material at its 

melting point from a solid to a liquid. 

@ The heat of vaporization is the amount of 

energy needed to change 1 kg of material at 

its boiling point from a liquid to a gas. 

More Section Review fl.gpescience.com 

Self Check 

. Compare and contrast solids, liquids, gases, and plasma. 

. Explain whether the temperature of a substance 

must increase when thermal energy is added to the 

substance. 

. Explain how the forces between water molecules in an 

ice cube change when the ice cube melts. 

. Think Critically The atmospheric pressure on a moun- 

tain peak is lower than the atmospheric pressure at sea 

level. Compare the boiling point of water at sea level to 

its boiling point on the mountain peak. 

Applying Math 

. Calculate the amount of thermal energy required to 

change a 0.45-kg block of ice at 0°C to water at 0°C if 

the heat of fusion of water is 334,000 J/kg. 

. Calculate The heat of vaporization for water is 

2.26 < 10° J/kg. What mass of liquid water at 100°C 
can be changed to water vapor at 100°C by adding 

1.0 < 10° J of thermal energy to the liquid water? 
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1. As the temperature increases, parti- 

cles move faster on average and 
become farther apart. The volume 

occupied by the particles increases 

but the mass of the particles doesn't 

change. As a result, the density 

decreases. weaker. 

Vie LU 
2. When a substance is undergoing a 

phase change, the temperature 
doesn’t change as thermal energy is 

added to the substance. 
3. When the ice cube melts, the forces 

between molecules become 

4. The boiling point at sea level is 

higher. 

5. (0.45 kg) (334,000 J/kg) = 150,000 J 
6. (1.0 X 10°J) / (2.26 X 10° 

J/kg) = 0.44 kg 

Be MA.B.2.4.1 

(%, Reading Check 

Answer it decreases 

Post Reading 

Essays Explain to students the 

concept of comparison and con- 
trast. Then, have them write an 

essay comparing and contrasting 
the effects of thermal expansion 
in solids, liquids, and gases. 

Model the format by showing 
them how they can write about 
each in a separate paragraph. 
Encourage them to support their 
points with everyday examples of 
thermal expansion. 

DAILY INTERVENTION 

Check for Understanding 
Visual-Spatial Have — students 
make an illustration showing 
how solid, liquid, and gas parti- 
cles behave and interact. 

Reteach 

Demonstrating the States of Matter 

Have students make a snow 

globe to model the behavior of 
solids, liquids, and gases. Have 
students use a small jar with a lid 

as the container. Fill the jar with 

enough glitter to cover the bot- 

tom of the jar to a depth of 1 cm. 
Fill the jar with water, mineral 

oil, or baby oil. The particles 
will move slower in oil. Have 

students use their snow globe to 

model the behavior of solids, liq- 

uids, and gases. 

Process Ask students to draw 
diagrams illustrating what deter- 
mines the boiling point of a 
liquid. At the boiling point, the 
pressure from molecules leaving 
the liquid to become gas is equal 
to the atmospheric pressure 
above them. Use PASC, p. 127. 
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INTERACTIVE. aq An editable Microsoft® 
CHALKBOARD 

PowerPoint® presenta- 

tion is available on Interactive 

Chalkboard CD-ROM. 

Bellringer 

Section Focus Transparencies 

also are available on the 

Interactive Chalkboard CD-ROM. 

PELL) 

engines use heat energy to produce steam that powers the locomotive. 
During the 1800s, steam engines were used in factories and mills and 
to propel boats and trains. 

1. What are some fuels that the engines might burn to create steam? 

2. Describe how liquid water is different from steam (gaseous water). 

3, What changes steam energy to mechanical energy in the 

locomotive? 

| Reading Preview 

Tie to Prior Knowledge 

Conductors Ask students if they 
have ever been burned by touch- 
ing a hot object. What type of 
material was the object made of? 

It probably was made of a good 
conductor that transferred its 
thermal energy to the student’s 

hand by conduction. 

Make Connections ‘Tell stu- 

What Nou Learn 

= Compare and contrast the trans- 

fer of thermal energy by conduc- 

tion, convection, and radiation. 

@ Compare and contrast thermal 

conductors and insulators. 

® Explain how thermal insulators 

are used to control the transfer of 

thermal energy. 

Figure 13 Conduction occurs 

within the metal of this pot as 

faster-moving particles transfer 

thermal energy when they collide 

with slower-moving particles. 

Transferring Thermal 
Energy 

Reading Guide 

Why it’s Important New Vocabulary 
e conduction 

@ convection 

e radiation 

e thermal insulator 

You must be able to control the flow 

of thermal energy to keep from 

being too hot or too cold. 

© Review Vocabulary 
density: the mass per unit volume 

of a substance 

Ways to Transfer Thermal Energy 
When water is heated on a stove or when a hot slice of pizza 

becomes cool enough to eat, thermal energy is transferred from 

one place to another. Thermal energy can be transferred from one 

place to another by conduction, convection, or radiation. 

Conduction 
According to the kinetic theory, particles in matter are 

always in random motion. Thermal energy can be transferred 

when particles collide. This transfer of ther- 

mal energy between colliding particles is 

conduction. Figure 13 shows a metal pot 

being heated over a fire. The metal atoms 

nearest the fire absorb the most thermal 

energy, causing their kinetic energy to 

increase. Kinetic energy is transferred when 

these faster-moving atoms collide with 

slower-moving particles. As these collisions 

continue, thermal energy is transferred 

throughout the pot. When thermal energy is 

transferred by conduction, it is transferred by 

the collisions between particles, not by the 
movement of matter. 

dents that thermal energy is 
common in our lives. On a stove, 

a pan gets hot by contacting a 
hot burner. This is conduction. 

In an oven, a red-hot coil cooks 
food by radiation. A convection 
oven cooks food by using a fan to 
move hot air around the oven. 
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Thermal Conductors Thermal energy can be transferred by 
conduction in all materials. However, the rate at which thermal 
energy is transferred depends on the material. A material in 
which thermal energy is transferred easily is called a thermal 
conductor. The conduction of thermal energy in solids and liq- 
uids is faster than in gases. Particles in gases are farther apart 
than in solids or liquids and collide less frequently. Therefore, 
gases are poorer thermal conductors than solids or liquids. 
Solids usually are better thermal conductors than liquids or 
gases. The best thermal conductors are metals. 

Convection 
Unlike solids, liquids and gases can flow and are classified as 

fluids. In fluids, thermal energy can be transferred by convec- 

tion. Convection is the transfer of thermal energy in a fluid by 
the movement of fluid from place to place. When convection 

occurs, particles with more energy transfer energy to other par- 
ticles in the fluid as they move from place to place. 

As the particles move faster, they tend to be farther apart. As 

a result, a fluid expands as its temperature increases. Recall that 

density is the mass of a material divided by its volume. When a 

fluid expands, its volume increases, but its mass doesn’t change. 

The density of the fluid therefore decreases. The same is true for 

parts of a fluid that have been heated. The density of the warmer 

fluid is less than that of the surrounding cooler fluid. 

Convection Currents The difference in densities between 
warmer and cooler fluids can cause convection currents to occur. 

Figure 14 shows the formation of convection cur- 

rents in a beaker of water that is being heated from 

the bottom. Warm water at the bottom of the beaker 

is less dense than the cooler water above it. Because 

the warmer water is less dense, it is forced upward by 

the sinking cooler water. As it rises, the warm water 

transfers thermal energy to the cooler water around 

it. When the warm water cools, it becomes denser 

than the surrounding warmer water and sinks to the 

bottom of the beaker. The rising and sinking water 

forms a convection current. In this way, convection 

currents transfer thermal energy by the movement 

of water from place to place. 

Figure 14 Convection currents 
result when heated fluid rises and 

cooler fluid sinks. 

Comparing Thermal 

Conductors 

Procedure Pi 
if Obtain a plastic spoon, 

a metal spoon, anda 

wooden spoon with 

similar lengths. 

. Stick a small plastic bead to 

the handle of each spoon 

with a dab of butter or 

wax. Each bead should be 

the same distance from the 

tip of the spoon. 

. Stand the spoons ina 

beaker, with the beads 

hanging over the edge of 

the beaker. 

. Carefully pour about 5 cm 
of boiling water in the 

beaker holding the spoons. 

Analysis 
1. Describe how heat was 

transferred from the water 

to the beads. 

. Rank the spoons in their 

ability to conduct heat. 
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Visual Learning 

Figure 13 Using the figure as a guide, have several 
students explain how heat travels from the bottom 
of the frying pan up to and through the handle. 

Use an Analogy 
Kicking a Soccer Ball Explain that 
transferring energy to a soccer 
ball by kicking it is similar to 
transferring energy by conduc- 
tion. A collision with a person’s 
foot causes energy to be trans- 
ferred to the soccer ball: 

Purpose Students observe the 

thermal conductivity of a metal- 
lic alloy, plastic, and wood. 

GD jh Kinesthetic 

Materials Each group will need: 
metallic, plastic, and wooden 
spoons (similar length), three 

small plastic beads, three small 
dabs of butter, beaker, and boil- 

ing water 

Teaching Strategies Have stu- 
dents place their beakers on 
paper towels to catch butter 
drips. 

Safety Precautions Students 
should be careful when han- 
dling boiling water. 

Analysis 

1. by conduction through the spoons 
and the butter 

2. metal, plastic, then wood 

Assessment 

Process Have students draw 

cartoons explaining why items 
in the kitchen are made of insu- 

lators or conductors. Use 

PASC, p. 133. J 
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NATIONAL 
GEOGRAPHIC 

Visualizing 
Convection Currents 

Have students examine the 

pictures and read the captions. 

NATIONAL 
GEOGRAPHIC VISUALIZING CONVECTION CURRENTS 

Figure 15 

hen the Sun beats down on the equator, warm, moist air begins to rise. 

As it rises, the air cools and loses its moisture as rain that sustains rain 

forests near the equator. Convection currents carry the now dry air far- 

ther north and south. Some of this dry air descends at the tropics, where it creates 

Then ask the following ques- a zone of deserts. 

tions. | 

Why does the air lose its mois- 

ture as it rises and cools at the 

equator? The water vapor in the air 
condenses as the air cools. 

Why does the dry air create a 

cone of deserts at the tropics? The 

dry air causes moisture to evaporate out 

of the ground. Since there is a continuous 
stream of hot, dry air that blows across 

the land, any water on the ground is | # 7 

vaporized and carried away. In addition = a Y Desert 

to this drying process, there is insuffi- ee ae 

cient rainfall to replenish the moisture. 

Desert 

W RAIN FOREST The rain 
forest zone forms a belt that 

encircles the globe on either 

side of the equator. The 

photograph below shows 

a rain forest near the Congo 

River in central Africa. 

Activity 
World Map Have students obtain 

or draw a world map. Ask stu- 
dents to locate and mark the 

equator and both tropics. Have 

them find the major rain forests 

and deserts of the world and 

mark them on their maps. |L2 

G® If} Visual-Spatial 

“) Quick Demo 
<2 Heat and Convection 

Materials three 250-mL beakers, 
one 600-mL beaker, food color- 

ing, dropper, hot plate, ice 

Estimated Time 10 minutes 

Procedure Fill the 600-mL 

beaker two-thirds full of ice. 

Put water in the small beakers. 

A DESERT Like many of the great 
desert regions of the world, the 

Sahara, in northern Africa, is largely 

a result of atmospheric convection 

currents. Here, a group of nomads 
ut gather near a dried-up river in Mali. 

Using the dropper, gently place E 
a drop of food coloring in the 
bottom of each beaker. Place 
one beaker on a hot plate, one - e ° 
on the ice, and one in your Differentiated Instruction y 
hand. Since heat causes convec- \a , 
tion to occur more rapidly, the 

food coloring will disperse 
more rapidly in the warmer 
beakers. 

Challenge Have students research the living con- Katee Reciprocal Teaching Have students read 
ditions of the people in the desert areas discussed 

Visualizing Convection Currents. Ask them to 

study this global weather pattern until they can 
explain it in their own words to a partner. 

in this feature. Students should find out how they 

obtain food, shelter, and how they cope with 

their harsh conditions. Ask students to give an 

oral report of their findings to their class. |L2 

Auditory-Musical 
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Deserts and Rain Forests Earth’s atmosphere is made of Use Science Words 
various gases and is a fluid. The atmosphere is warmer at the : Word Origins Have students look 
equator than it is at the north and south poles. Also, the atmos- | up the origins of the words conduc- 
phere is warmer at Earth’s surface than at higher altitudes. These: tion, convection, and radiation in a 

temperature differences create convection currents that transfer : dictionary. Students should find 
thermal energy to cooler regions. Figure 15 shows how these : that the words come from the 
currents create rain forests and deserts in different regions. Latin roots conducere (to lead), con- 

an vehere (to bring together), and 

Radiation radius (ray), respectively. Ask vol- 
eee dt ew a . unteers to cc : ing of 

Earth is warmed by energy from the Sun, but how does that connect the meaning 

energy travel through space? Almost no matter exists in the :; Figure 16 Notall of the Sun’s eee yore vay eee y 2] bEL LY 

space between Earth and the Sun, so thermal energy cannot be : radiant energy reaches Earth’s sur- | Linguistic 

transferred by conduction or convection. Instead, the Sun’s : face. Some of it is reflected or 
energy reaches Earth by radiation. : absorbed by the atmosphere. Even 

Radiation is the transfer of energy by electromagnetic : Some of the radiation that reaches 
waves. These waves travel through space even when no matter is Earth’s surface is reflected. 

present. Energy transferred by radiation often is called radiant 

energy. When you stand near a fire, much of the warmth you feel 

is caused by radiation transferring thermal energy to your skin, 

Radiation can pass through solids, liquids, and gases, but the 

transfer of energy by radiation is most important in gases. 
Radiation Students may confuse 
radiation as a form of thermal 

energy transfer with nuclear 
Radiant Energy and Matter When radiation strikes a 
material, some energy is absorbed, some is reflected, and some 

may be transmitted through the material. The amount of energy 
that does each depends on the material. Light-colored materials 

reflect more radiant energy, while dark-colored materials are 

more absorbent. When a material absorbs radiant energy, its 

thermal energy increases. Figure 16 shows what happens to 

radiant energy from the Sun as it reaches Earth. 

For example, when a car sits out in the Sun, some of the 

Sun’s radiation passes through the car windows. Materials 
inside the car absorb some of this radiation and become hot. 

The Flow of Thermal Energy 
You do a number of things every day to control the 

flow of thermal energy. When it’s cold outside you 

radiation or radioactivity. Both 
types of radiation involve the 
sending of energy as waves or 
particles. In nuclear radiation, 
radioactive nuclei of atoms 
break down and emit particles 
and electromagnetic waves. In 
thermal radiation, matter emits 

electromagnetic waves of much 
lower frequency. 

& Insulation How do the 
wear a coat. You use an oven mitt when handling a gaeopnete Ped Ne eR rae its coe 

hot dish. In each case, you use an insulating material Absorbed by iateriaiecontnnree 

to help reduce the flow of thermal energy. Your atmosphere 

coat keeps you warm by reducing the flow of ther- 

mal energy from your body to the surrounding as 

air. The oven mitt keeps your hand from being ‘ } 

burned by reducing the flow of thermal energy SS ue 4 

from the hot dish to your hand. : os : “Absorbed by 

; Earth 

Differentiated Instruction 

Learning Disabled Obtain samples of insulation 
materials for students to observe. Point out the 
air pockets in the insulation samples for students 
to see. Materials may include fiber fill, fleece, and 
building insulation. If fiberglass is used, put the 
sample in a plastic bag to protect the students. 
Do not allow students to remove the material 
from the bag. .2] TELL) Visual-Spatial 
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rv, Reading Check 

Answer Airis a good insulator. It reduces 

the rate at which thermal energy is trans- 

ferred to the colder outside. 

Post Reading 

Chart Text Allow students to 

work in groups to create charts that 
compare the action of particles and 
states of matter in conduction, 

convection, and radiation. Instruct 

students that each chart should 

contain a variety of methods of 
presenting the information, such as 
direct quotes from the text, para- 

phrases, or illustrations. 

axa 
DAILY INTERVENTION 

Check for Understanding 
Interpersonal Have students quiz 
one another on the three means 

by which thermal energy is 
transferred. conduction, convection, 

radiation [L2] TN 

Reteach 

Heat Transfer Have students brain- 

storm about which method of 

thermal energy transfer would 

most concern an astronaut float- 

ing in space. Thermal energy radiated 
between the suit and outer space would be 
of serious concern. [L3 Logical- 
Mathematical 

(EN Ji, PPR SE Pp BRT BBE 
™ Assessment 

Oral Have students describe the 

forms of thermal energy transfer 

they might experience when they 
go to a beach or pool on a hot day. 
How might they use insulation to 
increase their comfort? Answers 
might include conduction from 
hot sand or concrete, convection 
while in the water, and radiation 
from the Sun. Insulators could 
include sandals and a towel. Use 
PASC, p. 89. 

Figure 17 The fibers of this 
insulating material contain air 

spaces that are good thermal 

insulators. They reduce the rate 

at which thermal energy flows in 

the material. 

Summary 

| Conduction 

| © Conduction is the transfer of thermal energy by 

collisions between particles. 

+ @ Conduction occurs in solids, 

Metals are the best conductors of heat. 

Convection 

® Convection is the transfer of 

by the movement of warme 

material. 

® Convection occurs in fluids. Rising of warmer 

fluid and sinking of cooler fluid forms a 

convection current. 

Radiation 

® Radiation is the transfer of energy by electro- 

magnetic waves. 

Thermal Insulators 

| @ Thermal energy moves slow 

insulators. Thermal insulators are used to 

Thermal Insulators 
A jacket and an oven mitt are examples of ther- 

mal insulators. A material in which thermal energy 

moves slowly is a thermal insulator. Examples of 

materials that are thermal insulators are wood, 

some plastics, fiberglass, and air. Materials that are 

good conductors of thermal energy, such as metals, 

are poor thermal insulators. 

Gases, such as air, are usually much better ther- 

mal insulators than solids or liquids. Some types of 

insulating material contain many pockets of 

trapped air. These air pockets are poor conductors 

of thermal energy and also keep convection currents from form- 

ing. Winter jackets often are made of insulating materials con- 

sisting of fibers, like the ones shown in Figure 17, that trap air 

and hold it next to you. This trapped air slows the flow of your 

body heat to the colder air outside the jacket. Gradually, the air 

trapped by the material is warmed by your body heat. 

Underneath the jacket you are wrapped in a blanket of warm air. 

(% Reading Chec Why is a material that traps air a good insulator? 

Self Check 

. Explain why convection can occur in fluids but not in 

solids. 

. Explain why the air temperature near the ceiling of a 

liquids, and gases. room tends to be warmer than near the floor. 

. Predict whether plastic foam, which contains pockets 

of air, would be a good conductor or a good insulator. 

thermal energy . Describe how a convection current occurs. 

r and cooler 5. Think Critically Several days after a snowfall, the roofs 

of some homes on a street have almost no snow on 

them, while the roofs of other houses are still snow 

covered. Describe what would cause this difference. 

Applying Math 

. Calculate Solar Radiation Averaged over a year in the 

central United States, radiation from the Sun transfers 

about 200 W to each square meter of Earth’s surface. 

If a house is 10 m long by 10 m wide, how much solar 

energy falls on the house each second? 

ly in thermal 

control the flow of thermal energy. 
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. In solids, particles are held in place by 

strong forces and vibrate about a 
fixed position. The particles in a fluid 
can move throughout the fluid. 4. 

2. In warm air particles are farther 
apart, making the warm air less 
dense than the cool air. 
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: CF ecriol review 
3. It would be a good insulator, 

because thermal energy would move 5. 
slowly through the air pockets, 
If the fluid is heated from below, 

the warmer fluid rises. Cooler fluid 6 

sinks to the bottom where it is 

heated, and then rises. The process 

continues until all the fluid is at the 

same temperature, 
The snow-covered houses are better 

insulated. Not enough thermal 
energy escaped to melt the snow. 

» (200 W) / (1 m’) = x/ (100 m?); x 

= 20,000.W 

Be MA.B.1.4.2 



A hawk gliding through the sky will rarely flap 

its wings. Hawks and some other birds conserve 

energy by gliding on columns of warm air rising 

up from the ground. These convection currents 

form when gases or liquids are heated unevenly 

and the warmer, less dense fluid is forced 

upward. 

© Real-World Problem 
How can convection currents be modeled and 

observed? 

Goals 

@ Model the formation of convection currents 

in water. 

@ Observe convection currents formed in 

water. 

@ Observe convection currents formed in air. 

Materials 
burner or hot plate 500-mL beaker 

water black pepper 

candle 

Safety Precautions a Pa SE 

WARNING: Use care when working with hot 

materials. Remember that hot and cold glass 

appear the same. 

© Procedure 
1. Pour 450 mL of water into the beaker. 

2. Use a balance to measure 1 g of black pepper. 

3. Sprinkle the pepper into the beaker of water 

and let it settle to the bottom of the beaker. 

— cSnvection in Gases 
and Liduids 

4. Heat the bottom of the beaker using the 

burner or the hotplate. 

5. Observe how the particles of pepper move 

as the water is heated and make a drawing 

showing their motion in your Science Journal. 

6. Turn off the hot plate or burner. Light the 

candle and let it burn for a few minutes. 

7. Blow out the candle and observe the motion 

of the smoke. 

8. Make a drawing of the movement of the 

smoke in your Science Journal. 

© Conclude and Apply 
1. Describe how the particles of pepper 

moved as the water became hotter. 

2. Explain how the motion of the pepper par- 

ticles is related to the motion of the water. 

3. Explain how a convection current formed in 

the beaker. 

4. Explain why the motion of the pepper 

changed when the heat was turned off. 

5. Predict how the pepper would move if the 

water were heated from the top. 

6. Describe how the smoke particles moved 

when the candle was blown out. 

7. Explain why the smoke moved as it did. 

ommunicating 
ml Your Data Ba 

Compare your conclusions with other 

students in your class. 

LAB 271 

‘v, Assessment ommunicating 
Process Ask each student to make an events chain Your Data ) 

for each of the convection currents observed. Use 

Performance Assessment in the Science 

Classroom, p. 163. GD jf} Visual-Spatial 

Have each group observe the convection current patterns 

created by the experiments of other groups. Ask students 

to explain any differences in results. 

© Real-World 
Problem 

Purpose Students will model 
and observe convection currents. 

TELL) Kinesthetic 

Process Skills make models, 
observe, record data, predict 

Time Required one class period 

Alternate Materials Other 
fine-grained spices that are 
insoluble in water can replace 
the black pepper. 

Safety Precautions Caution 
students never to taste foods 

during science class. Caution 

them not to touch the hot plate 
when it is on. 

© Procedure ——— 

Teaching Strategy Ask stu- 
dents to bring insoluable particles 
from home to be used during 
their experiments. 

© Conclude and 

Apply 
1. The particles swirled upward. 
2. As the water heated, the convection 

currents in the water carried the 

black pepper upward. 

3. The water was hotter in the bottom of 

the beaker because it was nearer the 

heat source. The hot water rose in the 

beaker and the cold water sank. 

4. There was no longer a temperature 
gradient in the beaker, so convection 
stopped. 

5. The pepper would stay on the top 
because hot water is less dense than 

cold water. 

6. The smoke rose as long as there was 
a heat source. The rise of the smoke 

became slower as the wick cooled. 

7. Smoke particles were carried upward 

by the convection currents in air. 
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An editable Microsoft® 

PowerPoint® PowerPoint’ Pi ; 

tion is available on Interactive 

Chalkboard CD-ROM. 

presenta- 

Bellringer 

Section Focus Transparencies 

also are available on the 

Interactive Chalkboard CD-ROM. 

PELL) 

4 erie One Small Step 
Transparency | 

From a farm in Massachusetts, Robert Goddard launched the first 
liquid-powered rocket in 1926. Using liquid oxygen and gasoline as 
propellants, the small rocket rose to 41 feet, arched over, and landed 
in a cabbage patch. The flight lasted only 2.5 seconds, yet it was the 

beginning of the rocket age. 

1. When you heat a liquid, what happens? 
2. When you heat a gas, what will it do? 
3, Why do you think gases are cooled to a liquid state for use i 

rocket fuel? 

Tie to Prior Knowledge 

Energy Sources Have students 
identify the energy sources and 
the types of energy used in their 
home heating systems. From a 
class poll, rank the energy 
sources from most used to least 

used. Compare and contrast 

some of the common energy 

sources mentioned. 

What Nou Learn 
@ Describe the first and second 

laws of thermodynamics. 

= Explain how an internal combus- 

tion engine converts thermal 
energy to mechanical energy. 

@ Describe how the entropy of the 

universe changes when any event 

occurs. 

Figure 18 Ina forced-air 
system, heated air is blown 

through ducts that lead to 

rooms in the building. 

Reading Guide Me FCAT Vocabulary 

® Review Vocabulary 

work: the product of the force 

exerted on an object and the 

distance the object moves in the 

direction of the force 

Why It’s Important 

Imagine your life without heating 

systems, cooling systems, or Cars. 

New Vocabulary 

% first law of thermodynamics 

# second law of thermodynamics 

@ entropy 

How is thermal energy used? 
If you’ve ever lit a campfire to keep warm or turned on a 

stove to boil water, you've used thermal energy. Heating a house 

and using a gasoline engine to mow a lawn are other ways that 

thermal energy is used. Sometimes thermal energy is transferred 

to an object to heat it, as when water is boiled or a room is 

heated. Sometimes thermal energy is converted into work. 

Heating Systems 
Almost everywhere in the United States a heating system is 

needed to make indoor temperatures comfortable on cold days. 

Heating systems add thermal energy to the interiors of rooms. The 

best heating system for a building depends 

on the local climate and how the building is 

constructed. 

Forced-Air Systems The most common 
type of heating system in use today is the 

forced-air system, as shown in Figure 18. In 

this system, fuel is burned in a furnace and 

heats a volume of air. A fan blows the heated 

air through a series of large pipes called 

ducts. The ducts lead to openings called 

vents in each room. Cool air is returned 

through additional vents to the furnace, 
where it is reheated. 
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Structural Word Analysis Ex- 
plain the parts of the word 
thermodynamics. Thermo- means 
“heat” and dynamics means “con- 
tinuous changes.” Laws of 
thermodynamics are universal 
rules about the continuous 
process of heat transfer in matter. 

Chapter Fast Fire Resources 

Enrichment, p. 34 

Reinforcement, p. 30 

Directed Reading for Content Mastery, 
pp. 22-23 
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‘Transparency Activity, p. 49 

Lab Worksheets, pp. 7— 

Home and Community Involvement, p. 25 



Radiator Systems Before forced-air systems were widely 
used, many homes and buildings were heated by radiators. A 
radiator is a closed metal container that contains hot water or 
steam. The thermal energy contained in the hot water or steam 
is transferred to the air surrounding the radiator by conduction. 
This warm air then moves through the room by convection. 

In radiator heating systems, fuel burned in a central furnace 
heats a tank of water. A system of pipes carries the hot water to 
radiators in the rooms of the building. After the water cools, it 
flows through the pipes back to the water tank, and is reheated. 

Electric Heating Systems Unlike forced-air and radiator 
systems, electric heaters, like the one in Figure 19, convert elec- 

trical energy to thermal energy. In an electric heating system, 
electrically heated coils placed in floors and in walls heat the sur- 

rounding air by conduction and convection. Electric heating sys- 

tems are not as widely used as forced-air systems. However, in 

warmer climates the walls and floors of some buildings may not 

be thick enough to contain pipes and ducts. Then an electric 

heating system might be the only practical way to provide heat. 

Thermodynamics 
There is another way to increase the thermal energy of an 

object besides heating it. Have you ever rubbed your hands 

together to warm them on a cold day? Your hands get warmer and 

their thermal energy and temperature increase. You did work on 

your hands by rubbing them together. The work you did caused 

the thermal energy of your hands to increase. Thermal energy, 

heat, and work are related. The study of the relationship among 

thermal energy, heat, and work is thermodynamics. 

Heating and Work Increase Thermal Energy You can 
warm your hands by placing them near a fire. Thermal energy is 

added to your hands by radiation. You can make your hands 

even warmer by rubbing them together and holding them near 

a fire. Both the work you do and energy from the fire increase 

the thermal energy of your hands. 
In the example above, your hands can be considered as a 

system. A system can be a group of objects, such as a galaxy or 

a car’s engine, or something as simple as a ball. In fact, a system 

is anything you can draw a boundary around. The energy trans- 

ferred to a system is the amount of energy flowing into the 

system across the boundary. Heating a system transfers energy 

to the system. The work done on a system is the work done by 

something outside the system’s boundary. 

Figure 19 Electric heaters 
convert electrical energy to 

thermal energy. Thermal energy 

is transferred to the room mainly 

by radiation and convection. 

Thermodynamics and 

the Steam Engine By 

the end of the eighteenth 

century, the steam 

engine was being used 
in manufacturing and 

transportation, leading 

to a wide-spread change 

in society called the 

industrial revolution. A 

young French engineer 

named Sadi Carnot 

(1796-1832) studied 

how the efficiency of 

steam engines could be 

improved. His work pro- 

vided the basis for the 

development of thermo- 

dynamics by others in 

the nineteenth century. 

Research the life of Sadi 

Carnot and write a para- 

graph describing the 

results of his studies. 
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Cultural Diversity Science Journal 

Home Heating Have students find out how the Heating Systems Have students investigate the 

2 Teach 

Discussion 

HeatingWater Why is water rather 
than other fluids used in home 

heating systems? The specific heat of 
water is high compared with that of other 
fluids. Thus, it carries more thermal energy 
per unit of mass and loses it more slowly, 
keeping the room warm longer. [L2| 
Logical-Mathematical 

fey" Quick Demo 
Observe Radiant Heating 

Materials electric space heater 

Estimated Time five minutes 

Procedure Bring a small electric 

space heater to class. Plug the 
heater in and have students put 
their hands near the heater to feel 

the thermal energy. Explain to 
students that the wires become 

hot because of their electrical 

resistance. Thermal energy is 
transferred to the room by radia- 

tion. A small fan in some heaters 

helps transfer the thermal energy 
into the room. 

Thermodynamics and the Steam 
Engine Carnot’s great contribu- 
tion “that | i¢avem | birtheto 
thermodynamics was the idea 
that the etiiciencys solsany 
engine, such as a steam engine, 

that relies on the transfer of 
thermal energy to do work is 
limited by the temperature dif- 
ference between the “hot” input 
and “cold” output. The greater 
the ratio of input to output tem- 
peratures (measured on the 

Kelvin scale), the greater the 
engine’s ideal efficiency. How- 
ever, no engine can convert 
100% of its input thermal 

types of heating that are common in your area 
and why they are common. Find information 

about initial cost, efficiency, and maintenance 

energy to useful work. To do so 

would require that the cold out- 

put temperature be OK, or 
absolute zero. 

Inuit use convection currents to regulate tem- 

perature inside igloos. The Inuit make the 

entranceways to their igloos lower than the 

inside. Because cold air is denser than warm air, requirements of different systems. Have students 

the coldest air in the igloo sinks into the — write their findings in their Science Journals. 

entranceway, leaving the warmer air inside the Linguistic 

igloo. Logical-Mathematical 
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Passive Solar Heating 

Purpose ‘Io research, explore, 
and observe passive solar heating, 
have students design and con- 
struct box models of buildings 
that include design elements for 
assive solar heating. TELL) 

Kinesthetic 

Possible Materials small boxes 
such as shoe boxes, cardboard, 

assorted sheets of colored paper, 
clear sheeting such as overhead 
transparencies, insulating materi- 
als, resources to research passive 
solar heating 

Estimated Time two weeks out- 
side class time 

Teaching Strategies 

¢ Compass orientation of the 
building can maximize Sun 
exposure. 
* Students should have windows 
exposed to the Sun to collect 
solar energy. 
* Buildings should be insulated 
to retain thermal energy. 
* Windows should have provi- 
sions for blocking the Sun during 
the summer to maintain comfort 
in the building. 
* The color and type of flooring 
materials should be considered 
for thermal energy absorption. 
¢ Students may provide a way to 
test their design. Have students 
take temperature measurements 
to show that a comfortable tem- 
perature is maintained. 

* Students may find other design 
elements that should be included 
during their research. 

For additional inquiry activities, see 
Science Inquiry Lab Manual. 

Answer According to the first law of 
thermodynamics, the increase in ther- 
mal energy of the cool object equals the 
decrease of thermal energy of the warm 
object. 

Thermal 

energy transferre 

Figure 20 A bicycle air pump 

can be a system. Work is done on 

the system by pushing down on 

the handle. This causes the pump 

to become warm and thermal 

energy is transferred from the 

system to the air around it. 

Infer if the air pump Is an open or 

a closed system. 

Scienceg NG 
Topic: Solar Heating 

Visit fl.gpescience.com for Web 

links to information about heating 

systems that use solar energy to 

heat buildings. 

Activity Draw a diagram show- 

ing how an active solar heating 

system is used to heat a home. 

The First Law of Thermodynamics According to 

the first law of thermodynamics, the increase in ther- 

mal energy of a system equals the work done on the sys- 

tem plus the thermal energy transferred to the system. 

Doing work on a system is a way of adding energy to a 

system, as shown in Figure 20. As a result, the temper- 

ature of a system can be increased by heating the sys- 

tem, doing work on the system, or both. The first law of 

thermodynamics is another way of stating the law of 

conservation of energy. The increase in energy of a sys- 

tem equals the energy added to the system. 

Closed and Open Systems A system is an open 
system if thermal energy flows across the boundary or 

if work is done across the boundary. The energy of an 

open system can change. If no thermal energy flows across the 

boundary and no outside work is done, the system is a closed 

system. According to the first law of thermodynamics, the 

thermal energy of a closed system doesn’t change. Energy might 

change form within the system, but the total energy of the 

system doesn’t change. 

The Second Law of Thermodynamics When thermal 
energy flows from a warm object to a cool object, the first law of 

thermodynamics is satisfied. The increase in thermal energy of 
the cool object equals the decrease in thermal energy of the 

warm object. Energy is neither created or destroyed. 

= How does the flow of thermal energy from a 
i warm object to a cool object satisfy the first law 

of thermodynamics? 

Can thermal energy flow spontaneously from a cool object 

to a warm object? This never happens, but it doesn’t violate the 

first law of thermodynamics. The first law requires only that 

energy be conserved. The first law would be satisfied if the 

decrease in thermal energy of the cool object equaled the 
increase in thermal energy of the warm object. 

However, the flow of thermal energy spontaneously from a 

cool object to a warm object never happens because it violates 

another law—the second law of thermodynamics. One way to 

state the second law of thermodynamics is that it is impossible 

for thermal energy to flow from a cool object to a warmer object 

unless work is done. For example, if you hold an ice cube in your 

hand, no work is done. As a result, thermal energy flows only 
from your warmer hand to the colder ice. 
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Differentiated Instruction 

Challenge ‘The statement that thermal energy can 
be made to flow from the cool refrigerator to the 

warm room only if work is done is one way to state 

the second law of thermodynamics. Have students 

find out who first stated the second law of thermo- 

dynamics and how he stated it. Have students 

was first stated by Rudolph Clausius and Lord Kelvin and was 
based on work done by Sadi Carnot. Clausus’ version of the sec- 
ond law says it is impossible for any self-acting machine 
unaided by external agency to convey heat from a body at one 
temperature to another at a higher temperature. 
Linguistic 

write a brief report. The second law of thermodynamics 
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Converting Thermal Energy to Work | =e 
If you give a book sitting on a table a push, the book slides for Fun Fact 

a while and then stops. Friction between the book and the table: 
converts all of the work you did on the book into thermal energy. H ee a ue feats 
Is it possible to convert thermal energy completely into work? Even : | UE ML) TSG MIL Gis 
though this process wouldn't violate the first law of thermody- : | ele WOME Vee 
namics, it violates the second law of thermodynamics. No device HOSES AL EUS), UCD 
or process can convert thermal energy completely into work. tons In the EUG cylinders are in 

: different positions. 

Heat Engines A device that converts thermal energy into 
work is called a heat engine. A car’s engine is a heat engine. It con- 
verts some of the thermal energy produced by burning fuel into | Discussion 
work that causes the car to move. However, only about 25 percent 

of the thermal energy in the burning fuel is converted into work. 

The rest of the thermal energy is transferred to the air surround- 

ing the engine. When thermal energy is converted into work, 

Types of Engines Would you prefer 
to own a car with a four-cylinder, 

six-cylinder, or eight-cylinder 
engine? Why? Answers will vary and 

some thermal energy always is transferred to the surroundings. may include concerns about fuel use, 

: : | acceleration, and power going uphill. 
Internal Combustion Engines The heat engine ina car is : TNateeatene Bea : 
an internal combustion engine, in which fuel is burned inside : Figure 21 The up-and-down 

the engine in chambers or cylinders. Each cylinder contains a : movement ofa piston in an auto- Activit 

piston that moves up and down. Each up or down movement of : mobile engine consists of four : y 

the piston is called a stroke. Automobile and diesel engines make : _ separate strokes. The four strokes Invention s Impact Have students 

four different strokes, as shown in Figure 21. > forma cycle that is repeated many write short paragraphs in their 
Science Journals “about the 

impact of the internal combus- 

Intake valve Fuel-air mixture Spark plug Exhaust valve tion engine on everyday lite: 

Afterward, have the class gener- 
ate a list of all the applications of 
this technology they wrote 
about. The list could include 
cars, tractors, lawn mowers, 
cement tracks, moving vans, and 

airplanes. Linguistic 

times each second by each piston. 

if 
7" 

= | 

& 

Intake stroke Compression stroke Power stroke Exhaust stroke 

The intake valve opens as The intake valve closes as A spark plug ignites the As the piston moves up, 

the piston moves down- the piston moves upward, fuel-air mixture. The hot the exhaust valve opens, 

ward, drawing gasoline compressing the fuel-air gases expand, pushing the and the hot gases are 

and air into the cylinder. mixture. piston down. pushed out of the cylinder. 
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Visual Learning 

Figure 21 Read aloud the descriptions of each of 

the cycles in a four-cycle engine. Ask students to 

trace on the diagram each process as you read it. 

Auditory-Musical 

The maximum efficiency possible for any heat engine 
is called the ideal efficiency and depends only on the 
highest and lowest temperatures in the engine cycle. 
The ideal efficiency of a four-cycle gasoline engine, 
such as those used in cars, is between 40 and 50%. 
This means that regardless of the engine’s design, it 

can never be more efficient than this. 
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Seats 

Make a Model 

Heat Pumps Have students work 

in small groups to 

tally tem- 
ne ow to the. skin is 

y adjusted. When the / 
nt is too cold, blood qs 

ae from the skin and 

en ore vital “organs. When 
e ‘environment is 

ee 
ergy can be exchanged 

hot, ‘more 

gee 

aed | 

look up heat 
pumps and then draw two dia- 
grams: one showing how a heat 

pump cools during Warm 

weather, and the second show- 

ing how a heat pump warms 
during cool weather. 

Visual-Spatial COOP LEARN 

Reading Strategy 

Séquence Have students read 

the passage Refrigerators and then 
write the sequence of coolant flow- 
ing through the parts of a refriger- 
ator. Tell students that sequenced 
text sometimes has signal words, 

such as first, second, third, next, 

then, and finally. Have students 

write the steps of the cooling cycle 
using 
words. 

appropriate sequencing 

Freezer 

unit 

Coolant 

vapor 

Expansion 
valve 

Coolant 

liquid 
Condenser 

coils 

Heat into room 

Figure 22 A refrigerator does 
work on the coolant in order to 

transfer thermal energy from 

inside the refrigerator to the 

warmer air outside. Work is done 

when the compressor compresses 

the coolant, causing its tempera- 

ture to increase. 

A 

Moving Thermal Energy 
How do refrigerators stay cold? The 

second law of thermodynamics prevents 

thermal energy from spontaneously flow- 

ing from inside the refrigerator to the 

warmer room. However, the second law of 

thermodynamics allows thermal energy to 

be moved from a cold area to a warmer 

area if work is done in the process. A 

refrigerator does work as it moves thermal 

energy from inside the refrigerator to the 

warmer room. The energy to do the work 

comes from the electrical energy the refrig- 

erator obtains from an electric outlet. 

Coolant 

vapor 

Refrigerators A refrigerator contains 

a coolant that is pumped through pipes 

in the refrigerator. The coolant is a spe- 
cial substance that evaporates at a low 

temperature. Figure 22 shows how a 

refrigerator operates. Liquid coolant is 

pumped through an expansion valve and changes into a gas. 

When the coolant changes to a gas, it cools. The cold gas is 

pumped through pipes inside the refrigerator. The coolant 

absorbs thermal energy and the inside of the refrigerator cools. 

The gas then is pumped to a compressor that does work by 

compressing the gas. This makes the coolant gas warmer than 

the room. The warm gas then flows through condenser coils. 

There thermal energy flows from the gas to the air in the 

room. Some of this thermal energy is the thermal energy the 

coolant gas absorbed from inside the refrigerator. As the gas 

gives off thermal energy, it cools and changes into a liquid. 

Then liquid coolant is changed back into a gas, and the cycle 
is repeated. 

Compressor 

Entropy 
According to the laws of thermodynamics, work can be con- 

verted completely into thermal energy, but thermal energy can’t be 

converted completely into work. What prevents thermal energy 

from being converted completely into work? The answer has to do 
with entropy. Entropy is a measure of how spread out, or dis- 
persed, energy is. Entropy increases when energy becomes more 
spread out and less concentrated. Converting thermal energy com- 
pletely into work causes energy to become less spread out and 
more concentrated. As a result, entropy decreases. 
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Differentiated Instruction 
English-Language Learners ‘lo 

process. 
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help 

© Post Reading | 

Cooperative Groups Have students form 
groups of four or five. Ask for volunteers who feel 
they understand the Internal Combustion Engines 
passage to lead their group in a discussion or expla- 
nation of the internal. combustion engine. Ask them 
to talk about why some cars have four, six or eight 
cylinders. 

students 

understand the refrigeration cycle, have them 

construct a simple diagram or schematic of the 
Students should identify where heat 

transfers occur. CELL) Visual-Spatial 



Entropy Always Increases All events that occur, such as the 
production of work in an automobile engine, must obey the 
entropy principle. According to the entropy principle, all events 
that occur cause the entropy of the universe to increase. This 
means that all events cause energy to spread out and become less 
concentrated. Figure 23 shows how the potential energy stored in 
a ball becomes less concentrated when the ball is dropped and hits 
the ground. 

How does an automobile engine cause entropy to increase? 
The energy source in an automobile engine is the chemical poten- 
tial energy concentrated in the gasoline in the fuel tank. When 
gasoline is burned in the cylinders, 75 percent of the thermal 
energy produced is not converted into work, but spreads out into 
the air surrounding the car. Because energy becomes more spread 
out, entropy increases. However, the energy that becomes spread 
out is no longer useable. Any event that occurs causes the amount 

Potential 
energy Ss oY é 

y ; 

J 
Bis 

Thermal 
energy 

Figure 23 When the ball hits 
the ground, the potential energy 

it initially had is converted into 

thermal energy. This thermal 

energy spreads out and becomes 

less concentrated. This causes 
of useable energy to decrease. 

Section 

Summary 

Heating Systems 

®@ A forced-air heating system uses a fan to force air 

heated by a furnace through a system of ducts. 

® Heating systems transfer thermal energy to 

rooms by conduction and convection. 

Thermodynamics 

® The first law of thermodynamics states that 

the increase in thermal energy of a system 

equals the work done on the system plus the 

thermal energy added to the system. 

@ One way to state the second law of therrnody- 

namics is that thermal energy will not flow 

from a hot to a cold object unless work is done. 

Converting Thermal Energy to Work 

® The second law of thermodynamics states 

that thermal energy cannot be converted 

completely into work. 

Entropy is a measure of how spread out or 

dispersed energy is. Entropy increases when 

thermal energy is produced in an energy 

transformation. 

According to the entropy principle, all events 

that occur cause the entropy of the universe 

to increase. As a result, the amount of usable 

energy decreases. 

More Section Review fl.gpescience.com 

entropy to increase. 

{| reVIeLU 

Self Check 

. Explain how the thermal energy of a closed system 

changes with time. 

. Compare and contrast a forced-air heating system 

with a radiator system. 

. Explain whether or not a heat engine could be made 

100 percent efficient by eliminating friction. 

. Explain Use the entropy principle to explain why 

thermal energy can never be converted completely 

into work. 

. Think Critically Suppose you vigorously shake a bottle 

of fruit juice. Predict how the temperature of the juice 

will change. Explain your reasoning. 

Applying Math 

. Calculate Change in Thermal Energy You push down 

on the handle of a bicycle pump with a force of 20 N. 

The handle moves 0.3 m, and the pump does not 

absorb or release any thermal energy. What is the 

change in thermal energy of the bicycle pump as a 

result of the work you did on it? 

. Calculate Work The thermal energy released when a 

gallon of gasoline is burned in a car's engine is 140 mil- 

lion J. If the engine is 25 percent efficient, how much 

work does it do when one gallon of gasoline is burned? 
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DAILY INTERVENTION 

Check for Understanding 
Logical-Mathematical Have stu- 
dents work in small groups to 
think of as many ways as they 
can to keep a house warmer in 
the winter and then categorize 
those ways according to energy 

Reteach 

Four-Stroke Engine Have students 
make flash cards with the names 
of the strokes of the four-stroke 
cycle of an internal combustion 
engine. On the reverse side of the 
card, have them write descrip- 
tions of that stroke. Partners can 
then test each other by shuffling 
the cards and sequencing them by 
both name and description. 

Linguistic 

1. Inaclosed system, no thermal energy 
flows across the boundary and no 
work is done across the boundary. 
The thermal energy stays constant. 

2. Both systems rely on fuel as the 
source of energy. In a forced air sys- 

tem, the burning fuel heats the air 
directly which is then blown to the 

section qi 

areas to be heated. In a radiator sys- 

tem, the fuel heats water that is 
pumped to the heated areas, which 

then heats the air in the room. 4 

3. The second law of thermodynamics 
states that it is impossible to build a 

device that is 100% efficient. 
Increasing the temperature of the 

revielw 

100% efficient. 

burning gases can increase the effi- 
ciency, but the engine will never be 

Complete conversion of thermal 
energy to work would concentrate 
energy rather than spreading it 

out, a violation of the fact that 
entropy, or the diffuseness of 

Portfolio Have students make 
posters or drawings showing 
thermal energy flow in any of 
the heating or cooling systems 
or engines studied. Some may 
be simpler than others, but all 
should show areas of high and 
low temperature and direction 
of thermal energy flow. Use 
Performance Assessment in 
the Science Classroom, p. 177. 

Visual-Spatial 

energy, always increases. 
5. The temperature of the juice will 

increase because you do work on the 
juice as you shake It. 

6. W=Fd=(20N)(0.3 m) =6Nm= 
6) 

7. (0.25)(140,000,000 J) = 35,000,000 J 

Be MA.B.1.4.2 
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Video Lab available for this Lab. 

@® Real-World 
Problem 

Purpose Students will observe 
how thermal energy is trans- 
ferred by conduction in liquids 
and gases Kinesthetic 

Process Skills collect data, 
measure, make and use tables, 

record data, make and use 

eraphs, interpret data 

Time Required 80 minutes 

Alternate Materials The knife 
used for cutting the foam cup 
should have a thin blade. A 
kitchen paring knife works well, 
but scissors are an acceptable sub- 
stitute. 

Safety Precautions Students 
should be careful while handling 
hot liquids. Caution them to use 
care while cutting with the knife. 
Number the knives and collect 
them before the end of class. 

© Procedure ——— 

Teaching Strategies 

¢ Have students work in small 

groups for this lab. Two 
students can call out the tem- 

perature readings as another 
student records them. 

Remind students that thermal 

energy transfer by conduction 
occurs by touch. The particles 
have to touch in order for con- 

duction to occur. 

Goals 
@ Measure temperature 

changes in air near a 

heat source. 

m@ Observe conduction of 

heat in air. 

Materials 
thermometers (3) 

foam cups (2) 

400-mL beakers (2) 

burner or hot plate 

paring knife 

thermal mitts (2) 

Safety Precautions 

WARNING: Use care when 

handling hot water. Pour 

hot water using both 

hands. 

C@nduction in Gases 
® Real-World Problem — 
Does smog occur where you live? If so, you may have experienced a 

temperature inversion. Usually the Sun warms the ground and the air 

above it. When the air near the ground is warmer than the air above, 

convection occurs. This convection also carries smoke and other gases 

emitted by cars, chimneys, and smokestacks upward into the atmos- 

phere. If the air near the ground is colder than the air above, convec- 

tion does not occur. Then smoke and other pollutants can be trapped 

near the ground, sometimes forming smog. How do the insulating 

properties of air cause a temperature inversion to occur? 

© Procedure 
1. Using the paring knife, carefully cut the bottom from one 

foam cup. 

2. Use a pencil or pen to poke holes about 2 cm from the top and 

bottom of each foam cup, as shown in the photo. 

3. Turn both cups upside down, and poke the ends of the 

thermometers through the upper holes and lower holes, so 

both thermometers are supported horizontally. The bulb end 

of each thermometer should extend into the middle of the 

bottomless cup. 
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—Alternativednqui 
Weather Research ‘Jo extend this lab into an 
Inquiry Lab, have students research the effects of | storms, cloud formations, or any other suitable 
convection of energy on weather patterns. ‘Topics 

to research may include explaining typical local 
weather patterns, tornados, hurricanes, Chinook 
winds, trade winds, ocean currents, weather in 
relation to geographic features (such as moun- 

tains or plains), the ocean’s effect on weather, hail 

topic. Have students explain the phenomenon 
using an experiment, poster, model, or computer- 
generated presentation and written or oral 
descriptions. 
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© Analyze Your Data ——— 
1. 

4. Heat about 350 mL of water to about 80°C in one of the beakers. 

. Place an empty 400-mL beaker on top of the bottomless cup. Record the 
temperatures of the two thermometers in a data table like the one shown here. 

- Add about 100 mL of hot water to the empty beaker. After one minute, record 
the temperatures of the thermometers in your data table. 

- Continue to record the temperatures every minute for 10 min. Add hot water as 
needed to keep the temperature of the water at about 80°C. 

Air Temperatures in Foam Cup 

Lower Thermometer (°C) Time(min) — Upper Thermometer (°C) 

0 

] 

2 Measured temperatures will vary. 

3 

4 

5 

Graph the temperatures measured by the upper and lower thermometers on 

the same graph. Make the vertical axis the temperature and the horizontal 

axis the time. 

. Calculate the total temperature change for each thermometer by subtracting 

the initial temperature from the final temperature. 

. Calculate the average rate of temperature change for each thermometer by 

dividing the total temperature change by 10 min. 

© Conclude and Apply ——— 
1 . Explain whether convection can occur in the 

foam cup if it’s being heated from the top. 

2. Describe how heat was transferred through 

the air in the foam cup. 

3. Explain why the average rates of temperature 

change were different for the two 

thermometers. 

ommunicating 
Your Data J 

Compare your results with other students 

in your class. Identify the factors that 

caused the average rate of temperature 

change to be different for different groups. 

LAB 279 

(We Rccacemant 
r™, Assessment 

Oral Ask students to use the kinetic theory to 

explain why thermal energy transfers in the follow- 

ing order: from fastest to slowest solids, liquids, and 

gases. Use Performance Assessment in the 

Science Classroom, p. 143. 

ommunicating 
mm Your Data 

have occurred? 

Have students compare results with other groups and_| 
discuss differences noted. Why might these differences 

© Analyze Your 
Data 

Expected Outcome The heat 
source is at the top of the 
container. Thermal energy 
transfer by convection cannot 
occur, therefore the thermal 

energy transfer must occur by 
conduction. 

Answers to Questions 

1. Check students’ graphs. 
2. Answers will vary. Check students’ 

work. 
3. Answers will vary. Check students’ 

work. 

Error Analysis Have each group 
compare its results with those of 
another group. If the data dis- 
agree, have students list reasons 
for the discrepancy. 

© Conclude and 

Apply 7 
1. No; ifthe cup is heated from the top, 

the air at the top becomes warmer 
and less dense than the air below. As 
a result, this air does not sink and 
transfer thermal energy to the cooler 
air below. 

2. Because convection could not occur, 
thermal energy was transferred by 
conduction in the air. 

3. The thermometer at the top was 

closer to the hot water, so it took less 
time for thermal energy to be trans- 
ferred to the air around it. Thermal 
energy had to be transferred by con- 
duction to the lower thermometer. 
Because thermal energy moves slowly 
through air, it took more time for 
thermal energy to reach this ther- 
mometer and the temperature 
change of this thermometer occurred 
more slowly. 
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Content Background 
The energy in the Sun is gener- 
ated by the fusion of hydrogen 
atoms to form helium. Since the 
Sun is composed primarily of 
hydrogen atoms, the fuel for this 

reaction is readily available. The 
energy radiated from the Sun 
provides Earth with an environ- 
ment that can support life as we 
know it. The Sun_ provides 
energy for photosynthesis to 
occur, which provides a food 
source for many organisms. It 
provides thermal energy, which 
combined with our atmosphere 
and water sources, provides a 
moderate temperature range 
that supports life. Despite all of 
these uses of solar energy, a large 
portion of the energy that 
arrives on Earth’s surface is not 
used. Scientists are developing 
technology to enable people to 
use more of the Sun’s energy. 

Activity 
Solar Energy Have _ students 

research the various ways people 
use solar energy. Students should 

make oral presentations to share 

their information with their class. 

[L2| |) Auditory-Musical 

Differentiated 
Instruction 

Challenge Solar energy from the 
Sum travels at a speed of 

299,274 km/s. Express this 

number in scientific notation 

using three significant digits. 
3.00 X 10° km/s Express — this 

number in m/s using three sig- 

nificant digits and_ scientific 

notation. 3.00 < 10° m/s 

280 CHAPTER9 Heat and States of Matter 

...- When a space shuttle 
reenters Earth’s atmosphere at 

Surprising 

more than 28,000 km/h, its outer 

surface is heated 

by friction to 

nearly 1,650°C. 

This temperature 

is high enough to 

melt steel. 

Thermal Energy 
Did you know... 

... The average amount of solar 
energy that reaches the United States each 

year is about 600 times greater than the 

nation’s annual energy demands. 

... Alightning bolt heats the 
air in its path to temperatures of 
about 25,000°C. That’s about 4 times 

hotter than the average temperature 

on the surface of the Sun. 

. The highest recorded temperature on Earth is 58°C and the lowest is 

—89°C. What is the range between the highest and lowest recorded 

temperatures? 

. What is the average temperature of the surface of the Sun? Draw a 

bar graph comparing the temperature of a lightning bolt to the tem- 

perature of the surface of the Sun. 

. The Sun is almost 150 million km from Earth. How long does it take 

solar energy to reach Earth if the energy travels at 300,000 km/s? 

280 CHAPTER 9 Heat and States of Matter 

Applying Math 

Teaching Strategies 

¢ Review with students how to find range for 

question I. 

¢ Discuss which units should be used to mark 

the y-axis on the bar graph for question 2. 

¢ Provide graph paper to assist the students with 
question 2. 

Answers 

1. 147°C MA.E.1.4.2 

2. 6,250°G Check students’ graphs. Be MA.E.1.4.1 
3. 500s = 8 min, 205 me MA.B.1.4.2 



chapter 

Section 1 | Temperature and Thermal 
Energy 

1. According to the kinetic theory, all matter is 

made of constantly moving particles that 

collide without losing energy. 

2. The temperature of a material is a measure 

of the average kinetic energy of the parti- 
cles in the material. 

3. The thermal energy of an object is the total 

kinetic and potential energies of the parti- 

cles in the object. 

4. Heat is thermal energy that flows from a 

higher to a lower temperature. 

5. The specific heat is the amount of energy 

needed to raise the temperature of 1 kg of 
a substance by 1°C. 

“Section 2 States of Matter 

1. The states of matter are solid, liquid, gas, 

and plasma. 

2. Changes of state can be interpreted in 

terms of the kinetic theory of matter. 

3. Most matter expands 

when heated and 

contracts when 

cooled. An expansion 

joint allows concrete 

to expand and con- 

tract without damage. 

Section 3 | Transferring Thermal 
; Energy 

1. Conduction occurs when thermal energy is 

transferred by collisions between particles. 

Matter is not transferred. 

interactive Tutor fl.gpescience.com 

Study Guide 
i 

2. Convection occurs in a fluid as warmer and 

cooler fluid move from place to place. 

3. Radiation is the transfer of energy by elec- 

tromagnetic waves. Radiation can transfer 

energy through empty space. 

4. Thermal energy flows more quickly in 

materials that are conductors than in 

insulators. 

5. Some insulating materials contain pockets 

of air that reduce the flow of thermal 

energy. 

Section 4 | Using Thermal Energy 

1. According to ' : 

the first law of 

thermodynam- 
ics, the increase 

in the thermal 

energy of a sys- 

tem equals the 

work done and 

the amount of 

thermal energy 

added to the 

system. 

2. The second law 

of thermody- 

namics states 

that thermal 

energy cannot flow from a colder to a hot- 

ter temperature unless work is done. 

3. Any event that occurs decreases the amount 

of usable energy and increases the entropy 

of the universe. 

Use the Foldable that you made at the begin- 

ning of this chapter to help you review thermal energy. 

chapter A) 

Study Gide 

Reviewing Main Ideas 

Summary statements can be 
used by students to review the 
major concepts of the chapter. 

Sciencep INC 

Visit fl.gpescience.com 

More Section Review 

Interactive Tutor 

Vocabulary PuzzleMaker 

More Chapter Review 

Standardized Test Practice 

Assessment Transparency 
For additional assessment ques- 
tions, use the Assessment 

Transparency located in the trans- 
parency book. 

Assessment 

1, Which hypothesis is probably being tested by this experiment? 

A Different metals conduct heat at different rates. 

B Brass conducts heat better than any other metal. 

C Metals are good insulators. 
D Different kinds of wax melt at different rates, 

2. According to the diagram, which metal conducts heat BEST? 

F Aluminum 
G Nickel 

H Iron 

} Copper 

3. Most metals will have all of the following properties EXCEPT __. 
A shiny luster 
B good conductor of heat 

C solid at room temperature 
ID good insulators 

Heat and States of Matter 

7 Have students use 

their Foldables to 

review the content of the chap- 

ter. On the back of the paper, 
have students write a paragraph 
comparing and contrasting tem- 

perature and thermal energy. 

CHAPTER STUDY GUIDE 281 



chapter a 

Review “= 

1. heat 

2. Temperature 

. specific heat 

4. conduction 

5. Kinetic theory 

6 

ws 

. radiation 

8. C 130 

one 14. A 

10. C 15. B 

11. C 

16. See student page. 

282 CHAPTER9 Heat and States of Matter 

conduction p. 26 kinetic theory p.254 

convection p. 267 plasma p, 261 

entropy p.2/6 radiation p. 269 

¥ first law of # second law of 

thermodynamics p.274 thermodynamics p.274 

heat p.25 specific heat p. 257 

# heat of fusion p. 262 temperature p 

thermal energy p. 256 

thermal insulator p. 270 

¥ heat of vaporization p. 262 

# Kelvin p.255 

# FCAT Vocabulary 

Complete each statement using a word or phrase 

from the vocabulary list above. 

1. Thermal energy that is transferred from 

warmer to cooler materials is 

2. _______ is a measure of the average 

kinetic energy of the particles in a material. 

3. The energy required to raise the tempera- 

ture of 1 kg of a material 1°C is a material’s 

4, In ______, thermal energy is transferred 
by the collisions between particles, not by 

the transfer of matter. 

5. _____ is the theory used to explain the 

behavior of particles in matter. 

6. The transfer of energy by electromagnetic 

waves 1s 

Choose the word or phrase that best answers the 

question. 

7. Which is NOT a method of heat transfer? 

A) conduction © radiation 

B) convection D) specific heat 

8. Which state of matter is made of electrically 

charged particles? 

A) gas 

B) liquid 

C) plasma 

D) solid 

282 CHAPTER REVIEW 

9. During which phase of a four-stroke 

engine are waste gases removed? 

A) combustion stroke 

B) exhaust stroke 

C) intake stroke 

D) power stroke 

Use the table below to answer question 10. 

Latent Heats 

Substance ) peat et 
Fusion (J/g)  Vaporization (J/g) 

Ethanol 109 838 

Water 334 2,258 

Aluminum 397 10,900 

Propane 61 387 

10. Which material would require the least 

11. 

12. 

13. 

amount of energy to change 1 kg froma 

solid to a liquid? 
A) aluminum ©) propane 

B) ethanol D) water 

Which of the following is a measure of the 
average kinetic energy of the particles in 

an object? 

A) potential energy 

B) specific heat 

C) temperature 

D) thermal energy 

Which of these is NOT used to calculate 

change in thermal energy? 

A) mass 

B) specific heat 

C) temperature change 

D) volume 

Which of the following processes does NOT 

require the presence of particles of matter? 
A) combustion 

B) conduction 

©) convection 

D) radiation 

Vocabulary PuzzleMaker fl.gpescience.com 

Use the ExamView® Pro Test Bank CD-ROM to: 

* create multiple versions of tests 

create modified tests with one mouse click for inclusion students 

edit existing questions and add your own questions 

* build tests aligned with state standards using built-in State 
Curriculum ‘Tags 

change English tests to Spanish with one mouse click and vice versa 



14. 

has 

16. 

hie 

18. 

Which of the following is the name for 
thermal energy that is transferred only 
from a higher temperature to a lower 
temperature? 

A) heat 

B) kinetic energy 
QC) potential energy 

D) solar energy 

According to the entropy principle, any 

event that occurs in the universe must 

cause which of the following to happen? 

A) energy to become more concentrated 

B) energy to become less concentrated 

© total amount of energy to increase 

D) total amount of energy to decrease 

Interpreting Graphics 

Copy and complete this concept map. 

Thermal 
Energy 

Thermodynamics 

relates 

Thermal 

Energy 

Transfer 

Thinking Critically , 

Explain On a hot day a friend suggests that 

you can make your kitchen cooler by leav- 

ing the refrigerator door open. Explain 

whether leaving the refrigerator door open 

would cause the air temperature in the 

kitchen to decrease. 

Explain Which has the greater amount of 

thermal energy, one liter of water at 50°C 

or two liters of water at 50°C? 

More Chapter Review fl.gpescience.com 

19. Explain whether or not the following state- 

chaprer @Q® Review 

ment is true: If the thermal energy of an 
object increases, the temperature of the 
object must also increase. 

20. Predict Suppose a beaker of water is heated 

from the top. Explain which is more likely 

to occur in the water—thermal energy 

transfer by conduction or convection. 

21. Classify Order the events that occur in the 

removal of thermal energy from an object 

by a refrigerator. Draw the complete cycle, 

from the placing of a warm object in the 
refrigerator to the changes in the coolant. 

Applying Math 

Use the table below to answer questions 22 to 24. 

Specific Heat of Materials 

Specific Heat 

(/kg°Q) 

Water 4184 

Copper 385 

Silver 235 

Graphite 710 

Iron 450 

Material 

. Calculate Thermal Energy How much ther- 

mal energy is needed to raise the tem- 

perature of 4.0 kg of water from 25°C 

to yo Ge 

. Calculate Temperature Change How does 

the temperature of 33.0 g of graphite 

change when it absorbs 350 J of ther- 

mal energy? 

. Calculate Mass A certain mass of water 

gains 1,673 J of thermal energy when 

its temperature increases by 2.0°C. 

What is the mass of the water? 

CHAPTER REVIEW 283 

‘Tl Assessment 

\@iy Reproducible Masters 
| Chapter Fast File Resources 

Chapter Review, pp. 39-40 

Chapter Tests, pp. 41-44 
Assessment Transparency Activity, p. 53 

Glencoe Science Web site 

Chapter Review Test 

Standardized Test Practice 

Glencoe Technology 

é Assessment Iransparency 

® ExamView® Pro Testmaker 
OD MindJogger Videoquiz 
©® Interactive Chalkboard 

Cheaper A) 

17. |t would not cool the kitchen. The 

thermal energy from the kitchen that 
is transferred to the refrigerator 

coolant would be transferred back to 

the kitchen from the condenser coils. 

18. Thermal energy is the sum of the 
kinetic and potential energy of the 
water molecules. Doubling the 
amount of water will double the 
amount of thermal energy. 

19. Itis not true. The increase in thermal 
energy may increase the potential 
energy so that the temperature 
remains unchanged. 

20. If the water is heated from the top, 

conduction will occur instead of con- 
vection. The warm water on the top 

is less dense than the cooler water 
below and will not sink. 

21. Thermal energy transferred from the 
warm object to the coolant in the 
refrigerator, coolant is compressed 
and the temperature rises, thermal 
energy transferred from the warm 
coolant to the outside air, the coolant 

expands as it passes through expan- 

sion valve and cools. 

Applying Math 

Math Standards 
National: 2,9 

Florida: MA.B.1.4.2 

22. Q = m (Thnal — Tinitiat) C 
= (4.0 kg) (50°C (4, 184)/kg°Q 

= 836,800 J 

23. increases by 14.9°C 

24. 1,673 J = m (2°C) (4.184 J/kg°C) 

m = 0.20 kg 

CHAPTER REVIEW 283 



«eg chapter 

Standardized Test Practice 

Answer Sheet An answer sheet 

can be found at fl.gpescience.com. 

Standardized Test Practice Answer Sheet 

"Multiple Choice 

02000 @o006 

(Multiple Choice 

1.C 

2.8 

3. A 

4.A 

5. A 

6.A 

284 STANDARDIZED TEST PRACTICE 

Standa 

¢ Multiple Choice 

Use the graph below to answer questions 1 and 2. 

State Changes of Water 

Temperature (°C) 

Ny, 
10 20 30 40 50 60 70 80 90 100 250 

Heat (kJ) 

1. At which points on the graph is the average 

kinetic energy of the water molecules 

increasing? 

A. FandG 

B. Gand kK 

Cc. Fand H 

D. Handk 

t SC.B.1.4.3 ] 
2. At which points on the graph is the poten- 

tial energy of the water molecules increas- 

ing, but the average kinetic energy is not? 

A. FandG 

B. Gand K 

Cc. Fand H 

D. Handk 

Test-Taking Tip _ 

Read Carefully Read all choices before answering the question. 

284 STANDARDIZED TEST PRACTICE 

rdi 

Record your answers on the answer sheet provided by your teacher or on a sheet of paper. 

The assessed Florida Benchmark appears above the question. 

zed Test Practice 

3. Which is the term for the amount of energy 

required for | kg of a liquid at its boiling 

point to become a gas? 

A. heat of vaporization 

B. diffusion 

C. heat of fusion 

D. thermal energy 

Use the table below to answer questions 4 and 5. 

Material Specific Heat 

U/kg °O)] 

Copper 385 

Gold 449 

Lead 129 

Tin 228 

Zinc 388 

4. According to the table above, a 2-kg block 

of which of the following materials would 

require 898 J of heat to increase its temper- 

ature by 1°C? 

A. gold 

B. lead 

Cc. tin 

D. zinc 

5. Which of the following materials would 

require the most heat to raise a 5-kg sample 

of the material from 10°C to 50°C? 

A. gold 

B. lead 

Chim 

D 5 PANNE 



Standardized A) 

__lest Practice_ 
chapter 

Standardized Test Practice 

riaaged Response 

Use the figure below to answer question 6. koh Short Response 7. Q = (0.0245 kg) (21.5°C — 
perils tide st bot 30.0°C)( 897 vilkg °C) = 187) 

t SC.B.1.4.3 ] 8. 695.72 

9. Explain how the temperature and thermal 

energy of an object are related. ~~ Short Response 

ata 10. What property of water makes it useful as 9. Temperature is a measure of the 
a coolant? average kinetic energy of particles 

in a substance. Thermal energy is 
INQUIRE the combined kinetic and potential 

| =| “Extended Response energies due to the random motion 
nner, of the particles in a substance. 
Use the figure below to answer question 11. 

10. It has a high specific heat, meaning 
it can absorb thermal energy with- 
out a large change in temperature. 

6. The illustration above shows the particles 

in a material being heated at one end. 

Thermal energy is transferred from the 

warmer part of the material to the cooler 

part. What heat transfer process is occur- 

ring int the material? 

© Extended Response _ 

11. Part A: Measuring the temperature 

change and mass of the water 
allows the calculation of the 
amount of thermal energy trans- 

ferred between the sample and the 

water. The thermal energy trans- 
ferred to the water equals the 

11. The figure shows a calorimeter that is used thermal energy transferred from the 

=f (~~ Gridded Response to measure the specific heat of materials. sample. 
: ae Part B: Insulating the calorimeter 

PARTA Explain why it is necessary to 
e minimizes the thermal energy lost 

measure the temperature change of sive 
. to the surrounding air. Lost thermal 

A. conduction 

. convection B 

C. radiation 

D . entropy 

7. The temperature of a 24.5-g block of alu- the water when using a calorimeter 
; tke ° Fee i : energy would lower the measured 

minum decreases from 30.0°C to 21.5°C. to measure the specific heat of a ; 

: et oe temperature change in the water 
If aluminum has a specific heat of 897 material. 

J/(kg °C), what is the change in thermal and lead to a low value for the sam- 
Save : : PARTB Explain why the calorimeter must t 

energy, measured in joules, of the block of paca hae Gomme rounding: ple’s specific heat. 
Ap nee . ae 12. Convection is the transfer of energy 

he diff b ey WIE i 12. Explain how changes in a fluid’s density ina fluid by the movement of the 
rence betwee > boiling p ’ : fits 

ee Pole on! enable convection currents to occur. heated particles. When a fluid is 
and the freezing point of potassium is 

695.72 K. What is this difference in 

degrees on the Celsius temperature scale? 

heated, the particles move faster. 
As the particles move faster, they 

tend to be farther apart. The fluid 
expands as its temperature 

increases. The volume of the fluid 

increases, but its mass remains 

Rubrics unchanged. The result is that the 
density of the fluid decreases. 
Convection occurs when the 

warmer, less-dense fluid rises above 

the cooler, denser fluid. This fluid 

then cools and sinks when it 

becomes denser than the surround- 

ing fluid. 

~ 

Standardized Test Practice fl.gpescience.com STANDARDIZED TEST PRACTICE 285 

For more help evaluating 
Short- and Extended-Response 
questions, see the rubrics on 

Dok 
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Eieplen 7 Organizer, 
PRIESTS IE ROE ESL ~ 

Section/Objectives 

Chapter Opener 

J 

StF DOSE BIOL ER ALIN TEES SEL ELLE TELNAES 

Standards 

National 

See pp. 161-171 fora 

Key to Standards. 

State/Local 

Labs/Features 

Launch LAB: How do waves transfer 

energy?, p. 287 

Foldables, p. 287 

Section 1 The Nature of Waves National Content Florida Visualizing Formation of Ocean 

@ session Standards: Benchmarks Waves, p. 292 

cp UCP.1-3, UCP.5, A.1,| SC.B.1.4.1, Science Online, p. 293 

5 block A.2,B.2, B.4, B.5,B.6| SC.D.1.4.2 

1. Recognize that waves transfer energy but not 

matter. 
2. Define mechanical waves. 

3. Compare and contrast transverse waves and 
compressional waves. 

Section 2 Wave Properties National Content | florida ne Observing Wavelength, 

@  2sessions Standards: Benchmarks: p. 295 

cp rriet UCP.1-3, UCP5, A.1, SC H.1.4.1, Integrate Social Studies, p. 297 

of A.2,B.2,B.4, B.6 SGI 4e7 Applying Math: The Speed of 

4. Define wavelength, frequency, period, and Sound, p. 297 
amplitude. Lab: Wave, Speed and Tension, 

5. Describe the relationship between frequency p. 300 
and wavelength. 

6. Explain how a wave's energy and amplitude 

are related. 

7. Calculate wave speed. 

Section 3 The Behavior of Waves National Content | Florida Science Online, p.305 

@ 3 sessions Standards: Benchmarks: Integrate Health, p. 307 

UCP.1-—3, UCP5, A.1,| SC.H.1.4.1 MiniLAB: Experimenting with 
©P 15 blocks A.2, B.2, B.4, B.5, B.6,| SC.H.1.4.2, Resonance, Ste : 
8. State the law of reflection. G3 SG. Gelkc-5 Lab: Measuring Wave Properties, 
9. Explain why waves change direction when SC.H.1.4 pp. 310-311 GH Video Lab 

they travel from one material to another. SGir2 4A, Science and History: Making Waves, 

10. Compare and contrast refraction and SCH34.2 p.312 
diffraction. SC.H.3.4.5 

11. Describe how waves interfere with each other. SEH3.4,6 
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Lab Materials Reproducible Resources 

niNorksa— 
Section Assessment 

r 
r 

2 

Glencoe Exclusive! 

Teacher Works = 
All-In-One Planner and Resource Center 

Technology 

Launch Lab: Chapter Fasr Fire Resources JeacherWorks includes: 
4 marbles, textbook, pen Foldables Worksheet, p. 17 — © \ * Interactive Teacher Edition 
or pencil Directed Reading Overview, ASSESSMENT * Lesson Planner with calendar 

p.19 Orn oy * Access to all program blacklines 
Note-taking Worksheets, NTP * Correlations to standards 

pp. 33-35 + Web links 

Chapter Fasr Fire Resources Portfolio & Section Focus Transparency 

Transparency Activity, p.44 Assessment, p. 293 ®) Interactive Chalkboard 

Need materials? Enrichment, p. 30 Performance ye CD-ROM 
Contact So Reinforcement, p. 27 Applying Math, p. 293 °) StudentWorks Plus 

an 1-800-828_9> Kit Directed Reading, p. 20 Content 

WWw.sciencekit Leo Cultural Diversity, p. 43 Section Review, p. 293 

: Science Inquiry Labs, pp. 25-26 

Reading and Writing Skill 
Activities, p. 7 

MiniLAB: pie plate, water Chapter Fasr Fite Resources Portfolio & Section Focus Tra nsparency 

Lab: coiled-spring toys, Transparency Activity, p. 45 Make a Model, p. 298 & Teaching Transparency 
stopwatch, meterstick MiniLAB, p. 3 Performance ©) Virtual Lab CD-ROM 

Enrichment, p. 31 MiniLAB, p. 295 ©) |nteractive Chalkboard 

Reinforcement, p. 28 Applying Math, p. 297 CD-ROM 
Directed Reading, p. 20 Applying Math, p. 299 ®) StudentWorks Plus 

Lab Worksheet, pp. 5-6 Content 
Lab Activity, pp. 9-11 Section Review, p. 299 

Transparency Activity, pp. 47-48 

Mathematics Skill Activities, p.9 

Chapter Fasr Fie Resources Portfolio & Section Focus Transparency MiniLAB: 3 tuning forks, 

mallet 

Lab: long spring, rope or 

hose, meterstick, 

stopwatch 

ors 
ASSESSMENT 

van 

Chapter Fasr7 Fire Resources 
Chapter Review, pp. 37-38 
Chapter Tests, pp. 39-42 

Standardized Test Practice, pp. 44-47 

Transparency Activity, p. 46 

MiniLAB, p. 4 
Enrichment, p. 32 

Reinforcement, p. 29 

Directed Reading, pp. 21, 22 

Lab Worksheet, p. 7-8 

Lab Activity, pp. 13-16 

Reading and Writing Skill 

Activities, p. 33 

Differentiated Instruction, p. 303 

Curriculum Connection, p. 305 

Performance 

MiniLAB, p. 309 

Applying Math, p. 309 

Content 

Section Review, p. 309 

End of Chapter Assessment 

Poq Pod POG POW 

MindJogger Videoquiz 

Virtual Lab CD-ROM 

ExamView® Pro Testmaker 

TeacherWorks CD-ROM 

Interactive Chalkboard CD-ROM 

Fay, 3 =o.) 

CHAPTER 10 Chapter Organizer 

Video Lab 

Interactive Chalkboard 

CD-ROM 

StudentWorks Plus 

Performance Assessment in the Science 

Classroom (PASC) 

286B 



Gitisty Wave to the Camera 
Transparency. 

k out in this scene? Is light described 
asaw en this photograph was taken, you you 
might also 0 than the violin 

1, Describe the different waves in this picture. 
2, Ifyou are swimming underwater, can you still hear the noises 

around you? What does this tell you about sound waves? 

3. Wha ugh as it goes from the Sun to the eyes 

This is a representation of key blackline 

masters available in the Teacher Classroom 

Resources. See Resource Manager boxes 

within the chapter for additional information. 
| Type of wave 

The difference int 
in the wayes each instrument | 

1. Name some muscial instruments. 
named played? 

Shortest 
wavelength (cm) 

Transparencies 

w played? If you have 

Longest 
wavelength (cm) 

Radio waves 10,000,000 

Microwaves 100 Key to Teaching Strategies je 
Red light 0,000063 0.000076 

Green light 0.000049 0,000056 

Blue light The following designations will help you 0.000045 0.000049 

decide which activities are appropriate 
for your students. 

Level 1 activities should be 

appropriate for students with 

learning difficulties. 

Level 2 activities should be within | 

the ability range of all students. 

Level 3 activities are designed for ——— 

above-average students. 

B Microwave oven 

0.000000001 0.000001 

© Red light 
D Blue light 

table, which type of electromagnetic wave can 

H Red light 
} Bluc light 

{ting an electromagnetic wave of 0,00000001 em. 
wild it be? 

© Pla 
D Xn 

shlight 
ay machine 

Prat o8Silo a 
z ry Wave Art 

Transparency 

This artistic picture shows how waves can make fascinating patterns 

1. What do the waves look like before reach the wall? What do 
they look like aft q 

2. Where do the 
3, What do you think this picture would look like if both holes were 

plugged? 

Teaching 

ofSllon 

2 Teaching Amplitude of Waves 
Transparency 

G® ELL activities should be within 
the ability range of English 

Language Learners. 

COOP LEARN Cooperative Learning 
activities are designed 

for small group work. 

— 
LAB 

Lab Preview 
Directions: Anniver these 

Multiple Learning Styles logos, 

as described on page 12T, are 

used throughout to indicate 

strategies that address different 

learning styles. 

Real-World Problem, 

P| These strategies represent student 

products that can be placed into 

a best-work portfolio. 

Problem-Based Learning activities 
apply real-world situations to 
learning. 

Safety Precautions 
Brat 

Procedure 

~ Wave Speed and Tension 

Hands-on Activities 

Student Text Lab Worksheet Laboratory Activities 

ute 

FFT Velocity of a Wave 
== Activity 

Strategy Procedure 
Part A—Frequency of 9 Wave 

Materials sta 
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Resource Manager 

Content Outline 

Section 1 

A. Wave—a repeating disty 
The Nature of Waves 

1. Molecules juss entengy 00 te molecu 
2. Waves carry energy w 

4 Mediums through which « wave treve 

Meeting Individual Needs 

Section 2 Wave Properties 

1. Wavelength: 

Meeting Individual Needs 

Directions: Aniwver th 
1. Whac is a weay 

What type of wave Is a sounil wave 

How dloes sound (ravel through a: medium 

What are seismic w 

awe 

The Nature of Waves 

fi statement false. Write tn the blank the tevin 

called 4 1 

1Ay 

5. A wave where the medium moves ia the eame direction as the 

— 7. Aimechanical wave that travels in a liquid, solid, or gas ts light 
8..\ wave where the medium moves in a direction al right angles 

to the dire otion is called ap 

Directions: 

11, What isthe difference between a pulie and a wave 

The Compautio of Marte 

i 
i 

Enrichment 

“e : 
ee 

haye learned that a cing day alll kinds of sup Jets fly ster 
sion Wave. A sound Wave's speed i¢ the speed of sound. When a jet breaks 

affected by the mestian through which the ne barrier a loud nois ic boom 
wave Lravels, Temperature alsa affects (he heard: Ifthe plane ts close enough to the 
speedo cainte ground, the boom can break glass and damage 
inerease the ind Waves, AU property. I ea forceful blast of sound. The 
room temperature (about 20°C) the ypeediof reason st 1s 50 forceful is because of the 
sound is about M43 meters per second: ompression waves As tho plane flles faster 

The Sound Barrier 
would happen iC someting like an. 

sind faster the air molecules begin to compress 
‘on each other. They compress at an increasing 
rate Eventually the energy of compressed 

ules by they explode 
makes the 

airplane; traveled faster than the speed of 
und For years physicists and engineers 

argued abput whether it was even posible to 
fly faster than sound. Think about thi 
moment, Ifthe plane is making a certai In the Mach Cone 

iI happen iehen the } , ane mare but aly hear Was 

h something is moving a (ast as the spect The faster the pl 
the sound its making: is called the yound the narrower the Mach cone becomes. If the 

barrier. Some people yhought that i p plane is flying high enough you will not be in 
flew faster than the speed of sound It would the Mach cone and will not hear any 
cexple 
generated In 1947 man named Chuck Yeager tn avo 

‘or break apart from the force jt Supersonic plane 
suaing any damage from their sonic 

edithis was not true, He was the firatman booms. That's why Wve hear fewer sonic booms 
to fly faster than the 

2 Describe what happens wher a jet Mics faster than the speed of 

3, How does a sonic boom happen 

4. What is» Mach cone 

Reading Essentials 

@ Waves 

section © The Nature of Waves 

@ Before You Read 
Write what you think a wave is and list wo types of waves 

en or heard about. 

BF ncn) ‘@ Read to Learn 
‘Say-Something 

with another stue What's in a wave? 
nen you read a Hist pba, Jmagine that you are watching a surfing championship on 

FAR pao RAS television, As you look at the surfers riding the giant wave 
you heat up some leftover pizza in the microwave. You call a 
friend to tell her about the surfing. Your friend tells you to turn 

beter ‘on your radio to listen to a song you both like. You har 
experienced three different types of way aw the wave 
in the ocean, You cooked using microwaves. Sound waves ¥ 

roduced by the television, your friend: 
A wave is a repeating disturbanice or movement t 

Iranafers energy through matter or space. For example, 
waves disturb the water and transfer energy throug! 
earthquake, powerful waves transfer energy through Earth: 
Light is a type of wave that can travel through empty space to 
{ransfer energy from ane place to another, such as from the 
Sun to Earth, 

Waves and Energy 
Have you ever watched a pebble fall into a pool of water 

and seen ripples form? The pebble causes a disturbance in the 
water. Some of the energy from the falling pebble transfers to 

Z Wesding thea the water molecules that are clase by. The water molecules 
i Identify whargowaves = ass the energy al other water molecules that 

a hea to them. In this way, t 

_ Ws formed. It carries the energy acro: 

10-2 CHAPTER IO Wr 

DIRECTIONS 
Read each question and chose the b 

[Det Engine Output | Noise Liesl at 
f But Power) |10 meters (Dwcioets) | 

—~, 1o/ 

aS =" 
‘Short Wavelengths Long Wavelengths 

Chapter Waves 
C3 Review 

Part A. Vocabulary Review 

Directions: Choose the corre term fxn the lst below and write itn the space bexide eoch definition, 

amplitude compression diffraction 
crest frequency 

Jaw of reflection. medion rarefaction 
refraction resonance 

transverse wave trough wavelength 

1 point of a tranavarse 
rnaterial through which o wave transfer 

¥, the bending of waves around w barrier 

compressional wave 
Interference 

reflection 
standing wave 

waves 

absorbing en 

lien waves aFequal wave 
Jenigth and amplitude traveling in opposite directions continuowsly 
Interfere with wach other 

} 

} 

Chapter Waves 
Test 

1. Testing Concepts | 
Directions: Fillin th blanks using the terms listed below. Some tems may not be we } 

wave rarefaction reflection medium compression 
refraction transverse wave amplitude diffraction compressional wave 
wavelength Interference selsmic wave frequency standing wave | 

crest wave speed node trough resonance 
1. In a transverse wave, the Is the lowest point 
2. Adding energy at the natural frequency of an object is called 
3. The number of ocean waves that past a buoy i 

the of the wave 

4. The ofatr xe weave i is highest point 
5. To find th r stance from one trough to 

the next tough 
When the string of « violin is played with albow the violin sibrates 

7. Water aves beniling around a doxk fs an example of 
The ‘of a wave fs ammeasure of the energy It carrie: 
{wa compressional wave (n a coiled spring. is whtere the oni 
ane gpreatl ou Assessment 
\ 18-0 repeating disturbance that Iransfere energy through 

Jing because of a change in ap 
2. The mediums vibrate nilicular (01 

of 9 spring togetlier, you cause a 
{the mofetial through which a mechanical wave travels 

Ne type of wave made by squeezing the coils of a speing and letting them go 
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____ Science Content Background 
The Nature of Waves 

| What’s in a wave? 
From radio waves to light waves to 
sound waves, we are immersed in a 

world of waves. 
Waves transfer energy from one place to 

another. Mechanical waves such as sound and 
water need a medium to travel through. ‘These 
waves create disturbances in the medium as they 
travel. The particles of the medium, however, do 

not move with the wave as it travels. 
Waves can be transverse waves or compres- 

sional waves. In a transverse wave, the particles 
in the medium are displaced perpendicular to 
the direction of the wave motion. In a compres- 
sional wave, the particles move back and forth 

in the same direction as the wave moves. 
‘Transverse waves cannot travel through fluids. 
Earthquakes produce both transverse waves 
(S waves) and compressional waves (P waves). 

Wave Properties 

/ Wavelength 
A great deal of variation exists in 

y the wavelengths of electromagnetic 

waves. Electromagnetic waves with wavelengths 

greater than about | mm are radio waves. ‘These 

waves have the longest wavelengths. Light wave- 
lengths range from about 400 to 700 nanometers. 
One nanometer is 0.000000001 m or 10” m. 

section 

intent resc 

Internet Resources 

For additional content background, visit 

fl.gpescience.com to: 

e access your book online 

e find references to related articles in popular 

science magazines 

e access Web links with related content background 

e access Current events with science journal topics 
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Frequency 
Frequency and period are related. Frequency 1s 

how often something happens in a given time. 

Period is the time for something to happen. ‘Thus 

for a wave, frequency is equal to the reciprocal of 
the period. Frequency is expressed as cycles per 
second, and period is seconds per cycle. 

Amplitude and Energy 
The amplitude of a wave is the maximum dis- 
placement of the particles in the medium from 
their resting position. Attractive forces between 
the particles in the medium act like springs that 
pull the particles back to their original position 
when the wave passes. 

The energy transferred by a wave is propor- 
tional to the square of the amplitude. Thus, 
higher ocean waves produce more damage. 
Doubling the height of the wave makes the 
energy transferred four times greater. 

PTs The Behavior of Waves 
Refraction and Diffraction 
Waves do not always travel in 
a straight line. Refraction and 

diffraction cause waves to change direction. 
Refraction occurs when waves change speed 
as they pass from one material into another. 
Diffraction occurs when a wave strikes an 
obstacle or an opening. 

‘ces 

Print Resources 

Basic Physics: A Self-Teaching Guide, by Karl F. 

Kuhn, John Wiley and Sons, 1996 

Waves in the Ocean and Atmosphere: Introduction 

to Wave Dynamics, by Joseph Pedlosky, Springer 

Verlag, 2003 

Wave Motion, by J. Billingham and A.C. King, 

Cambridge University Press, 2001. 



IDENTIFYING 

Students may think that... 

When a wave travels through a medium, particles 

of the medium travel along with the wave. 

Students have probably seen water waves hit 
land and flow up the beach. They may even 
have felt the force of an ocean wave pushing 
them towards the beach. Because these waves 
encounter the shore, they move differently 
from normal waves. But they do form lasting 
impressions. Thus, it is understandable that 
students would think that the medium travels 
with the wave. 

Misconceptions 

Find 0 ut Ww fh at Students T h ink 

Helping You Prepare 

Demonstration 
Draw the figure below on the board. ‘Tell stu- 
dents to imagine a rock is dropped into the 
water at Point A. Ask students to predict where 
each of the floating bobs will end up after ten 
waves go by the bobs. 

mar Gy 

ie wn css 
Poy. Oe 

Activity 
Students make two models of waves—one that 
is incorrrect and one that is correct. 
Model 1 (incorrect): Place on the floor alter- 

nating strips of green and red tape 2 m apart so 
they form the outline of a large circle. Have 
students walk slowly around the circle. Tell 
them to duck down when they get to a strip of 
green tape and to walk on their toes when they 
get to a strip of red tape. Students move up and 
down as they walk around the room. 
Model 2 (correct): This resembles the “wave” 

done by fans at sporting events. Have students 
stand in a circle and not leave their positions. 
Start the wave by having a student reach up 

FORGTA MAGGESLANEDE, 
high, pause, duck down low, pause, and return 

to normal standing. After the first person rises, 
the second person rises and does the same 
thing. Each person in turn passes the wave 
around the circle. 

Ask students to analyze the two models of 
waves and write which one they think is the 
better model and why. 

_ Assess 

After completing the chapter, see Identifying 
Misconceptions in the Study Guide at the end 
of the chapter. 
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Chapter Vocabulary 
wave, p. 288 

medium, p. 289 

transverse wave, p. 290 

compressional wave, p. 290 

Cheskupecot 
trough, p. 294 

rarefaction, p. 294 
wavelength, p. 295 
frequency, p. 295 
period, p. 295 
amplitude, p. 298 
refraction, p. 302 
diffraction, p. 304 % 
interference, p. 306 
standing wave, p. 308 
resonance, p. 309 

# FCAT Vocabulary 

: : ae Student 
responses will vary, but may 
include that they know waves 
occur in different materials, 

that they take different forms, 

even that they involve energy 
and motion. Students may want 
to learn about their causes and 

effects. 

CHALKBOARD 
with Image Bank 

PowerPoint” Presentations 

This CD-ROM is an editable 
Microsoft® PowerPoint® 
presentation that includes: 
* a pre-made presentation for | 

every chapter 
interactive graphics 

* animations 

* audio clips 
* image bank 

all new section and chapter | 
questions 

° Standardized Test Practice 
transparencies 

Foldables directions 
links to fl.gpescience.com 

oi 

286 CHAPTER10 Waves 

Cc 

The Nature of Waves 

Wave Properties 

pe ent 
chaprer preview 

ergy may be changed in form with varying erliciency. 
‘technology, and society are interwoven and 

Wave Speed and Tension 

The Behavior of Waves 

Measuring Wave Properties 

What are some 

characteristics of waves? 
lence Jour 

Theme Connection About the Photo 

Energy Waves are rhythmic disturbances that trans- Ocean Waves ‘The area in Hawaii where this photo 
fer energy. As the amplitude of a wave increases, 
the energy it transfers also increases. 

was taken is known for huge ocean waves. 

Vhousands of miles of open ocean separate this 
region from the place where the waves originate. 

Distant storms in the north Pacific supply the 
energy for gigantic waves that are legendary 
among surfers. 



Preview this chapter's content 

$ cies Ic apniine and activities at 

Types of Waves Make the fol- 

lowing Foldable to compare and 

contrast two types of waves. 

Sida Fold one sheet of paper lengthwise. 

ieee 

KVi3 74 Fold into thirds. 

Ayia gem Unfold and draw overlapping ovals. 

Cut the top sheet along the folds. 

Ky§3275 Label the ovals as shown. 

Transverse 
Waves 

Construct a Venn Diagram As you read 

this chapter, list properties and characteristics 

unique to transverse waves under the left tab, 

those unique to compressional waves under the 

right tab, and those common to both under the 

middle tab. 

Purpose Use the Launch Lab to 
illustrate for students energy 
moving through matter. 

Kinesthetic 
Preparation Obtain enough mar- 
bles of the same size so that each 

student can have four. 

Materials marbles, textbook, pen 

Teaching Strategy Instruct stu- 
dents to make sure books are on 

a flat surface. Make sure students 
hold the marbles so they are 
touching one another. 

Think Critically 
Students should notice that the fourth 

marble moved even though the first 

three marbles stayed in place. This 

shows that energy transferred through 

the first three marbles, which caused 

the fourth marble to move without 

matter being transferred. 

Assessment 
Performance Have students write 
short paragraphs explaining what 
happens if the marbles are held in 
place without touching each 
other. After the first marble hits the sec- 
ond marble nothing happens. This is 
because the energy of the first marble is 
transferred to the air, which transfers very 
little energy to the next marble. Use 
Performance Assessment in 

the Science Classroom, p. 157. 

yeas) Dinah Zike 
STi otudy Fold 

Student preparation materials for 

this Foldable are available in the 

Chapter Fasr Fite Resources. 

CHAPTER10 Waves 287 



e s 

1 Motivate 

Meet! An editable Microsoft® 
CHALKBOARD | - ® 
sires PowerPoint presenta- 

tion is available on Interactive 

Chalkboard CD-ROM. 

Bellringer 

Section Focus Transparencies 

also are available on the 

Interactive Chalkboard CD-ROM. 

[2] 

Geass) Wave to the Camera 
“Transparency. 

How many waves can you pick out in this scene? Is light described 
as a wave? If you were there when this photograph was taken, you 

might also mention sound waves. 

1, Describe the different waves in this picture. 

2. If you are swimming underwater, can you still hear the noises 

around you? What does this tell you about sound waves? 

3. What does light travel through as it goes from the Sun to the eyes 

of an underwater swimmer? LD 

Reading Preview 

Tie to Prior Knowledge 

Energy Review the idea of 
energy and have students give 
examples of waves. Emphasize 
to students that waves transfer 
energy but not matter. 

Structural Analysis Have 

students look for smaller words 
within the new vocabulary 
words. Point out compress in the 
word compressional and ask them 
to brainstorm meanings. Help 
students make connections by 
asking how compress relates to a 
household sponge. They may say 
squeezing a sponge is like 
compression. 

288 CHAPTER 10 Waves 

What You'l\ Learn 
= Recognize that waves transfer 

energy but not matter. 
@ Define mechanical waves. 

@ Compare and contrast transverse 

waves and compressional waves. 

Figure 1 Falling pebbles transfer 

their kinetic energy to the particles 

of water in a pond, forming waves. 

Also covers 5 SC. D.1.4.2 

GO The Nature of Waves 
Reading Guide 

Why It’s Important ® Review Vocabulary 
You can see and hear the world energy: the ability to do work 

around you because of the energy 

transferred by waves. New Vocabulary 
@ wave 
e medium 

@ transverse wave 
@ compressional wave 

What’s in a wave? 
A surfer bobs in the ocean waiting for the perfect wave, 

microwaves warm up your leftover pizza, and sound waves from 

your CD player bring music to your ears. Do these and other 

types of waves have anything in common with one another? 

A wave is a repeating disturbance or movement that trans- 

fers energy through matter or space. For example, ocean waves 

disturb the water and transfer energy through it. During earth- 

quakes, energy is transferred in powerful waves that travel 

through Earth. Light is a type of wave that can travel through 

empty space to transfer energy from one place to another, such 

as from the Sun to Earth. 

Waves and Energy 
Kerplop! A pebble falls into a pool of water and 

ripples form. As Figure 1 shows, the pebble causes a 

disturbance that moves outward in the form of a 

wave. Because it is moving, the falling pebble has 

energy. As it splashes into the pool, the pebble trans- 

fers some of its energy to nearby water molecules, 

causing them to move. These molecules then pass 

the energy along to neighboring water molecules, 
which, in turn, transfer it to their neighbors. The 

energy moves farther and farther from the source of 

the disturbance. What you see is energy traveling in 

the form of a wave on the surface of the water. 

Chapter Fasr Fire Resources 

‘Transparency Activity, p. 44 

Directed Reading for Content Mastery, 
pp. 19-20 

Note-taking Worksheets, pp. 33-35 

Enrichment, p. 30 

Reinforcement, p. 27 

Cultural Diversity, p. 43 

Science Inquiry Labs, pp. 25-26 

Reading and Writing Skill Activities, p. 7 
Earth Science Critical Thinking/Problem Solving, 

p. 9 



Waves and Matter Imagine that you're in a boat 
on a lake. Approaching waves bump against your 
boat, but they don’t carry it along with them as they 
pass. The boat does move up and down and maybe 
even a short distance back and forth because the 
waves transfer some of their energy to it. However, 
after the waves have moved on, the boat is still in 

nearly the same place. The waves don’t even carry 
the water along with them. Only the energy trans- 
ferred by the waves moves forward. All waves have 

this property—they transfer energy without trans- 
porting matter from place to place. 

(402 What do waves transfer? 

Making Waves A wave will travel only as long as 

it has energy to transfer. For example, when you 

drop a pebble into a puddle, the ripples soon die out 
and the surface of the water becomes still again. 

Suppose you are holding a rope at one end, and 

you give it a shake. You would create a pulse that 

would travel along the rope to the other end, and then 

the rope would be still again, as Figure 2 shows. Now 

suppose you shake your end of the rope up and down 

for a while. You would make a wave that would travel 
along the rope. When you stop shaking your hand up 

and down, the rope will be still again. It is the up- 

and-down motion of your hand that creates the wave. 

Anything that moves up and down or back and forth in a 

rhythmic way is vibrating. The vibrating movement of your 

hand at the end of the rope created the wave. In fact, all waves 

are produced by something that vibrates. 

Mechanical Waves 
Sound waves travel through the air to reach your ears. Ocean 

waves move through water to reach the shore. In both cases, the 

matter the waves travel through is called a medium. A medium 

can be a solid, a liquid, a gas, or a combination of these. For 

sound waves, the medium is air, and for ocean waves, the 

medium is water. Not all waves need a medium. Some waves, 
such as light and radio waves, can travel through space. Waves 

that can travel only through matter are called mechanical waves. 

The two types of mechanical waves are transverse waves and 

compressional waves. 

Figure 2 A wave will exist only 

as long as it has energy to transfer. 

Explain what happened to the 

energy that was transferred by the 

wave in this rope. 
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a wave through matter 

Materials rope, broom the rope. 

Preparation Tie the end of a rope to the 

handle of a broom. 

(SLAB DEMONSTRATION 
Purpose to demonstrate the movement of Procedure Rest the broom upright in the 

corner of the room. Send a wave through 

Expected Outcome Students will see the 
wave travel through the rope and cause the 
broom to shake or fall down. 

Assessment 

Where did the energy that caused the 

broom to shake or fall come from? from the 

hand moving the rope How did the energy get 
to the broom? It traveled along the rope in 

awave. |L2] 

SECTION 1 The Nature of Waves 

Caption Answer 
Figure 2 It was transferred to the end of 
the rope and then to the surrounding air. 

Quick Demo 
Wave Motion 

Materials table-tennis ball, wide 

pan of water, small rock 

Estimated Time five minutes 

Procedure Place the table-tennis 
ball in the pan about halfway 
between the center and the edge 
of the pan. When the water is 
still, drop the rock into the pan. 
The ball moves up and down, 
but not horizontally in the direc- 
tion in which the wave moves. 

Visual-Spatial 

eading 

Answer energy 

Wave Motion Students may : 
think that when a wave travels } 
through a medium, particles 
of the medium travel along 

with the wave. See the begin- 

ning of this ‘chapter “tor 4 
teaching strategies that | 
address this misconception. 
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Use Science Words 

Word Meaning ‘Tell students that 
the word transverse means “act- 

ing, lying, or being across; set 

crosswise.” What makes a trans- 

verse Wave transverse? When a 

transverse wave travels through a 
medium, the particles of the medium 

move crosswise to the direction in which 
the wave moves. Linguistic 

Activity 
Wave Types Have students use a 
coiled spring toy to make both 
transverse and compressional 
waves. Have them compare and 
contrast how the waves look and 
the different things they did to 
make the two different types of 
waves. TELL) Kinesthetic 

wave is longi-_ 
x 

it oo 

aoe ‘ 
, O 

rome 

Caption Answer 
Figure 4 Possible answer: sound wave 
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Transverse Waves In a transverse wave, 

matter in the medium moves back and forth at 

right angles to the direction that the wave trav- 

els. For example, Figure 3 shows how a wave in 

the ocean moves horizontally, but the water that 

the wave passes through moves up and down. 

When you shake one end of a rope while your 

friend holds the other end, you are making 

transverse waves. The wave and its energy travel 

from you to your friend as the rope moves up 

and down. 

Water 

movement 

Figure 3 A water wave 

travels horizontally as the water 

moves vertically up and down. 

Compressional Waves In a compressional wave, matter in 
the medium moves back and forth along the same direction that 

the wave travels. You can model compressional waves with a coiled- 

spring toy, as shown in Figure 4. Squeeze several coils together at 

one end of the spring. Then let go of the coils, still holding onto 

coils at both ends of the spring. A wave will travel along the spring. 

As the wave moves, it looks as if the whole spring is moving toward 

one end. Suppose you watched the coil with yarn tied to it, as in 

Figure 4. You would see that the yarn moves back and forth as the 

wave passes, and then it stops moving after the wave has passed. 

The wave transfers energy, but not matter, forward along the 

spring. Compressional waves also are called longitudinal waves. 

Sound Waves Sound waves are compressional waves. When a 
noise is made, such as when a locker door slams shut and 

vibrates, nearby air molecules are pushed together by the vibra- 

tions. The air molecules are squeezed together like the coils ina 

coiled-spring toy are when you make a compressional wave with 

it. The compressions travel through the air to make a wave. 

Figure 4 Ina compressional wave in a coiled- i 
spring toy, the wave travels horizontally along 3 | | 
the spring, and the coils in the spring move back NS C4 A J 7 
and forth horizontally. = 
Describe another example of a compressional wave. ; 
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Differentiated Instruction 

Visually Impaired Have each visually impaired stu- 
dent place a hand on a section of a rope or spring 
toy. Make waves in the rope or spring toy. Ask each 
student to describe how the section he or she is 
touching moves. Does it move up or down, back- 
wards or forwards? Does it travel from one place to 
another? [11] COOP LEARN JY Kinesthetic 

Challenge Have students hypothesize how trans- 
verse waves will travel in different kinds of ropes. 
Then, have students test their hypotheses using 
different ropes. Ask them to write a single sum- 
mary sentence that describes the relationship 
between the wave and type of rope used. Students 
will find that thick ropes will carry waves, but might require 
more energy to start wave action than do thin ropes. 



Sound in Other Materials Sound waves also can travel | Rea Check 
through other mediums, such as water and wood. Particles in 

break where they meet beaches? 

As waves of water move into the increas- 
ingly shallow area near the shore, the 
particles of water are forced to move in 
shallower and shallower ellipses. The 
wave breaks when it hits the ground as it 
tries to complete its elliptical path. The 
energy of the wave dissipates as the 

these mediums also are pushed together and move apart as the : | Answer Particles in the solid are 

sound waves travel through them. When a sound wave reaches’ : pushed together and move apart as 
your ear, it causes your eardrum to vibrate. Your inner ear then : sound waves travel through them. 

sends signals to your brain, and your brain interprets the signals : | 
as sound. : Discussion 

—— | Beach Breakers Why do waves 
How do sound waves travel in solids? : 

Water Waves Water waves are not purely transverse waves. 
The water moves up and down as the waves go by. However, the 
water also moves a short distance back and forth along the 
direction the wave is moving. This movement happens because 
the low part of the wave can be formed only by pushing water 

forward or backward toward the high part of the wave, as in 
Figure 5A. Then, as the wave passes, the water that was pushed: | water moves up the beach and then falls 
aside moves back to its initial position, as in Figure 5B. In fact, : | back into the ocean. 
if you looked closely, you would see that the combination of this 

up-and-down and back-and-forth motion causes water to move 

in circles. Anything floating on the surface of the water absorbs 

some of the waves’ energy and bobs in a circular motion. 

Ocean waves are formed most often by wind blowing across 
the ocean surface. As the wind blows faster and slower, the 

changing wind speed is like a vibration. The size of the waves 

that are formed depends on the wind speed, the distance over 
which the wind blows, and how long the wind blows. Figure 6 

on the next page shows how ocean waves are formed. 

Figure 5 A water wave causes water to move back and forth, as well as up 

and down. Water is pushed back and forth to form the crests and troughs. 

A] The low point of a water wave Is formed when BB The water that is pushed aside returns to its 

water is pushed aside and up to the high point of initial position. 

the wave. 
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Science Journal Visual Learning 

Wave Diary Have students list in their Science Figure 5 When you throw a stone into the water, 

Journals the kinds of waves they see in a typical how does it start the motion of the wave? When the 

day, classifying each wave as transverse or com-__ stone hits the water, it pushes down on the water. Why 

pressional. Have them identify the effects each — does the wave spread out as it moves? It spreads 

wave’s energy produces. Linguistic because the energy moves in all directions from the point of 

origin. Visual-Spatial 
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NATIONAL 
GEOGRAPHIC 

Visualizing 

Formation of Ocean 

Waves 
Have students examine the pic- 

tures and read the captions. ‘Then 

ask the following questions. 

What happens to the surface 

area of water exposed to the wind 

as waves build up? The surface area 

increases. How does this affect the 

waves? The greater surface area means 

that there is more contact area between 

the air and water, providing an increased 

area to which energy may be transferred. 

Activity 

Observe Waves Use a wave tank 

or large flat pan such as a cake 
pan partially filled with water 

to observe waves. Students can 

blow across the surface or a fan 

can be provided to simulate the 

wind. Students should try to 

duplicate the four types of seas 
presented. |L2 Kinesthetic 

Mea. Content 
oo Background 

Earthquakes produce three types 

of waves, all of which move out in 

concentric circles from the focus 

of the earthquake. Primary waves, 

known as P waves, are compres- 

sional waves that travel deep 

inside Earth. These waves travel 

the fastest. Secondary waves, 
called S waves, are transverse 

that 

through solids. They also travel 

deep inside Earth. Most of the 

damage from 

Waves can travel only 

earthquakes is 

that 

spread out from the epicenter, the 

point on Earth’s surface above the 

focus. Surface waves cause both 

transverse 

caused by surface waves 

and compressional 
movement of the ground. 

292 CHAPTER10 Waves 

NATIONAL 
[] GEOGRAPHIC VISUALIZING FORMAT 

Figure 6 

Wind d 

A Wind causes ripples 
to form on the surface 
of the water. As ripples 

form, they provide an 

even larger surface area 

for the wind to strike, 

and the ripples increase 
in size. 
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hen wind blows across an ocean, friction 

between the moving air and the water 

causes the water to move. Asa result, 

‘energy is transferred from the wind to the surface 

of the water. The waves that are produced depend 

on the length of time and the distance over which 

the wind blows, as well as the wind speed. 

Choppy seas 

A Waves that are 
higher and have longer 

wavelengths grow 

faster as the wind con- 

tinues to blow, but the 

steepest waves break 

_ up, forming whitecaps. 

The surface is said to 

be choppy. 

Differentiated Instruction 

Challenge Ask students to research the impact to 

the shoreline when ocean waves repeatedly strike 

Cooperative Learning Scaffold 
understanding — of 

Fully developed seas 

A The shortest- 
wavelength waves 

break up, while the 

longest-wavelength 

waves continue to grow. 

When these waves have 
reached their maximum 

height, they form fully 

developed seas. 

Figure 6, 

ION OF OCEAN WAVES | 

Swells 

A After the wind dies 
down, the waves lose 

energy and become 
lower and smoother. 

These smooth, long- 

wavelength ocean waves 

are called swells. 

students’ 

Visualizing 

the shore. Have them find what measures are 

being taken to keep the shoreline unchanged. [3] 

Formation of Ocean Waves, by allowing stu- 

dents to engage in a discussion. Have one 
student read the text on ripples and another 
explain the drawings, adding any prior knowl- 
edge about the term. Continue for the text on 
choppy seas, fully developed seas, and swells. 



Caption Answer 
Figure 7 Because they require a medi- 
um through which to travel. 

Figure 7 When Earth’s crust shifts 

or breaks, the energy that is released 

is transmitted outward, causing an 

earthquake 

Explain why earthquakes are . Post Reading 
mechanical waves. . 

Extended Research Project 

Students may be aware of the 
tsunami that occurred in the 

Indian Ocean in December 2004. 

Have them research news and 

magazine articles that describe 
how energy from the underwater 

earthquake caused the tsunami. 

Seismic waves 

Seismic Waves A guitar string makes a 

sound when it breaks. The string vibrates 

ror a hort time after it breaks and produces sound waves. Ina_ : SciencepN iN 
similar way, forces in Earth’s crust can cause regions of the crust : | Topic: Seismic Waves 
to shift, bend, or even break. The breaking crust vibrates, creat- : | Visit fl.gpescience.com for Web 
ing seismic waves that transfer energy outward, as shown in: | [inks to information about seismic 
Figure 7. Seismic waves are a combination of compressional and : | “?Y* 
transverse waves. They can travel through Earth and along : | Activity Writeasummaryof | | DAILY INTERVENTION 
Earth’s surface. When objects on Earth’s surface absorb some of : } howseismicwavesareusedto | | 
the energy transferred by seismic waves, they move and shake. maa au: Check for Understanding 
The more the crust moves during an earthquake, the more Logical-Mathematical With a part- 

oy is S energy is released. ner, have each student draw a 
diagram of both a transverse wave 
and a compressional wave. Ask 
them to label peaks and troughs; 
compressions and rarefactions, 
as well as the direction of energy 
transfer for each wave. 

~~ section. 4 Teview 

Summary ‘ Self Check 

Waves and Energy . Compare and contrast a transverse wave and a 

® A wave is a repeating disturbance or movement compressional wave. Give an example of each 
that transfers energy through matter or space. type. 

®@ Waves transfer energy without transporting . Describe the motion of a buoy when a water wave Reteach 
matter. passes. Does it move the buoy forward? Comparing Waves Pair students 

@ Waves are produced by something that - Explain how you could model a compressional wave and give each pair a coiled spring 
is vibrating. using a coiled-spring toy. toy. Tie a piece of colored string 

Mechanical Waves or yarn around one of the coils. 
® Mechanical waves must travel in matter. 5. Think Critically Why do boats need anchors if ocean Have students make transverse 

waves do not carry matter forward? 

. List the characteristics of a mechanical wave. 

® Mechanical waves can be transverse waves or and then compressional waves in 
compressional waves. | the toy. Ask them to identify 

® Ina transverse wave, matter in the medium Applying Math what is the same and what is 

meneearigheangies to the wave motion. . Calculate Time The average speed of sound in water different about the motion of the 
®@ Ina compressional wave, matter in the medium is 1,500 m/s. How long would it take a sound wave string with each wave. 

moves back and forth along the direction of the to travel 9,000 m? f aa a 5 

wave motion. 

| Assessment 
More Section Review fi.gpescience.com SECTION 1 The Nature of Waves 293 

Process Have students do re- 
search on earthquakes. Have 

‘ Section § them find out how the waves form 

ba and why they form in the places 

1. Possible answers include that trans- 2. A buoy moves up and down when 4. Mechanical waves are either trans- they do. Have students make 

verse waves move at right angles to a wave passes. The wave does not verse or compressional, but always events chains of their findings. 

the direction the waves travel, move the buoy forward. require a medium to travel through. © Use PASC, p. 163. J 

while compressional waves move 3. Pull the ends of the toy apart and 5. The tide and its related currents will 

back and forth in the same direction anchor them firmly at both ends. move unanchored boats. 

as the waves travel. Water waves Then, squeeze several coils together 6. 65 

are partly transverse waves. Sound at one end and release them. ae \ MAB142 

waves are compressional waves. 

SECTION 1 The Nature of Waves 293 



—% D) See ® 
=| PowerPoint 

tion is available on Interactive 

Chalkboard CD-ROM. 

Bellringer 

Section Focus Transparencies 

also are available on the 

Interactive 

ep 
‘1 $ETIOn, 

@ Big Fiddle, Little Fiddle 

Have you ever heard the instruments below played? If you have, 
you probably noticed that the bass produces a much lower sound 
than the violin. The difference in the sounds is related to differences 

in the wayes each instrument produces, 

1, Name some muscial instruments. How are the instruments you 

named played? 

2, A cello is bigger than a violin but smaller than a bass. How d 

think the sound made by a cello compares to the sounds ma 
violins and basses? 

Reading Preview 

Tie to Prior Knowledge 

Comparing Waves Have students 
compare common examples of 

waves and ask them whether 

they can identify any similari- 
ties among all waves. Tell 

students that they will learn 

about the different parts of 
waves and how parts 
determine the amount of 

energy a wave transfers. L2| 

these 

Preview and Predict Ask 
students to explain the saying, “A 
picture is worth a thousand 
words.” After discussing the 
meaning of the saying, have 
volunteers make up definitions for 
each vocabulary term based on 
Figures 8 and9. Remind them to 
use the illustrations to make sense 
of text cc mMcepts and terms. 
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An editable Microsoft® 

presenta- 

Chalkboard CD-ROM. 

What You'll Learn 

= Define wavelength, frequency, 

period, and amplitude. 

Describe the relationship between 

frequency and wavelength. 

Explain how a wave’s energy and 

amplitude are related. 

Calculate wave speed. 

Figure 8 Transverse and 
compressional waves have 

different features that travel 

through a medium and form 

the wave. 

A transverse wave is made of crests 

and troughs that travel through the 

medium. 
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"Als C covers ‘SC. H.1.4.7 

SY wave Properties 
Reading Guide 

Why It’s Important 

Waves with different properties can 

be used in different ways. 

New Vocabulary 
e frequency 

@ period 

e amplitude 

@ crest 

e trough 

e rarefaction 

e wavelength 
® Review Vocabulary 
vibration: a back and forth 

movement 

The Parts of a Wave 
What makes sound waves, water waves, and seismic waves 

different from each other? Waves can differ in how much energy 

they transfer and in how fast they travel. Waves also have other 

characteristics that make them different from each other. 

Suppose you shake the end of a rope and make a transverse 

in Figure 8 has alternating high 

points, called crests, and low points, called troughs. 
wave. The transverse wave 

On the other hand, a compressional wave has no crests and 

troughs. When a compressional wave passes through a medium, 

it creates regions where the medium becomes crowded together 

and more dense, as in Figure 8. These regions are compressions. 

When you make compressional waves in a coiled spring, the 

compressions are regions where the coils are close together. 

Figure 8 also shows that the coils in the regions next to a com- 

pression are spread apart, or less dense. These less-dense regions 

of a compressional wave are called rarefactions. 

Crest 

hP 
: Rarefaction —~~_ 

Trough Rest position Compression 

A compressional wave is made of 

compressions and rarefactions that 

travel through the medium. 

Section 2 Resource Manager 

Chapter Fasr Fire Resources 

Transparency Activity, pp. 45, 47-48 

Directed Reading for Content Mastery, p. 20 

MiniLAB, p. 3 

Enrichment, p. 31 

Lab Activity, pp. 9-11 

Reinforcement, p. 28 

Lab Worksheet, pp. 5-6 

Mathematics Skill Activities, p. 9 



Figure 9 One wavelength starts at any point ona 
wave and ends at the nearest point just like it. 

i* Wavelength —| 

Rest position 
Wavelength 

For transverse waves, a wavelength can be 

measured from crest to crest or trough to trough. 

Wavelength 

L\A, / Ul | Hf Wy mA, —~ 

The wavelength of a compressional wave can be 

measured from compression to compression or from 

rarefaction to rarefaction. 

Wavelength 
Waves also have a property called wavelength. A wavelength 

is the distance between one point on a wave and the nearest point 

just like it. Figure 9 shows that for transverse waves, the wave- 

length is the distance from crest to crest or trough to trough. 

A wavelength in a compressional wave is the distance 

between two neighboring compressions or two neighboring 

rarefactions, as shown in Figure 9. You can measure from the 

start of onecompression to the start of the next compression or 
from the start of one rarefaction to the start of the next rarefac- 
tion. The wavelengths of sound waves that you can hear range 

from a few centimeters for the highest-pitched sounds to about 
15 m for the deepest sounds. 

ry, Reading Chec How is wavelength measured in transverse and 

compressional waves? 

Frequency and Period 
When you tune your radio to a station, you are choosing 

radio waves of a certain frequency. The frequency of a wave is 

the number of wavelengths that pass a fixed point each second. 

You can find the frequency of a transverse wave by counting the 

number of crests or troughs that pass by a point each second. 

The frequency of a compressional wave is the number of com- 

pressions or rarefactions that pass a point every second. 

Frequency is expressed in hertz (Hz). A frequency of | Hz means 

that one wavelength passes by in 1 s. In SI units, 1 Hz is the same 

as 1/s. The period of a wave is the amount of time it takes one 

wavelength to pass a point. As the frequency of a wave increases, 

_the period decreases. Periods are measured in units of seconds. 

Observing Wavelength 

Procedure 
1. Fill a pie plate or other 

wide pan with water 

about 2 cm deep. 

. Lightly tap your finger 

once per second on the 
surface of the water and 

observe the spacing of the 

water waves. 
. Increase the rate of your 

tapping, and observe the 

spacing of the water waves. 

Analysis 
1. How ts the spacing of the 

water waves related to 

their wavelength? 

. How does the spacing of 

the water waves change 

when the rate of tapping 

increases? 
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Differentiated Instruction 

English-Language Learners Have students create an 
illustrated glossary of new terms. Have students 
write the term on one side of an index card and the 

definition and an illustration showing what the 

term means on the other side of the card. 

2 Teach ~~ 

(%, Reading Check 

Answer transverse wave—crest to 

crest or trough to trough; compressional 
wave—compression to compression or 

rarefaction to rarefaction 

Purpose to observe the relation- 

ship between the wavelength 
and frequency of a wave 
GD jh Kinesthetic 
Materials pie plate, water 

Teaching Strategy Suggest stu- 
dents use a watch to measure 

the rate of tapping. 

Analysis 

1. The closer the waves, the shorter 
their wavelength. 

2. As the rate of tapping increases, the 
spacing of the waves decreases. 

Assessment 

Process Hlave students draw 
diagrams of the water waves 
they formed by tapping at two 
different rates. Ask students to 
label the wavelength on their 
diagrams. Use Performance 
Assessment in the Science 
Classroom, p. 127. 

Activity 
Compressional Waves Use a metal 
spring toy to create waves of 
differing wavelengths, then of 
differing frequency. Have your 
students describe how they 
accomplished each. 

SECTION 2 Wave Properties 295 



) Quick Demo 

’ Measuring Wavelength 

Materials meterstick; overhead 

transparency, projector and pen 

Estimated Time five minutes 

Procedure Draw transverse waves 

on the board or on the overhead 

transparency. Be sure the wave- 

lengths are of equal size. With a 
meterstick, measure the wave- 

length of the waves at several 

heights. Show students that, no 

matter which two points are 
chosen to measure wavelength, 

if the points correspond, the 
answer is always the same. 

Visual-Spatial 

Use Science Words 

Word Usage Have students use 

the word frequency to refer to 
something other than waves. 

Possible answer: He looked at his watch 
with great frequency, glancing at it three 

times in one minute. Have students 
explain how the everyday use of 
the word frequency relates to its 
use in describing waves. When 
something has a greater frequency, it 
occurs more often within a given time 

period. When waves have a greater 
frequency, more of them pass a particu- 
lar point within a given time period. 

Linguistic 

Discussion 

Traveling Sound Why does sound 
travel faster in solids than in 

gases? The particles in solids are close 
together, and they bump into each other 
more often than do the particles in a gas. 
Why does sound travel faster in 
warm air than it does in cold air? 

Gas particles travel faster in warm air 

than they do in cold air, and they bump 
into each other more often. 

Logical-Mathematical 

Figure 10 The wavelength 
of a wave decreases as the 

frequency increases. 

\ 

~ Rest position 

wavelength —————>} wavelength 

The rope is moved down, up, and down 

again one time in 1s. One wavelength is 

created on the rope. 
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Distance traveled in 15 

Wavelength Is Related to Frequency If you make trans- 

verse waves with a rope, you increase the frequency by moving 

the rope up and down faster. Moving the rope faster also makes 

the wavelength shorter. This relationship is always true: as fre- 

quency increases, wavelength decreases. Figure 10 compares the 

wavelengths and frequencies of two different waves. 

The frequency of a wave is always equal to the rate of vibra- 

tion of the source that creates it. If you move the rope up, down, 

and back up in 1 s, the frequency of the wave you generate is 

1 Hz. If you move the rope up, down, and back up five times in 

1 s, the resulting wave has a frequency of 5 Hz. 

How are the wavelength and frequency of a 

wave related? 

Wave Speed 
You're at a large stadium watching a baseball game, but 

you're high up in the bleachers, far from the action. The batter 

swings and you see the ball rise. An instant later, you hear the 

crack of the bat hitting the ball. You see the impact before you 

hear it because light waves travel much faster than sound waves. 

Therefore, the light waves reflected from the flying ball reach 

your eyes before the sound waves created by the crack of the bat 

reach your ears. 
The speed of a wave depends on the medium it is traveling 

through. Sound waves usually travel faster in liquids and solids 

than they do in gases. However, light waves travel more slowly in 

liquids and solids than they do in gases or in empty space. Also, 

sound waves usually travel faster in a material when the temper- 

ature of the material is increased. For example, sound waves 

travel faster in air at 20°C than in air at 0°C. 

in Distance traveled in 1s 

) 1 

One 
wavelength 

The rope is shaken down, up, and down 

again twice in 1 s. Two wavelengths are 

created on the rope. 

Visual Learning 

Answer As frequency increases, wave- Figure 10 Why might it be more difficult to 
length decreases, measure the exact wavelength of a compressional 

wave than that of a transverse wave? It's difficult to 
determine where compressions begin and where they end. 

Logical-Mathematical 

296 CHAPTER10 Waves 



Calculating Wave Speed You can calculate the speed of a 
wave, represented by v, by multiplying its frequency times its 
wavelength. Wavelength is represented by the Greek letter 
lambda (X), and frequency is represented by f, 

Wave Speed Equation 

speed (in m/s) = frequency (in Hz) X wavelength (inm) 
v=fn 

Why does multiplying the frequency unit Hz by the distance unit m 
give the unit for speed, m/s? Recall that the SI unit Hz is the same 
as 1/s. Multiplying m x Hz equals m X 1/s, which equals m/s. 

Deadly Ocean Waves 

Tsunamis can cause serious 

damage when they hit land. 

These waves can measure 

up to 30 m tall and can 

travel faster than 700 km/h. 

Research which areas of 

the world are most vulnera- 

ble to tsunamis. Describe 

the effects of a tsunami 

that has occurred in these 

Applying Math 
THE SPEED OF SOUND What is the speed of a sound wave that has a wavelength of 2.00 m anda 

frequency of 170.5 Hz? 

1300/38 known values and the unknown value 

Identify the known values: 

\ = 2.00 m 

f= 170.5 Hz 

v— ¢ mis 

wavelength of 2.0 m 

frequency of 170.5 Hz 

Identify the unknown value: 

the speed of a sound wave 

| SOLVE | the problem 

Substitute the known values \ = 2.00 m and f= 170.5 Hz into the wave speed equation: 

v = fX = (170.5 Hz) (2.00 m) = 341 m/s 

| CHECK | the answer 

Does your answer seem reasonable? Check your answer by dividing the wave speed you calculated 

by the wavelength given in the problem. The result should be the frequency given in the problem. 

Practice Problems 

1. A wave traveling in water has a frequency of 500.0 Hz and a wavelength of 3.0 m. What is 

the speed of the wave? 

. The lowest-pitched sounds humans can hear have a frequency of 20.0 Hz. What is the 

wavelength of these sound waves if their wave speed is 340.0 m/s? 

. The highest-pitched sound humans can hear have a wavelength of 0.017 m in air. 

What is the frequency of these sound waves if their wave speed is 340.0 m/s? 

For more practice problems go to page 879, and visit Math Practice at fl.gpescience.com. 

Solve a Simple Equation 

areas. 
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\ del Reading Strategy 

IMustrations Working in pairs, have students 

make their own illustrations that show the con- 

cepts of wavelength, frequency and period, wave 

speed, and amplitude of transverse and com- 

pressional waves. Have students read, illustrate, 

and reread to check their comprehension as cap- 

tured by their illustrations. 

Curriculum Connection 

Math ‘Tell students that as frequency decreases, 
the wavelength increases if the speed of the wave 
is constant. Ask students what the relationship 
between wavelength and frequency is called 

when the wave speed is constant. They are inversely 
proportional. |L3 Linguistic 

Social Studies», 

Deadly Ocean Waves all coastal areas 

of the Pacific Ocean; loss of life, property 
and land 

Tsunamis ‘ISunamis are some- 

times mistakenly called tidal | 

waves, which may cause stu- 

dents to think they are related 
to tides. A tsunami is set off by 

_ an underwater geological dis- 
turbance; tides are the result 

of gravitational interactions 

| between Earth, the Moon, and 

the Sun. Ordinary waves are 
stirred up by wind. Point out 
to students that this is a good | 

| example of the wide range of | 
disturbances that can transfer 

energy by waves. 

Applying Math 
Math Standards 
National: 1, 2,9 

Florida: MA.B.1.4.2 

Answers to 
Practice Problems 

16 = SO < D2 = 

1,500 m/s. 
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Visual Learning _ | Amplitude and Energy 
: A Why do some earthquakes cause terrible damage, while oth- 

Reade eral ae : ers are hardly felt? This is because the amount of energy a wave 

Hee seers i Shon tee on > transfers can vary. Amplitude is related to the energy trans- 

Tehrani ret o aie a: : ferred by a wave. The greater the wave’s amplitude, the more 

en Nie en energy the wave transfers. Amplitude is measured differently for 
denser compressions? the top : = ‘ 

Ti compressional and transverse waves. 
wave Which has the less dense 

rarefactions? also the top wave [L2| 
Visual-Spatial 

Amplitude of Compressional Waves The amplitude of a 

compressional wave is related to how tightly the medium is 

pushed together at the compressions. The denser the medium 1s 

Make a Model : at the compressions, the larger its amplitude is and the more 

Penny Compressions Tlave stu- : energy the wave transfers. For example, it takes more energy to 

dents use pennies and 11 X17 | : push the coils in a coiled-spring toy tightly together than to barely 

paper to make models of com- | > move them. The closer the coils are in a compression, the farther 

pression waves. Have students — | apart they are in a rarefaction. So, the less dense the medium Is at 

divide the paper into twelve : the rarefactions, the more energy the wave transfers. Figure 11 

equal sections from left to right. | > shows compressional waves with different amplitudes. 

Label the sections R (for rarefac- | 

tion), 7 (for transition), and C Figure 11 The amplitude of a compressional wave depends on the 

(for compression). The twelve _ | density of the medium in the compressions and rarefactions. 

sections in order should be 

lbeledr heist ied C1 ak Haher ainplatid eonprreattnieneeareanties 
Got, Vellestudents to fillthe ae ae 
areas with pennies. to model a 
compressional wave. The areas 
of compression should have the 
most pennies and the areas of 
rarefaction should have the few- 
est pennies. Ask students how 
they would need to move the 
pennies to increase the ampli- | Ie 

| 
| 

| wave, coils are closer together in 

| compressions. 

tude of the wave. Move pennies a RES 
; i | ctions. 

out of the rarefaction section and put deebiviaiy 

them in the ressi ion. [ : comp Mga section L Amplitude | Compared to a higher-amplitude 

Visual-Spatial ower-Amplitude Wave wave, coils are farther apart 

in compressions. 

Caption Answer 
Figure 12 Move the rope only a small 
distance up and down for smaller ampli- 
tude, and a larger distance up and down 
for greater amplitude. 

spares 
| in rarefactions. 

Reciprocal Teaching Have the ; 

class count off as ones and twos. 298 CHAPTER 10 Waves 
Assign ones to become experts in 
transverse waves and twos to ° ° H H become experts in compressional Differentiated Instruction Curriculum Connection 
waves. Have students work in small 
groups as they study their own 
assignments. ‘Then, have ones and 
twos pair off for reciprocal teaching. 

Challenge ‘Tell students that AM stands for Music Play a recording of a piece of music for stu- 
“amplitude modulation” and that FM stands for — dents. Make sure the music includes soft sections 
“frequency modulation.” Explain that to modu- and loud sections. Ask students to identify the 
late means to vary the frequency or amplitude. portions of the music in which the sound waves 
Have students research and report on AM and have a large amplitude and those where the 
FM radio technology. In AM signals, the amplitude is sound waves have a lower amplitude. The loud sec- 
varied to convey the message; in FM signals, the frequency is ___ tions have high amplitude waves and the soft sections have 
varied. Linguistic low amplitude waves. Auditory-Musical 

298 CHAPTER10 Waves 



Crest 
Figure 12 The amplitude of a 
transverse wave is the distance 

between a crest or a trough and 

the position of the medium at rest. 

Describe how you could create 

waves with different amplitudes in 

a piece of rope. 

DAILY INTERVENTION 

Check for Understanding 
Visual-Spatial Have students draw 
a diagram of a transverse wave 
and compressional wave. Have 
students label the following parts 
of the waves: trough, crest, rest 
position, rarefaction, compres- 

sion, and wavelength. 

Rest position 

Amplitude of Transverse Waves If you've ever been 
knocked over by an ocean wave, you know that the higher the 
wave, the more energy it transfers. Remember that the ampli- 
tude of a wave increases as the energy transferred by the wave 
increases. So a tall ocean wave has a greater amplitude than a 
short ocean wave does. The amplitude of any transverse wave is 
the distance from the crest or trough of the wave to the rest posi- 
tion of the medium, as shown in Figure 12. 

Reteach 

Transverse Waves Give students a 
piece of string about 60 cm long. 
Instruct them to work in pairs 
to shake the string to form a 
transverse wave. Have students 
count the number of waves and 
measure the average wavelength. 

Section 4) . 

Summary Self Check Suggest that they change the 
The Parts of a Wave 1. Describe the difference between a compressional wave so it has a greater ampli- 

®@ Transverse waves have repeating high points wave with a large amplitude and one with a small tude, then change it again so it 

called crests and low points called troughs. amplitude. has shorter wavelengths. What 
© Compressional waves have repeating high- 2. Describe how the wavelength of a wave changes when happens to the frequency? It in- 

density regions called compressions, and the wave slows down but its frequency doesn’t change. creases with shorter wavelengths, but 

low-density regions called rarefactions. 3. Explain how the frequency of a wave changes when it should not change with change in 

the period of the wave increases. amplitude. [L2] GUS COGPTEARN 

Kinesthetic 

[™% Assessment 
Performance Have students shake 
a coiled spring toy to form a 
transverse wave, and then deter- 

mine which variable (amplitude, 
wavelength, or frequency) can- 
not be controlled. Wavelength 

can be controlled only indirectly by chang- 
ing frequency. Use PASC, p. 89. 

= Virtual Labs” 2 

re 

~—* Waves What are some 

charateristics of waves? 

Wavelength, Frequency, and Period 
4. Form a hypothesis to explain why a sound wave trav- 

els faster in a solid than in a gas. 
@ Wavelength is the distance between a point 

on a wave and the nearest point just like it. 
5. Think Critically You make a transverse wave by shak- 

ing the end of a long rope up and down. Explain how 

you would shake the end of the rope to make the wave- 

@ A wave’s period is the amount of time it takes length shorter. How would you shake the end of the 
one wavelength to pass a fixed point. rope to increase the energy transferred by the wave? 

@ A wave’'s frequency is the number of wave- 

lengths passing a fixed point each second. 

Wave Speed and Amplitude 

@ The speed of a wave depends on the material 

it is traveling in, and on the temperature. 

Applying Math 

6. Calculate the frequency of a water wave that has a 

wavelength of 0.5 m and a speed of 4.0 m/s. 

7. Calculate Wavelength An FM radio station broad- 

casts radio waves with a frequency of 100,000,000 Hz. 

What is the wavelength of these radio waves if they 

travel at a speed of 300,000 km/s? 

| @ The speed of a wave is the product of its 

frequency and its wavelength: 

v=fxr 

@ As the amplitude of a wave increases, the 

energy transferred by the wave increases. 

More Section Review fl.gpescience.com SECTION 2 Wave Properties 299 

ERIE PO TE IR EES TT UTE TE AG : 

section oe) revieL 

1. A compressional wave with a larger closely spaced, so that collisions that the end of the rope is moved 

amplitude has particles of the between particles occur more fre- up and down. 

medium closer together in the com- quently than in a gas, where particles 6, f= 2 — (4.0 m/s) 

pressions and farther apart in the are farther apart. ar Ae re (0.5 m) 

rarefactions. 5. To make the wavelength shorter, ‘ ennai 

2. The wavelength decreases. increase the frequency of thewave 7, \=—= im a7 sue 

3. As the period increases, the frequency by shaking the end of the rope up ¥ i (100,000,000 Fiz 

decreases. and down more rapidly. To increase el 

4, The particles in a solid are more the amplitude, increase the distance a MA.B.1.4.2 
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© Real-World 
Problem = 

Purpose Students will investi- 

gate the relationship between 
wave speed and _ tension. 

PELL) 
Process Skills observe, compare 

and contrast, interpret data, infer 

Time Required 30 minutes 

Alternate Materials Telephone 
cord can be used to demonstrate 

the behavior of coiled material. 

Safety Precautions eye pro- 
tection, laboratory aprons 

© Procedure ——— 

Teaching Strategy Caution stu- 
dents before they collect their 
materials to be careful with the 
spring toys. They should not be 
overstretched. If the lengths sug- 
gested in the text of the lab will 
overstretch the toys available, des- 

ignate new lengths to the students. 

Troubleshooting If students 
have difficulty timing the pulses, 
have them count the wavelengths 
instead. 

© Analyze Your 
Data 

Expected Outcome Wave speed should 
be greater in waves 4 through 6. 
Answers to Questions 
1. Answers will vary. 
2. Answers will vary. 
3. Answers will vary. 

© Conclude and 

Apply 
1. As the length increased, the tension 

increased. 
2. As the tension increased, the wave 

speed increased; by stretching the 
toy more, 

300 CHAPTER10 Waves 

duce the correct notes. 

aoe ® Real-World Problem 

waves traveling in the material? 

Goal 
m@ Determine the relationship between 

tension and wave speed. 

Materials 
coiled-spring toy 

stopwatch 

meterstick 

Safety Precautions 

oye | oF 

of 1m. 

3. Make a compressional wave by squeezing 

Wave Time column of your data table. 

your data table. 

waves 2 and 3. 

6. Stretch the spring to a length of 1.5 m. 

300 CHAPTER10 Waves 

Before playing her violin, a violinist must adjust 

: the tension, or the amount of force pulling on 

i each end of the string, to make the violin pro- 

How does the tension in a material affect the 

© Procedure —___- 

1. Attach one end of the spring to a chair leg 

so that the spring rests on a smooth floor. 

2. Stretch the spring along the floor to a length 

together several coils and then releasing them. 

4. Have your partner time how long a pulse 

takes to travel two or three lengths of the 

spring. Record this measurement in the 

Record the distance the wave traveled in 

5. Repeat steps 3 and 4 two more times for 

7. Repeat steps 3 and 4 for waves 4, 5, and 6. 

{are Speed ind TegSi0n 

Data Table Bes 

Distance(m) | Wave Time(s) | Wave Speed (m/s) 

Wave 1 

Wave 2 

Wave 3 

Wave 4 

Wave 5 

Wave 6 

© Analyze Your Data——— 
1. Calculate the wave speed for each wave 

using the formula: 

speed = distance/time 

2. Calculate the average speed of the waves on 

the spring with a length of 1.0 m by adding 

the measured wave speeds and dividing by 3. 

3. Calculate the average speed of the waves on 

the spring with a length of 1.5 m. 

© Conclude and Apply —— 
1. How did the tension in the spring change as 

the length of the spring increased? 

2. How did the wave speed depend on the 

tension? How could you make the waves 

travel even faster? Test your prediction. 

ommunicating 
wa Your Data 

Compare your results with those of other 

students in your class. Discuss why results 

might be different. 

ee, 

Your Data 

After allowing the students to discuss their results in 

small groups, list on the board all groups’ average wave 
speeds. If there are significant differences, lead the dis- 

cussion to an investigation of the toys to see if the 
medium could be the cause of the differing 

(Ww Raskuscu.c. ce. 
(% Assessment 

Process Provide students with a coiled-spring toy 
whose stiffness differs considerably from the ones 
used in lab, Ask them to predict the wave speed 
in this toy compared to the spring used in the lab. 
Give students an opportunity to test their predic- 
tions. Use Performance Assessment in the 
Science Classroom, p. 93. 



section ‘A test Bae 
——— 

Reading Guide 

Why It’s Important 

You can hear an echo, see shadows, 

and check your reflection in a mirror 

because of how waves behave. 

What Now\ Learn 
@ State the law of reflection. 

m Explain why waves change 

direction when they travel from 

one material to another. 

Compare and contrast refraction 

and diffraction. 

Describe how waves interfere 

with each other. 

Review Vocabulary 
perpendicular: a line that forms a 

90-degree angle with another line 

Reflection 
If you are one of the last people to leave your school building 

at the end of the day, you'll probably find the hallways quiet and 

empty. When you close your locker door, the sound echoes down 

the empty-hall. Your footsteps also make a hollow sound. 

Thinking you're alone, you may be startled by your own reflection 

in a classroom window. The echoes and your image looking back 

at you from the window are caused by wave reflection. 

Reflection occurs when a wave strikes an object and bounces off 

it. All types of waves—including sound, water, and light waves— 

can be reflected. How does the reflection of light allow the boy in 

Figure 13 to see himself in the mirror? It happens in two steps. First, 

light strikes his face and bounces off. Then, the light reflected off his 

face strikes the mirror and is reflected into his eyes. 

Echoes A similar thing happens to sound waves 
when your footsteps echo. Sound waves form when 

your foot hits the floor and the waves travel through the 

air to both your ears and other objects. Sometimes, 

when the sound waves hit another object, they reflect off 
it and come back to you. Your ears hear the sound again, 

a few seconds after you first heard your footstep. 

Bats and dolphins use echoes to learn about their 

surroundings. A dolphin makes a clicking sound and 

listens to the echoes. These echoes enable the dolphin 

to locate nearby objects. 

~~ Also covers SC.H.1.4.1, SC.H.1.4.2, SC.H.1.4.5, SCH. 147, SCH24, 1 

LED I The Behavior of Waves 

# FCAT Vocabulary 

New Vocabulary 

e refraction 

% diffraction 

@ interference 

@ standing wave 

@ resonance 

Figure 13 The light that strikes 
the boy’s face is reflected into the 

mirror. The light then reflects off 

the mirror into his eyes. 

List examples of waves that can 

be reflected. 

INTERAC ag An editable Microsoft® 

heieenemearene PowerPoint® presenta- 

tion is available on Interactive 

Chalkboard CD-ROM. 

Section 3 Resource Manager _ 

Chapter Fast Fite Resources 
Transparency Activity, p. +6 

Directed Reading for Content Mastery, 

pp. 21-22 

Enrichment, p. 32 

Lab Activity, pp. 13-16 p. 52 

Reinforcement, p. 29 

Lab Worksheet, pp. 7-8 

MiniLAB, p. 4 

Reading and Writing Skill Activities, p. 33 

Home and Community Involvement, p. 38 
Performance Assessment in the Science Classroom, 

Cultural Diversity, p. 61 

Bellringer 

Section Focus Transparencies 

also are available on the 

Interactive Chalkboard CD-ROM. 

[2] a> 

stic picture shows how waves can make fascinating patterns 
in water. When waves trayelling toward the wall reach the openings, 
they pass through them. After passing through the openings, the 
waves create new patterns as they overlap on the other side of the wall. 

1. What do the waves look like before they reach the wall? What do 

they look like after passing through the opening? 

2. Where do the wayes in the photograph overlap? 

3. What do you think this picture would look like if both holes were 
plugged? 

Reading Preview 

Tie to Prior Knowledge 

Waves Ask students to contrast 

the movement of a ball in air 

and in water. Tell students that 

they will learn how a wave trav- 
els through different media. 

K-W-L Have students create a 
Know-Want-Learn chart. Stu- 

dents should tell what they know 
about the vocabulary words. Ask 
them to think of what they want 
to know about light, sound, and 

music. Have them find answers 

as they read. 

Caption Answer 

Figure 13 Possible answers: water 
waves, sound waves, light waves. 
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Activity 
Tennis Ball Angles Have students 
sit on the floor and roll a tennis 

ball against a wall. Have them 

first roll the ball directly toward 
the wall and then at increasing 

angles to the normal. Ask them 

what they notice about how the 
ball bounces off the wall as the 

angle to the normal is increased. 

The greater the angle between the 
normal and the ball’s path to the wall, 
the greater the angle to the normal the 
ball’s path away from the wall. 
TELL) Kinesthetic 

Use an Analogy 
Turning Sleds Ask students wheth- 
er they've ever ridden on a sled 
that’s moved from snow to ice or 
mud. If the sled hit the ice or 

mud at an angle, one of its run- 
ners hit the ice or mud before 
tuemother. Uhat runner then 

started moving more quickly or 
more slowly while the other run- 

ner stayed at the original speed, 
causing the sled to turn. Tell stu- 
dents that this is similar to what 

happens to a sound, seismic, or 
light wave when it moves from 

one medium to another. 

(% Reading Check 

Answer when a wave changes speed 

as it moves from one medium to 
another at an angle 

Use Science Words 

Word Origins Have students look 
up the word refraction or refract 

in a dictionary and find the Latin 
word from which it is derived. 
Ask students why this word is 
appropriate to use to describe 
refraction. The word refract comes 
from the Latin word refringere, which 
means “to break up or break open.” 
When you look at the pencil through 
water, it looks as if it’s broken. [12] 

Linguistic 
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Figure 14 A flashlight beam is 

made of light waves. When any 

wave is reflected, the angle of 

incidence, 1, equals the angle of 

reflection, r. 
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The Law of Reflection Look at the two light 

beams in Figure 14. The beam striking the mir- 

ror is called the incident beam. The beam that 

bounces off the mirror is called the reflected 

beam. The line drawn perpendicular to the sur- 

face of the mirror is called the normal. The 

angle formed by the incident beam and the nor- 

mal is the angle of incidence, labeled 7. The 

angle formed by the reflected beam and the 

normal is the angle of reflection, labeled r. 

According to the law of reflection, the angle of 
incidence is equal to the angle of reflection. All 

reflected waves obey this law. Objects that 

bounce from a surface sometimes behave like 

waves that are reflected from a surface. For 

example, suppose you throw a bounce pass 

while playing basketball. The angle between the 

ball’s direction and the normal to the floor is 

the same before and after it bounces. 

Refraction 
Do you notice anything unusual in Figure 15? The pencil looks 

as if it is broken into two pieces. But if you pulled the pencil out of 

the water, you would see that it is unbroken. This illusion is caused 

by refraction. How does it work? 

Remember that a wave’s speed depends on the medium 

it is moving through. When a wave passes from one medium to 

another—such as when a light wave passes from air to water— 

it changes speed. If the wave is traveling at an angle when 

it passes from one medium to another, it changes direction, or 

bends, as it changes speed. Refraction is the bending of a 

wave caused by a change in its speed as it moves from one 

medium to another. The greater the change in speed is, the more 

the wave bends. 

WC hae @ When does refraction occur? 

Figure 16A on the next page shows what happens when a 

wave passes into a material in which it slows down. The wave is 

refracted (bent) toward the normal. Figure 16B shows what 

happens when a wave passes into a medium in which it speeds 

up. Then the wave is refracted away from the normal. 

Figure 15 The pencil looks like it is broken at the surface of 

the water because of refraction. 

Science Journal 

Ray Diagrams Have students trace into their 
Science Journals Figure 14 and Figure 16. ‘Phen ask 

them to use the tracings to construct ray dia- 
grams of the reflection and refraction shown in 
each one. ‘Tell them to be sure to include the line 

normal to the surface in each diagram and to 

measure and label the angles. [t2| 
Spatial 

Visual- 



Figure 16 Light waves travel more slowly in water than in air. This causes light 
waves to change direction when they move from water to air or air to water. 
Predict how the beam would bend if the speed were the same in both air and water. 

ae Normal 
Normal a 

Light 
Air | 

A] When light waves travel from air to water, they |B | When light waves travel from water to air, they 
slow down and bend toward the normal. speed up and bend away from the normal. 

Refraction of Light in Water You may have noticed that 
objects that are under water seem closer to the surface than they 

really are. Figure 17 shows how refraction causes this illusion. In 

the figure, the light waves reflected from the boy’s foot are 

refracted away from the normal and enter your eyes. However, 

your brain assumes that all light waves have traveled in a straight 

line. The light waves that enter your eyes seem to have come 

from a foot that was higher in the water. This is also why the 

pencil in Figure 15 seems broken. The light waves coming from 

the part of the pencil that is under water are refracted, but your 

brain interprets them as if they have traveled in a straight line. 

However, the light waves coming from the part of the pencil 

above the water are not refracted. 
So, the part of the pencil that is 

under water looks as if it has shifted. 

Figure 17 Light waves from the boy’s 

foot bend away from the normal as they 

pass from water to air. This makes his foot 

look closer to the surface than it really is. 

Infer whether the boy’s knee would seem 

closer to the surface than it is. 
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Caption Answers 
Figure 16 The beam wouldn't bend at 
all. It's the difference in speed that 
makes the light bend. 

Figure 17 Yes, for the same reasons. 

Differentiated Instruction 

Challenge Light travels at a different speed 

through glass than it does through air. Ask stu- 

dents to find out whether light travels faster or 

slower in glass than it does in air. slower Have stu- 

dents research to discover how refraction of light 

waves through glass is made useful in optometry. 

Ask them to depict their findings on an informa- 

tional poster. Logical-Mathematical [J 
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Quick Demo 

Observing Diffraction 

Materials petri dish, water, pen or 

pencil, overhead projector, scis- 
sors, small pieces of cardboard 

Estimated Time 10 minutes 

Procedure Place the water-filled 
petri dish on the overhead pro- 
jector. Use the pen or pencil to 
make waves in the water. Cut 
the cardboard pieces into several 
different shapes, and place them 
into the dish, one at a time and 
in different combinations. Have 
students observe how each piece 
or combination of pieces causes 
a different diffraction pattern. 
GD [} Visual-Spatial 

(”, Reading Check 

Answer Refraction occurs when waves 

change direction as they change speed; 
diffraction occurs when waves bend 

around an object. 

Make a Model 

Slit Diffraction Have students use 
rectangular glass baking dishes 
and flat pieces of metal or plastic 
to make a model of the diffrac- 
tion of water waves through a 
slit. Have students tape two flat 
pieces of metal or plastic so they 
stand vertically across the width 
of the baking dish. Be sure they 
leave an open slit between the 
two pieces. Then have students 
fill the baking dish with water, 

use pencils to generate waves, 
and observe the diffraction. 
Suggest that students experi- 
ment with slit widths until they 
find the one that diffracts the 
water waves the most. 
Kinesthetic 
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Figure 18 Diffraction causes 
ocean waves to change direction as 

they pass a group of islands. 

Figure 19 When water waves 
pass through a small opening ina 

barrier, they diffract and spread out 

after they pass through the hole. 
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Diffraction 
When waves strike an object, several things can happen. 

Some of the wave’s energy can be absorbed by the object. The 

waves can also be reflected. If the object is transparent, light 

waves can be refracted as they pass through it. Sometimes, the 

waves may be both reflected and refracted. If you look into a 

glass window, sometimes you can see your reflection in the win- 

dow, as well as objects behind it. 

Waves also can behave another way when they strike an 

object. The waves can bend around the object. Figure 18 shows 

how ocean waves change direction 

and bend after they strike an island. 

Diffraction occurs when an object 

causes a wave to change direction and 

bend around it. Diffraction and refrac- 

tion both cause waves to bend. The 

difference is that refraction occurs when 

waves pass through an object, while 

diffraction occurs when waves pass 

around an object. 

How do diffraction 
and refraction differ? 

Waves also can be diffracted when 
they pass through a narrow opening, as 

shown in Figure 19. After they pass 

through the opening, the waves spread 

out. In this case, the waves are bending 

around the corners of the opening. 

Reading Strategy 

Paired Reading Have students read this sec- 

tion in pairs. Ask them to stop after each topic 
and talk about what they learned. Then, they 
should formulate a sentence or two that explains 
the main idea and supporting details to add to 
their K-W-L charts. 



Diffraction and Wavelength How much does a wave bend 
when it strikes an object or an opening? The amount of diffrac- 
tion that occurs depends on how big the obstacle or opening is 
compared to the wavelength, as shown in Figure 20. When an 
obstacle is smaller than the wavelength, the waves bend around 
it. But if the obstacle is larger than the wavelength, the waves do 
not diffract as much. In fact, if the obstacle is much larger than 
the wavelength, almost no diffraction occurs. The obstacle casts 
a shadow because almost no waves bend around it. 

Hearing Around Corners For example, suppose that you're 
walking down a hallway and hear sounds coming from the 
lunchroom before you reach the open lunchroom door. 
However, you can’t see into the room until you reach the door- 

way. Why can you hear the sound waves but not see the light 

waves while you're still in the hallway? The wavelengths of 

sound waves are similar in size to a door opening. Sound waves 

diffract around the door and spread out down the hallway. Light 
waves have a much shorter wavelength. They are hardly dif- 

fracted at all by the door. This is why you can’t see into the room 
until you get close to the door. 

Diffraction of Radio Waves Diffraction also affects your 
radio’s reception. AM radio waves have longer wavelengths 

than FM radio waves do. Because of their longer wavelengths, 
AM radio waves diffract around obstacles such as buildings 

and mountains. The FM waves with their short wavelengths 
do not diffract as much. As a result, AM radio reception is 

often better than FM reception around tall buildings and 

natural barriers such as hills. 

Figure 20 The diffraction of waves around an obstacle depends on 

the wavelength and the size of the obstacle. 

SciencepNline 
Topic: Diffraction 

Visit fl.gpescience.com for Web 

links to information about 

diffraction. 

Activity Research the wave 
lengths of several types of waves. 

For each wave type, give an exam- 

ple of an object that could cause 

diffraction to occur. 

More diffraction occurs when the wave- Less diffraction occurs when the 

length is the same size as the obstacle. wavelength is smaller than the obstacle. 
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Discussion 

Television Reception ‘IV reception 
from antennas tends to be poor in 
mountainous regions. Based on 

what you read here, what type of 
radio waves would you guess 
delivers television signals? Why? 
FM waves. Due to their short wavelengths, 

they do not bend around natural obstacles 
like mountains. 

Curriculum Connection 

Art Have students use reflection, refraction, and waves. Students may wish to research and exper- 

diffraction to create artwork. The art could be as iment with how the surface of a CD diffracts 

simple as sketching how refraction distorts light. Have students explain the phenomenon at 

objects viewed through water or as involved as_— work in their art. [L2]@® [Eq [A Visual-Spatial 

photographing the diffraction patterns of light 
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Caption Answer 
Figure 21 The sum of the amplitudes of 

the original waves. 

Addition of Waves 

Purpose to model interfering 

waves 

Possible Materials translucent 
straws, sheet of cardboard or 
poster paper, marker, tape 

Estimated Time one class session 

Teaching Strategies 

¢ Make a 2 X 4 erid on a verti- 
cal piece of paper with each cell 
the same size. Use the top half as 
one set of v and y axes to draw a 
sine wave. Draw a sine wave of 

three times the frequency on the 
x and y axes formed in the bot- 
tom half. 
¢ Cover the top with straws 
(resting on the halfway line) and 
tape the straws down. Use the 

marker to trace the sine wave 
onto the straws. Number the 
straws on their bottom ends 
from left to right. Now remove 
the tape and cut out the sine 
wave from the tops of the straws. 
¢ Place the bottoms of the 
straws along the bottom wave. 
The tops of the straws now 
show the wave formed by the 
addition of these two waves. 
e You can also try this on a 
graphing calculator. Graph 
y =sinW), y = sinG~), then 

y = sin(x) + sin(x). 

¢ Extend this lab to other wave 
additions. Allow students to 
explore other questions about 
waves. 

For additional inquiry activities, see 
Science Inquiry Lab Manual. 

Figure 21 Interference occurs 

while two waves are overlapping. 

Then the waves combine to form 

a new wave. Two waves traveling 

on a rope can interfere with each 

other. 

Q Two waves move toward each 

other on a rope. 

 B | As the waves overlap, they 

interfere to form a new wave. 

Identify What is the amplitude of 

the new wave? 

While the two waves overlap, 

they continue to move right 

through each other. Afterward, 

they continue moving unchanged, 

as if they had never met. 
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interference 
Suppose two waves are traveling toward each other ona long 

rope, as in Figure 21A. What will happen when the two waves 

meet? If you did this experiment, you would find that the two 

waves pass right through each other, and each one continues to 

travel in its original direction, as shown in Figure 21B and 

Figure 21C. If you look closely at the waves when they meet each 

other in Figure 21B, you will see a wave that looks different from 

either of the two original waves. When the two waves arrive at 

the same place at the same time, they combine to form a new 

wave. When two or more waves overlap and combine to form a 

new wave, the process is called interference. This new wave 

exists only while the two original waves continue to overlap. The 

two ways that the waves can combine are called constructive 

interference and destructive interference. 

Cultural Diversity 
Mayan Echoes If you clap your hands in the the temple to determine whether the Maya built 
Mayan temple of Kukulkan at Chichén Itz4 in — it with this effect in mind. The shrieking, birdlike 
Mexico, you're greeted with a piercing echo. — echo is produced by sound waves Bete dititeeed 
Many believe this echo sounds like the call of a by the gaps in the steps of one of the large stair- 
quetzal bird. The bird is native to the region and cases. The sound’s amplification comes from 
prized for its bright colors and long tail. waves interfering at just the right places. 
Archaeologists are studying the architecture of 
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Wave 1 + Wave 2 

A If Wave 1 and Wave 2 overlap, 

they constructively interfere and 

form the green wave. Wave 1 and 

Wave 2 are in phase. 

Constructive Interference 

Wave 1 + Wave 2 

B | If Wave 1 and Wave 2 over- 

lap, they destructively interfere 

and form the green wave. Wave 

1 and Wave 2 are out of phase. 

Figure 22 When waves interfere 
with each other, constructive and 

destructive interference can occur. 

infer how the energy transferred 

by each wave changes when inter- 

ference Occurs. 

Destructive Interference 

Constructive Interference In constructive interference, 
shown in Figure 22A, the waves add together. This happens when 

the crests of two or more transverse waves arrive at the same 

place at the same time and overlap. The amplitude of 
the new wave that forms is equal to the sum of the amplitudes of 

the original waves. Constructive interference also occurs when 

the compressions of different compressional waves overlap. If the 

waves are sound waves, for example, constructive interference 

produces a louder sound. Waves undergoing constructive inter- 

ference are said to be in phase. 
,. “TN TEGRATE ~ 

Healthy 
Destructive Interference In destructive interference, the 
waves subtract from each other as they overlap. This happens 

when the crests of one transverse wave meet the troughs of 

Noise Damage People who 

are exposed to constant 

loud noises, such as those 
another transverse wave, as shown in Figure 22B. The amplitude : made by auplane engines 

of the new wave is the difference between the amplitudes of the : can suffer hearing damage. 

waves that overlapped. With compressional waves, destructive : Special ear protectors have 
interference occurs when the compression of one wave over- : been developed that use 

destructive interference to 

cancel damaging noise. 

With a classmate, list all 

the jobs you can think of 

laps with the rarefaction of another wave. The compressions and 

rarefactions combine and form a wave with reduced amplitude. 

When destructive interference happens with sound waves, it 

causes a decrease in loudness. Waves undergoing destructive : that require ear protectors. 

interference are said to be out of phase. : 
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Activity 
Creating Interference Position a 
student at each end of a jump 
rope, and have them make dif- 

ferent interference patterns in 

the rope. Challenge the students 
to create both constructive and 
destructive interference. |L2|@™® 

COOP LEARN Jhy Kinesthetic 

Vey" Quick Demo 
<a Interference Effects 

Materials two or more musical 

instruments 

Estimated Time 10 minutes 

Procedure Ask students who play 
instruments to bring them in 
and demonstrate what happens 
when two notes that have almost 
the same pitch are played at the 
same time. Students should be 
able to hear the beats produced 
by the interference between the 
two notes. These pulses of sound 
disappear when the pitches be- 
come equal, so they are used by 
musicians as they tune their in- 
struments. Auditory-Musical 

Health” 
| INTEGRATE | 

Noise Damage The use _ of 
destructive interference to cancel 

out noise is called active noise 

control. In active noise control, 

sounds are generated that exactly 
cancel out the unwanted sounds. 

Jobs requiring ear protection 

include rock concert sound 

mixer, airport runway worker, 

and factory worker. 

Research Have students research 

the various types of hearing-pro- 
tection devices that are available. 

Curriculum Connection 

History Scientists first knew that light had wave 
properties when it could be shown that it pro- 
duced interference patterns when passed through 
a slit. Have students find out whose experiments 

first showed this, and when. Thomas Young in 1801 

Linguistic 

Fun Fact 
When we listen to an orchestra, the sound waves that 

reach our ears have the amplitude and frequency that 

result from adding together all of the waves produced 

by the individual instruments. 

Have students give a brief oral 
report to the class describing the 
various types. 

Caption Answer 
Figure 22 Destructive interference results 
in less energy transferred; constructive 
interference results in more energy trans- 

ferred than each wave transferred 
independently. 
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Caption Answer 
Figure 23 The nodes of a standing 
wave form where the waves traveling in 
opposite directions cancel out. 

Purpose Students observe reso- 

nance and the conditions under 

which it can occur. TELL) 

Auditory-Musical 

Materials three tuning forks, 
two of which are at the same 

frequency, mallet 

Teaching Strategy Demonstrate 
for students the best way to set 
a tuning fork vibrating. You 

don’t have to hit it hard, but 

you do have to hit it sharply. 

Analysis 

The second tuning fork started 
vibrating, but the third one did not. 

The natural frequency of the second 
tuning fork is the same as the 
frequency of the waves that were 
hitting it from the first tuning fork, so 
it resonated. The natural frequency of 
the third tuning fork is different, so it 

did not resonate. 

Assessment 

Process Have students take the 

tuning forks to different areas 

of the classroom and see if 

they can find anything else 
that resonates with them. Use 

Performance Assessment in 

the Science Classroom, p. 97. 
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Figure 23 Standing waves form 

a wave pattern that seems to stay 

in the same place. 

Explain how nodes form ina 

standing wave. 

Standing Waves 
When you make transverse waves with a rope, you might 

shake one end while your friend holds the other end still. What 

would happen if you both shook the rope continuously to create 

identical waves moving toward each other? As the two waves 

travel in opposite directions down the rope, they continually pass 

through each other. Interference takes place as the waves from 

each end overlap along the rope. At any point where a crest meets 

a crest, a new wave with a larger amplitude forms. However, at 

points where crests meet troughs, the waves cancel each other 

and no motion occurs. 
The interference of the two identical waves makes the rope 

vibrate in a special way, as shown in Figure 23. The waves create 

a pattern of crests and troughs that do not seem to be moving. 

Because the wave pattern stays in one place, it is called a stand- 

ing wave. A standing wave is a special type of wave pattern that 

forms when waves equal in wavelength and amplitude, but trav- 

eling in opposite directions, continuously interfere with each 

other. The places where the two waves always cancel are called 

nodes. The nodes always stay in the same place on the rope. 

Meanwhile, the wave pattern vibrates between the nodes. 

Standing Waves in Music When the string of a violin is 
played with a bow, it vibrates and creates standing waves. The 

standing waves in the string help produce a rich, musical tone. 

Other instruments also rely on standing waves to produce 

music. Some instruments, such as flutes, create standing waves 
ina column of air. In other instruments, such as drums, a tightly 
stretched piece of material vibrates in a special way to create 
standing waves. As the material in a drum vibrates, nodes are 
created on the surface of the drum. 
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Visual Learning 

Figure 23 Provide pairs of students with jump 
ropes, and ask them to create standing waves 
similar to those shown in Figure 23. 

Kinesthetic 



Resonance 
You might have noticed that bells of different sizes and shapes 

create different notes. When you strike a bell, the bell vibrates at 
certain frequencies called the natural frequencies. All objects 
have their own natural frequencies of vibration, which depend 
on the object’s size, shape, and the material it is made from. 

There is another way to make something vibrate at its natu- 
ral frequencies. Suppose you have a tuning fork that has a single 
natural frequency of 440 Hz. Imagine that a sound wave of the 
same frequency strikes the tuning fork. Because the sound wave 
has the same frequency as the natural frequency of the tuning 
fork, the tuning fork will vibrate. The process by which an object 
is made to vibrate by absorbing energy at its natural frequencies 
is called resonance. 

Sometimes, resonance can cause an object to absorb a large 

amount of energy. Recall that the amplitude of a wave increases 
as the energy it transfers increases. In the same way, an object 

vibrates more strongly as it continues to absorb energy at its 

natural frequencies. If enough energy is absorbed, the object can 
vibrate so strongly that it breaks apart. 

* _ §ection ee) 

Summary 

Reflection and Refraction 

@ When reflection of a wave occurs, the angle 

of incidence equals the angle of reflection. 

®@ Refraction occurs when a wave changes direc- 

tion as it moves from one medium to another. 

FeVIeL : 

Self Check 

. Compare the loudness of sound waves that are in phase 

when they interfere with the loudness of sound waves 

that are out of phase when they interfere. 

Experimenting with 

Resonance 

Procedure 
1. Strike a tuning fork with 

a mallet. 
2. Hold the vibrating tuning 

fork 1 cm from a second 
tuning fork that has the 

same frequency. 

3. Strike the tuning fork 

again. Hold it 1 cm from a 

third tuning fork that has 

a different frequency. 

Analysis 
What happened when you 

held the vibrating tuning 
fork near each of the other 

two? Explain. 

. Describe how the reflection of light waves enables you 

to see your image in a mirror. 

. Describe the energy transformations that occur when 
Diffraction 

@ Diffraction occurs when a wave changes direc- 

tion by bending around an obstacle. 

@ The effects of diffraction are greatest when 

the wavelength is nearly the obstacle’s size. 

Interference and Resonance 

@ |nterference occurs when two or more waves 

overlap and form a new wave. 

Interference between two waves with the same 

wavelength and amplitude, but moving in 

opposite directions, produces a standing wave. 

Resonance occurs when an object is made to 

vibrate by absorbing energy from vibrations 

at its natural frequencies. 

More Section Review fl.gpescience.com SECTION 3. The Behavior of Waves 

one tuning fork makes another tuning fork resonate. 

. Think Critically Suppose the speed of light were 

greater in water than in air. Draw a diagram to show 

whether an object under water would seem deeper or 

closer to the surface than it really is. 

Applying Math | 

. Use Percentages You aima flashlight at a window. 

The radiant energy in the reflected beam is two-fifths 

of the energy in the incident beam. What percentage of 

the incident beam energy passed through the window? 

. Calculate Angle of tincidence The angle between a 

flashlight beam that strikes a mirror and the reflected 

beam is 80°. What is the angle of incidence? 
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Post Reading 

Discussion Have students report 
the answers to questions generated 
in their K-W-L charts about light 
and sound waves. Students may 
find it interesting to make connec- 
tions between their lives and sci- 
ence by exploring electronically 
synthesized music and laser light 
shows. 

3 Assess 

DAILY INTERVENTION 

Check for Understanding 
Visual-Spatial Have students cre- 
ate illustrated diagrams of the 
following wave behaviors: re- 
flection, refraction, diffraction, 

interference, and standing wave. 

Have students label each draw- 
ing using the correct term. 

Reteach 
Wave Patterns Give pairs of stu- 
dents) pieces sol svatniemand 
construction paper. Ask them to 
glue the yarn to the paper to show 
wave patterns. Students should 
identify the amplitude, wave- 
length, and frequency of the 
waves and point out any nodes. 

r’, Assessment 

Performance Have students make 

up songs describing the reflec- 
tion, refraction, diffraction, and 

interference of waves. Use Per- 

formance Assessment in the 

Science Classroom, p. 151. 

‘ Section A) revielu 

1. Sound waves that are in phase will 
be louder than the two waves are 
individually. Sound waves that are 

out of phase will be softer. 
2. The light strikes your face and 

bounces off. The reflected light off 

reflected into your eyes. 
3. tuning fork vibrates forming a 

strike tuning fork and make it 

your face strikes the mirror and is 

sound wave—mechanical energy 
to sound energy; sound waves 

vibrate—sound energy to mechan- 

ical energy 
4. Students’ drawings should show 

objects deeper than they actually are. 

5. 60 percent 

6. 40° 

Be MA.A.3.4.3, MA.B.2.4.1 
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Video Lab available for this Lab. 

© Real-World 
Problem ———— 

Purpose Students will generate 
transverse waves with a long 
spring and measure the speed and 
frequency of the waves. 

Process Skills Observe, meas- 

ure, recognize cause and effect, 

make and use tables, interpret 
data. 

Time Required 45 minutes 

Safety Precautions Caution 
students to keep a firm hold on 
the spring so it doesn’t fly off 
and hit someone. 

© Procedure 

Teaching Strategy Suggest to 
students that they practice the 
procedures for making and count- 
ing waves described in steps 2, 3, 
and 6 several times before they 
make their measurements. 

Troubleshooting Make sure 
the spring has no kinks or rough 
places in it, as this will make it 
difficult for students to produce 
consistent waves. 

Differentiated 
Instruction 

Learning Disabled Have these stu- 
dents work in groups with 
students proficient in the lab. As 
students do the activity, have 

them take turns illustrating for 
each other the wavelength, fre- 
quency, and amplitude of waves 
they generate. Ask them to also 
create compressional waves, and 
compare and contrast them 
with transverse waves. [4] 
Linguistic 
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Measuring Wave ~ 
Properties 

® Real-World Problem— 
Some waves travel through space; others pass through a medium such 

as air, water, or earth. Each wave has a wavelength, speed, frequency, 

and amplitude. How can the speed of a wave be measured? How can 

the wavelength be determined from the frequency? 

Goals 
@ Measure the speed 

of a transverse wave. 

@ Create waves with 

different amplitudes. 

@ Measure the wave- 

length of a transverse 

wave. 
© Procedure - 
1. With a partner, stretch your spring across an open floor and measure 

the length of the spring. Record this measurement in the data table. 

Make sure the spring is stretched to the same length for each step. 
Materials 
long spring, rope, or hose 

meterstick 2. Have your partner hold one end of the spring. Create a single wave 

stopwatch pulse by shaking the other end of the spring back and forth. 

Safety Precautions 3. Have a third person use a stopwatch to measure the time needed 

for the pulse to travel the length of the spring. Record this meas- Cora * rie te 
urement in the Wave Time column of your data table. 

4. Repeat steps 2 and 3 two more times. 

5. Calculate the speed of waves 1, 2, and 3 in your data table by 

using the formula speed = distance/time. Average the speeds of 

waves 1, 2, and 3 to find the speed of waves on your spring. 

6. Create a wave with several wavelengths. You make one wave- 

length when your hand moves left, right, and left again. Count the 

number of wavelengths that you generate in 10 s. Record this 

measurement for wave 4 in the Wavelength 

Count column in your data table. 

7. Repeat step 6 two more times. Each 

time, create a wave with a different 

wavelength by shaking the spring 

faster or slower. 
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Waves and Boundaries ‘Jo extend this Lab into an 

Inquiry Lab, have students observe wave behavior 

at a boundary. ‘Io simulate waves traveling 
between two media, attach a hose and a rope, or 

two other materials, end to end and create a pulse. 

‘Try starting the pulse from the other end. 
Compare transmitted pulse to reflected pulse. 
Interested students can research coated optics 
(such as antiglare coating on glasses and camera 
lenses) or other uses for these wave properties. 



© Analyze Your Data— 
+ Calculate the frequency of waves 4, 5, and 

6 by dividing the number of wavelengths 

by 105. aE 
- Calculate the wavelength of waves 4, 5, Dee 

and 6 using the formula BES 
wavelength = wave speed/frequency. 

Use the average speed calculated in step 5 Wave 4 

for the wave speed. Waves 

Wave 6 

Wave Property Measurement 

Spring Length WaveTime — Wave Speed 

Results will vary depending on 

the springs used. 

Wavelength Count Frequency Wavelength 

Results will vary depending on 

the springs used. 

© Conclude and Apply —— 
Ls 

Why or why not? 

. Why would you average the speeds of the 

three different pulses to calculate the speed 

of waves on your spring? 

. How did the wavelength of the waves you 

created depend on the frequency of the 

waves? 
each group compete to determine who can 

create waves with the longest wavelength, 

the highest frequency, and the largest wave 

speed. Record the measurements of each 

group’s efforts on the board. 

Was the wave speed different for the three different pulses you created? 

Ask your teacher to set up a contest 

between the groups in your class. Have 

A Active Reading 

Reflective Journal Have students divide pieces 

of paper into several columns. Have them 

record their thoughts under headings such as 

What I did, What I learned, Questions I 

have, and Surprises I experienced. Have stu- 

dents write a Reflective Journal entry for this 

activity. 

ea, your Data 

Help students analyze the data on the board to deter- 
mine whether there was any relationship between the 
amplitude, frequency, wavelength, and wave speed of 

the winning waves. 

© ALTER NE Your 
Data - — 

Expected Outcome Wave times 
measured in steps 3 and 4 should 

be similar. 

Answers to Questions 

1. Answers will vary. 
2. Answers will vary. 

Error Analysis Have groups 
compare their data with other 
students and discuss possible rea- 
sons for errors. As they compare 
their data, make sure students 

understand that wave times and 
wave speeds will be different for 
different springs. 

@® Conclude and 

Apply —— 

1. Accept all reasonable responses. Wave 
speed probably varies because it 
would be difficult to shake the spring 
exactly the same way each time. 

2. to compensate for errors in 
measurement 

3. Wavelength decreased as frequency 
increased. Wavelength = wave 
speed/frequency 

ieee 

‘T? Assessment 

Performance Ask students to 

repeat the activity, but this 
time to generate compres- 

sional waves. Use Performance 

Assessment in the Science 

Classroom, p. 97. 
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The speed of sound in water 

was first calculated in 1822. 

Unlike light or radio waves, 

sound waves can travel long 

distances underwater. 

Piezoelectric crystals discov- 
ered in the late 1800s made 

modern sonar feasible. When 

compressed, they produce an 

electrical charge. This enabled 
the development of transducers 
that could change the mechant- 

cal energy of sound waves into 
electrical signals. 

Sonar enables the detection 

of silent objects by bouncing a 
sound wave from the object and 

listening for the echo. Today, 
sonar is used to inspect metals 
for flaws, monitor oceanic tem- 

peratures, and determine the 
health of unborn babies. 

The development of sonar 

tremendously increased the 
safety of shipping. Sonic fath- 
ometers allow deep drafted 
vessels to safely navigate previ- 
ously hazardous channels. The 
ability to detect icebergs length- 
ens the shipping season in the 
high latitudes. In wartime sonar 
was a key element in the protec- 
tion of commercial convoys. 

Sonar and related technologies 
have improved the search for 
oil, made it possible to locate 

sunken objects, and have im- 

proved the quality of medical 
diagnostics and the integrity of 
structural materials. 

SCIENCE. 

and Save Lives 

What is sonar? 
Sonar is a device that uses sound waves to 

locate and measure the distance to underwater 

objects. Its name is a shortened version of 

SOund NAvigation and Ranging. 

How does sonar work? 
Sonar sends out a ping sound that reflects back 

when it hits an underwater object. Because sound 

travels through water at a known speed (about 

1,500 m/s), scientists measure how long the sound 

takes to return, then they calculate the distance. 

Why was it invented? 
Sonar was developed by scientists in the early 

twentieth century as a way to detect icebergs 

and prevent boating disasters. Its technical 

The Titanic 

was found 
thanks to 

sonar. 

HISTORY _ 

oem" a preck of the 
© Franic. , = 

ae be 

advancement was hurried by the Allies’ need to 

detect German submarines in World War I. By 

1918, the United States and Great Britain had 

developed an active sonar system placed in sub- 

marines sent to attack other subs. 

By World War II, sonar allowed ships to 

defend themselves effectively from enemy subs. 

The strategy was to use sonar to find subs and 

then fire depth charges at them from a safe dis- 

tance. After the war, sonar-absorbing hulls and 

quiet engines and machinery ensured that subs 

could partly shield themselves from sonar. 

Sonar is now used to help find schools of 

fish. Oceanographers also use it to map ocean 

and lake floors. Sonar has been vital, too, in the 

discovery of sunken airplanes and ships. 

In 1985, a French and American team used a 

new type of sonar device called side-scan sonar 

to locate the Titanic, the passenger liner that 

sank in 1912. This kind of sonar projects a tight 

beam of sound to create detailed images of the 

sea bed. Members of the expedition towed this 

sonar device about 170 m above the seabed 

across a section of the Atlantic Ocean where the 

Titanic went down. Weeks later, video cameras 

finally spotted the wreck. 

Report Research how sonar was used by navies in World War | 
and World War II. Did sonar affect each war’s outcome? How did it 

save lives? What uses can you think of for sonar if it could be used 
in everyday life? 

Have students research the Resources for Teachers and Students 

modern uses of acoustic technology and 

make a “Family Tree” chart of all the prod- 

ucts and equipment they can discover that 
perform their primary function through the 

use or detection of sounds, both audible and 

Center for Bioacoustics, Texas A&M University- 
Corpus Christi, Natural Resources Center 3404, 
6300 Ocean Drive, Corpus Christi, Texas 78412 

National Sonar Association, 40414 Yardley 
. . rh . . ‘ ie Pp vas . y/ c¢ 9) SC . 

inaudible. Through class discussion, deter- Court, ‘Temecula, CA 92591 

mine which are directly related to sonar and 

its basic principles. [2] 
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elle! ( iW ) Ses) Guide 

eviewing Main ideas 

chapter 

Study Guide 

Section 1 The Nature of Waves 3. 

1. Waves are rhythmic disturbances that 

transfer energy through matter or space 

2. Waves transfer only energy, not matter. 

3. Mechanical waves need matter to travel 5. 

through. Mechanical waves can be com- 

pressional or transverse. 

4. When a transverse wave travels in a 

medium, matter in the medium moves at 

right angles to the direction the wave travels. 

5. When a compressional wave travels in a 

medium, matter moves back and forth 2 

along the same direction that the wave 

travels. 

3. 
ou Wave Properties 

. The movement of high points in a 

medium, called crests, and low points, 

called troughs, forms a transverse wave. 

2. The movement of more-dense regions, 

called compressions, and less-dense 

regions, called rarefactions, forms a 

compressional wave. 

Interactive Tutor fl.gpescience.com 

. A wave is bent, or 

Transverse and compressional waves can be 

described by their wavelengths, frequencies, 
periods, and amplitudes. As frequency 

increases, wavelength always decreases. 

. The greater a wave’s amplitude is, the 

more energy it transfers. 

A wave’s velocity can be calculated by mul- 

tiplying its frequency times its wavelength. 

= The Behavior of Waves 

. For all waves, the angle of incidence equals 

the angle of reflection. 

refracted, when it 

changes speed as it 
enters a new medium. 

When two or more 

waves overlap, they 
combine to form a new 

wave. This process is 

called interference. 

Use the Foldable that you made at the begin- 

ning of this chapter to help you review waves. 

CHAPTER STUDY GUIDE 313 

dentifying Misconceptions 

After students have done the activity at the 
beginning of this chapter, have them perform 

this activity. 
Materials corks, pan of water, eyedropper 
Procedure Have students work in groups and use 

the materials provided to design an experiment 

to see how water waves move corks. Use the 

dropper to create the waves. 
Expected Outcome Students will realize that the 

corks are not displaced by the waves. Students 
should realize that the medium does not travel 

with the waves. [L2| 

Reviewing Main Ideas 

Summary statements can be 
used by students to review the 
major concepts of the chapter. 

Sciencep iN 

Visit fl.gpescience.com 

More Section Review 

interactive Tutor 

Vocabulary PuzzleMaker 

More Chapter Review 

Standardized Test Practice 

Assessment Transparency 
For additional assessment ques- 
tions, use the Assessment 

Transparency located in the trans- 
parency book. 

Assessment 

_Assessment 
“Transparency 

Directions: Carefully review the table and answer the following questions. 

Shortest 
| wavelength (cm) 

Longest 
wavelength (cm) 

10,000,000 

Type of wave 

Radio waves 0.1 

| Microwaves 0.1 100 

0.000063 0.000076 

0.000049 5 0.000056 

Blue light 0.000045 0.000049 

0.000001 X rays 0.000000001 

| Red light 

Green light 

. Electromagnetic waves of different wavelengths have been given 
different names. According to the table, which type of electromag- 

netic wave can have a wavelength greater than 5 m? 

A Radio waves C Red light 
B Microwaves D Blue light 

2. According to the table, which type of electromagnetic wave can 
have a wavelength of 0.000046 cm? 

H Red light 
J Blue light 

F Radio waves 

G Microwaves 

If a device were emitting an electromagnetic wave of 0.00000001 cm, 
what kind of device would it be? 

\ Radio 

B Microwave oven 

© Flashlight 
D X-ray machine 

—7 Have students use 

their Foldables 

to review the content of the 

chapter. How would the differ- 

ences between light waves and 
sound waves become apparent if 

you were visiting the Moon? 
Explain. 

CHAPTER STUDY GUIDE 313 
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Review 

1. Reflection and refraction both 
involve waves contacting a surface 

and changing direction. In reflec- 

tion, waves bounce off a surface, 

whereas refraction occurs when 

waves enter a new medium at an 
angle, change speed, and are bent. 

Standing waves have nodes that do 
not move. 

The rarefaction of a compressional 
wave has the lowest density. 

Refraction and diffraction describe 

the bending of a wave. 

When waves overlap, they interfere 
and form a new wave. 

The amplitude of any transverse 
wave is the distance from the crest 
or trough to the rest position of the 

medium. 

Frequency measures how many 

wavelengths pass a fixed point each 

second. 

~ 

wa 

8. A mechanical wave always travels 

through a medium. 

955 14. A 

10. A 15. C 

11. D 16. D 

12. A 17. D 

13. B 

Interpreting Graphics 

18. See student page. 

314 CHAPTER REVIEW 

chaprer. 
rn ee 

a ) Review 

amplitude p. 298 rarefaction p.294 

compressional wave p.290 _ refraction p. 302 

crest p.294 resonance p.309 

# diffraction p.304 standing wave pp. 308 

frequency p. 29! transverse wave p. 29( 

interference p. 306 trough p.294 

medium p. 289 wave p, 288 

period p.295 wavelength p. 29! 

# FCAT Vocabulary 

Answer the following questions using 

complete sentences. 

1. Compare and contrast reflection 

and refraction. 

2. Which type of wave has points called 

nodes that do not move? 

3. Which part of a compressional wave has 

the lowest density? 

4. Find two words in the vocabulary list that 

describe the bending of a wave. 

5. What occurs when waves overlap? 

6. What is the relationship among ampli- 

tude, crest, and trough? 

7. What does frequency measure? 

8. What does a mechanical wave always 

travel through? 

Checking 
Choose the word or phrase that best answers 

each question. 

9. Which of the following do waves transfer? 
A) matter C) matter and energy 

B) energ D) the medium 

10. What is the formula for calculating 

wave speed? 

A) v= f 

B)v=f—X 
QO v=A/f 
D)v=A +f 

314 CHAPTER REVIEW 

14 

13. 

14. 

15. 

16. 

. When a compressional wave travels 

through a medium, which way does 

matter in the medium move? 

A) backward 

B) forward 
©) perpendicular to the rest position 

D) along the same direction the wave travels 

What is the highest point of a transverse 

wave called? 

A) crest 

B) compression 

©) wavelength 

D) trough 

If the frequency of the waves produced by 

a vibrating object increases, how does the 

wavelength of the waves produced change? 

A) It stays the same. () It vibrates. 

B) It decreases. D) It increases. 

If the amplitude of a wave changes, which 

of the following changes? 

A) wave energy ©) wave speed 

B) frequency D) refraction 

Which term describes the bending of a 

wave around an object? 

A) resonance C) diffraction 

B) interference D) reflection 

What is equal to the angle of reflection? 
A) refraction angle () bouncing angle 

B) normal angle __ D) angle of incidence 

Use the table below to answer question 17. 

17) 

Speed of Sound in Air 

Temperature (°C) Sound Speed (m/s) 

0 331.4 

10 337.4 

20 343.4 

. Based on the data in the table above, 

which of the following would be the speed 
of sound in air at 30°C? 

A) 340.4 m/s QC) 353.4 m/s 

B) 346.4 m/s D) 349.4 m/s 

Vocabulary PuzzleMaker fl.gpescience.com 

Use the ExamView® Pro Testmaker CD-ROM to: 
* create multiple versions of tests 

* create modified tests with one mouse click for inclusion students 

* edit existing questions and add your own questions 
*¢ build tests aligned with state standards using built-in State 
Curriculum ‘Tags 

¢ change English tests to Spanish with one mouse click and vice versa 



__chaprer Qf Review | o"" ap 

Describe the objects or materials that 

vibrated to produce three of the sounds 
Interpreting Graphics _ 23. 

inking Critically 
18. Copy and complete the following concept you've heard today. 19. Noth harhiterhe acd 

ees 24. Forma Hypothesis In 1981, people dancing SRC RACAL NRE 
on the balconies of a Kansas City, island. Through the wave, it has 

<> Missouri, hotel caused the balconies to received energy from the earth- 
collapse. Use what have you learned about quake miles away. 

can be can be wave behavior to form a hypothesis that 20. frequency is independent of 
Crransvers > explains why this happened. , amplitude 

ashes 25. Make and Use Tables Find information in 21. In a mirror, you can see only objects 
matter moves matter moves newspaper articles or magazines describ- located at an angle such that their 

ing five recent earthquakes. Construct a reflected beam bounces toward 
table that shows for each earthquake the your eyes. 
date, location, magnitude, and whether | 22. Sound waves have a longer wave- 

wavelength is measured wavelength is measured the damage caused by the earthquake was length than light waves. They can 
aa ACRE light, aces OWEN ye diffract around the street corner, 
Bouck wy toich Pabnnieecion 26. Concept Map Design a concept map that but light waves cannot. 

shows the characteristics of transverse 23. Possible answers: vocal cords, bell, 
an example is an example is waves. Include the terms crest, trough, car engine 

medium, wavelength, frequency, period wir 
Ee. a : : 24. The dancers created vibrations 

and amplitude. at the resonant frequency of the 
balcony. The vibrations of the 

———w hing Critically Se a pO a balcony increased as it absorbed 
Applying abath energy at Its resonant frequency 

19. Explain An earthquake on the ocean floor 27. Calculate Wavelength Calculate the wave- until its amplitude of vibration 

produces a tsunami that hits a remote length of a wave traveling on a spring was large enough to cause the 

island. Is the water that hits the island the if the wave moves at 0.2 m/s and has balcony to break. 
same water that was above the earthquake MMSMOOON eS } 25. Check students’ work. Make sure 
on the ocean floor? 28. Calculate Wavespeed The microwaves magnitude is given in the same 

a. produced inside a microwave oven scale for all earthquakes. 
20. Compare Suppose waves with different have a wavelength of 12.0 cm and a6 hectare were 

amplitudes are produced by a vibrating a frequency of 2,500,000,000 Hz. 
object. How do the frequencies of the At what speed do the microwaves 
waves with different amplitudes compare? Pavel mente or nae Applying Math , 

21. Explain Use the law of reflection to explain 29. Calculate Frequency Water waves on a lake Math Standards 

why you see only a portion of the area travel toward a dock with a speed of National: 12.9 
behind you when you look in a mirror. 2.0 m/s and a wavelength of 0.5 m. Farias MA B 142 

22. Explain why you can hear a fire engine How many wave crests strike the dock 21. f = eae ae ate 

hein ; each second? ° period’ 0.5, i 
coming around a street corner before you 

can see it. 
at (0.2 m/s) 

Wh 2 Hz 

More Chapter Review fl.gpescience.com CHAPTER REVIEW 315 Sin 

a 28.v=Af 

‘Te Assessment _) = (0112m)25 x 10° He 
= 3.0 x 10° m/s 

\@y Reproducible Masters Glencoe Technology 

| Chapter Fast File Resources & Assessment ‘Transparency f= tae Freee = 4Hz: 

Chapter Review, pp. 37-38 ® ExamView® Pro Testmaker A (0.5 m) 
4 wave crests 

Chapter ‘Tests, pp. 39-42 MT MindJogger Videoquiz 
Assessment Transparency Activity, p. 51 Bitarercnve Chalkboard 

Glencoe Science Web site 
Chapter Review ‘Test 
Standardized ‘Test Practice 
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Standardized Test Practice 

Answer Sheet An answer sheet 

can be found at fl.gpescience.com. 

Standardized Test Practice Answer Sheet 

¢ Multiple Choice 

. 5 

6. 

7 > ON > 

-hapter a0 ) Standardized Test Practice 

ultiple Choice 

1. When a transverse wave travels through a 

medium, which way does matter in the 

medium move? 

A. backward 

B. in all directions 

C. at right angles to the direction the 

wave travels 

D. in the same direction the wave travels 

Use the illustration below to answer questions 2 and 3. 

2. What wave property is shown at G¢ 

A. amplitude 

B. wavelength 

C. crest 

D. trough 

3. What property of the wave is shown at H? 

A. amplitude 

B. wavelength 

CG. crest 

D . trough 

316 STANDARDIZED TEST PRACTICE 

Record your answers on the answer sheet provided by your teacher or on a sheet of paper. 

The assessed Florida Benchmark appears above the question. 

Use the illustration below to answer questions 4 and 5. 

4. What kind of wave is shown? 

A. mechanical 

B. compressional 

C. transverse 

D. both A and B 

5. What happens to the yarn tied to the coil? 

A. It moves back and forth as the wave 

passes. 

B. It moves up and down as the wave 

passes. 

C. It does not move as the wave passes. 

D. It moves to the next coil as the wave 

passes. 

SC.D.1.4.2 

6. What kind of waves are the seismic waves 

produced during an earthquake? 

A. transverse 

B. compressional 

C. combination of transverse and 

compressional 

D. electromagnetic 
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Test Practice chaprer 470 

Standardized Test Practice 

7. What is the bending of a wave as it enters 
a new material called? 

A. refraction 

B. diffraction 

C. reflection 

D. interference 

4 ridded Response 

8. A tuning fork vibrates at a frequency of 

256 Hz. The wavelength of the sound pro- 

duced by the tuning fork is 1.32 m. What 

is the speed of the wave in m/s? 

9. A wave has a speed of 345 m/s and its fre- 

quency is 2050 Hz. What is its wavelength 

in m¢ 

READ 

ort Response 
Sa 

Use the illustration below to answer questions 10 and 11. 

0.5m 1.0m 1.5m 2.0m 2.5m 3.0m 3.5m 4.0m 

Standardized Test Practice fl.gpescience.com 

10. Determine the amplitudes and the wave- 

lengths of each of the three waves. 

11. If the length of the x-axis on each diagram 

represents 2 s of time, what is the fre- 

quency of each wave? 

INQUIRE 
Extended Response 

12. Ina science fiction movie, a huge explosion 

occurs on the surface of a planet. People in a 

spaceship heading toward the planet see and 

hear the explosion. Is this realistic? Explain. 

Use the illustrations below to answer question 13. 

Se er 
~ r —~ iN N 

pay: 
Le 

Rest position 

13. The illustrations show two mechanical waves. 

Part A Describe how the amplitude of each 

of the two waves shown is defined. 

Part B Describe how you would change 

both drawings to show waves that 

transfer more energy. 

Test-Taking Ti 

Answer Every Question Never leave any open-ended answer 

blank. Answer each question as best you can. You can receive 

partial credit for partially correct answers. 

Question 12 Before you answer the question, list what you 

know about light waves and sound waves. 

STANDARDIZED TEST PRACTICE 317 

riaae esponse 

8. 338 

9. 0.168 

(~~ Short Response —_ 

10. A: Amp. = 0.5m; A = 1.0m; 

B: Amp. = 0.4m; A = 2.0m; 

C:Amp. = 0.6m; A = 2.0m; 

11. A, 2 Hz; B, 1Hz;G 1Hz 

¢~ Extended Response 

12. No, sound waves must have a 

medium to travel through. Sound 

waves would not travel through 

outer space. They would see the 

explosion because light waves do 

not require a medium to travel. 

PART A: The wavelength of the 
compressional wave is the distance 

from compression to compression 

or rarefaction to rarefaction. The 

wavelength of the transverse 
wave is the distance from crest to 

crest or trough to trough. 

PART B: For the compressional wave, 

make the spring coil farther apart in 
the rarefactions and closer together in 
the compressions. For the transverse 
wave, make the crests higher and the 

troughs deeper. 

Rubrics 
For more help evaluating 
Short- and Extended-Response 
questions, see the rubrics on 
pa. 
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chapter Cie Organizer __ 

Section/Objectives Standards Lab/Features 

Chapter Opener National State/Local Launch Lab: What sound does a 
ruler make? p.319 

See pp. 161-177 fora Foldables, p.319 

Key to Standards. 

Section 1 Sound National Content MiniLAB: Comparing Intensity, 

@  2sessions CP 5 block Standards: p. 323 
UCP.1-3, UCP. 5, Integrate Astronomy, p. 324 

1. Explain how sound travels through different A.1,A.2,F.1 Science Online, p. 325 

mediums. Applying Math: Using Sonar, p. 325 
2. Explain different properties of sound. 

3. Discuss the Doppler effect. 

4. Identify ways sound can be used. 

Section 2 Reflection and Refraction of Light National Content 

: (2 Standards: @ 1 session CP 5 block aan 

5. Describe how light waves interact with matter. A.1, A.2,B.2,B.6 

6. Explain the difference between regular and 

diffuse reflection. 

7. Define the index of refraction of a material. 

8. Explain why a prism separates white light into 

different colors. 

Section 3 Mirrors, Lenses, and the Eye National Content | Florida Visualizing Images Formed by a 
Cy) Sieeeaince cp Tblock Standards: Benchmarks Convex Lens, p. 334 

UCP.1-3, UCP. 5, SC.F.1.4.6 Integrate Career, p.335 

9. Describe how images are formed by three a) (OTR MiniLAB: Experimenting with Focal 

types of mirrors. Lengths, p. 336 Video Lab 
10. Explain how convex and concave lenses form Lab: Reflections of Reflections, 

images. p. 338 

11. Explain how the human eye enables you to see. 

12. Describe how lenses are used to correct vision 

problems. 

Section 4 Light and Color s National Content | Florida Science Online, p. 340 

@ 2sessions GP i Sblocks Standards: - Benchmarks: Integrate Life Science, p. 342 
TOMEI oun rece: UCP1=3, UCP. 5, SC.F.1.4.2 Lab: Blocking Noise Pollution, 

14, Describe tone. between light color PAD A BELB OCD erento Peace ee : g Science and Language Arts: 
and pigment color. A Haiku Garden, p. 346 

15. Predict what happens when different colors ale 
are mixed. 
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Lab Materials 

Launch Lab: plastic rulers 

- a) 

Reproducible Resources 

Chapter Fasr Fie Resources 

ews a7 
v 

Teacher Works includes: 

Glencoe Exclusive! 

cher Works = 

Foldables, p. 17 _y + - Interactive Teacher Edition 
Directed Reading Overview, ASSESSMENT * Lesson Planner with calendar 

p.19 * Access to all program blacklines 
Note-taking Worksheets, * Correlations to standards 

pp. 35-37 * Web links 

MiniLAB: metal object Chapter Fasr Fire Resources Portfolio & Section Focus Transparency 
such as a spoon, 1.5m Transparency Activity, p. 46 Active Reading, p. 322 ® Interactive Chalkboard 

of string, chair or table MiniLAB, p. 3 Performance CD-ROM 

Lab Activity, pp.9-12 MiniLAB, p. 323 ®) StudentWorks Plus 
Enrichment, p.31 Applying Math, p. 325 
Reinforcement, peay, Applying Math, p. 326 

Directed Reading, p. 20 Content 

Section Review, p. 326 

Chapter Fasr Fite Resources Performance 6 Section Focus Transparency 

Transparency Activity, p. 47 Applying Math, p. 330 ®&) Interactive Chalkboard 
Need Materials? Lab Activity, pp. 13-16 piles : CD-ROM 
Contact Science Kit Enrichment, p. 32 Section Review, p. 330 © StudentWorks Plus 
at 1-800-828-7777 ee Reinforcement, p. 28 
www.sciencekit.com, Directed Reading, p. 20 

Cultural Diversity, pp.57-58 

a ae 

MiniLAB: glass test tube Chapter Fasr Fite Resources Portfolio Section Focus Transparency 
with stopper, water, paper Transparency Activity, pp. 48, Curriculum Connection, p. 336 6 Teaching Transparency 

Lab: plane mirrors (2), 51-52 Performance ®) Interactive Chalkboard 

masking tape, protractor, MiniLAB, p.4 MiniLAB, p. 336 2 CD-ROM 

paper clip Enrichment, p. 33 Applying Math, p. 337 & StudentWorks Plus 

Reinforcement, p. 29 Content {LD Video Lab 

Directed Reading, p. 21 Section Review, p. 337 

Lab Worksheets, pp. 5-6 

Lab Management and 

Safety, pp.67-68 

Lab: loud noise source, Chapter Fasr Fite Resources Portfolio ‘ Section Focus Transparency 
sound meter, meterstick Transparency Activity, p. 49 Activity, p. 342 ‘> Virtual Labs CD-ROM 
or metric tape measure Enrichment, p. 34 Performance ‘Interactive Chalkboard 

Reinforcement, p. 30 Applying Math, p. 343 _ CD-ROM 
Content *  StudentWorks Plus 

NCO, 
oe a? 

ASSESSMENT 

Chapter Fas7 Fire Resources 
Chapter Review, pp. 39-40 ( 
Chapter Tests, pp. 41-44 

Standardized Test Practice, pp. 48-51 

Directed Reading, p. 21, 22 

Lab Worksheets, pp. 7-8 Section Review, p. 343 

End of Chapter Assessment 

=) =) ee 69 

MindJogger Videoquiz 

) Virtual Labs CD-ROM 

ExamView® Pro Testmaker 

TeacherWorks CD-ROM 

Interactive Chalkboard CD- 

CHAPTER 11 Resource Manager 

ROMPerformance Assessment in the 

Science 

Classroom (PASC) 
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Transparencies 

Section Focus 

sto, estoy i 
EERIE Noisy Machines Guy GC) ESS Knight Light 

\ Transparency 

This is a representation of key blackline 

masters available in the Teacher Classroom 

Resources. See Resource Manager boxes 

within the chapter for additional information. 

Key to Teaching Strategies 

The following designations will help you 
decide which activities are appropriate 
for your students. 

Level 1 activities should be 

appropriate for students with 

learning difficulties. 

L2| Level 2 activities should be within 

the ability range of all students. 

|L3| Level 3 activities are designed for 

above-average students. 

G® ELL activities should be within 
the ability range of English 
Language Learners. 

COOP LEARN Cooperative Learning 
activities are designed 

for small group work. 

Lab Worksheets 

Las 

\VA Bi Reflections of Reflections €l3 [Ethic Musical Instruments 
4 Activity 

Lab Preview 
Directions: Ansiver these questions before you begin the Lob 

Hands-On Activities Multiple Learning Styles logos, 

as described on page 12T, are 

used throughout to indicate 

strategies that address different 

learning styles. 

Strategy 

Materials Es SD 

Real: World Problem 

These strategies represent student 
products that can be placed into 

a best-work portfolio. 

Problem-Based Learning activities 

apply real-world situations to 

learning. 
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Content Outline 

ate 

Section 1 

A 
them. 
1, Compressional wave 

Sound and Light 

Sound 

forrn when 2 vibrating cia vollies with aie mokecube 

re Two regions cally 
air molecules together arnt then spread! then opt m8 P " 

BL A sound wave’, deperas on the 
1. Sound tr 

Meeting Individual Needs 

“0 

Directions: Answer the owing questions on the tine povided 
1, What vauses sound! 

2. Mow do alr molecules enable sound to (ravel fram a railo's speaker to your earat 

ofa wound wave traveling i 

rough which medion would sound travel the fastest: water, 

What indicates the amplitude of a compressional wave? 

‘Compare andl contrast loudness andl intensity 

inproaches and passes 

jidual Needs 

Enrichment 
Nase 
STo, 

Children io the 19406 knew that the 
in characier Superman could fly “faster 
pceding bullet” This was a time when 

bullets could tvavel faster than sound 
but planes cauld not, fn fact, sound w 
were preventing plunes from reaching super 
fast speede Air can travel only os fast as the 
speed of sound, When w plane approaches 
that ypeed, i must push the air with it The 

y faster us Ht becomes 
ompiressed, That caused the pla 

0s (0 sliake furiously 

planes could pase 

Not Yet Faster than a Speeding Bullet 
Air Force test pllot Chuck Yeager and a 

roup of other plows and seronautical 
enincers were determiged wo brevk through 
the sound barrier Hecause bullets could yo 
faster hun the speed of sound the engineers 
used them as a model, They copied the shape 
of a SOvcaliber bullet to design the airplane 
note. They hoped the plane would reach 
speeds yreater thant Mach |. Moch nur 
indicate the rel ject cx 

red ound: Mach f equi pa r 

‘ 
Cz Breaking the Speed of Sound 

Yeager and other pilots nude a number of 
Alter each test Might, the peu 

working on the project earned a little m 
hhow and Whiy the planes behaved a 

they did, The engineers mau changes to the 
planes based! an Wwltal they learned 

The Record Breaker 
‘On the moming of October 14, 1947, 

leshinicians prepared Chuck Yeager's plane for 
its Might. At Yeager’ suggestion, they even, 
rubbed the plane's windshield with shampoo 
to keep it from froming aver atthe igh 
altirudes it 

released the ( ius Glenn ana Yeager 
took off to make aeronautical history 

He had been given strict instructions not 
faster than Mach 0.96 unless he felt i 

was absolutely safe to lo 40, After Yeager 
determined the plane was in good shape, he 
accelerated to Mach 0.98 nd continued lo 
press forward. The indicator needle on the 
Machineter lurched past the last number on 
the weal Yeager had done it! He was flying 
faster than the speed of sound. He maintained 
his pace for about 20 seconds. Then he cut his 

and glided down to the dry lakebed he 

3 
g =z 
FY 3 

z 
e 
s 

= 

1 Thad left just 14 minutes earlier 

1, What happened to airplanes that approached the speed of sound before Yeager's Might 

ice images of internal structures in the body j = — 
2 What do youthink a Maclhmeter is7 What i an equivalent pleve af equipment on a car? 

Eyplain how ultrasound is used to pu 

3. Once a pl Once a plane cals the speed of sound, would you expect the Mlight be rough or smooth? 
What does a hertz measure? —_ Explain your answ 

Reading Essentials 
| 

= 
d Li = eS Sound and Light 

Sound and Light 
section © Sound 

ine tee i the Mak I the saemsent false, writen the blank the term or 
make the statement ttve What You'll Learn ‘@ Before You Read 

| 1. The speed of sound in a solid is /esc than the speed of sound in ao I aererk proparees Place your hand on your throat and hum a tune. How is the 
Mot 1 the Doppler fic movement that you felt related to the sound you made? 

2 
3 4, The human perception of the Irequency of « sound wave le 
2 called the iecibel 
3 5. In the Doppler effect, the frequency af the sound incredser a 
= the source ofthe sound approaches the lst, 
| the distance from the source of a sound incteates, the Rrra @ Read to Learn 
2 quency decreas Main Ideas hight tne 2 man Kea ofeach paragraph Sound Waves. 

As the (emperonure of ai increases the speed of ew wat you hehe a erniaciatrar} le anotey plane HOM plvtee 
Bo SF videogames are beeping. and people on rides are screaming 

tion of the intensity of sound These sounds are all different, but they all have something in 

wound Waves. iment 

What makes sound waves? 
Directions: Anvver the followin quetions onthe lines provided. FFOLUABLES] Vibrations make souind. When a rad(o speaker vibrates; it 
10; What are (wo medical uses of ultrasonic waves © Build Vocabulary makes sound waves. AS speaker vibrates, some of ils energy 

Make the folimaingFokdableto {is transferred to air molecules. These air molecules bump into 
we — = dative thevocabulay terms of other ait molecules. They pass the energy’on to the new mol 

Fe ea sf Eee ‘hit section. ecules. The energy that came from the vibrating speaker keeps 
moving from one molecule to anather. The energy the mole 

4n a healthy human car hear sound wave Compressional waves are made up of compressions and rar 
ee: mad factions. A compres ere the molecules of the ait are 

11-2 CHAPTER 11. Sow pnd Light 

tae = = — 
jn chare tor) Sound and Light Chapter Sound and Light 
DIRECTIONS Test 

. ae ; : , Part A, Vocabulary Review J, Directions: For each ofthe following write the letter ofthe frm ofthe phrase that best completes the 
Directions: Unsrombe the eters to find the terms describes and wrt them on the fnes provides semen | 

por Testing Concepts 
} 

| 5, perception of ie frequency af ssuisd thie 
6 change of piel Jue to s1maving wave source proley cefoht staat M Mesto owns of ound ee 

} ra nirrtte arrae pli sveelireny Je the amount of sound energy that flows through «given area ina 

ust to the cholecatio v Sm dh Doppler effects 
| | 

unibles the inside of a spoon 1. Allof the following are part of secing yourself in.» qirnor EXCEPT ¢ 
light fromthe mirror hit the wal cellght from you hits the mie Hy 

i] vMdsonerdu be mbldie estat beads blight rellevis off you UL ight ftom the mirrorhite your eye 5 | 

Siren fo cecnee ehh gh waves hangespen when hey pass om unemeiom nw another the id RY 
’ ae , reflected bi refracted diffracted AL separ, 

: wo brick bs leather ple dh fabri 

Light rays refracted by a concan 
this 

ouniitin and a subvrwarine (0 (hw mlennietu THe image farmed by w plane mirror i 
} €. the submarine i the sar cafe gemilh tu real and upright T oprighcand reversed 
i sonar cannot send sound 2 amen vulvar 

: a = = a = = 

CHAPTER 11 Resource Manager 318D 



chapter | é ) | Sound an 

Tie Sound 
‘ Sound 
A sound wave is a type of mechan- 

, ical wave called a compressional or 
longitudinal wave. The compressions and rar- 
efactions produced cause temporary changes in 
the pressure of the medium through which the 
waves travel. Our ears respond to this changing 
pressure and interpret it as sound. 

Intensity and Loudness 
Sound intensity is the amount of energy that 
passes through a given area in a given amount of 
time. Because sound waves spread out as they 
travel, the intensity of a sound decreases as it 
travels and is proportional to the inverse square 
of the distance from the source. This means that 
if the distance from the source doubles, the 

intensity of sound is one-fourth as large. 
Humans can detect very low levels of sound. 
This threshold is defined as 0 dB. A sound of 0 
dB will move our eardrums as little as one-bil- 
lionth of a centimeter, but we can still hear it. 

The Doppler Effect 
When an airplane going faster than the speed of 
sound passes over us, it produces a very loud 
noise called a sonic boom. This is an example of 
the Doppler effect. The sound waves are pushed 
closer together as the high-speed airplane con- 
tinues to produce sound waves. The plane goes 
so fast that the waves pile up on each other. 
Then the wave energy reaches the listener all at 
once, producing a loud noise. 

=i Reflection and Refraction 
of Light 
Reflection of Light 
The reason we can see objects is 

that they either emit or reflect light. Most mate- 
rials don't produce their own light, so almost 

everything we see is reflected light. The 

318E CHAPTER 11 Sound and Light 

____ Science Content Background 
reflected light travels to the retinas of our eyes, 

where an image is received and sent to the brain. 

Transparency 
Materials that are transparent to visible light 
are not necessarily transparent to other wave- 
lengths. For example, clear glass transmits 
long-wavelength ultraviolet rays but blocks 
most short-wavelength ultraviolet rays. This is 
why you are not likely to get a sunburn through 
a window. 

Refraction of Light 
For refraction to occur, light must pass at an 
angle other than 90° from one material into 
another with a different index of refraction. 
When light slows down as it moves from one 
material to another, it is refracted toward the 
normal. When it speeds up, it is refracted away 
from the normal. 

When most people swim underwater with- 
out goggles, their vision is not as good. 
Normally light is refracted when it goes from air 
into the eye, and this is necessary in order to see 
clearly. Because water has a higher index of 
refraction than air, light is not refracted enough 
by water. Wearing goggles puts air in front of 
the eye and restores normal vision. 

Teacher to Teacher 
Erin Peters 

Lead Science Teacher 

Williamsburg Middle School 

Arlington, VA 

“| use a wind-up music box apparatus to demonstrate how 

sound waves travel through different mediums. Hold the 

apparatus in the air, wind the arm, and listen to the sound 

that it makes. The sound should be very quiet. Now wind the 
arm and put the apparatus on the desk. It should sound like 
the music box. Sound waves travel better when the vibrating 
particles are closer together.” 

Erin Peters 



eTTeitet Mirrors, Lenses, 

and the Eye 
Mirrors 
The law of reflection applies 

whenever light is reflected. The angle of inci- 
dence is equal to the angle of reflection. To 
determine these angles, an imaginary reference 
line called the normal line is drawn perpendicu- 
lar to the reflecting surface. The angle between 
the incident ray and the normal is the angle of 
incidence. The angle between the reflected ray 
and the normal is the angle of reflection. The 
law of reflection applies to plane mirrors as well 
as convex and concave mirrors. 

Lenses 
A lens is a curved, transparent device that bends 
light that passes through it. The bending, or 
refraction, of light requires two conditions: (a) 
Light must pass from one material through 
another that has a different optical density; (b) 
the light must enter the lens at an angle other 
than perpendicular. 
Concave lenses and convex mirrors both cause 
light rays to diverge. When light rays are made 
to diverge, the image that is formed 1s virtual. 
The image seems to be located where the 
diverging light rays would converge if they were 
extended backward. As a result, no light rays 
actually pass through the location of a virtual 

Helping You Prepare 

image. Convex lenses and concave mirrors also 
cause light rays to diverge and form virtual 
images when the object is located less than one 
focal length from the lens or mirror. For all 
other object locations, convex lenses and con- 
cave mirrors form real images. 

The Human Eye 
Eyes focus by a process called accommodation. 
In this process, muscles attached to the eye lens 
make the lens thinner or thicker to form a sharp 
image on the retina. Most people with glasses or 
contact lenses wear concave lenses to correct 
myopia, or nearsightedness. This condition has 
various causes. For instance, a person may 
genetically have an eyeball that is too long, 
causing a sharp image to be formed in front of, 
instead of on, the retina. 

Toainy Light and Color 
¢ Mixing Colors 
Three types of color dots—red, 
blue, and green—are repeated 

throughout the screen of a color television. By 
varying the intensity of the light emitted by 
each, all colors can be displayed. 
Each primary pigment color results when one of 
the primary colors of light is absorbed. Magenta 
corresponds to the absorption of green, cyan to 
the absorption of red, and yellow to the absorp- 
uon of blue. 

aprer content resources: 
Internet Resources 

For additional content background, visit 

fl.gpescience.com to: 

e access your book online 

e find references to related articles in popular 

science magazines 

access Web links with related content background 

access current events with science journal topics 

Print Resources 

Hands-On Physics Activities with Real-Life Applications: 

Easy-to-Use Labs and Demonstrations for Grades 

8-12, by James Cunningham and Norman Herr, 

Jossey-Bass, 2002 

Visual Perception, by Steven H. Schwartz, McGraw- 

Hill/Appleton and Lange, 1998 

Geometric, Physical, and Visual Optics, by Michael 

Keating, Butterworth-Heinemann, 2002 
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intensity, p. 3 

loudness, p. 3 
decibel, p. 32 
pitch, p. 323 
Doppler effect, p. 323 
opaque, p. 327 

translucent, p. 

transparent, p. 
index of refraction, p. 329 
plane mirror, p. 331 

2h 

327 

pigment, p. 342 

Science Jourmal Student 
responses will vary. Students 
might want to know the wave 
types, how fast they travel, and 
how they might harm hearing. 

INTERACTIVE | 
CHALKBOARD 

with Image Ban : 

PowerPoint* Presentations 

This CD-ROM is an editable 
Microsoft® PowerPoint® 
presentation that includes: 

* a pre-made presentation for 
every chapter | 

* interactive graphics 
* animations 

* audio clips 
* image bank 

all new section and chapter 
questions 

° Standardized Test Practice 
* transparencies 

Foldables directions 
links to 
a LO 
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r chapter preview 

Sound 

Reflection and Refraction 

of Light 

Mirrors, Lenses, and the Eye 

Reflections of Reflections 

Light and Color 

Blocking Noise Pollution 

o 
created? 

How are colors 
Science Journal 

Theme Connection 

Energy Sound and light are waves that transfer 

energy. Sound is a mechanical, compressional wave 
that transfers energy by the collisions of molecules. 
Light transfers energy by electromagnetic radia- 
tion. The amount of energy transferred by a wave 
determines the intensity of sound or light. 

About the Photo 

Sonic Boom ‘This airplane is producing a sonic boom 
as it moves faster than the speed of sound. As the plane 

approaches the speed of sound, the Doppler effect 
causes the sound waves emitted by the plane to pile up 
in front of it. These wave fronts form a cone-shaped . 
shock wave when they overlap as the plane reaches the 
speed of sound. Observers on the ground hear a loud 
boom or crack when the shock wave passes them. 



sound. 

Preview this chapter's content 

Qniine and activities at 

FOLDABLES 
Study Organizer 

Sound and Light Make the 

following Foldable to help you 

identify ways in which sound 

and light are different and alike. 

| STEP 1 | Fold one sheet of paper lengthwise. 

| STEP 3 | Unfold and draw overlapping ovals. 

Cut the top sheet along the folds. 

Constructing a Venn Diagram As you read the 

chapter, list the characteristics unique to sound 

under the left tab, the characteristics unique to 

light under the right tab, and those common to 

both under the middle tab. 

Ssavesnubapela reirebs couture ry naples 

* 
1G 

Purpose Use the Launch Lab to 

introduce students to musical 
pitches. Explain that one of the 
things they will learn in this 
chapter is what sound is and 
what makes sounds different. 
[Li] GS Auditory-Musical 

Preparation ‘Jest the rulers that 
you plan to have students use to 
be sure that they are flexible 
enough for the activity. 

Materials thin rulers 

Teaching Strategy Suggest that 
students work in pairs. Have one 

student describe and record the 

sounds heard while the other stu- 

dent adjusts and plays the ruler. 

Think Critically 
The longer the extending segment of 

the ruler, the deeper the pitch. 

Assessment 
Content Have students listen to 

the tones that occur at different 

lengths and then try to play a 
simple song. 

EV hS9 Dinah Zike 
Study Organizer Study Fold 

Student preparation materials for 

this Foldable are available in the 

Chapter Fasr Fire Resources. 
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4 Motivate 

INTERACTIVE. 
SHAL BOF 

tion is available on Interactive 

Chalkboard CD-ROM. 

Bellringer | 

Section Focus Transparencies 

also are available on the 

Interactive Chalkboard CD-ROM. 

(PEL 
Cail tSilo, My 
Bie Section Focus Noisy Machines eneeter 

Transparency 11 | 

Two hundred years ago the world was pretty quiet. In the years 

since, however, more and more machines have been making more and 

more noise. Exposure to loud noises can cause fatigue, nausea, 

headaches, and hearing loss. 

1. How do sounds differ? 

2, Why do you think this worker is wearing earguards? 

oa Reading Preview 

Tie to Prior Knowledge 

Sounds Ask students to name 
sounds they have heard today. 
Can they identify what made 
each sound? Tell them that 
sounds are made by vibrating 
objects. Human speech is 
caused by the vibration of vocal 
cords in the larynx. 

Text Structure Have students 
study the structure of this sec- 
tion. How are topics intro- 

duced? headings What technique 
is used to highlight vocabulary 
words? boldface type Tell students 
that text structure can help them 
see, at a glance, what a section 
covers. 

320 CHAPTER11 Sound and Light 

An editable Microsoft® 

PowerPoint® presenta- 

What You'll Learn 

= Explain how sound travels 

through different mediums. 

m Explain different properties of 

sound. 

@ Discuss the Doppler effect. 

Figure 1 A vibrating tuning fork 
produces compressions and rarefac- 

tions that travel outward from the 

tuning fork. These compressions 

and rarefactions form a sound 

wave. 

320 CHAPTER 11 Sound and Light 

Reading Guide 

identify ways sound can be used. 

Why It’s Important New Vocabulary 

Sounds are one way that you learn @ intensity 

about the world around you. e loudness 

e decibel 
Review Vocabulary @ pitch 

vibration: rhythmic back-and-forth — @ Doppler effect 

motion 

Sound Waves 
An amusement park can be a noisy place. With all the racket 

of carousel music and booming loudspeakers, it can be hard to 

hear what your friends say. The many sounds you hear every day 

are different, but they do have something in common—each 

sound is produced by an object that vibrates. 

Making Sound Waves When an object like the tuning fork 
in Figure 1 vibrates, it creates sound waves. Sound waves are 

compressional waves. Recall that a compressional wave is made of 

compressions and rarefactions. When an end of the tuning fork 

moves outward, it forms a compression on that side by pushing 

the molecules in air together. The compression moves away from 

the tuning fork as these molecules collide with other molecules in 

air. When the end of the tuning fork moves back, a rarefaction is 

formed where the molecules are farther apart. As the tuning fork 

vibrates, it produces a series of compressions and rarefactions that 

travels outward. This series of compressions and rarefactions is 

the sound wave that you hear. 

The Speed of Sound 
A sound wave moves in air as collisions between the mole- 

cules in air transfer energy from place to place. Sound waves also 

can move in other materials. The material in which a sound wave 

moves is called a medium. Just as in air, sound waves travel in 

solids, liquids, and other gases as a vibrating object transfers 

energy to the particles in the material. However, sound waves 

cannot travel in empty space where there are no particles. 

Section 1 Resource Manager 

Chapter Fasr Fire Resources 

‘Transparency Activity, p. +6 

Note-taking Worksheets, pp. 35-37 

MiniLAB, p. 3 

Lab Activity, pp. 9-12 

Enrichment, p. 31 

Reinforcement, p. 27 

Directed Reading for Content Mastery, 

pp. 19-20 

Earth Science Critical Thinking/Problem Solving, DaZl 

Reading and Writing Skills Activities, pp. 7-8 



The Speed of Sound in Different Materials The speed 
of a sound wave in a medium depends on the type of substance 
and whether it is a solid, liquid, or gas. For example, Table 1 
shows the speed of sound in different mediums at room temper- 
ature. In general, sound travels slowest in gases and fastest in 
solids. 

Temperature and the Speed of Sound The speed of 
sound waves also depends on the temperature of the medium. 
As the temperature of a substance increases, its atoms and 
molecules move faster. At a higher temperature, atoms and 
molecules collide with each other more frequently. As a result, 
sound waves move faster. For example, in air at a temperature of 
0°C, sound travels at a speed of 331 m/s, but in air at a temper- 
ature of 20°C, sound travels at 343 m/s. 

Amplitude and Energy of Sound Waves 
Think about the differences among sounds you hear. Some 

are loud; others are soft. The flute plays high notes, whereas the 

tuba is much lower. What properties of sound waves cause these 

differences in the sounds you hear? 

Recall that the amount of energy a wave carries corresponds 

to its amplitude. For a compressional wave, amplitude is related 

to the density of the particles in the compressions and rarefac- 

tions. A v ibrating object makes a wave by transferring energy to 
the medium. More energy is transferred to the medium when 

the particles of the medium are forced closer together in the 

compressions and spread farther apart in the rarefactions. Look 

at Figure 2. A sound wave has a higher amplitude and carries 

more energy when particles in the medium are closer together 

in the compressions and more spread out in the rarefactions. 

Compression _Rarefaction 

In a high-amplitude sound wave, 

particles are tightly packed in the 

compressions and far apart in the 

rarefactions. wee 

Compression _ Rarefaction 

In a low-amplitude sound wave, 

particles are less tightly packed in 

the compressions and not as far 

apart in the rarefactions. 

Table 1 Speed of Sound 

in Different Mediums 

Medium Speed of Sound 

(m/s) 

Air (20°C 343 

Cork 500 

Water 1,498 

Brick 3,650 

Aluminum 5,000 

Figure 2 The amplitude ofa 
sound wave depends on the density 

of the particles in the compressions 

and rarefactions. 

Low-amplitude sound wave 
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Differentiated Instruction 

Hearing Impaired For many of the activities in 

this section, an alternative way to learn how 

sound is produced is by feeling the vibrations. 
When students do the MiniLAB, have them feel 

the vibrations transmitted through the string to 

their fingers. Using different types of string and 

metal objects, they can feel how the vibrations 

differ ae various materials. [f} Kinesthetic [1] 

aga 
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of sound ina 
tra S elasticity 
the ability of the 
isto shape after 

on ae force. For example, | 
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quic rough steel. — : , 
asi nie ETE 

Activity 
Vocal Cords Have students place 
their hands on their throats 

while talking to feel the vibra- 

tions caused by their vocal cords. 

G® [h\ Kinesthetic 

Moving Molecules When looking 
at the pictures of compressions 
and rarefactions of sound waves, 

students might think that the 

molecules travel away from the 

sound source. Explain that the | 
| molecules push on their neigh- 

bors and then return to their | 

original positions. Only the 
energy is transported. 

Activity 
Ranking Volume Have students 
bring in various whistles. Have 

them blow the whistles and rank 

them from loudest to softest. 

Afterward, have the students 

examine the whistles to find out 

what produced the vibration and 
what feature caused one whistle 

to be louder than another. 

GD jh Auditory-Musical 

. Reading Strategy 

Shared Reading Have SAL 

read together in small groups as 
they study Amplitude and Energy 
of Sound Waves. Many of the 
terms in this passage, such as 
amplitude and energy, build upon 
prior knowledge. Encourage stu- 
dents to help one another recall 
previous vocabulary terms. 
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Build a Muffler 

Purpose to explore sound 

reduction 

Possible Materials shoe box, 

packing material, corks, waxed 
paper, cardboard dividers, alu- 

minum foil, sound meter, radio 

or stereo 

Estimated Time two class periods 

Teaching Strategies 

¢ Students should make a hole 

in each end of a shoebox. Noise 

goes in one end and is measured 

at the other end. 

¢ Encourage students to test 
different materials and muffler 

designs. Students can find muf- 
fler designs online. They might 
try a mazelike passage for the 
sound waves. Allow students to 

bring extra materials from 

home. 

* Encourage competition by 
having a contest to see which 

group can build the most effec- 

tive muffler. 

For additional inquiry activities, see 
Science Inquiry Lab Manual. 

(%, Reading Check 

Answer Intensity is the amount of 
energy that flows through an area in a 
specific amount of time. Loudness is the 
human perception of this intensity. 

A decibel is one-tenth of a bel, 

named in honor of Alexander 

Graham Bell. 

Caption Answer 
Figure 4 Between an average home 
and a vacuum cleaner; people normally 
speak at about 60 dB. 

322 CHAPTER11 Sound and Light 

\ AQ | A 

Figure 3 The intensity of a 

sound wave decreases as the wave 

spreads out from the source of the 

sound. The energy of the wave is 

spread over a larger area as the 

wave spreads out. 

Figure 4 The decibel scale meas- 

ures the intensity of sound. 

Identify where a normal speaking 

voice would fall on the scale. 

Purring 

Whisper cat 

Intensity and Loudness 
Imagine you are listening to music from your CD player. 

Sound waves produced by the CD player travel through the air 

and transfer energy from the CD player to your ears. The energy 

that reaches your ears depends not only on the amplitude of the 

sound waves, but also on how close you are to the CD player. 

Figure 3 shows that as you get farther from a source of sound, 

the energy of the sound waves is spread over a greater area. The 

amount of energy transferred by a sound wave through a certain 

area each second is the intensity of the sound wave. As sound 

waves travel away from the source of the sound, the intensity of 

the waves decreases as the waves spread out. This means that as 

you get farther from the source, less energy reaches your ears 

each second. 

Loudness When you hear different sounds, you do not need 

special equipment to know which sounds have greater intensity. 

Your ears and brain can tell the difference. Loudness is the 

human perception of sound intensity. As the intensity of a 

sound wave increases, the loudness of the sound also increases. 

WLC heir" How are intensity and loudness related? 

A Scale for Sound Intensity The intensity of sound can be 
described using a measurement scale. Each unit on the scale for 

sound intensity is called a decibel, abbreviated dB. On this scale, 
the faintest sound that most people can hear is 0 dB. Sounds 

with intensity levels above 120 dB may cause pain and perma- 

nent hearing loss. During some rock concerts, sounds reach this 

damaging intensity level. Wearing ear protection, such as 

earplugs, around loud sounds can help protect against hearing 

loss. Figure 4 shows some sounds and their intensity levels in 

decibels. 

Loudness in Decibels 
Power 

mower 
Average Vacuum Pain 

home cleaner threshold 

l5e20025 

Rustling 

leaves 
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75 80 100.5 110" 428 Jet plane 
taking off 

Noisy 

restaurant 

v Active Reading 

Bubble Map Using a bubble map helps students 
start ideas flowing about a given topic. Words 
are clustered to describe a topic or idea that is 
studied. Students can use a bubble map to gen- 
erate ideas for a prewriting or before writing in 
their journals, or to review for a test. Have stu- 
dents design a bubble map for the concepts 
about sound discussed in this section. LP | 

Teacher a 
Sound Intensity The ‘bat of sound © 
decreases as it travels away from a source — 
not only because the waves transfer energy — 
to matter, but also because they radiate out | } 
from the source. Sound i intensity decreases ’ 
as 1/r’, where gas Bane distance from the — 
Source Pe 4 



Pitch and Frequency Caption Answer 
Ce) 

You might be familiar with the music ao Qe Oie ss Figure 5 RS frequency increases, pitch 
scale do, re, mi, fa, sol, la, ti, do shown in becomes higher. 
Figure 5. If you were to sing this scale, you C D E F fe A B C : y 
would hear the pitch of your voice get Discussion 
higher. Pitch is the human perception of hjomee hes fi He Changing Pitch Ask students to 
the frequency of sound waves. Pitch gets describe times when they have 
higher as the frequency of the sound waves 262 294 330 349 392 449 494 «573 heard a sound's pitch change 
increases. Hz Hz Hz Hz Hz #z Hz Hz because of the Doppler effect. 

Frequency Frequency is a measure of how many wavelengths 
pass a particular point each second. For a compressional wave, 
such as sound, the frequency is the number of compressions or 
the number of rarefactions that pass by each second. Frequency 

is measured in hertz (Hz). A frequency of 1 Hz means that one 

complete wavelength passes by in 1 s. 

A healthy human ear can hear sound waves with frequencies 

from about 20 Hz to 20,000 Hz. The human ear is most sensi- 
tive to sounds in the range of 440 Hz to about 7,000 Hz. In this 

range, most people can hear much fainter sounds than they can 
at higher or lower frequencies. 

Ultrasonic and Infrasonic Waves Most people can’t hear 
sound frequencies above 20,000 Hz, which are called ultrasonic 

waves. Dogs can hear sounds with frequencies up to about 

35,000 Hz, and bats can detect frequencies higher than 100,000 

Hz. Even though humans can’t hear ultrasonic waves, they have 

a number of uses. For example, ultrasonic waves directed into 

the human body are used in medical diagnosis and treatment. 

Ultrasonic waves are reflected by objects underwater, and can be 

used to determine the size, shape, and depth of underwater 

objects. 

Figure 5 Every note has a 

different frequency, which gives it 

a distinct pitch. 

Describe how pitch changes when 

frequenyy increases. 

Comparing Intensity 

Procedure 

ib Tie the middle of a 50-cm 

length of string to a metal 
object such as a spoon. 

. Wrap each end of the 

string around a finger on 

each hand. Place one of 
these fingers in each ear. 

Some examples are a moving 
police or fire engine siren, a 

school bell when they are moving 
toward or away from it quickly, 
and a train's whistle. Encourage 
students to listen for other exam- 
ples of the Doppler effect over 
the next few weeks and to 
describe them to the class. 

ET 

Purpose Students listen to sounds 
through different mediums. 
GD jh) Auditory-Musical 

Materials metal objects such as a 
spoon, 1.5 m of string, chair or 
table 

Teaching Strategy Suggest stu- 
dents try a variety of metal 

Infrasonic, or subsonic, waves have frequencies below . shi the object ari objects to obtain different 
20 Hz—too low for most people to hear. These waves are pro- Ben hoje galls lialta Derch sands 
duced by sources that vibrate slowly, such as wind, heavy TEMES NEMS Sais 4 

: ; 2 . Take your fingers out of Analysis 
machinery, and earthquakes. Although you can’t hear infrasonic 

waves, you might feel them as a rumble inside your body. 

The Doppler Effect 

your ears and repeat 

step 3. 

Analysis 
1. Compare the sounds you 

heard in both trials. 

1. Possible answer: the sound is louder 
and more muffled when your fin- 
gers are in your ears. 

2. The intensity is greater with fingers 

Imagine that you are standing at the side of a racetrack with ; ; in your ears. 
é iy a A hare eet 2. Compare the intensity of 

race Cars Zooming past. As they move toward you, p the sound waves that 

their engines become higher. As they move away, the pitches reached your Assessment 

become lower. The change in pitch or frequency due to the 

relative motion of a wave source is called the Doppler effect. 
ears in both 

trials. 

SECTION] Sound 323 

Content How would the inten- 

sity of the sound that travels 
through the string depend on 
the length of the string? The 
intensity would decrease as the string 
became longer. Use PASC, p. 89. 

Differentiated Instruction 

English-Language Learners Use the musical scale 

to help students understand the relationship 
between frequency and pitch. Have someone 
play the notes on a guitar or other musical instru- 
ment as you point them out on the staff lines. Be 
sure students understand that as the notes go up 
the scale, the frequency and pitch increase. 

Science Journal 

Feeling Pitch Have students place their hands 

gently over their necks and sing the musical scale 

“do re mi fa so la ti do.” Have them write their 

observations in their Science Journals. They 

should be able to tell that their vocal cords 

vibrate differently as they go up the scale. 

Kinesthetic 
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Figure 6 The Doppler effect occurs when the Visual Learning | 
source of a sound wave is moving relative to a 

Figure 6 Remind students that listener. 

the sound waves emitted by the 
car in the figure don't change. It 
is only the frequency at which 
they reach the flagger that 
changes. The car's driver hears 
no change in pitch at all. Have 
students draw circles represent- 
ing sound waves to show how 
the Doppler effect increases if 
the speed of the sound source 
increases. Visual-Spatial 

‘er Quick Demo 
<2 The Doppler Effect 

Materials sponge ball, small elec- 

tric buzzer, battery, tape 

Estimated Time 15 minutes 

Procedure Cut a small opening in 
the side of the sponge ball. Place 
the small electric buzzer con- 

nected to the battery inside the 
opening and tape the opening 

shut. Throw the ball from the 

front to the back of the room. 

The increased and decreased 

pitches caused by the Doppler 
effect should be audible. 

Red Shift The light from most galaxies is 
shifted toward the red end of the spectrum 

because, as these galaxies are moving 
away from Earth, their light waves become 
"stretched out." This is known as the red 
shift. The stretching of the light waves is 
caused by the Doppler effect. 

Answer The pitch decreases. 

A The race car creates compression A, which 

spreads through the air in all directions from the 

point where it was created. 

B | The car is closer to the flagger when it creates 

compression B. Compressions A and B are closer 

together in front of the car, so the flagger hears a 

higher-pitched sound. 

Red Shift The Doppler 

effect can also be 

observed in light waves 

emanating from moving 

sources—although the 

sources must be moving 

at tremendous speeds. 

Astronomers have learned 

that the universe is 

expanding by observing 

the Doppler effect in light 

waves. Research the 

phenomenon known as 

red shift and explain in 

your Science Journal how 

it relates to the Doppler 

effect. 

Compression A 

——— Compression A 

A Moving Source of Sound As a race car moves, it produces 
sound waves in the form of compressions and rarefactions. In 

Figure 6A, the race car creates a compression, labeled A. 

Compression A moves through the air toward the flagger. By the 

time compression B leaves the race car in Figure 6B, the car has 

moved forward. Because the car has moved since the time it created 

compression A, compressions A and B are closer together in front 

of the car than they would be if the car had stayed still. Because the 

compressions are closer together, more compressions pass by the 

flagger each second than if the car had been at rest. As a result, the 

flagger hears a higher pitch. Figure 6B also shows that the compres- 

sions behind the moving car are farther apart, resulting in a lower 

frequency. The flagger hears a lower pitch after the car passes. 

A Moving Listener You also can hear the Doppler effect when 
you are moving past a sound source that is standing still. Suppose 

you were riding in a school bus and passed a building with a ring- 

ing bell. The pitch would become higher as you approached the 

building and lower as you rode away from it. The Doppler effect 

happens any time the source of a sound is changing position rel- 

ative to the listener. It occurs no matter whether it is the sound 
source or the listener that is moving. The faster the change in 
position, the greater the change in frequency and pitch. 

How does pitch change if you are moving away 
from a sound source? 

324 CHAPTER 11 Sound and Light 

Curriculum Connection 

History When a jet travels faster than the speed of — as the jet passes. Have students research the first 
sound, the sound waves it produces trail behind as human-made sonic boom. Test pilot Chuck Yeager was 
a cone of pressure disturbances in the air. This _ the first person to break the sound barrier in an airplane and 
Mach cone might be heard as a loud sonic boom cause a sonic boom. He did this on October 14, 1947, 
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Use Science Words 

Word Origin Have students find 
what the letters of the word sonar 

Topic: Sonar stand for and explain why this is 
Visit fl.gpescience.com for Web an accurate description. Sonar 

links to information about ways stands for sound navigation and ranging. 

sonar {s used. This is accurate because sonar is the use of 
Echolocation and Sonar Ss oe reas ees oe ; : 

SINS SPREICS Or Daley as Wellias Activity Research to find out sound to navigate and determine the dis- 
dolphins, whales, and other animals, use sound waves to detect the different types of sonar. Make tance of range to objects. 

their prey. Echolocation is the process of locating objects by : a poster that describes active and 

v, Reading Check 
emitting sounds and detecting the sound waves that reflect back. : | passive sonar. 

Sonar is a system that uses the reflection of underwater sound: 
waves to detect objects. First, a sound pulse is emitted underwa- amt 

Answer by emitting a sound pulse and 
measuring the time for the pulse to 
travel to the object and return 

Using Sound 
When sound waves strike an object, they can be absorbed by Sciencé@nline 

the object, transmitted through the object, or reflected from the: 
object. By detecting the sound waves reflected from an object, 
the size, shape, and location of an object can be determined. 

ter. The sound waves travel in the water and are reflected when 

they strike an object, such as a fish or a ship. An underwater 

microphone detects the reflected waves. Because the speed of 

sound in water is known, the distance to the object can be calcu- 

lated by measuring how much time passes between when the 

sound pulse is emitted and when the reflected signal is received. 
Applying Math _ 

Math Standards 
PNojelMiatelemit-taiw@ solve a Simple Equation National: 1, 2,9 

Florida: MA.B.1.4.2 

USING SONAR A sonar pulse returns in 3.00 s from a sunken ship that is directly below. Find 

the depth of the ship if the speed of the pulse is 1,500 m/s. Hint: The sonar pulse travels a Teaching Strategy 

Be sure students understand that the rea- 

son the equation is divided by 2 is that the 
distance to the object is one-half the dis- 
tance that the sound travels, because the 

sound must travel to the object and back. 

distance equal to twice the depth of the ship, so use the equation d = st/2 to find the depth. 

| IDENTIFY | known values and the unknown value 

Identify the known values: 

speed of sound in water s= 

time for round trip 

Identify the unknown value: 

depth of the ship d=%m 

| SOLVE | the problem 

Substitute the known values s = 1,500 m/s and t = 3.00 s into the equation for depth: 

200 a a (4,500 ina) == A PaKO)anm 

Answers to 

Practice Problem 

1,500 m/s 

d= 

| CHECK | your answer 

Check your answer by dividing the distance by the time and multiplying by 2. The result 

should be the speed of sound given in the problem. 

Practice Problems 

Find the speed of a sonar pulse that returns in 2.0 s from a ship at a depth of 1,500 m. 

For more practice problems go to page 879, and visit Math Practice at fl.gpescience.com. 

SECTION Sound 325 

Differentiated Instruction 

Learning Disabled Go through the Applying Math 
feature step by step. Make sure the student 
understands the reason for each step in the prob- 
lem. Watch to be sure the student is performing 
the calculations correctly. 

Teacher 
There are three types of sonar systems. An active 
sonar system sends sound waves toward a target and 
analyzes the reflected waves. A passive sonar system 
- doesn't emit sound waves; it simply detects and 
analyzes sounds made by a target. Sonar systems 
can also be us ane se een as is done by Can 

a vies 1 ee 
Vas ships for oes <= eh 

; poem ott 8 eee aR 

i 
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i. Post Reading 

Extended Research Have stu- 

dents research how the Doppler 
effect is used to predict storms. 
What advantage does Doppler 
radar have over conventional 

radar? Invite a meteorologist to 

provide a more thorough explana- 

tion to the class. 

G Assess | 
DAILY INTERVENTION 

Check for Understanding 
Kinesthetic Have students use 

their hands to demonstrate the 

motion of particles when sound 
waves pass through them. Ask 
students to show the movement 

of sound waves through air and 

then through aluminum. 

Reteach 

Sound Wave Properties Place a 
clear, shallow container of water 

on top of an overhead projector 
to demonstrate various properties 

of waves. For example, touch the 
water with vibrating tuning forks 
to show low and high frequencies. 
Move a vibrating tuning fork 
along the surface to show the 
Doppler effect. [2] 

Assessment 
Process Strike a tuning fork and 

place its handle against various 

surfaces, such as a wooden desk, 

a book, a metal surface, and a 

wall. For each surface, have 

students explain why the ampli- 
fied sound is loud or soft. Sounds 

will be louder for larger, denser, and 
stiffer surfaces. Use Performance 

Assessment in the Science 

Classroom, p. 89 

326 CHAPTER 11 Sound and Light 

Figure 7 Ultrasonic waves are 

directed into a pregnant woman's 

uterus to form images of her fetus. 

Summary 

Sound Waves 

®@ Sound waves are compressional waves that 

are produced by vibrating objects. 

@ Sound usually travels fastest in solids and 

slowest in gases. 

© Sound travels faster as the temperature of 

the medium increases. 

Properties of Sound 

@ The amplitude of sound waves increases as 

the density of particles increases in the com- 

pressions and decreases in rarefactions 

@ Loudness is the human perception of the 

intensity of sound waves. Pitch is the human 

perception of the frequency of sound waves. 

@ The Doppler effect is the change in the fre- 

quency of a sound wave when the source of 

the sound is moving relative to a listener. 

326 CHAPTER 11 Sound and Light 
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ee section 

Ultrasound in Medicine High-frequency sound 

waves can also be used to remove dirt buildup on jew- 

elry and glassware. One of the most important uses of 

ultrasonic waves, though, is in medicine. Using spe- 

cial instruments, medical professionals can send 

ultrasonic waves into a specific part of a patient’s 

body. Reflected ultrasonic waves are used to examine 

different body parts and to detect and monitor cer- 

tain types of heart disease and cancer. Ultrasound 

imaging also is used to monitor the development of a 

fetus, as shown in Figure 7. However, ultrasound does 

not produce good images of the bones and lungs, 

because hard tissues and air absorb the ultrasonic 

waves instead of reflecting them. 
High-frequency sound waves can be used to treat 

certain medical problems. For example, sometimes small, hard 

deposits of calcium compounds or other minerals form in the 

kidneys, making kidney stones. In the past, physicians had to 
perform surgery to remove kidney stones. Now ultrasonic treat- 

ments are commonly used to break them up instead. Bursts of 

ultrasound create vibrations that cause the stones to break into 

small pieces that can easily pass out of the body with the urine. 

A similar treatment is available for gallstones. 

A revi 

Self Check 

1. Explain how sound travels from your vocal cords to 

your friend’s ears when you talk. 

2. Explain how the loudness of a sound wave depends on 

the intensity of the sound wave. 

3. Draw and label a diagram that explains the Doppler 

effect. 

4. Describe at least three uses of ultrasonic technology in 

medicine. 

5. Think Critically How could sonar technology be used 

to locate deposits of oil and minerals? 

Applying Math 

. Calculate Time How long would it take a sound 

wave from a car alarm to travel 1.0 km in air if the air 

temperature were 0°C? 

. Calculate Distance If sound travels in the ocean with 

a speed of 1,500 m/s, how far will a sonar pulse travel 

in45s? 

More Section Review fl.gpescience.com 

—_ Section 
1. Your vocal cords create compressions 

and rarefactions in air molecules that 
travel out in all directions. 

2. Loudness is related to how the 

human ear and brain interpret 

intensity. As a sound wave’s inten- 

sity increases so does the loudness. 
3. Check students’ work. 

stones. 

4. Possible answers: producing sono- 
grams of a developing fetus, breaking 
up kidney stones, breaking up gall 

5. Sonar waves could be transmitted 

through the ground and reflected 
from oil deposits. They also would 
travel with a different speed in oil 

review 

and mineral deposits than in the 
surrounding ground. 

6. 1,000 m/(331 m/s) = 3.025 
7. 1,500 m/s & 455 = 37,500m = 

37.5 km 

Be MA.B.1.4.2 
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Section 

or A 
Q Reflection and. 

Refraction of Light 

What You'll Learn Why It’s Important 
Describe how light waves interact The images you see every day are 

sree matter. due to the behavior of light waves. 
m Explain the difference between 

regular and diffuse reflection. ® Review Vocabulary 
m Define the index of refraction of a__ visible light: an electromagnetic 

material. wave with wavelengths between 

m Explain why a prism separates about 400 and 700 billionths of a 

white light into different colors. meter 

The Interaction of Light and Matter 
Look around your darkened room at night. You know that 

some of the objects are brightly colored, but they look gray or 

black in the dim light. Turn on the light, and you can see all the 

objects in the room clearly, including their colors. What you see 

depends on the amount of light in the room and the color of the 

objects. For you to see an object, it must reflect or emit some 

light that reaches your eyes. 

Absorption, Transmission, and Reflection Objects can 
absorb light, reflect light, and transmit light—allow light to pass 

through them. The type of matter in an object determines the 

amount of light it absorbs, reflects, and transmits. For example, 

the opaque material in the top candleholder in Figure 8 only 

absorbs and reflects light—no light passes through it. As a result, 

you cannot see the candle inside. Materials that allow some light 
to pass through them, like the material of the middle candle- 

holder in Figure 8, are described as translucent. You cannot see 

clearly through translucent materials. 
Transparent materials, such as the bottom candleholder in 

Figure 8, transmit almost all the light striking them, so you can 

see objects clearly through them. Only a small amount of light 

is absorbed and reflected by transparent materials. 

SECTION 2 

Reading Guide 

New Vocabulary 

@ Opaque 

@ translucent 

@ transparent 

@ index of refraction 

Figure 8 These candleholders 

interact with light differently. 

—————— 

|B) Translucent 

ra Transparent 
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Section 2 Resource Manager 

Chapter Fast Fire Resources 

Transparency Activity, p. +7 

Lab Activity, pp. 13-16 

Enrichment, p. 32 

Reinforcement, p. 28 

Directed Reading for Content Mastery, p. 20 

Performance Assessment in the Science Classroom, 

pp. 55-56 

Mathematical Skills Activities, pp. 17-18 

Cultural Diveristy, pp. 57-58 
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7 een 
*) Eerie Knight Light Chapter 

7. Transparency 11 

The colors of stained glass are metallic oxides (combinations of 

different metals and oxygen), but the beautiful colors you see aren't 
due solely to the coloring in the glass. It’s the light passing through 
the glass that reaches your eyes. The natural light changes from 
morning to night, even from moment to moment. Our perception of 

stained glass changes with the light. 

1, Where can you see totally through this window? 

2. Where can you see light but not what’s on the other side of the 
2 

‘Soand and Ligh 

, Reading Preview | 

Tie to Prior Knowledge 

Water Distortion Ask how stu- 

dents’ feet appear if they stand 
in a swimming pool with their 
heads above the water. The feet 

look distorted because the 

speed of light in water is differ- 
ent from the speed of light in 
air. This causes light to change 
direction when it enters water 

at an angle. 

Make Connections Pour some 
water in a translucent glass and a 
transparent glass. Ask students 
which glass is easier to see 
through. transparent glass Explain 
that some objects transmit more 
light than others. Which glass 
allows the most light to pass 
through? transparent glass 
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Make a Model 

Law of Reflection Have students 

roll a ball at an angle toward a 
wall to model light striking a 
surface. The ball, like light, 

obeys the law of reflection. ‘The 

incident and reflected angles are 

the same. 

Reflecting Light Some students — 
} may think that only special 
| materials, such as mirrors and 

shiny metals, reflect light. To 

correct this misconception, | 
darken the room and have stu- 

dents shine a flashlight on the 
wall, a mirror, a book, a desk, 

and other surfaces. They | 

should realize that all of the 

surfaces reflect light. 

Activity 
Reflective Foil Distribute two 
pieces of aluminum foil to small 
groups of students. Be careful 
not to wrinkle the foil. Have stu- 

dents crumple and then flatten 
one of their foil pieces. Ask 
which piece has a more regular 
reflection and why. The unwrinkled 
foil; its surface is smoother, so the normal is 

pointing in about the same direction at all 
points, meaning that the angles of inci- 
dence and reflection will be about the same 
everywhere for parallel light waves. 

(% Reading Check 

Answer light waves reflecting in many 
directions after striking a rough surface 
or being deflected by small particles 

Caption Answer 

Mirror 

Figure 9 According to the law of 
reflection, light is reflected so that 

the angle of incidence always 

equals the angle of reflection. 

Figure 10 A sheet of paper 

has an uneven surface that 

produces a diffuse reflection. 

Explain Use the law of 

reflection to explain why a 

rough surface causes parallel 

light waves to be reflected in 

many directions. 
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; Reflection of Light 
Have you glanced in a mir- 

ror today? You see your reflec- 

tion in the mirror when light is 
reflected off you, strikes the 

mirror, and is reflected off the 
mirror into your eye. Because 

light behaves as a wave, it 

obeys the law of reflection, as 
i = angle of teens 
fae shown in Figure 9. Recall that, 

according to the law of reflec- 

Pete tion, the angle at which a light 
reflection 

wave strikes a surface is the 

same as the angle at which it is 

reflected. Light reflected from any surface—a mirror or a sheet 

of paper—obeys this law. 

Regular and Diffuse Reflection Why can you see your 
reflection in a store window but not in a sheet of paper? The 

answer has to do with the smoothness of the surfaces. A smooth, 
even surface such as a pane of glass produces a sharp image by 

reflecting parallel light waves in only one direction. Reflection of 
light waves from a smooth surface is regular reflection. To cause 

a regular reflection, the roughness of a surface must be less than 

the wavelengths it reflects. A sheet of paper has an uneven sur- 
face that causes incoming parallel light waves to be reflected in 

many directions, as shown in Figure 10. Reflection of light from 

a rough surface is diffuse reflection. 

Scattering Diffuse reflection is a type of scattering that 
occurs when light waves traveling in one direction are made to 

travel in many different directions. Scattering also occurs when 

light waves traveling through the air reflect off small particles. 

An example is light scattering off the small water droplets that 

make up a cloud. Scattering causes the cloud to appear white, 

even though the droplets are transparent. 

(4% What is scattering of light? 

Differentiated Instruction 

Visually Impaired Allow students to feel different 
grades of sandpaper. Explain that unless the light 
is absorbed, light reflects more evenly off the 

smoother surfaces. Students should realize that 

even surfaces that seem smooth can have micro- 

scopic roughness that prevents them from being 
good reflectors. 

Figure 10 Light rays obey the law of 
reflection at each point on the surface, 
but because the rough surface is sloped 
in different directions at each location, 
the parallel light rays that strike the 
rough surface are reflected in different 
directions, 

Lk : i ae 
ea fe 
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Refraction of Light 
What occurs when a light wave passes from one material to 

another—from air to water, for example? Recall that refraction 
is caused by a change in the speed of a wave when it passes from 
one material to another. If the light wave is traveling at an angle 
to the boundary between the materials and the speed of light is 
different in the two materials, the wave will be bent, or refracted. 

ARS a Why does refraction occur? 

The Index of Refraction The amount of bending that takes 
place depends on the speeds of light in both materials. The 
greater the change in speed, the more the light will be bent as 
it passes at an angle from one material to the other. Figure 11 
shows an example of refraction. Every material has an index of 
refraction which is the ratio of the speed of light in a vacuum to 

the speed of light in the material. The index of refraction indi- 

cates how much the speed of light is reduced in the material 
compared to its speed in empty space. 

The larger the index of refraction, the more light is slowed 

down in the material. For example, because glass has a larger 

index of refraction than air, light moves more slowly in glass 

than air. The index of refraction is usually largest for solids and 

smallest for gases. 

Prisms A sparkling glass prism hangs in a sunny window, 

refracting the sunlight and projecting a colorful pattern onto the 

walls of the room. How does the refraction of light create these 

colors? The spectrum of colors is produced because the speed of 

light in a material also depends on the wave- 

length of the light. In a glass prism, light waves 
with longer wavelengths, such as red light waves, 

are slowed less than light waves with shorter 

wavelengths, such as blue light waves. 

Figure 12 shows what occurs when white 

light passes through a prism. White light, such 

as sunlight, is made up of light waves with 

range of wavelengths from red to blue. The tri- 

angular prism refracts the light twice—once 

when it enters the prism and again when it 

leaves the prism and reenters the air. Because 

the longer wavelengths of light are slowed less 

than the shorter wavelengths are, red light is 

bent the least. As a result of these different 

amounts of bending, the different colors are 

‘separated when they emerge from the prism. 

Figure 11 The spoon looks 

broken because light waves are 

refracted as they change speed 

when they pass from the water to 

the air. 

Figure 12 Refraction causes a 

prism to separate a beam of white 

light into different colors. 

Visual Learning 

(%, Reading Check 

Answer Refraction occurs when a light 
wave changes speed as it passes at an 

angle from one material to another. 

Discussion 

Index Matching Ask students to 
imagine light traveling at an 
angle from one material into 

another with no_ refraction. 
What would this imply? The mate- 
rials have the same index of refraction. 

Use an Analogy 
Bouncing Ball ‘Tell students that 
reflecting light is similar to a ball 
bouncing off a wall. If you roll 
the ball directly toward the wall, 

it will bounce back straight 
toward you. If you roll it at an 
angle, it will bounce so that the 

angle between the incoming ball 
and the wall equals the angle 
between the outgoing ball and 
the wall. Allow the students to 
roll a ball at a wall from different 
angles. TELL) Kinesthetic 

~~ Fun Fact 
Rainbows are formed when sunlight 

is refracted by water droplets in the 
air. If light traveled at the same 
speed in water and air, there would 

be no rainbows. 

Figure 11 Emphasize that the spoon appears to be 

broken because of the different paths the light 

takes. Light from the top of the spoon travels 

straight through the air. Light from the bottom of 

the spoon is bent when it passes from the water to 

the air. Have students sketch the paths the light 

takes in this picture. PELL) Visual-Spatial 

j= Reading Strategy | 

Cooperative Groups Have students recreate 

the activity shown in Figure 11. Place students in 
groups of four, and give each group a beaker of 
water and a spoon. Have one student read the 

directions, one student perform the experiment, 
one student take notes, and one student explain to 

the class what the group learned about refraction. 
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Post Reading 

Summarize Have students sum- 

marize the law of reflection and the 
index of refraction in their Science 

Journals. Ask students to apply each 

concept to an everyday situation, 

such as light reflecting off a mirror. 

AILY INTERVENTION 

Check for Understanding 
Visual-Spatial Draw different 
surfaces on the board and light 
rays approaching them. Make 
some rough and some smooth. 
Have the students copy the sur- 
faces and draw light diagrams 
for them. 

Reteach 

Ray Diagrams Ask students to 
draw ray diagrams showing light 
coming from a flashlight, being 
refracted as it moves from air to 
water, being reflected off an 
object in the water, being 
refracted as it moves from the 
water to air, and then hitting an 
observer's eye. 

™ Assessment 

Process Show the class various 

materials and have students clas- 

sify them as opaque, transparent, 
or translucent. 

Figure 13 Mirages result when 

air near the ground is much 

warmer or cooler than the air 

above. This causes light waves 

reflected from an object to refract, 

creating one or more additional 

images. 

Mirages When youre traveling in a car, you might see what 

looks like a pool of water on the road ahead. As you get closer, 

the water seems to disappear. You’ve seen a mirage—an image of 

a distant object produced by the refraction of light through air 

layers of different densities. Mirages result when the air at 

ground level is much warmer or cooler than the air above, as 

shown in Figure 13. The density of air increases as air cools and 

light waves move slower in cooler air than in warmer air. As a 

result, light waves are refracted as they pass through air layers 

with different temperatures. 

~~ section. ) 

Summary 

Light and Matter 

e@ The amount of light that is absorbed, 

reflected, or transmitted depends on the 

material making up the object. 

Reflection of Light 

© Light waves always obey the law of reflection: 

the angle of incidence equals the angle of 

reflection. 

Regular reflection causes parallel light waves 

to be reflected in only one direction. 

Diffuse reflection causes parallel light waves 

to be reflected in many directions. 

Scattering occurs when light waves are reflected 

and travel in many different directions. 

Refraction of Light 

@ Refraction occurs when a light wave changes 

speed in moving from one material to another. 

@ The index of refraction of 4 material indicates 

how much light slows down in the material. 

330 CHAPTER 11 Sound and Light 

TeView. 

Self Check 

. Compare and contrast opaque, transparent, and 

translucent materials. Give one example of each. 

. Discuss why you can see your reflection in a smooth 

piece of aluminum foil but not in a crumpled ball of foil. 

. Infer what happens to light waves that are reflected off 

dust particles in the air. 

. Explain what happens to white light when it passes 

through a prism. 

. Think Critically Suppose a material has the same index 

of refraction as water. How would a light wave change 

direction as it traveled from water into this material? 

Applying Math 

. Findan Angle A light wave strikes a mirror at an 

angle of 42° from the surface of the mirror. What 

angle does the reflected wave make with the normal? 

. Findan Angle A light wave reflects from a mirror at 

27° from the normal. What was the angle between 

the mirror and the incident wave? 

More Section Review fl.gpescience.com 

2 Section review 

1. Transparent materials (clear glass) 
transmit almost all visible light, 
Opaque materials (a wall) transmit 
no visible light, and translucent 33 
materials (waxed paper) transmit 
some visible light. 

2. Smooth surfaces reflect parallel 

330 =CHAPTER11 Sound and Light 

4, The different wavelengths of light 

rays in one direction, but rough 
surfaces reflect parallel rays in 
many directions. 

Light strikes the dust particles at 
different angles, causing the light 
to scatter in many directions. 

direction. 

that pass through the prism are 

bent by different amounts, causing 
a rainbow effect. 

5. There would be no change in 

to the normal. The reflected angle, 
then, will also be 48° to the normal. 

ie 637 

pe MA.B.2.4.1 

6. An incident angle of 42° to the sur- 
face corresponds to an angle of 48° 



@ Minors, Lenses, nd 
the Eye 

Reading Guide 

What You'll Learn Why It’s important New Vocabulary 
@ Describe how images are formed Mirrors and lenses are used in optical e plane mirror 

Sg 

Hl 
by three types of mirrors. instruments such as cameras and ® concave mirror 

m Explain how convex and concave _ telescopes. @ convex mirror 
lenses form images. @ convex lens 

m™ Explain how the human eye . @ concave lens 
enables you to see. ® Review Vocabulary 

m™ Describe how lenses are used to reflection: the process of changing 

correct vision problems. direction after striking a surface 

Light Rays 
Light sources send out light waves in all directions. These 

waves spread out like ripples on the surface of water spread out 

from the point of impact of a pebble. You can think of the light 

coming from the source as being many narrow beams of light trav- 

eling in all directions. Each narrow light beam is called a light ray. 

> Figure 14 Seeing an image of 
Mirrors > yourself in a mirror involves two 

: sets of reflections: light rays are 

reflected from you and then are 

reflected by the mirror. 

A mirror is any surface that produces a regular reflection. A pool 

of still water, a metal pan, and even the back of a shiny spoon can be 

_ mirrors. Mirrors can be flat, curved inward, or curved outward. 

Plane Mirrors A flat, smooth mirror is a plane mirror. When 
you look in a plane mirror, your image appears upright. If you 

stand 1 m from the mirror, your image appears 1 m behind the 

mirror, or 2 m from you. In fact, your image is what a friend stand- 

ing 2 m from you would see. Figure 14 shows how your image is 

formed. First, light rays from a light source strike you. Every point 

that is struck by the light rays reflects these rays so they travel out- 

ward in all directions. If your friend were looking at you, these 

reflected light rays coming from you would enter her eyes so she 

could see you. However, if a mirror is placed between you and your 

friend, light rays are reflected from the mirror back to your eyes. 
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jap 
5EETIOn, g 
<) WEE Fun-House Mirrors Te 
5 Transparency & E | 

If you've ever been to an amusement park or fair, you may have seen 
mirrors like this one, These full-length mirrors provide distorted 
images of the viewer. They're often found in the fun-house along with 
other amusing exhibits. 

1. How does the image made by a fun-house mirror differ from that 
of an ordinary mirror? How are they the same? 

. Why does a fun-house mirror provide such a different image from 
an ordinary mirror? 

Reading Preview: 

Tie to Prior Knowledge 

Reflection Distortion Ask students 
if they have ever noticed a dis- 
torted reflection in a shiny, 

rounded surface, such as a 

doorknob. In this section, stu- 

dents will learn how the shape 

of a mirror determines the type 

of reflection they see. 

Concept Maps Have students 

make concept maps about the 
different types of mirrors dis- 
cussed in this section. The first, 

center oval should be labeled 

Mirror. The second row of 

ovals should be labeled Plane 

Mirror, Concave Mirror and 

Convex Mirror. Vhe third row 

of ovals should contain charac- 

teristics of each type of mirror. 
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Use Science Words 

Word Meaning Have — students 
explain why a flat mirror is called 

a plane mirror. In mathematics, the 

word plane refers to a flat surface that 
extends infinitely in all directions, so the 

word plane is frequently used as a syn- 

onym for flat. 

Caption Answers 
Figure 15 The farther you are from the 
mirror, the smaller your image will 

appear. 

Figure 16 Check students’ answers. 

Activity 
Concave Mirrors Allow students to 

experiment with concave mir- 
rors to observe how focusing the 

image depends on the object's 
distance from the mirror. Have 

them also observe how the 

image varies as they move the 

mirror from side to side. 

G@® jh} Visual-Spatial 

2unba os to 
converge at the same point. | 

332 CHAPTER 11 Sound and Light 

Figure 15 Your brain interprets 

the light rays reflected by the 

mirror as coming from a point 

behind the mirror. 

infer how the size of your image 

in a plane mirror depends on your 

distance from the mirror. 

the candle are formed. 

332 CHAPTER 11 Sound and Light 

Figure 16 Rays A and B start from the same 

place on the candle, travel in different directions, 

and meet again on the reflected image. 

Diagram how two other points on the image of 

Virtual and Real Images The forma- 

tion of an image by a plane mirror is 

shown in Figure 15. Your brain assumes 

that light rays travel in a straight line. As a 

result, rays that enter your eyes seem to 

come from behind the mirror. This makes 
the image seem to be behind the mirror. 

However, no light rays actually pass 

through the place where the image seems 

to be located. This type of image is called a 

virtual image. Plane mirrors always form 

virtual images. If light rays from an object 

pass through the location of the image, the 

image is called a real image. Curved mir- 

rors can form both real and virtual images. 

Concave Mirrors If the surface of a mirror is curved inward, 
it is called a concave mirror, as shown in Figure 16. The optical 

axis is an imaginary straight line drawn perpendicular to the 

surface of the mirror at its center. Every light ray traveling par- 

allel to the optical axis is reflected through a point on the opti- 

cal axis called the focal point. The distance from the center of 

the mirror to the focal point is called the focal length. 
The image formed by a concave mirror depends on the loca- 

tion of the object relative to the focal point. Figure 16 shows a 

candle located more than twice the focal length from the mirror. 

Although many light rays come from each point on the candle, 

only two rays from the same point are shown. Ray A passes 

through the focal point and then reflects off the mirror moving 

parallel to the optical axis. Ray B travels parallel to the optical 

axis before reflecting off the mirror and passing through the 

focal point. The point where the two rays meet is the location of 

the image of the original point on the candle. The image formed 

is a real image because light rays from the candle pass through 
the place where the image is located. 

Ray B 

Optical axis 

Visual Learning 

Figure 16 Although only two rays are shown in the 
students should realize that rays are 

reflected in all directions. Have students work in 

pairs and discuss how rays from all parts of the 
candle are reflected off the concave mirror to 
form an image. TELL) Visual-Spatial 

figure, 

, 

V Active Reading 

Write-Draw-Discuss This strategy encourages 
students to participate actively in reading and 
lectures, assimilating content eas Have 
students write about an idea, c larify it and then 
make an illustration or draw ing. Ask students 
to share responses with the class and display 
several examples. Have students Write-Draw- 
Discuss about convex and concave mirors. 



Images Produced by a Concave 
Mirror When an object is between one 
and two focal lengths from a concave 

mirror, the image is real, inverted, and 

larger than the object. An object closer 

than one focal length from a concave 

mirror produces a virtual image that is 
upright and larger than the object. No 

image is produced if the object is 
located at the focal point. 

Ray B 

Convex Mirrors When you are in a 

store, look up toward one of the back 

corners or at the end of an aisle to see if 

a large, rounded mirror is mounted 
there. You can see a large area of the store in such a mirror. A 
mirror that curves outward like the back of a spoon is called a 

convex mirror. Light rays that hit a convex mirror diverge, or 
spread apart, after they are reflected. Figure 17 shows how the 

rays from an object are reflected by a convex mirror to form an 

image. The reflected rays diverge and never meet, so a convex 

mirror forms only a virtual image. The image also is upright and 
smaller than the actual object is. 

VEST It Describe the image formed by a convex mirror. 

Lenses 
What do your eyes have in common with cameras, eyeglasses, 

and microscopes? Each of these contains at least one lens. A lens is a 

transparent object with at least one curved surface that causes light 
rays to refract. The image that a lens forms depends on the shape of 

the lens. Like curved mirrors, lenses can be convex or concave. 

Convex Lenses A convex lens is thicker in the middle than at 
the edges. Its optical axis is an imaginary straight line that is per- 

pendicular to the surface of the lens at its thickest point. When light 

rays approach a convex lens traveling parallel to its optical 

axis, the rays are refracted toward the center of the lens, as 

in Figure 18. Light rays traveling along the optical axis are 

not bent at all. All light rays traveling parallel to the opti- 
cal axis are refracted so they pass through a single point, 

which is the focal point of the lens. The less curved the 

sides of the lens, the less light rays are bent. As a result, 

lenses with flatter sides have longer focal lengths. Figure 19 

on the next page shows that convex lenses can form either 

real or virtual images. 

Optical axis 

Figure 17 A convex mirror 
forms a reduced, upright, virtual 

image. 

Figure 18 Convex lenses are 
thicker in the middle than at the 

edges. Light rays that are parallel 

to the optical axis are refracted so 

that they pass through the focal 

point. A light ray that passes 

through the center of the lens is 

not refracted. 

“LAB ‘DEMONSTRATION 

Quick Demo 
’ Mirror Reflections 

Materials laser pointer; plane, 

concave, and convex mirrors 

Estimated Time five minutes 

Purpose Use the laser pointer to 
show light reflecting from a plane 
mirror, a concave mirror, and a 

convex mirror. Students should 

notice the difference in reflections 

from the three mirrors. Remind 

them that the law of reflection 

applies to each mirror. WARNING: 
Never direct a laser pointer toward 

someone's eyes. Be sure the reflected 
light does not point toward someone's 

eyes. TELL) Visual-Spatial 

Answer upright, smaller, and virtual 

Discussion 
Lenses v. Mirrors What is the pri- 
mary difference between lenses 
and mirrors? Mirrors reflect light, 

whereas lenses transmit light. 

Activity 
Convex Lenses Distribute to your 
class some convex lenses of vary- 
ing focal lengths. Show students 
how to find the focal length of a 
lens by focusing the clearest pos- 
sible image of an overhead light 
on a white piece of paper (held 
by a partner) and measuring the 
distance from the paper to the 
lens. [L2] Jf) Visual-Spatial 

Purpose to observe images with convex 

and concave lenses 

Materials concave and convex lenses, opti- 

cal bench and lens holders, tape, pencil 

Preparation Place a convex lens in a holder 

on the bench. Using tape, mark one and 

two focal lengths. 
Se SS ON SL TS EE 

Procedure Hold a pencil more than two 
focal lengths from the lens, between one 

and two focal lengths from the lens, and 

less than one focal length from the lens. At 
each position, have students look through 

the lens. Repeat using a concave lens. 

Expected Outcome The convex lens 

diverges light. Light through a concave 
lens depends on image distance. 

Assessment 
Ask why the image flips when the pencil 
moves closer than one focal length to the 
convex lens. The light rays no longer converge. 

| 
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Visualizing Images me J \ convex lens can form images that are real or virtual, enlarged or reduced, and upright or 

Formed by a Convex aang inverted. Just as for a concave mirror, the type of image formed by a convex lens depends on the 

location of the object relative to the focal point of the lens. 

Lens 
| 

Have students examine the If the object is more than two focal lengths from the lens, the image formed is real, inverted, and 

pictures and read the captions. smaller than the object. As the object moves farther from the lens, the image becomes smaller. 

Then ask the following ques- eT 

tions. ti -Ray-A oie 
i : set ject 
To which type of mirror is a ) Ray B 

convex lens most similar? | a_i le Opticalaxis === NY Image 

Describe the similarities. Concave |} Two oat | 

mirror; both cause light rays to converge | focal focal 
and form different types of images J | lengths | length 

depending on the position of the object | reece tele a 

relative to the focal point. 

How does the position of the | | If the object is between one and two focal lengths from the lens, the image formed is real, inverted, 
focal point change as the lens | ‘| and larger than the object. As the object moves closer to the focal point, the image becomes larger. 

becomes more curved? It moves — — a 

closer to the lens. Less curved? It |} — | eat ee Focal 

moves away from the lens. He 7 Ray A point 
Lan | | Object Optical axis 

Wd fectamo Sara or = EOC ee i Fe aig gi om ag 

Activity (i lel he An 

Have students create tables || focal focal R; > Image 

lescribing the images formed by |} | || lengths ' length = ae) Geseri Ing the ages a ec \ a | . 

lenses. The columns should be || | | Se 

labeled Lens Shape, Location of moe 
¥ ce = tet 

Object, Type of Image, including the , 

three subheadings Virtual/Real, inh Sa, a 

Upright/Inverted, and Size. For 

example, one row for convex 

If the object is less than one focal length from the lens, the image is virtual, upright, and larger than 

the object. The image is virtual because the light rays from the object diverge after they pass through 

iol the lens. The image becomes smaller as the object moves closer to the lens. 
lenses would include the entries: : 

convex, object beyond 2 focal eed Pe \ 

lengths from the lens, real, ; 5 Focal 
inverted, and smaller than object, mee *s RayA point 

respectively. object] : Optical axis 

Reading Strategy 

Clarify Mlustrations As you read aloud the 
captions in Figure 19, have students use their fin- 
gers to trace the path of light from the object to 
the image. Ask them to raise their hands if any 
step along the path is unclear. Pause and clarify 
the concept for students. 
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Concave Lenses A concave lens is thinner 
in the middle and thicker at the edges. As 

shown in Figure 20, light rays that pass 

through a concave lens bend away from the 
optical axis. The rays spread out and never 

meet, so a real image is never formed. The 

image is always virtual, upright, and smaller 

than the object is. Concave lenses are used in 
some types of eyeglasses and some telescopes. 
Concave lenses usually are used in combination 
with other lenses. 

VESTS what type of image is formed by a concave lens? 

The Human Eye 
What determines how well you can see the words on this 

page? If you don’t need eyeglasses, the structure of your eye gives 

you the ability to focus on these words and other objects around 

you. Look at Figure 21. Light enters your eye through a trans- 
parent covering on your eyeball called the cornea. The cornea 

causes light rays to bend so that they converge. The light then 

passes through an opening called the pupil. Behind the pupil is 

a flexible convex lens. Muscles attached to the lens change its 

shape to help focus light, forming a sharp image on your retina. 

The retina is the inner lining of your eye. The retina con- 

tains light-sensitive cells that convert an image into electrical 

signals. These signals then are carried along the optic nerve to 

your brain to be interpreted. With this complex structure, 

the human eye is capable of seeing clearly in bright and dim 

conditions, focusing on both near and far objects, and also 

detecting colors. 

Optic nerve 

SECTION 3. Mirrors, Lenses, and the Eye 

Figure 20 A concave lens 
refracts light rays so they spread 

out away from the optical axis. 

Classify /s a concave lens most 

like a concave mirror or a convex 

mirror? 

nGareer 

Eye Doctors Optometrists 

and ophthalmologists treat 

many different eye prob- 

lems. They often use 

advanced technology to 

diagnose and correct mal- 

functioning parts of the 

eye. Research an eye prob- 

lem and how it is treated. 

Write a paragraph describ- 

ing what parts of the eye 

are affected by the problem 

and how doctors correct it. 

Figure 21 The cornea and lens in your eye 

bend light rays so that a sharp image is 

formed on the retina. 
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Differentiated Instruction Teacher Fj 

[%, Reading Check 

Answer virtual, upright, smaller than 
the object 

Caption Answer 
Figure 20 Convex mirror; both cause 

light to diverge and produce virtual 
images. 

3 INTEGRATE | 
Gareer 

Eye Doctors A main distinction 

between the two professions is 
that ophthalmologists perform 
eye surgery while optometrists 
do not. Possible student topics include: 
keratoconus (deformed cornea, treated 
with glasses and contacts or cornea 
transplant), cataracts (cloudy lens, 

treated by implanting artificial lens), 
macular degeneration (affects the retina, 
often treated with laser surgery) 

Quick Demo 
Exploring an Eye 

Materials model of a human eye 

Estimated Time 30 minutes 

Procedure Allow students to 
explore the model and observe 
the cornea, lens, and retina. 

Have students explain how light 
enters through the cornea and is 
refracted onto the retina. Point 
out the muscles that adjust the 

size of the lens, and note the 

optic nerve, which carries infor- 
mation about images to the 
brain. Visual-Spatial 

Use Science Words 

Word Origin Lenses were named 
because of the resemblance of an 

eye's lens to a small legume called 
a lentil. The Latin word for lentil 

is Jenticula.Bring lentils to class so 

students can see the resemblance 

in shape. Visual-Spatial Learning Disabled If students have trouble remem- 

bering which type of curved surface is concave 

and which is convex, tell them to remember that a 

concave surface is curved inward like a cave. ‘To 

practice using this mnemonic, have them name 

some curved surfaces and identify them as con- 

Animal Eyes eens i and 
some spiders have pre ike eyes with vari- 
able focusing. Worms, mollusks, and some 
crustaceans and insects have simple eyes that 
can distinguish light and dark. Most arthro- 
pods have compound eyes, with many separate 
lenses, each of which forms its own image. 

“reapers oan 

cave or CONVEX. 
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Video Lab available. 

Purpose to observe how an 

object's distance from a convex 

lens affects its image TELL) 

Visual-Spatial 

Materials glass test tube with 
stopper, water, paper 

Teaching Strategy Print the 
words in capital letters. 

Analysis 

1. When the tube is on the paper, the 

words are slightly magnified. 
About 1 cm away, beyond the focal 
point, SULFUR is inverted, but 
DIOXIDE seems unchanged because 

it is symmetrical. 
2. The upright image is virtual. The 

inverted image is real. 

Assessment 
Content Ask whether a magnify- 
ing lens could invert images. Yes, 
if it is far enough away from the object. 

Visual Learning 

Figure 22 Be sure students 

understand that the light rays in 
the image are shown extending 
past the eyeball only to show 
where the focal point is located. 
In reality, the rays are blocked 
by the retina before they can 
focus. Also point out the shape 
of the lens of the eye. Although 
the cornea is mostly responsible 
for retracting the light, the lens 
is able to change shape. This 
enables a person to slightly 
change the amount of refraction 
so that light from both near and 
far objects can be focused. 

~~ Fun Fact 
Eyeglasses were used as early as 
the thirteenth century, and some 
crystals were used even earlier as 
natural magnifying glasses by the 
Greeks and Arabs. 

Experimenting with 

Focal Lengths 

Procedure Cale a 
1. Filla glass test tube with 

water and seal it with a 

lid or stopper. 

2. Type or print SULFUR 

DIOXIDE in capital letters 

ona piece of paper. 

3. Set the test tube horizon- 

tally over the words. 

Record your observations. 

4. Hold the tube at several 

heights above the words. 

Record your observations. 

Analysis 
1. Describe how the words 

changed as the height of 

the test tube increased. 

2. Classify the image at each 
height as real or virtual. 

be corrected by convex lenses. 

Figure 22 farsightedness can 

Brightness and Intensity The human eye can adjust to the 

brightness of the light that strikes it. If you step outside on a 

sunny day, you may have to shade your eyes against the intensity 

of the sunlight. Light intensity is the amount of light energy that 

strikes a certain area each second. Brightness is the human per- 

ception of light intensity. Sunlight seems bright because a large 

amount of light energy strikes your retina each second. Your 

eyes respond to bright light by decreasing the size of your pupil. 

This reduces the amount of light that enters your eye and strikes 

the retina. 

Intensity depends on your distance from a light source. If 

you move away from a bare lightbulb, you can see how the 

intensity of the light rapidly decreases. Because light rays spread 

out from the source, less light energy strikes your retina the 

farther away you are from the bulb. 

Correcting Vision Problems 
If you have good vision, you should be able to see objects 

clearly when they are 25 cm or farther away from your eyes. A 

sharp image of an object should be formed on your retina. 

However, for many people, the image is blurry or formed in the 

wrong place, causing vision problems. 

Farsightedness If you can see distant objects clearly but 
can’t bring nearby objects into focus, then you are farsighted. In 

this case, the eyeball might be too short or the lens isn’t curved 

enough to form a sharp image of nearby objects on the retina, 

as shown in Figure 22. To correct the problem, convex lenses 

can be used to bend incoming light rays so they converge before 

they enter the eye. 

el Light from 
nearby object Light from Focal 

nearby object point 

The focal length of a farsighted eye is too long to form 

a sharp image of nearby objects on the retina. 
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Corrected 
Farsighted eye — farsighted eye 

A convex lens in front of a farsighted eye enables a sharp 

image of nearby objects to be formed on the retina. 

Cultural Diversity Curriculum Connection 
Arabian Lights One of the greatest early physicists 
was an Arabian scientist named Abu Ali al-Hasan 
ibn al-Haytham, better known in the West as 

Alhazen. Among Alhazen's contributions was the 
theory that vision is based on light coming from a 
source and being reflected from an object. 
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Language Arts ‘The manufacture of convex and 
concave lenses for eyeglasses and optical instru- 
ments requires high-precision measurements and 
the use of high-quality glass. Have students write 
a paper about this process. Students might mention ° 
cutting the glass, shaping the convex or concave surface, pol- 
ishing, and grinding edges so that physical and optical centers 
match. [2], IN Linguistic 



Light from 
distant object 

Nearsighted eye 

When a nearsighted person looks at distant objects, a 

sharp image is formed in front of the retina. 

Nearsightedness If you have nearsighted friends, you know 
that they can see only nearby objects clearly. Their eyes cannot 
form a sharp image on the retina of an object that is far away. 
Instead, the image is formed in front of the retina, as shown in 
Figure 23. To correct this problem, a nearsighted person can 
wear concave lenses. Figure 23 shows how a concave lens causes 

incoming light rays from distant objects to diverge before they 
reach the eye. Then the rays can be focused by the eye to form a 

Light from 
distant object 

Corrected 

nearsighted eye 

A concave lens in front of a nearsighted eye makes light 

rays diverge so a sharp image is formed on the retina. 

Figure 23 Nearsightedness can 

be corrected with concave lenses. 

sharp image on the retina. 

section revieLl 

Summary 

Mirrors 

A plane mirror forms upright, virtual images. 

The image formed by a concave mirror 

depends on the location of the object relative 

to the focal point. 

Convex mirrors always produce virtual, upright 

images that are smaller than the object. 

Lenses 

@ The image formed by a convex lens depends 

on the distance of the object from the lens. 

® Concave lenses always form virtual, upright 

images that are smaller than the object. 

The Eye and Vision 

@ The eye contains a lens that changes shape to 

produce sharp images on the retina. 

@ Farsightedness occurs when the eye cannot 

form a sharp image of nearby objects. 

Nearsightedness occurs when the eye cannot 

form sharp images of distant objects. 

More Section Review fli.gpescience.com 

Self Check 

. Diagram how light rays from an object are reflected by 

a convex mirror to form an image. 

. Infer how the size of the image changes if an object 

that is less than one focal length from a concave mirror 

moves closer to the mirror. 

. Explain how the focal length of a convex lens changes 

as the sides of the lens become less curved. 

. Compare the image of an object less than one focal 

length from a convex lens with the image of an object 

more than two focal lengths from the lens. 

. Think Critically Describe the image formed by a light 

source placed at the focal point of a convex lens. 

Applying Math 

. Calculate Object Distance If you looked through a 

convex lens with a focal length of 15 cm and saw a 

real, inverted, enlarged image, what is the maximum 

distance between the lens and the object? 
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Post Reading 

Reflection Tell students to 
imagine they are a ray of light 
from a distant object. Ask them to 

write a description of their jour- 
ney through the human eye. 

‘INTERVENTION 

Check for Understanding 
Kinesthetic Place flashlights and 
various plane, convex, and con- 
cave mirrors on a table. Allow 

students to experiment with the 
different mirrors and the flash- 

lights in a darkened room. Have 
the students write down an 

observation about how each mir- 

ror affected the beams of light. 

Reteach 

Eyeglass Exploration Compare 
eyeglasses that correct nearsight- 
edness and farsightedness. Have 
students examine near and far 
objects through each type of lens, 
identify whether each lens is con- 
cave or convex, and explain how 
each lens corrects vision problems. 

GD jf} Visual-Spatial 

(oe Roo ea eee [™ Assessment 
Process Ask students to explain 

why the image you see with a 
magnifying glass is blurry if you 
hold the glass too far from the 
object. The object is more than one 
focal length from the lens, so the image 
formed is real. To see the image clearly, 
the eye must be at the image's location. 

1. Sketches should show light rays 
from a single point on the object 
diverging after being reflected from 4. 
the mirror and an upright, smaller, 
virtual image being formed on the 
other side of the mirror. 

2. The image gets smaller. 
3. The focal length increases as the 

EE A eg ee aed 

section 

sides of the lens become less 

curved. 
The image of an object positioned 
less than one focal length from the 
lens is enlarged, upright, and vir- 
tual. The image of an object posi- 
tioned more than two focal lengths 
from the lens is reduced, inverted, 

oe) review 

and real. 

Use Performance Assessment 

in the Science Classroom, p. 89 

5. Light rays from the light source will 

pe | MA.B.1.4.2 

be refracted by the lens so they 
travel parallel to the optical axis. A 

beam of light will be formed. 
6. 30cm (two focal lengths) 
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® Real-World 
Problem ———— 

Purpose Students will observe 
image formation by plane mirrors. 

COOP LEARN Jf) Visual-Spatial 

Process Skills measure, infer, 
recognize cause and effect, 

compare and contrast, form 

operational definitions 

Time Required 45 minutes 

© Procedure ——— 

Teaching Strategies 

e Use rectangular mirrors at 

least 5 cm across. Mirror tiles 

from a hardware store can be 

cut to size, but sharp edges 
must be ground or taped. 

Photocopy a protractor to 
make worksheets for measur- 

ing angles. 

@® Conclude and 
Apply ——————— 

1. The number of paper clip images is 

one less than the number of wedges. 
2. The angle producing six wedges is 
= = 60°. Five images will be produced. 

™ Assessment 

Performance Ask students to 
open the mirrors to an angle of 
45° to each other. How many 

images of your face do you see? 
eight What about smaller angles? 
more images Larger angles? fewer 
images Explain. The number of images is 
360° divided by the angle in degrees minus 1. 
Use Performance Assessment 
in the Science Classroom, p. 89 

How can you see the back of your head? You 

can use two mirrors to view a reflection of a 

reflection of the back of your head. 

® Real-World Problem 4 

How many images can you see with two A : 

mirrors? “ 

Goal 
@ Infer how the number of images depends 3 

on the angle between two mirrors. 

. Bend one leg of a paper clip up 90° and 

place it close to the front of the R mirror. 

Count the number of images of the paper 

clip you see in the R and L mirrors. Record 

these numbers in your data table. 

Materials 4. 
plane mirrors (2) protractor 

masking tape paper clip 

5. The mirrors create an image of a circle 

divided into wedges. Record the number 

of wedges. 

Safety Precautions Bia Gal 
Handle glass mirrors and paper clips carefully. 

6. Hold the R mirror still and slowly open the L 

mirror to 90°. Record the numbers of images 

of the clip and wedges in the circle. Repeat, 

this time opening the mirrors to 120°. 

® Procedure —— 
1. Lay one mirror on top of the other with the 

mirror surfaces inward. Tape them together 

so they will open and close. Use tape to 

label them / and R for /eft and right. © Conclude and Apply ——— 
2. Stand the mirrors on a sheet of paper. Using 1. Infer the relationship between the number 

the protractor, close the mirrors to an angle of wedges and paper clip images. 

Cue 2. Determine the angle that would divide a 

. . circle into six wedges. Hypothesize how 

images and Wedges Seen many images would be produced. Test your 

in the Mirrors hypothesis. 

Number of 

Angle Paper Clip Images Number ommunicating 
of Mirrors of Wedges -- 

ma Your Data 

Demonstrate for younger students the 

relationship between the angle of the 

mirrors and the number of reflections. 

72° 2 2 5 

90° 2 el 4 

Have students draw circles divided into thirds (120°), 

quarters (90°), fifths (72°), and sixths (60°) and use the 
circles in their demonstrations to position the mirrors. 
Have them show younger students how the number of 

wedges seen relates to the angle between the mirrors. 

338 =CHAPTER 11 Sound and Light 



section 
Gm Zs . —— 

What You'll Learn 

m@ Explain how you see color. 

m™ Describe the difference between 

light color and pigment color. world. 
@ Predict what happens when dif- 

ferent colors are mixed. 

Why it’s Important 

Why Objects Have Color 
Why do some apples appear red, while others look green or 

yellow? An object’s color depends on the wavelengths of light it 

reflects. Recall that white light is a blend of all colors of visible 

light. When a red apple is struck by white light, it reflects red 

light back to your eyes and absorbs all of the other colors. 

Figure 24 shows white light striking a green leaf. Only the wave- 

lengths corresponding to green light are reflected to your eyes. 

Although some objects appear to be black, black isn’t a 

color. Black is the absence of visible light. Objects that appear 

black absorb all colors of light and reflect little or no light back 

to your eyes. White objects appear to be white because they 

reflect all colors of visible light. 

(ete Why does a white object appear white? 

Colored Filters Wearing tinted glasses changes 
the color of almost everything you see. If the lenses 

are yellow, the world takes on a golden glow. If they 
are rose colored, everything looks rosy. Something 

similar would occur if you placed a colored, clear 

plastic sheet over this white page. The paper would 

appear to be the same color as the plastic. The plastic 

sheet and the tinted lenses are filters. A filter is a 

transparent material that transmits one or more col- 

ors of light but absorbs all others. The color of a fil- 

ter is the color of the light that it transmits. 

—— 

a Light and Color 

From traffic lights to great works of 

art, color is an important part of your 

® Review Vocabulary 
retina: inner layer of the eye con- 

taining cells that convert light 

images into electrical signals 

New Vocabulary 

® pigment 

Figure 24 This leaf absorbs all 
wavelengths of visible light except 

the wavelengths you see as green. 
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Chapter Fast Fire Resources 

Transparency Activity, p. 49 

Enrichment, p. 34 

Reinforcement, p. 30 

Directed Reading for Content Mastery, 

pp. 21-22 

Lab Worksheets, pp. 7-8 

Earth Science Critical Thinking/Problem Solving, p. 22 

Life Science Critical Thinking/Problem Solving, p. 4 

4A Motivate 

we PowerPoint presenta- 

tion is available on Interactive 

Chalkboard CD-ROM. 

Bellringer 

Section Focus ‘Transparencies 

also are available on the 

An editable Microsoft® 

' 

t 

Interactive Chalkboard CD-ROM. | 

[L2] 

7 ESTOn 3 
4 eases The Wild Ones Chapter 

Transparency 11} 

In the early 1900s, a group of painters began to emphasize intense 

colors and forms. This group, called the fauves, included Henri 
Matisse, André Derain, and Raoul Dufy. This picture is Matisse’s 

“Harmoney in Red” (1908). 

1. What colors can you identify in this painting? 

2. How do you feel when you look at a painting done with bright 
colors? 

| Reading Preview 8 

Tie to Prior Knowledge 

Object Color Ask students to find 
something in the classroom 
that is red. Do this for orange, 
yellow, green, blue, and violet 
also. ‘Tell students that in this 
section they will learn that the 
color of an object depends on 
how it absorbs or reflects light. 

Activate Background Know- 

ledge Ask students if they have 
ever used paints to create a pic- 
ture. Explain that paints are 
made with pigments. Pigments 

are colored materials that change 
the color of other substances. 
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ry, Reading Check 

Answer It reflects all colors of visible 

light. 

Mis ons 

Individual Colors Students might 

assume that red, green, and 
blue are individual wavelengths 
of light. Explain that each of 
these is a range of wavelengths 
that has its strongest reflection 
at a certain wavelength. 

Discussion 
Black Pupils Why do the pupils 
of your eyes appear black? Almost 
all of the light that enters your eyes 
through the pupils is absorbed by the 
retina. Jf) Logical-Mathematical 

Quick Demo 
Y Colored Filters 

Materials colored filters and a 

multicolored object 

Estimated Time five minutes 

Procedure Use colored filters to 

demonstrate the effects shown in 

Figure 25 with a colorful object in 
the classroom. [hy Visual-Spatial 

(% Reading Check 

Answer The object absorbs red light, so 

no color is reflected back to your eyes. 

Discussion 
Colors in the Dark Are objects still 

colored in a dark room? Some 

students may say no because color 

results from light reflection. Others may 
say yes, because the property that makes 
the object a certain color is still present 
whether or not the lights are on. 
Logical-Mathematical 
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Figure 25 The color of this 
cooler changes when viewed 

through different color filters. 

Science@ INE 
Topic: Color Blindness 

Visit fl.gpescience.com for Web 

links to information about the 

causes of color blindness. 

Activity Research the causes 

and types of color blindness. Find 

out how cones are related to the 

ability to distinguish colors. 

340 CHAPTER 11 Sound and Light 

Looking Through Colored Filters Figure 25 shows how 

the color of an object can change when you look at it through 

various colored filters. The cooler looks blue under white light 

because it reflects only the wavelengths of blue light that strike 

it. If you look at the cooler through a blue filter, the cooler still 

looks blue because the blue filter transmits the reflected blue 

light. However, if you look at the cooler through a red filter, the 

cooler seems black because the red filter blocks the blue light 

reflected by the cooler. 

Why does a blue object appear black when 

viewed through a red filter? 

Seeing Color 
As you approach a busy intersection, the color of the traffic 

light changes from green to yellow to red. On the cross street, the 

color changes from red to green. At a busy intersection, traffic 

safety depends on your ability to detect color changes rapidly. 

How do you see colors? 

Light and the Eye In a healthy eye, light enters the eye 
through the cornea, is focused by the lens, and finally forms an 

image on the retina. The retina is made up of two types of cells 

that absorb light, as shown in Figure 26. When these cells 

absorb light energy, chemical reactions convert light energy into 

nerve impulses that are transmitted to the brain. One type of 

cell in the retina, called a cone, enables you to distinguish colors 

and detailed shapes of objects. Cones need bright light to gener- 

ate nerve impulses, so they do not operate in dim light. As a 

result, even brightly colored objects might look gray or black in 
dim light. 

Differentiated Instruction 
Learning Disabled If students have trouble remem- 
bering which type of nerve cells of the retina 
interpret color and which interpret black and 
white, tell them to remember that the word cone 
starts with the same letter as the word color. ‘lo 

practice using this mnemonic, name some differ- 

ent things they might see and have them identify 
which type of retinal nerve cells would be used. 

Cultural Diversity 
Names of Colors It might seem obvious to say that 
the sky is blue and grass is green, but the Mayan 

people of Mexico have no words that clearly 
define these two colors. Many other cultures dis- 
tinguish between colors differently as well. Even . 
in English, differences in colors are often difficult 
to define. Have students bring samples of such 
colors to class. 



Figure 26 Light enters the eye 
and focuses on the retina. The two 

types of light-detecting cells 

that make up the retina 

are called rods and cones. 

Rod 

Cone 

Cones and Rods Your eyes have three types of cones, each of 
which responds to a different range of wavelengths. Red cones 
respond to mostly red and yellow light. Green cones respond to 
mostly yellow and green light. Blue cones respond to mostly 
blue and violet light. The second type of cell in the retina, called 
a rod, is sensitive to dim light and enables you to see at night. 

However, rod cells do not enable you to see colors. 

anise. Interpreting Color Why does a banana 
look yellow? The light reflected by the 

banana causes the cone cells that are sensitive to red and green 
light to send signals to your brain. Your brain could get the same 

signal if a mixture of red light and green light reached your eyes. 

This mixture also would cause your red and green cones to 

respond, and you would see the color yellow. As a result, light 

with wavelengths corresponding to yellow light and light that is 

a mixture of red and green light both cause the color yellow to 

be seen. What happens when you look at a white shirt? You see 

white when all wavelengths of visible light enters your eyes. Then 

all three sets of cones cells send signals to the brain. The com- 

bination of these signals cause you to see the shirt as white. 

Color Blindness If one or more of your sets of cone cells 
do not function properly, you might not be able to distinguish 

certain colors. This condition is called color blindness or 
color deficiency. About eight percent of men and one-half 

percent of women have some form of color blindness. The 

most common form of color blindness makes it difficult to 
distinguish between red and green. Figure 27 shows an image 

that is used in a test for red-green color blindness. Because 
red and green are used in traffic signals, drivers and pedestri- 

_ans must be able to identify them. 

Figure 27 Color blindness is an 
inherited sex-linked condition in 

which certain sets of cones in the 

retina do not function properly. 

Identify the number that you see 

in the dots. 
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Differentiated Instruction 

Challenge Have students stare at a red object for 

20 seconds and then look at a white wall. They 

should see a faint blue/green afterimage of the 

object on the wall. Ask them to explain why they 

think this happens based on how our eyes see 

color. Their red cones lose sensitivity. When they look at the 

white wall, the part of their retinas that stared at the red 

object have only blue and green cones that are sensitive. 

Reading Strategy 

Metacognitive Strategies Ask Pree What 

is blue? What is yellow? How 
describe these colors? Do you find it easier to 
describe something that you can feel and touch, 
such as a desk? Do you find it difficult to compre- 
hend text when you are reading about something 

that is not tangible? 

would you 

Visual Learning 

Figure 26 Point out the position 
of the retina. Behind the retina is 

the optic nerve, which takes 
information from the rods and 

cones and sends it to the brain. 

Humans have many more rod 

cells than cone cells. Ask stu- 

dents to infer the number of rods 

in the eyes of nocturnal animals. 
They have far more rod cells than humans 
so they can see well at night. 

Content 
Background 

Although there are infinitely 
many color combinations, most 
people can distinguish about one 
million different color mixtures. 
While the basic function of the 
rods and cones is generally under- 
stood, the brain’s interpretation of 
color signals is an active field of 
research. Current research into 
the eye-brain interface may lead 
to new treatments for visual 
impairments as well as artificial 
vision systems for use in many 
different fields, from industry to 
robotic space exploration. 

V2 WWTMGHATE 
> hifescence 

Caption Answer 

Figure 27 Students who are not 
red-green deficient will see the 
number 8. 

Fun Fact 
Have you ever noticed that brown is 
not in the rainbow? Brown is actually 
dark yellow. 
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Color for Photosynthesis Carote- 
noids, yellow and orange pigments 
that include xanthophyll, are 
always present in green plants. 
These pigments absorb light in the 
blue and green wavelengths, which 
helps plants, especially those grow- 
ing in low-light conditions, to 

absorb enough light to make food. 

Research Have students research 
to learn the primary pigment 
responsible for blue, lavender, 

and purple flowers. anthocyanins 

Activity 
Filter Combinations Provide groups 
of students with red, green, and 

blue color filters (or colored trans- 
parency film) and an overhead 
projector. Have them use different 
combinations of filters to produce 
the colors yellow, magenta, and 
cyan. Ask them to write down the 
combination of filters they used to 
produce each color. Red and green 
produce yellow. Red and blue produce 

magenta. Green and blue produce cyan. 

GD ff Visual-Spatial Ey 

[% Reading Check 

Answer red, green, and blue 

irtual Labs 
| 

~ Colors How are colors 
created? 
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Color for Photosynthesis 

Plant pigments determine 

the wavelengths of 

light for photosynthesis. 

Leaves usually look green 

because of the pigment 

chlorophyll. Chlorophyll 

absorbs most wave- 

lengths of visible light 

except green, which it 

reflects. However, not all 

different plant pigments 

plant species to survive in 

diverse habitats. 

ors of light are mixed in equal 

amounts. 

plants are green. Research 

to find out how they allow 

Figure 28 White light is pro- 
duced when the three primary col- 
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Mixing Colors 
If you have ever browsed through a paint store, you have 

probably seen displays where customers can select paint samples 

of almost every imaginable color. The colors are a result of mix- 

tures of pigments. For example, you might have mixed blue and 

yellow paint to produce green paint. A pigment is a colored 

material that is used to change the color of other substances. 

The color of a pigment results from the different wavelengths of 

light that the pigment reflects. 

Mixing Colored Lights From the glowing orange of a sun- 
set to the deep blue of a mountain lake, all the colors you see can 

be made by mixing three colors of light. These three colors— 

red, green, and blue—are the primary colors of light. They cor- 

respond to the three different types of cones in the retina of 

your eye. When mixed together in equal amounts, they produce 

white light, as Figure 28 shows. Mixing the primary colors in 

different proportions can produce the colors you see. 

What are the primary colors of light? 

Paint Pigments If you were to mix equal amounts of red, 
green, and blue paint, would you get white paint? If mixing col- 

ors of paint were like mixing colors of light, you would, but mix- 

ing paint is different. Paints are made with pigments. Pigments 

produce color as a result of the wavelengths of light they reflect. 

Paint pigments usually are made of chemical compounds such 

as titanium oxide, a bright white pigment, and lead chromate, 

which is used for painting yellow lines on highways. 

yi Active Reading 

Cause-and-Effect Chart This strategy is used to 
focus on cause-effect relationships. Have 
students write Mixing Colors. On the left, 
instruct them to write combinations of the 
primary colors of light, followed by combi- 
nations of the primary pigments. On the 
right side, have students record the color 
that will result from each combination. 



Mixing Pigments You can make any pigment color by mixing 
different amounts of the three primary pigments—magenta 
(bluish red), cyan (greenish blue), and yellow. In fact, color print- 
ers use these pigments, as well as black ink, to make full-color 
prints like the pages in this book. A primary pigment’s color 
depends on the wavelengths of the light that it reflects. Actually, 
pigments both absorb and reflect a range of colors in sending a 
single color message to your eye. For example, in white light, 
yellow pigment appears yellow because it reflects red and green 
light but absorbs the other wavelengths of visible light. The color 
of a mixture of two primary pigments is determined by the 
primary colors of light that both pigments reflect. 

Look at Figure 29. The area in the center where the colors all 
overlap appears to be black because the three blended primary 
pigments absorb all the primary colors of light. Recall that the 
primary colors of light combine to produce white light. They are 
called additive colors. However, when the primary pigment col- 
ors are combined, they absorb all wavelengths of visible light and 
produce black. Because black results from the absence of 

reflected light, the primary pigments are called subtractive colors. 

Figure 29 The three primary 

pigment colors appear to be black 

when they are mixed. 

Describe how the primary pigment 

colors are similar to the primary col- 

ors of light. 

Section 4 FeVIELW 

Summary 

Why Objects Have Color 

® The color of an object is determined by the 

wavelengths of light it reflects. 

@ The color of a filter is the color of the light the 

filter transmits. 

Seeing Color 

@ Rod and cone cells are light-sensitive cells 

found in the retina of the human eye. 

@ Rod cells are sensitive to dim light. Cone cells 

enable colors to be seen. 

@ There are three types of cone cells. One type 

responds to red light, another to green light, 

and another to blue light. 

Mixing Colors 

© Red, green, and blue are the primary light 

colors. Any color of light can be created by 

mixing these primary light colors. 

@ Any pigment color can be formed by mixing 

the primary pigment colors—magenta, cyan, 

and yellow. 

More Section Review fl.gpescience.com 

Self Check 

. Identity what colors are reflected and what colors are 

absorbed if a white light shines on a red shirt. 

. Discuss how the primary colors of light differ from the 

primary pigment colors. 

. Explain why a red apple would appear black if you 

looked at it through a blue filter. 

. Determine why a white fence appears to be white instead 

of multicolored if all colors are present in white light. 

. Think Critically Light reflected from an object passes 

through a green filter, then a red filter, and finally a 

blue filter. What color will the object seem to be? 

~ Applying Math — 
. Use Percentages In the human eye there are about 

120,000,000 rods. If 90,000,000 rods trigger at once, 

what percentage of the total number of rods triggered? 

. Convert Units The wavelengths of light are measured 

in nanometers (nm) which equals 0.000001 mm. 

Find the wavelength in mm of a light wave that has a 

wavelength of 690 nm. 
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@® Post Reading 

LT Oe a Rae a VE 

section qi) 

1. Red is reflected and all others are the color you see. 

revielw 

7. 0.00069 mm 

absorbed. 3. Red light from the apple would be ae MA.A3.4.1, MA.B.2.4.2 

2. The primary colors of light are red, absorbed by the filter. 

green, and blue. The primary pig- 4. The fence reflects all colors of visible 

ment colors are magenta, cyan, and 
yellow. The primary colors of light 
transmit the color you see, whereas 
the primary pigment colors reflect 

wm . It will appear black. 

. 15% oO 

light. Because all the cones in your 

eyes are stimulated, you see white. 

Caption Answer 
Figure 29 Primary pigment and light 
colors can each be mixed in different 

amounts to form all colors. 

Lab Notes Give small groups of 
students red, blue, and yellow fin- 

gerpaints. Students should wear 
lab aprons as they experiment 
with mixing the colors. Have 
them take lab notes as they work, 

describing the color combina- 
tions they produce. 

DAILY INTERVENTION 

Check for Understanding 
Kinesthetic Create some color 
samples with combinations of 
magenta, cyan, and_ yellow 

paints. Provide students with 
sets of magenta, cyan, and yellow 
paint. Have students match the 
color samples with the paint you 
have provided. 

Reteach 

Pigments Have students work in 
groups to combine small amounts of 
various primary pigment paints to 

make other colors. For each color, 

have them describe which colors are 
reflected and which are absorbed. Be 
sure they mix all three primary pig- 
ments to produce black. Point out 
that black pigment absorbs almost 
all light and reflects almost none. 

[.2] GD coop Learn IN 
Kinesthetic 

Pg? 
[™ Assessment 

Oral Assess students’ under- 

standing of colors by asking 
them to explain why black and 
white are not true colors. Black isa 

lack of color that occurs when all light is 
absorbed. White occurs when all colors 
are reflected. Use PASC, p. 89. 

SECTION 4 Light and Color 343 



® Real-World 
Problem ———— 

Purpose Students will test 
various sound barriers for effec- 

tiveness. Auditory-Musical 

Process Skills form a hypothe- 
sis, predict, test a hypothesis, 
identify and manipulate vari- 
ables, collect data, interpret data 

Time Required 2 weeks out- 

side of class time 

Materials Many of these barri- 
ers are not normally located 
around a school. Students may 
need to be provided with a sound 
meter and a meterstick or metric 
tape measure to perform this lab 
outside of class. 

Safety Precautions Students 
should have some adult supervi- 
sion when collecting their data. 

© Forma 
Hypothesis ——— 

Possible Hypothesis Students 
may hypothesize that thick con- 
crete walls or thick stone walls 

are the best sound barriers and 

hanging laundry is the least 
effective. 

© Test Your 
Hypothesis 

Possible Procedures Students 
should choose a sound that will 

remain constant for each sound 

barrier tested, such as a recording 
of a sound at a constant volume. 
At the location of the sound bar- 
rier, students should record the 
level of the sound using the sound 
meter at the same distance from 
the source to the meter both 
behind the sound barrier and 
bypassing the sound barrier. 
These conditions will provide a 
test with only one variable. 
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Goals 
@ Design an experiment 

that tests the effective- 

ness of various types of 

barriers and materials 

for blocking out noise 

pollution. 

Test different types of 

materials and barriers 

to determine the best 

noise blocks. 

Possible Materials 
radio, CD player, horn, 

drum, or other loud 

noise source 

shrubs, trees, concrete 

walls, brick walls, stone 

walls, wooden fences, 

parked cars, or hanging 

laundry 

sound meter 

meterstick or metric tape 

measure 

344 

Pollution 
® Real-World Problem — 
What loud noises do you enjoy, and which ones do you find annoying? 

Most people enjoy a music concert performed by their favorite artist, 

booming displays of fireworks on the Fourth of July, and the roar of a 

crowd when their team scores a goal or makes a touchdown. Although 

these are loud noises, most people enjoy them for short periods of 

time. Most people find certain other loud noises, such as traffic, sirens, 

and loud talking, annoying. Constant, annoying noises are called noise 

pollution. What can be done to reduce noise pollution? What types of 

barriers best block out loud noises? What types of barriers will best 

block out noise pollution? 

© Form a Hypothesis 
Based on your experiences with loud noises, form a hypothesis that 

predicts the effectiveness of different types of barriers at blocking out 

noise pollution. 

© Test Your Hypothesis —— 

Make a Plan 

1. Decide what type of barriers or materials you will test. 

2. Describe exactly how you will use these materials. 

Real-World Connection ‘To extend this lab, have 

students research various sound barriers and 
sound control strategies in their own municipal- 
ity and in other municipalities nationally and 
worldwide. Which areas of the world have the 
most noise pollution? What causes the noise 

have on human and animal health? Other topics 
of research include the use of destructive wave 

strategies through headphones to reduce noise 
for helicopter pilots and for factory workers. 
Encourage students to test noise-reduction : 
materials and methods that can be used. 

pollution? What effects does noise pollution 



Teaching Strategy Remind 
students that it is important for 

the sound barriers to be tested 

using the same distance from the 

sound source to the sound meter 

in each test. 

3. Identify the controls and variables you will use in your 
experiment. 

4. List the steps you will use and describe each step precisely. 

5. Prepare a data table in your Science Journal to record your 
measurements. Expected Outcome Most results 

will show that thick concrete 

walls or thick stone walls are the 

best sound barriers. 

6. Organize the steps of your experiment in logical order. 

Follow Your Plan 

1. Ask your teacher to approve your plan and data table before 
you start. 

© Analyze Your 
Data — 

Answers to Questions 
1. Answers will vary but may include 

concrete and stone walls. 
2. Answers will vary but may be similar 

to hanging laundry. 
3. The effective barriers are thick and 

dense structures. 
4, Answers will vary. 
5. Answers will vary. 

2. Conduct your experiment as planned. 

3. Test each barrier two or three times. 

4. Record the results from each test in your data table in your Science Journal. 

© Analyze Your Data 
1. Identify the barriers that most effectively reduced noise pollution. 

2. Identify the barriers that least effectively reduced noise pollution. 

3. Compare the effective barriers and identify common characteristics that might 

explain why they reduced noise pollution. 

4. Compare the natural barriers you tested with the artificial barriers. Which type 

of barrier best reduced noise pollution? 

5. Compare the different types of materials the barriers were made of. Which 

type of material best reduced noise pollution? 

Error Analysis Have students 
compare their results and their 
hypotheses and explain why dif- 
ferences occurred. © Conclude and Apply ———— nr er 

1. Evaluate whether your results support your hypothesis. 

© Conclude and 

Apply 
Answers will vary. 
The ranking of sound barriers would 
be the same. 

2. Predict how your results would differ if you used a louder source of noise such 

as a Siren. 

3. Infer from your results how people living near a 

busy street could reduce noise pollution. : ; 

4. Identify major sources of noise pollution in or ommunicating 

near your home. How could they be reduced? peas Your Data 

N= 

3. People could build some type of 
5. Research how noise pollution can be Draw a poster illustrating how builders and sound barrier between the house 

unhealthy. landscapers could use certain materials to and the street. 

better insulate a home or office from excess 

noise pollution. 
~ Answers will vary. 
5. Reported findings should include 

eardrum damage. 

LAB 345 

fi? i... 2 ee 
™, Assessment 

Process Have students describe their procedures 

and their results for this activity in lab reports. 

Suggest that they include diagrams or photographs 

of their setups. Use Performance Assessment in 

the Science Classroom, p.119 |L2) [2] 

ommunicating 
wa Your Data 

A gardening book from your local library will be helpful 

in choosing plants to use in the landscape design. 

LAB 345 



fi f 
: 

' 
: . 
f 

£ 7 f : 
fa 

Understanding 
Literature 
Japanese Haiku Because haiku 
uses few words, the reader must 

use his or her imagination to 

complete the picture or message. 

Respond to the Reading 

1. Possible answer: It helps the reader 
picture the season. 

2. Possible answer: Lingering indicates 

that the Sun remains longer in the 
sky each day during spring. 

3. Linking Science and Writing 
Suggest that students pay attention 
to the mood they want to convey 
with their poems, and use color and 

properties of light appropriately. 

eae Color The 
eS perception of 

color can affect the human body. 

For example, the color red can 

cause physiological changes in 
the body. Some studies have 
shown that seeing red can be 
correlated with increasing blood 
pressure, more rapid breathing, 

increased taste bud sensitivity, 
and heightened sense of smell. 
Seeing the color blue has been 
linked to the opposite effects: 
slowing of the pulse, lowering of 
the body temperature, and 
reduction of the appetite. 

Yellow is usually the first color 
a person notices when he or she 
looks at something. Studies have 
suggested that yellow prepares a 
person for flight or fight, that 
children are more apt to cry in a 
yellow room, and that allergies 
flare up more frequently in yel- 
low surroundings. Green, on the 

other hand, has been found to 
help decrease allergic reactions 
in some people. 
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A Haiku Garden: | 

| The Four Seasons in Poems and Prints 

| by Stephen Addiss with Fumiko and Akira Yamamoto 
= 

Understanding oad 
Literature ve 
Japanese Haiku A haiku is a verse that \ 

consists of three lines and 17 syllables ir in 
the Japanese language. The first and third 

lines have five syllables each, and the | 

middle line has seven syllables. Why is 

imagination important in reading haiku? 
“ 

Six 

Respond to the Reading 

Le 

& =i 

How do the illustrations help the reader 

better understand the poems? 

. What do you think is meant by the 

word lingering in the Haiku about spring 

sunlight? 

. Linking Science and Writing Write 

one haiku about summer and another 

about fall. In one poem, use color to 

help you describe the season. In the 

other, use light or some property of 

light to help describe the season. 

Research has deter- Py RINTEGRATE 

mined that there is a 

connection between color and mood. Warm 

colors have longer wavelengths and can be 

more stimulating. Cool colors, which have 

5 horter wavelengths, tend to have a calming 

or soothing effect on people. Light and color 

have long been used as literary symbols. Does 

the use of color change what you imagine 

when you read the haiku? 

Resources for Teachers and Students 

The Essential Haiku, ed. and trans. Robert Hass, 

The Ecco Press, 1994 

The Power of Color, Dr. Morton Walker, Avery 

Publishing Group, 1991 
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=< Sound 
. Sound waves are compressional waves that 

travel only in matter. 

2. The speed of sound in a material depends 

on the type of material as well as its 
temperature. 

3. Loudness depends on a sound wave’s inten- 

sity. Pitch depends on a sound wave’s 
frequency. 

4. Sound waves are used in echolocation, 

sonar, and medical imaging. 

Reflection and Refraction 
of Light 

1. Light can be absorbed, reflected, or trans- 

mitted by a material. 

2. When light waves are reflected, they 

obey the law of reflection—the angle of 

incidence equals the angle of reflection. 

SE 
ES 

3. A light wave is refracted, or bent, when 

it changes speed as it travels at an angle 

from one material to another. 

Interactive Tutor fl.gpescience.com 

Mirrors, Lenses, and 
the Eye 

. Plane mirrors form upright, virtual images. 

. Images formed by concave mirrors and 

convex lenses depend on the location of 

the object relative to the focal point. 

. Convex mirrors and concave lenses form 

virtual, upright images that are smaller 

than the object. 

The lens in the human eye changes shape to 

produce a sharp image on the retina. 

=o Light and Color 

. You see color when light is reflected off 

canes and into your eyes. 

. Cone cells in the retina are light-sensitive 

cells that enable you to distinguish colors. 

. Red, blue, and green are the three primary 

colors of light and can be mixed to form all 

other colors. 

. The primary pigment colors are magenta, 

cyan, and yellow. 

IELTS Use the Foldable you made at the beginning 

of the chapter to help you review sound and light. 

CHAPTER STUDY GUIDE 347 

Reviewing Main Ideas 

Summary statements can be 
used by students to review the 
major concepts of the chapter. 

Sciencap!|INE 

Visit fl.gpescience.com 

More Section Review 

Interactive Tutor 

Vocabulary PuzzleMaker 

More Chapter Review 

Standardized Test Practice 

Assessment Transparency 

For additional assessment ques- 
tions, use the Assessment 

Transparency located in the 
transparency book. 

Assessment 

Sine Sound and Light 
“Transparency 

j= angle of 
incidence 

1 = angle of 

reflection 

1. What is the angle at which a light wave strikes a 

surface called? 

a. angle of incidence b. angle of reflection 
d, concave 

gle at which the light wave bounces 

Hed? 

idence b. angle of reflection 
d. concave 

3. Ifi, the angle of incidence, is 27°, what is r, the angle of reflection? 
27 c. 333% d. 63° 

Sound and Light 

Have students use 
their Foldables to 

review the content of the chap- 
ter. Have the students make 
similar Foldables comparing and 
contrasting convex and concave 
mirrors and convex and concave 
lens. 

CHAPTER STUDY GUIDE 347 
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1. Doppler effect 

2. plane mirror 

3. transparent 

4. index of refraction 

5. pigment 

6. convex mirror 

7. loudness 

lens. 

16. Possible answer: The room would 

eliminate any sound reflections 

except those coming directly from 
the bat's food. 

17. The glass absorbs all colors except 
green, and it transmits green light. 
The shirt absorbs all colors except 

green, and it reflects green light. 

348 = CHAPTER 11 Sound and Light 

chepier (fp Review 

loudness p. 32. 

opaque p.32/ 

pigment p. 342 

pitch p.323 

concave lens p. 335 

concave mirror p. 332 

convex lens p. 333 

convex mirror p. 333 

decibel p.322 plane mirror p. 33) 

Doppler effect p.323 translucent p. 327 

index of refraction p. 329 transparent p.32/ 

intensity p.322 

Complete each statement with the correct 

vocabulary word or phrase. 

1. A change in frequency due to a moving 

sound source is due to the 

2. A flat, smooth surface that reflects light and 

forms an image is a(n) 

3. An object is 

through it clearly. 

4. The of a material indicates how 

much the speed of light in the material 

changes as light passes through. 

if you can see 

5. You can change the color of white paint by 

adding a(n) == ee tort 

6. A(n) is a reflecting surface that 

curves outward like the back of a spoon. 

7. The human perception of the intensity of a 

sound wave Is 

Choose the word or phrase that best answers 
each question. 

8. Which of the following best describes image 
formation by a plane mirror? 

A) A real image is formed in front of the mirror. 

B) A real image is formed behind the mirror. 

©) A virtual image is formed in front of the 
mirror. 

D) A virtual image is formed behind the mirror. 

348 CHAPTER REVIEW 

10. 

. For a sound with low pitch, what else is 

also always low? 
A) amplitude 

B) frequency 

© wavelength 

D) wave velocity 

Which of the following occurs when a 

sound source moves away from you? 
A) The sound’s velocity decreases. 

B) The sound’s loudness increases. 

© The sound’s frequency decreases. 

D) The sound’s frequency increases. 

Use the table below to answer question 11. 

Uitte 

p PE 

13. 

14. 

Speed of Sound in Air 

Temperature Sound Speed 

(°Q (m/s) 

0 331.4 

10 337.4 

20 343.4 

Based on the data in the table above, 

which of the following would be the speed 

of sound in air at 30°C? 

A) 340.4 m/s © 349.4 m/s 

B) 346.4 m/s D) 353.4 m/s 

What happens to a light ray traveling 

parallel to the optical axis of a convex 

lens that passes through the lens? 

A) It travels parallel to the optical axis. 

B) It passes through the focal point. 

©) It is bent away from the optical axis. 

D) It forms a virtual image. 

Light waves of which color are bent most 
when passing through a prism? 

A) blue © violet 
B) red D) yellow 

Which way does a concave lens bend light? 
A) toward its optical axis 

B) toward its center 

C) toward its edges 
D) toward its focal point 

Vocabulary PuzzleMaker fl.gpescience.com 

Use the ExamView® Pro Test Bank CD-ROM to: 

* create multiple versions of tests 

* create modified tests with one mouse click for inclusion students 
* edit existing questions and add your own questions 
* build tests aligned with state standards using built-in State 
Curriculum ‘Tags 

* change English tests to Spanish with one mouse click and vice versa 
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Interpreting G raphics 

Use the illustration below to answer question 15. 

15. 

16. 

VE 

18. 

ie 

20. 

21. 

Focal 

point 

—————_—_ 

Ray A 

Object 
Optical axis 

Two One Image 
focal focal 

lengths | length 
++ 

Describe how the position of the candle 

changed if the image of the candle moved 
away from the focal point. 

i hinking Critically 

Apply Acoustic scientists sometimes do 

research in rooms that absorb all sound 

waves. How could such a room be used to 

study how bats find their food? 

Compare White light passes through a 

translucent pane of glass and shines on a 

shirt. Both the translucent glass and the 

shirt appear green. Compare the colors of 

light that are absorbed and transmitted by 

the glass and the shirt. 

Infer Most mammals, including dogs and 

cats, can’t see colors. Infer how the retina 

of a cat’s eye might be different from the 

retina of a human eye. 

Determine whether a convex lens could form 

an image that is enlarged, real, and upright. 

Infer A car comes to a railroad crossing. 

The driver hears a train’s whistle and its 

pitch becomes lower. What can be 

assumed about how the train is moving? 

Compare and contrast the reflection of light 

from a white wall with a rough surface 

with the reflection of light from a mirror. 

More Chapter Review fl.gpescience.com 

ZZ. 

23. 

24. 

25. 

Infer why a convex mirror and a concave 

lens can never produce a real image. 

Predict what color a white shirt would 

appear to be if the light reflected from the 
shirt passed through a red filter and then 

through a green filter. 

Explain why windows might begin to rattle 

when an airplane flies overhead. 

Communicate Some people enjoy using 

snowmobiles. Others object to the noise 

that they make. Write a proposal for a pol- 
icy that seems fair to both groups for the 

use of snowmobiles in a state park. 

Applying Math 

Use the wave speed equation, v = fA, to answer 

questions 26 and 27. 

26. Calcuiate Frequency A sonar pulse has a 

wavelength of 3.0 cm and a speed in 

water of 1,500 m/s. Find its frequency. 

. Calculate Wavelength What is the wave- 

length of a sound wave with a fre- 
quency of 440 Hz if the speed of sound 

in air 1s 340 m/s? 

- Calculate Angle of Incidence A light ray is 

reflected from a mirror. If the angle 
between the incident ray and the 

reflected ray is 136°, what is the angle 

of incidence. 

. Determine Object Distance You hold an 

object in front of a concave mirror with 

a focal length of 30 cm. If you do not 

see a reflected image, how far from the 

mirror is the object? 

. Calculate Speed The speed of light in a 
vacuum is 300,000 km/s. If the index of 

refraction of water is 1.33, what is the 

speed of light in water? 

CHAPTER REVIEW 349 

Pe issessment 
T Assessment 

\4y Reproducible Masters 
Chapter Fast File Resources 

Chapter Review, pp. 39-40 
Chapter Fests -pp. 41—44 
Assessment Transparency Activity, p. 53 

Glencoe Science Web site 
Chapter Review Test 
Standardized ‘Test Practice 

Glencoe Technology 

é Assessment Iransparency 

® ExamView® Pro Testmaker 

TD MindJogger Videoquiz 
@® Interactive Chalkboard 

Review QO 
18. Possible answer: A cat's retina does 

not have the cone nerve cells that a 

human's retina does. 

19. No;a convex lens forms an 
enlarged, upright image that is vir- 
tual when the object is less than 
one focal length from the lens and 
an enlarged, real image that is 
inverted when the object is 
between one and two focal lengths 
from the lens. An object more than 

two focal lengths from the lens 

forms a real, upright, smaller image. 

20. The train is moving away from the 
crossing. 

21. Both reflect all the colors of light 
that hit them. Reflection from a 
rough white wall is diffuse, whereas 
reflection from a mirror is regular. 

22. Both a convex mirror and a concave 
lens cause light rays that strike 
them always to diverge. 

23. The red filter transmits only the red 
light reflected from the shirt. This 
light would be absorbed completely 

by the green filter, and no light 
would be transmitted. The shirt 
would appear black. 

24. The airplane produces sound waves 
that vibrate the glass. 

25. Proposals might suggest limiting 
the use of snowmobiles to certain 
times of the day or to certain areas 
that are more isolated. 

‘Applying Math 
Math Standards 

National: 1,4,9 

Florida: MA.B.1.4.2, MA.B.2.4.1 

26. 50,000 Hz (50 kHz) 

27.0.0 

28. 68° 

29. 30cm 

30. 225,000 km/s 

CHAPTER REVIEW 349 
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Standardized Test Practice 

Answer Sheet An answer sheet 

can be found at fl.gpescience.com. 

Standardized Test Practice Answer Sheet 

¢ Multiple Choice 

1D 5. D 

2K 6. D 

3. A 7.A 

4.D 

350 CHAPTER 11 Sound and Light 

chaprer Of] ) Standardized Test Practice 

u oice 

1. Which of the following describes the image 

formed by a convex mirror? 

A. enlarged 

B. inverted 

C. real 

D. virtual 

Use the figure below to answer question 2. 

— ovocceeeconsnosscescacacenecontnctcsn fst SiS oeNSDSDR STEEN 

~ 
‘\ 

~ » —<— ve SS secre 

“~~, ey fs SNS / 

j ; Focal point ~~. e 
Optical axis --------------===Se- 

2. Which of the following describes a light ray 

that passes through the focal point and 

then is reflected by the mirror? 

A. It travels parallel to the optical axis. 

B. It forms a real image. 

C. It is reflected back through the focal point. 

D. It forms a virtual image. 

3. Why does an apple look red? 

A. It reflects red light. 

B. It absorbs red light. 

C. It reflects green and blue light. 

D. It reflects all colors of light except red. 

350 STANDARDIZED TEST PRACTICE 

Record your answers on the answer sheet provided by your teacher or on a sheet of paper. 

The assessed Florida Benchmark appears above the question. 

Use the figure below to answer questions 4 and 5. 

\ 

. When the primary colors of light are added 

together, what color appears in area H? 

A. cyan 

B. magenta 

C. white 

D . yellow 

. When the primary colors of light are added 

together, what color appears in area G¢ 

A. cyan 

B. magenta 

C. white 

D . yellow 

. Which of the following increases as the fre- 
quency of a sound increases? 

A. amplitude 

B. intensity 

C. loudness 

D. pitch 



Standardized 
Test Practice 

chapter Ti 

Standardized Test Practice 

7. Which of the following parts of the eye 
enable you to see colors in bright light? 

A. cone cells 

B. cornea 

C. lens 

D. rod cells 

-/ 
Use the graph below to answer questions 8 and 9. 

Image Distance for 
a Convex Lens 

Image distance (cm) 

5 1 iG ty 2 9 so 

Object distance (cm) 

8. Determine how far, in centimeters, the 

image is from the lens when the object is 

15 centimeters from the lens. 

9. How far, in centimeters, is the object from 

the lens when the image distance and 

object distance are equal? 

| _Test-Taking Tip _| Tip 

Note Units Read carefully and make note of the units used in 

any measurement. 

Deane eee ee UE U EEE EIS EES SIIR SSIES SESS 

Standardized Test Practice fl.gpescience.com 

INQUIRE ort Response 
=| 

10. A shirt has stripes that are black and white 

in white light. If green light shines on this 

shirt, what colors will the black and white 

stripes be? 

11. If you are on a moving train, what hap- 

pens to the pitch of a crossing bell as you 

approach the crossing and then move 

away from the crossing? 

Le Extended Response 

Use the figure below to answer question 12. 

12. Describe the vision problem show by the 
figure and explain how this vision prob- 

lem can be corrected. 

13. Explain why the human eye can see colors 

better in bright light than in dim light. 

STANDARDIZED TEST PRACTICE 351 

esponse 

¢ Short Response 

10. The black stripes will still appear 
black, and the white stripes will 

appear green. 

11. The pitch is higher as you approach 

the signal and lower as you move 
away. 

¢~ Extended Response 

12. This problem is farsightedness, 
which is the inability to focus on 
nearby objects. A convex lens in 
front of the eye converges light 
rays so the lens in the eye is able to 

focus on nearby objects. 

13. In bright light, cone cells in the 

retina are stimulated by visible 

light and produce the sensation of 
color. In dim light, these cells are 

not stimulated. 

Rubrics 
For more help evaluating Short- 
and Extended-Response ques- 
tions, see the rubic on p. 9T. 

STANDARDIZED TEST PRACTICE 351 
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Section/Objectives Standards Lab/Features 

Chapter Opener National State/Local Launch Lab: Global Jigsaw Puzzle, 
[ JDz 

See pp. 161-177 fora Foldables, p. 353 

Key to Standards. 

Section 1 Evolution of Earth’s Crust National Content Florida Benchmarks: Applying Math: Spreading 

: 2 Standards: SGANAL, Distances, p. 357 

@ 1 session <P 5 block UCP.1-3, UCP. 5, SEpilAD Integrate Physics, p. 358 

1. Explain supporting evidence for the continental A, AD SC.D.1.4.4, Science Online, p. 359 

drift hypothesis. SC.H.1.4.1-3 

2. Discuss the failings of the continental drift SC-H-14i6; 
hypothesis. SC.H.2.4.1 

Section 2 Earthquakes National Content MiniLAB: Demonstrating Four 

i Standards: Types of Stress, p. 364 
4 pesceten: pe silos UCP.1-5,A.1,A.2, Visualetia Earthquake-Proof 
3. Describe the causes and characteristics of B.4, D.1, D.3, E.1, Buildings, p. 368 

earthquakes. F.5,F.6 

4. Explain how seismic waves affect Earth's surface. 

5. Describe how seismic waves are used to infer 

Earth’s internal structure. 

Section 3 Earth’s Interior National Content | Florida Benchmarks 

@ i session CP 5 block Standards: SCA.14.1,SCA.1.4.2 
UGPIES Ala AL SC.B.2.4.1,SC.D.1.4.4 

6. Explain how geologists infer the structure of B.6, D.1, D.3 SC.E.1.4.2, SC.H.1.4.2 
Earth's deep interior. SCH 46 SCH246 

7. Describe Earth's internal structure and composition. SCH3.44 

Section 4 Volcanoes National Content | Florida Benchmarks: | Science Online, p. 374 
@  3sessions CP tS blocks Standards: SCA.1.4.2,SCA.1.4.3,| MiniLAB: Modeling Lava Viscosity, 

UCP1-S;A-17A2) “SCDI42 p.375 GD Video Lab 
8. Describe the types and causes of different types Bie iDale D2: Ds: Science Online, p. 376 

of volcanic eruptions. F.5 Integrate History, p. 377 
9. Explain the pattern of occurrence of volcanoes Lab: A Case for Pacific Plate Motion, 

and its link to plate tectonics. p. 379 

Lab: Earthquake! Earthquake! 
Where's the earthquake?, pp. 380-381 
Science and History: Volcano 

Weather, p. 382 
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Lab Materials 

Launch Lab: copies of a 
world map 

Reproducible Resources 

Chapter Fasr Fie Resources 

Foldables Worksheet, p. 15 

Directed Reading Overview, 

Daly, 

Note-taking Worksheets, 

pp. 33-35 

Section Assessment 

eee e 

Y, &y ° 
vant? 

Glencoe Exclusive! 

Jeacher Works = 
All-In-One Planner and Resource Center 

Technology 

TeacserWorks includes: 

+ Interactive Teacher Edition 

+ Lesson Planner with calendar 

* Access to all program blacklines 

* Correlations to standards 

* Web links 

Need Materig[s2 
Contact Sci ence Kj at 1-800-828-7777 * www.sciencekit.com, 

Chapter Fasr Fite Resources 

Transparency Activity, p. 44 

Enrichment, p. 29 

Reinforcement, p. 25 

Directed Reading, p. 18 

Cultural Diversity, pp. 47-48 

Performance 

Applying Math, p. 357 

Applying Math, p. 361 

Content 

Section Review, p. 361 

& Section Focus Transparency 

*) Interactive Chalkboard 
CD-ROM 

€ StudentWorks Plus 

MiniLAB: bar of taffy Chapter Fasr Fire Resources 

Transparency Activity, pp. 45, 

49-50 

MiniLAB, p. 3 

Lab Activity, pp. 11-12,13-4 

Enrichment, p. 30 

Reinforcement, p. 26 

Directed Reading, p. 18 

Chapter Fasr Fite Resources 

Transparency Activity, p.46 

Enrichment, p. 31 

Reinforcement, p. 27 

Directed Reading, p. 19 

Performance 

MiniLAB, p. 364 

Applying Math, p. 369 
Content 

Section Review, p. 369 

@ Section Focus Transparency 
& Teaching Transparency 

*) Interactive Chalkboard 
CD-ROM 

&) StudentWorks Plus 

Performance 

Applying Math, p. 372 

Content 

Section Review, p.372 

ws Section Focus Transparency 

®) Interactive Chalkboard 
CD-ROM 

®) StudentWorks Plus 

MiniLAB: pancake mix, 

bowl, milk, small funnel, 

watch with a second hand, 

small frying pan, hot plate 
Lab: ruler, calculator, scale 
map of the Hawaiian Islands 

Lab: ruler, plain white 

paper, graph paper, 

compass 

ASSESSMENT 

Chapter Fasr Fie Resources 
Chapter Review, pp. 37-38 

Chapter Tests, pp. 39-42 

Standardized Test Practice, pp. 52-55 

Chapter Fasr Fire Resources 
Transparency Activity, p. 47 

MiniLAB, p. 4 

Enrichment, p. 32 

Reinforcement, p. 28 

Directed Reading, pp. 19, 20 

Lab Worksheets, pp. 5-6, 7-9 

Reading and Writing Skills 
Activities, pp. 14-15 

Portfolio 

Science Journal, p.374 

Performance 

MiniLAB, p. 375 

Applying Math, p. 378 

Content 

Section Review, p. 378 

End of Chapter Assessment 

MindJogger Videoquiz 
ExamView® Pro Testmaker 

Vv 

7 Y 

® TeacherWorks CD-ROM 

© Interactive Chalkboard CD-ROM 

t# Section Focus Transparency 

©) Interactive Chalkboard 

CD-ROM 

©) StudentWorks Plus 

{1D Video Lab 

Performance Assessment in the Science 

Classroom (PASC) 
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ey A Man witha Vision ST 
‘Transparency 

Alfred Wegener once wrote, “Scientists still do not... understand 
sulticlently that all earth sciences must contribute evidence toward 
unveiling the state of our planet in carlier times...IUis only by combing 
the Informution... that we can hope... to find the picture that sets out all 

highest degree of probability, Further, we have to be prepared always for 
the possibility that each new discovery, no matter what science fur- 
nishes it, may modify the conclusions we draw.” 

Oey 

1, Why was Wegener's bellef that all branches of science must work 

2. Haye commonly accepted ideas about scientific research changed 
since then? 

3, Do you agree with Wegener's statement? Why or why not? 

This is a representation of key blackline 

masters available in the Teacher Classroom 

Resources. See Resource Manager boxes 

within the chapter for additional information. 

Key to Teaching Strategies 

The following designations will help you 
decide which activities are appropriate 
for your students. 

Level 1 activities should be 

appropriate for students with 

learning difficulties. 

[2] Level 2 activities should be within 

the ability range of all students. 

[3] Level 3 activities are designed for 

above-average students. 

@ ELL activities should be within 
the ability range of English 

Language Learners. 

COOP LEARN Cooperative Learning 

activities are designed 

(wisted and underground utilities such as cle 
gus lines can be broken, Even after the earthquake is over, damaged 
structures still pose a risk of falling and exposed electrical and gas 

the known facts in the best arrangement and that therefore has the turces can still be dangerous, 

A] Earthquake Hazards os 3 Gait) A Hollow Earth? 
Chaptor 

Transparency 

The French author Jules Verne wrote ov 
books ofall time called A Journey to the Center of the Earth, In the book, 
the professor docs indeed find the entrance to the hollow Earth. The 
professor and his companions walk on the undersid: th’s crust 

al, water, and natural 

and gaze at the inner Earth's sun, They sail the inner sea, traverse 
immense dense forests. and even encounter beings much like ourselves, 

. Where are earthquakes most likely to occur? 

together considered radical during his lifetime? earthquake? 

| 

wits, JOURNEY. CENTER: EARTH 
y Pp 

f 

ARLENE DAHL DIANE BAKER «= 
GAPE URLEEG ET « WENET LUN. wa} TUN ALUBEW oc CARES MeACELT 

How do you think earthquakes affect physical structures? 
1. Do you believe Earth could be hollow? 

2. How could living beings survive inside a hollow Earth? 
3, Does modern science disprove the possibility that Earth is hollow? 

How? 

Assessm nt 

ieeseucuce Earth's Internal Capriar 
MICUESEICAISS Processes 

Earthquakes, volcanoes, and most tectonic activities occur at the 

point where two plates meet or move against each other. At convergent 
boundaries, plates move towards each other and collide. At divergent 

boundaries, plates move away from each other and the space is filled by 
molten rock rising and cooliag to add new material and area to the 
plates. But with transform-fault boundaries, plates moye horizontally 
past each other, Where these transform-fault lines are located, the 

regions are geologically very active. The most yalcanically and 
seismically active region on Earth is known as the ‘Ring of Fire.’ 

Three-fourths of Earth's active and dormant volcanoes lic along this 

wre, at the margins of the large Pac 

. What happens at convergent boundaries such as the Nazca Plate and 
the South American Platet What surface features exist along these 
boundariest 

. Identify’ a large divergent boundary. What does this mean for the 
continents resting on these two plates? 

|. Why are voleanoes located most often along transform-fault 
boundaries? 

|. What is the correlation between volcanoes and earthquake events? 

Can one occur without the other? 

Chapter 

Dust, ashes, cinders, and rocks flew high into the air. During the first eight 
hours of the eruption they fell on Pompeii to depths of eight to ten feet. In 

plion, a superheated cloud of steam and mud 
of Vesuvius and covered the town of Herculaneum. 

Based on the description, what kind of volcano was Mount Vesuvius? 
What could the people of Pompeii and Herculaneum have done to 
save themselves? 

. What might modern scientific knowledge have done to help 
minimize the damage? 

Teaching 

feaching Earthquake 

RCSSESD Intensity Scale 

Richter Scale Earthquake Severity 
The Richter scale was developed by a scientist named Charles Richter 

in 1934. His scale measures the amplitude of seismic waves measured at 
a number of sites for any given earthquake to determine its assigned 
magnitude. The Richter scale ranges from 1 to 10 on a logarithmic scale 
with 10 being the most severe earthquake 

Modified Mercalli Intensity Scale 
The Mercalli scale was invented by Giuseppe Mercalli in 1902 and 

updated in 1931 by seismologists Harry Wood and Frank Neumann to 
become the Modified Mercalli scale. This scale uses observations and 
personal accounts by survivors to assign a Roman numeral value of | to 
XII to an earthquake event with XII being the most severe. Lower 
numbers generally reflect how an earthquake felt to people while 
higher numbers are based on observed structural damage 

udent Text Lab W 

AB, A Case for Pacific Plate Motion 
¥ ] for small group work. 

Lab Preview 
Directions: Answer these ques 

Hands-On Activities Hands-On Activities Multiple Learning Styles logos, 
as described on page 12T, are 
used throughout to indicate ie Materials 

strategies that address different eee naioe euler conee ban : 
learning styles. Prod 

metal baking pan. Add fou 

2 Why ore the Hawaiian Islinds important to geoloylats studying vakeanic wctivi 

These strategies represent student 
products that can be placed into 
a best-work portfolio. 

Problem-Based Learning activities 
apply real-world situations to 
learning. 

Real-World Problem, 
i Olver happens (0 your miniature buildin Jeunists show that ar E 
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Enrichment 

Coney Evolution of Earth's Crust Wegener's Jigsaw Puzzle 

Overview 
Earth’s Internal Processes 

Directions: Complete the concept map using the Terms iested (eHow, 
Directions: Use what you have /eamed In Section 1 to complete the paragraph that follows using the lentist Alfred Wegener proposed the ides of the ancient continent of Pangaea in 1915 South America continental drift super continent plate tectonics terms provided ei Wegener thought that there once existad single super-continent that broke apart and the pieces 

Alfred Wegener volcanoes earthquakes Pangea rifled to the positions of the continents toxay, Looking atthe shapes of the miodern continents 
composition mountain (ynognathus Pangoea and their coastlines, Weyener saw that. they could almost fH together like a igssw purcie 
slentists eit Wegener fossils 

Glossopterls rook coastlines Lystrosaurus 
Directions: Get information fromm o local historian or the library to answer the following questions 

In 1915, a scientist named — 
1. List something else about the life of the sclentist Allred Wegener? 

Alfred 1 ‘ theory of continental 

2 was based on his observation thar the 
idual Needs 3, of continents appeared as if they could be fitted 

together like pieces of a puzzle. Hut in order to convince fellow How did other scientists at the time react 10 Wegener's theory alsout Pangaca 

4 he needed more evidence. He felt that if he could prove 

Meeting Individual Needs the existence of matching __ on dif 
Meeting Individual Needs 

ntinentof would show that they all had a common source—the super 
How did the use of sonar many years later help 10 c Wegener's theory? 6. Fossils of large Jand animals such as 

or, supported his theory, So 
did the fossil finds of a large fern called 9, Wegener also 

Lurned (0 geology to support his theory, He was able (o prove that separate 
: if Who helped revive Wegener's ideas after World War Il at axsated because the 

re tere 3 guart | astines of 10, ranges on diflerent continents, because of the way they 
were formed and the fact that they shared unique UL and 

mineral 12. were once parts of one huge mountain range moat scientists View Wegener's original idea today? 

{ets hte Pres 

Study Guide Reading Essentials 

= er S Earth’s Internal Processes 
Overview Je BU Evolution of Earth’s Crust Chaptor ‘ ; 
Earth’s Internal Processes | 12 | section © Evolution of Earth’s Crust 

Seeders 5.42 many kes ete 8 a a eng pt ers 
Directions: Complete the purayaphs using the terms lintel below. Some terms muy Ine wed more pee RA RS eae 

What You'll Learn @ Before You Read 
okereere aay IF you look at a map of the world. you will notice that the 

continctal Peapiee ee nate. mnrinents look like pleces of a purse; Why do you think they 
magma tectonics in look that way? 

South America fosus 

Enrth’s continents were once part af a super-continent called (1) 
Evidence of this is the way the eastern enastline of (2) fits like » 
jigsaw puzzle into the western coastline of (3) —________ and the way 
(4) — ani (8) on different continents match, 

a @ Read to Learn 
Discussion 
Meena iE eee Continental Drift 

Urifl One of the forces that causes the spreading of continents Roaave rarities At the start of the 20th century, transportation and 

Further evidence eotnes from matching the (6) of large extinct unirnals 
like dinosaurs on the different continents. The breaking apart of (7) ‘Aer read 
ye ———— 

Meeting Individual Needs A fick things you leamed. Put an communication were slower and more expensive than they 
Ta eager age oe ey ‘doa on each side of the card are today, Then, geologists only studied the land that was 

density and which enters Earth's crust uhrough (10) Te is not acrually Foo e mee aio a close to them. They developed theories about changes on 
RUS wa 9 Cee Ue Earth. Mostly they studied erosion and mountain-Duilding continents that are moving, but rigid sections of the uppermont part of Earth’ mantle called Seared 

- 2 30 E eule processes. There was no theory to explain all the geologic j 
" __—. Plate (12) is a theory of the movements in processes on Earth and how they were related. j 

. Ennis fo the sources ofthe thermal energy that causes tbe movement of mantle What was Pangaea? 
enaveral i (03 elements In 1915, Alfred Wegener (VEG nur) proposed a 

hypothesis that all of Earth's continents were once a part of a 
Directions: For euch a listed below indicate which Kins of boundary berween plate }. Explain Wegeners super-continent called Pangaca (pan GEE uh), He thought 
uy Mee cusoed. the sna divergent, convergent, or transform. theory of Pangees? hat Pangaea broke into pieces that drifted over Earth's 

‘Wegener hypothesized that Pangaea probably started to 
the Mid-Oean Ridge break apart around 200 million years ago. He thought the 

muntain building continents drified over Earth's surface like rafts on water 
Unfortunately, he was unable to find the force strong enough 

1. no new lithosphere 

Evokuthon of Karts Crust EP V2-2 CHAPTER 12. Earth loterral Processes 

| tae _om ou es 

Le nectar Tort Earth’s Internal Processes Chapter Earth’s Internal Processes 
a DIRECTIONS | 

Part A. Vocabulary Review |. Testing Concepts 
Directions: /illn the blunks with the term from the word list that best completes each statement. Use each 
term one Directions: /n the bank at the left, write the letter of the term av phrase that completes the statement or 
- answers the question. 

Pangea rift valley convergent boundary subduction fault 1. The most apparent match of continents isthe eastern coastline of South America 
epicenter focus discontinuity —_—_asthenosphere Viscosity With the western coastline af 

a. Africa be Ava & Antarctica 4, Europe cinder cone shield P | 
Sonar shows that the edges of the continental shelvex matclt | 

m eat i flowing! \ ta perfextly be very well © very poorly @ not acall itis ant 1 A large volcan that expels large amounts af Mowing laya isa rohan 
wary and arm Wegener rexsoned that Earth's rotation, gravity from the Sun and Moon, and 

etatknaan is 2, The superscontinent thearizel by Alfred Wegener was called euUlinoes eoullente 
ved a. centrifugal force b, Nile G magnetic fore dy hurricane 3, A oma, violently erupting volcano is volcano. ca r 

At the MOR, magmas in the {s forvesl upward 
jiace below the ocean where magi comics to the surface i 0 mibester bh rit B cersit d. mantl 

Is # place where tectonic plates collide The spreading of the ocean floor is called 
h th a. extraction b. rifting © divergence 4. Gauling Inthe degree of resistance to flow ofa fluid 

A form in magrns erupting at the MOR, they fake the polarity of Earth at {lithosphere is forced down berveath another: it is alle eran ee eee 

in weak feaible layer upon sekich Earth's Hthosphiric lates nvr ini By alow ¢ molkeale a ridge 
The equation for calculating spreading rate is distance lime a crack jn Tarth’s surface along which movement has taken pla ara cate ae ere 

\ a Je fhe point of arigin of an earthquak Seafloor spreading showed that Ea 181 moves horizontally on 
scale 

the is the place on Barth's surface directly abore Me fox = loral b. global limited 4. regional 
‘Assessment Assessment What theory explains why the oundlary that marks « density change between layers Ec calle » A oat nA 

in the diagrom akerve appear to fit together a. divergence by convergen © fhultiog aL deifing | 
Hike a jigaw puczle Directions: Explain the difference between the ferns in each pair. Wate your answer on the lines provide 

The Andes region in South America shows the | f. San Andreas thenry = 
a weave 1, convection b divengen 4 subduction 

subduction theory t 
—_—— {an example of an noean/ocean convergent boundary fh. plate tectonic theory a. Mavi be the Ande © hapa dh Alasha 

J. convenpeo! boundary theury Which of the following ic nota type of stress | 
acrift by shear © tension re | 
Because the motion of a Pawaye is in the direction of travel, JL very 
a dow be fast © Weak 4. arom 
Richter magnitude is yntendeal to measure an eorthquak 
2. location be si © damug 

= = orth tera Process Physical Sclende with Earth Science 

CHAPTER 12 Resource Manager 352D 



chapter De Earths Internal Processes 

science Content Background | 
Mceaeue Evolution of Earth’s Crust 

‘ Continental Drift 
The theory of plate tectonics has 

A its roots in Alfred Wegener's 
hypothesis of continental drift. Key Hed are: 

* that the theory is “new”, barely a century old. 

¢ Wegener was unable to explain a mechanism 
for his hypothesis. The hypothesis was not 
accepted: 

¢ World events helped to develop the 
technology needed to support the theory. 

Seafloor Spreading Hypothesis 
Dr. Harry Hess revived the notion of moving 
plates. He added several important revisions: 

e Earth’s crust is divided into interconnected 
plates. 

¢ Plates may consist of continental crust, oceanic 
crust, or both. 

* Oceanic crust is forming along the mid- 
ocean ridge system, which is coincident with 
divergent zones. 

| A 

% SOUTH AMERICA 
MOSS! 

yy ag 
Neo 

aoe ir 765 ASN Ay < .S) 

IE Bae ae 
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¢ Growth of Earth’s crust is counteracted by 

destruction of crust at other locations. 

The seafloor spreading hypothesis supports 

plate tectonic theory. 

* Convection beneath the crust is hypothesized 
to be the driving mechanism. 

* Convection drives both divergent and con- 
vergent zones; it creates tensional stress 
beneath continental crust, which results in 

formation of rift valleys. 

e It facilitates the collision and destruction of 

crust at plate boundaries. 

* Collision zones are locations of many earth- 
quakes and formation of volcanic mountain 
chains either at sea (island arcs) or along con- 
tinental margins (volcanic arcs). 

¢ The mid-ocean ridge seafloor spreading zone 
experiences shallow volcanic activity. 

Earthquakes 

Predicting Earthquakes 
Earthquakes are a subsurface phe- 
nomena that originate at a point of 

weakness in the rock structure. Faults are breaks 
or cracks in rock along which movement has 
occurred. Energy radiates spherically outward 
in all directions from the focus. Energy travels 
in three different seismic wave patterns: pri- 
mary, secondary, and surface. The different pat- 
terns are critical to the behavior of surface 
materials and their destructive effects. These 
waves can break the integral structure of build- 
ings, allowing them to collapse under their own 
weight. Attempts to precisely predict earth- 
quakes have been unsuccessful to date. Efforts 
center around: (1) measuring stresses and strain 
across known faults, (2) monitoring suspected 
precursor factors, such as changes in water table 
levels or release of gases into the fault zone, or 
(3) monitoring surface deformation using laser 
surveying technology. 



Earth’s Interior 

Density Differentiation 
Earth’s layered structure was 
created through density differenti- 

ation. During its formational stages, Earth was 
bombarded by meteors and asteroids (planetesi- 
mals). Impact of planetesimals caused melting of 
primordial Earth. The molten matter then sepa- 
rated or differentiated according to density and 
either sank toward the planetary center or solid- 
ified on the surface. Millions of years of this 
process have allowed the densest matter to accu- 
mulate in the core and grade toward a less dense 
crust. 
The physical state of these layers is dependent 
on the interaction of temperature and pressure. 
The outer core is a liquid. This is believed to be 
because the pressure of the overlying matter is 
insufficient to overcome the effect of tempera- 
ture created by heat release from radioactive 
material in the core. 

Volcanoes 

Differences in Magma 
Volcanic eruptions are controlled 
by temperature, gas content, and 

composition of the magma. The interplay of 
these variables produces a variety of eruption 
styles and resulting landforms. As a rule, tem- 
perature is most important and is directly linked 
to composition. High temperature magmas 
tend to be low in silica (basaltic) and have a low 

viscosity. This facilitates rapid flow and low 

profile landforms. In contrast, low temperature 

magmas are high in silica (granitic) and are 

resistant to flow. This creates high profile land- 

forms. Magmas can change composition and 

viscosity as they move up to the surface or as 

they flow across the surface. 
Bowen’s reaction series is critical to an under- 

standing of the order of crystallization of various 

magma compositions. 

Internet Resources 

For additional content background, visit 

fl.gpescience.com to: 

e access your book online 

e find references to related articles in popular 

science magazines 

e access Web links with related content background 

e access current events with science journal topics 

Print Resources 

Physical Geology, Fifth Edition, by Charles C. Plummer 

and David McGeary, Wm. C. Brown Publishers, 1991 

Petrology, by Loren A. Raymond, Wm. C. Brown 

Publishers, 1995 
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ih. SC.H.1.4 The student uses the scientitic processes 

4, SC.E1.4, SC.H24, SCH.3.4 

mid-ocean ridge, p. 356 * 
rift valley, p. 356 * 

divergent boundary, p. 358 
convergent boundary, p. 359 * 

subduction, p. 359 
transform boundary, p. 360 

fault, p. 364 * 
elastic rebound, p. 364 
focus, p. 36+ 
epicenter, p. 364 

discontinuity, p. 371 
shadow zone, p. 371 
asthenosphere, p. 37 
viscosity, p. 37 
cinder cone volcano, p. 377 
shield volcano, p. 377 
composite volcano, p. 37 

# FCAT Vocabulary 

1 = al 
Chapter Vocabulary [ff La f CU 

f 

(oe) 

Science Journal) The most 

recent activity was in February 

2004, with the eruption of ash 
clouds. This follows a series 

of eruptions which occurred 
from October 2002 through 

January 2003. 

chapter previews. Italian Fireworks 
Sicily’s Mt. Etna is the largest volcano in 

Europe. Molten rock from deep in Earth 
INTERACTIV 
CHALKBOARD 

with Image Bank 

PowerPoint * Presentations 

This CD-ROM is an editable 

Microsoft® PowerPoint® 

presentation that includes: 
a pre-made presentation for 

every chapter 

rose through a weak spot in the crust and 

erupted many times onto Earth’s surface. 

Some of the exposed lava at the base of 

Mount Etna is nearly 300,000 years old. 

Science Journal! — Research the most recent eruption 

and write a report about how it affected the surrounding 

environment. 

interactive graphics 
animations 
audio clips 
image bank 
all new section and chapter 
questions Stability and Change An expanding sphere will grow Get Ready Mt. Etna is located on the island of 

Standardized Test Practice in diameter and its surface material will thin, much — Sicily and is one of Earth's most active volcanoes. 
transparencies like an inflating balloon. An expanding Earth The photo shows a pyroclastic mixture of gas and 

Woldables direccons should do the same; however, it does not. This is _ lava erupting from the cone. Scientists predict that 

links to fl.gpescience.com because even though in some places Earth appears _ this is the beginning of more frequent eruptions 

A m oe. to be expanding (divergent boundaries), in others it due to increased earthquake activity associated 

— appears to be contracting (convergent boundaries). with a recent, large intrusion of magma. 
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Preview this chapter's content 

Oniine and activities at 

FOLDABLES 
| Study Organizer 

Systems Make the following 

Foldable to help you organize 

information about types of 

plate boundaries. 

| STEP 1 Fold one piece of paper lengthwise 

into thirds. 

<a! 
SJi3298 Fold the paper widthwise into 

fourths. 

i) T J 

| | | 

| ! | 

1 i ! 

| STEP 3 | Unfold, lay the paper lengthwise, 

and draw lines along the folds. Label 

your table as shown. 

Plate 
Boundary 

Type 
Description | Illustration 

Divergent 

Convergent 

Trans! form 

Making a Table As you read the chapter, 

complete the table describing and illustrating 

divergent, convergent, and transform plate 

boundaries. 

Purpose Use this Launch Lab to 

introduce students to Wegener’s 
concept of continental drift. |L2 

Kinesthetic 
Preparation Make copies of a 
world map. Be careful to use a 
modern conic or Robinson pro- 

jection. Use a ditferent umap 

projection to stimulate class crit- 
ical thinking. 

Materials copies of a world map, 

SCISSOLS 

Teaching Strategy Be open ended. 
Allow students to be creative. 

Troubleshooting Discuss what a 
continent is and how to locate its 

edges. 

Think Critically 
Answers may vary, but the map projec- 

tion used will be most important. Using 

something other than continental edges 

for positioning land masses should be 

discussed. 

Assessment 
Oral Have students speculate why 
this idea was not thought of 

sooner. Technology of map making and 

knowledge of longitude was lacking. 

UMC TES) Dinah Zike 
Btiaueiics study Fold 

Student preparation materials for 

this Foldable are available in the 

Chapter Fast Fire Resources. 
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4 Motivate 

; 5 aha 
An editable Microsoft® INTERACTIVE | 

CHALKBOARD | ans 
PowerPoint” presenta- | 

tion is available on Interactive 

Chalkboard CD-ROM. 

Bellringer 

Section Focus Transparency 

also are available on the 

Interactive Chalkboard CD-ROM. 

2] GD 

1 SSsteaesy A Man witha Vision 
“Transparency 

Alfred Wegener once wrote, “Scientists still do not... understand 
sufficiently that all earth sciences must contribute evidence toward 

unveiling the state of our planet in earlier times, ,.t is only by combing 

the information.., that we can hope,..to find the picture that sets out all 
the known facts in the best arrangement and that theretore the 

highest degree of probability. Further, we have to be prepared always for 
the possibility that each new discovery, no matter what science fur 
nishes it, may modify the conclusions we draw,” 

1. Why was Wegener’s belief that all branches of science must work 
together considered radical during his lifetime? 

2. Have commonly accepted ideas about scientific research changed 

since then? 

3. Do you agree with Wegener's statement? Why or why not? 

Reading Preview 

Tie to Prior Knowledge 

Change in Shape When a mass is 
heated it expands; an expanding 
solid will stretch or crack. 

Word Chart Have students make 

a four-column chart and write 

new vocabulary terms in the first 

column. In the second column, 

ask them to define each term 

without reading the text. As they 
read, students should record 
word definitions in the third col- 
umn. In the last column, have 
students make a drawing related 
to the word. 
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section ,~ 

What You'll Learn 

@ Explain supporting evidence for 

the continental drift hypothesis. 

m Discuss the failings of the conti- 

nental drift hypothesis. 

yess covers SC.A.1.4.1, SC.D 

> ot Evolution of 
Earth’s Crust 

(Reading Guide 
Why It’s Important 

Wegner’s continental drift hypothe- 

sis led to a unifying theory of Earth 

sciences known as plate tectonics. 

ot, 

Reading Guide 

® Review Vocabulary 
hypothesis: statement proposed to 

explain an observation or answer a 

question 

# FCAT Vocabulary 

New Vocabulary 

% mid-ocean ridge 

* rift valley 
e divergent boundary 

% convergent boundary 

e subduction 

@ transform boundary 

Continental Drift 
Figure 1 This illustration is an 

artist’s conception of what 

Pangaea may have looked like 

200 million years ago. 

Chapter Fasr Fite Resources 

‘Transparency Activity, p. 44 

Note-taking Worksheets, pp. 33-3: 

Enrichment, p. 29 

Reinforcement, p. 25 

Directed Reading for Content Mastery, 
pp. 17, 18 
I 
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In the early twentieth century, there was no single theory of 

how Earth processes interrelated. Much geologic study was done 

locally because transportation and communication were expen- 

sive. Based upon their observations, geologists developed theo- 

ries that emphasized vertical changes, for 
example, an erosion process that leveled high 

places, and a mountain-building process that 

lifted them up again. 

Then in 1915, Alfred Wegener (VEG nur) 

proposed a hypothesis that suggested that 

Earth’s continents once were part of a large 

super-continent, shown in Figure 1, called 

Pangaea (pan GEE uh). Then, about 200 mil- 

lion years ago, the super-continent broke 

into pieces that drifted over the surface of 

Earth like rafts on water. This revolutionary 

idea of horizontal movement met with great 

resistance among his peers. He was unable to 

find the force capable of moving continents. 

It wasn’t until after his death in 1930, that 

scientific advances finally justified his 
hypothesis. 

Physical Science Critical Thinking/Problem Solving, p. 9 
Performance Assessment in the Science Classroom, 
p. 42 

Cultural Diversity, pp. 47-48 

Mathematics Skill Activities, pp. 29-30 



Matching Coastlines The most 
apparent match of continents is the 
eastern coastline of South America 
with the western coastline of Africa. If 
you use your imagination, you can see 

that the coastline of northwestern 
Africa fits nicely with that of the 
eastern United States. When South 
America and Africa are joined together, 

their southern tips fit very well into the 

Weddell Sea of Antarctica. 

Wegener had to show that the con- 

tinents were actually joined. He used 

the analogy of a torn newspaper being 
repaired. Not only did you have to match the shapes, but also 
join the lines of print. And the print had to match in terms of its 
content as well. What kind of content could this refer to in 
coastal regions of the continents? Wegener argued that you 

could match rock types, fossils, erosion features, and mountain 

ranges. If you found similar formations and structures on each 

continent then the continents could have been joined together 
in that place. 

Wegener’s opponents pointed out that the coastlines are 

constantly wearing away due to wave action. How could some- 

one compare the present coastlines? Years later, during the 

revival of the hypothesis, oceanographers were able to show, 

using sonar, that the edges of the continental shelves matched 
very Well, as shown in Figure 2. 

Matching Fossils Wegener could not 
use the remains of just any ancient living 

thing to support the existence of Pangaea. 

For instance, animals that could fly or 

swim could appear in the fossil record in 

widely separated places due to their 

mobility, not because the places were 

necessarily joined. Large land animals 

provided better evidence because they 

could not have crossed oceans. Animals 
such as Lystrosaurus or Cynognathus, large 

animals that preceded the dinosaurs, 

supported a contiguous landmass. 

Glossopteris, a large fern with large, heavy 

spores also supported the idea of Pangaea. 

You can see in Figure 3 that these living 

things were widely distributed. 

~~ 
| 

Mesosaurus 4 

Africa 

Figure 2 Weathering of the con- 

tinental edges does not affect the 

continental shelves (light blue). 

Figure 3 Wegener chose fossils 

of animals that could not swim or 

fly to prove Pangaea’s existence. 

Explain Why would being able to 

fly or swim eliminate a fossil organ- 

ism from Wegener's proof? 

Cynognathus 

foe mm ee 

. Australia 

Wey _ ye, 
7 Bia y 

Glossopteris 
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Continental Boundaries Wege- | 
ner’s misconception was that | 

the continents alone were drift- 
ing through the ocean basins. — 

Students can easily have the } 
same view. Stress that plate | 
edges often are not the same as | 
continental edges and that the — 
whole plate is moving. 

Make a Model 

Continents Have students use 
construction paper or cardboard 
to trace the shapes of the conti- 
nents and carefully cut them out. 
Add geographical features. 
Students may matchup the edges 
of the continents to illustrate 
Wegener’s hypothesis. TELL) 

Visual-Spatial 

Activity 
Continental Reconstruction Repli- 
cate Wegener’s argument about 
torn newspaper. Randomly tear 
an entire section of newspaper 
into strips. Jumble all the page 
strips. Give different groups dif- 
ferent strips and clear tape. Have 
the groups reconstruct what they 
can and then collaborate with 
other groups to reassemble the 
whole section. 

Caption Answer 
Figure 3 Mobile animals could overcome 
gaps between continents. 

Discussion 
Animal Evidence Challenge the students to list ani- 

mals that would not have been useful to Wegener in 
his proof of continental drift, and why. Students should 
list saltwater swimmers and fliers because they can move from 

continent to continent freely. 
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tions | 
Subduction Inform students — 

that most rocks sink. This is 

how one plate can subduct 

beneath another. It is heavier 

and denser than the material 

below it. 

[’, Reading Check 

Answer Wegener couldn't explain the 
force or mechanism that moved the 

continents. 

Visual Learning 

Figure 4 Ask students to exam- 
ine a world map and note the 
position of mountain ranges. 

Then have them look at the fig- 
ure and locate these mountain 

ranges. Ask them if these moun- 
tain ranges could once have 

been positioned at plate bound- 
aries. Yes, many mountain ranges 
were formed through plate tectonic 

activity. This shows how plate bound- 
aries have changed over time. 
GD I} Linguistic 

_< | Matching Rocks and Mountains Mountain ranges were 

“= Greenland Norway : shown to be continuous in Pangaea, as shown in Figure 4. 

| > Once Pangaea broke apart, the mountain ranges became sep- 

arated. For decades, geologists studied and attempted to 

explain the origin of these mountains as separate ranges; 

Wegener showed them to be one mountain range. Wegener 

was able to show that continents that were joined shared 

unique rocks and minerals. 
Wegener’s hypothesis was not accepted by his contempo- 

raries because he was unable to conceive of a force or mecha- 
nism that could drive continents apart. Wegener reasoned that 

Earth’s rotation, the gravitational pull of the Sun and the 

Moon, and centrifugal force could move continents. Physicists 

quickly showed that even combining these forces would not 

be sufficient. 

Figure 4 Wegener's hypothesis Why didn’t Wegener's contemporaries accept his 

; hypothesis? 
showed mountains on several con- 

tinents were once part of the same : Wegener used the analogy of continents moving over Earth’s 

range. : surface as ships moving through water. Skeptics argued that this 

> ship would push a wall of water ahead of it and leave a wake. 

The continents didn’t leave a wake. Instead of the continents 
pushing up a wall of water, they were deformed. How could this 

be if they were thicker and stronger? 

Seafloor Spreading Hypothesis 
After World War II, Dr. Harry Hess revived Wegener’s ideas. 

He used sonar, intended to detect submarines, to obtain accurate 

maps of the seafloor. Using sonar data, astonishing three- 

dimensional seafloor models were created in 1960. Soon it was 

apparent that a mid-ocean ridge system, or 

MOR, was continuous and wrapped around 

Earth. A MOR is shown in Figure 5. 

Hess proposed a hypothesis of seafloor 

spreading, or divergence. He suggested that 

magma from the mantle is forced upward 

because of its low density. This causes the crust 

to crack (fault) and move apart. The faulting 
causes twin mountain ranges with a down- 

dropped rift valley between. This continuous 

process allows new rock to form as magma fills 
in from below. See Figure 6. 

Figure 5 Discovery of a mid-ocean ridge 

led Hess to hypothesize seafloor spreading. 
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Differentiated Instruction 

Visually Impaired Use a large, raised-relief world 
map or maps that denote different intervals of 
elevation with color. Even better, have students 

work together to develop their own maps. 
Visually impaired students can work with mate- 
rials that circumvent their disabilities. For 
example: red-green color blind students might 
use blue-yellow colors. Visual-Spatial 
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Ages of Sediment and Rocks In the early 
1960s, massive programs for drilling into the 

seafloor began. Extracted cores of seafloor 
showed that sediments are thicker on top of 
seafloor basalt near the continents. MOR sedi- 
ments, however, are thin. Cores of both sedi- 
ments found that near the continents the oldest 
sediments are at the bottom and young sedi- 
ments are at the top. MOR sediments are all of 

recent age. When the ages of rocks are meas- 

ured, the continental rocks are billions of years 

old, while seafloor rocks are less than 200 mil- 

lion years of age. Rocks of the oceanic crust 
increase in age as their location extends from 
the MOR, and at the MOR they are new. 

Applying Math 

SPREADING DISTANCES The spreading rate along the mid-ocean ridge varies. In the 
= 

Atlantic Ocean, it averages about 2.5 cm/year. About how far, in kilometers, would 

the Atlantic seafloor have widened after 100 million years? 

) IDENTIFY | known values and unknown values 

Identify the known values: 

time = 100,000,000 years 

spreading rate = 2.5 cm/year 

Identify the unknown values: 

spreading distance 

| SOLVE | the problem 

Substitute the known values into the equation: 

distance = rate X time 

distance = 2.5 cm/year X 100,000,000 years = 250,000,000 cm 

1 km/100,000 cm X 250,000,000 cm = 2,500 km 

| CHECK | the answer 

Does your answer seem reasonable? How wide is the Atlantic Ocean? 

Practice Problems 

If the East Pacific Rise spreads at 12 cm/year, how wide will it be in10 million years? 

For more practice problems, go to page 879 and visit Math Practice at fl.gpescience.com. 

Figure 6 A rift valley forms along 

the mid-ocean ridge as plates diverge. 

Solve One-Step Equations 

Mid-ocean ridge 
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Y Active Reading 

Write-Draw-Discuss ‘This strategy encourages 
students to actively participate in reading and 
lectures, assimilating content creatively. Stu- 

dents write about an idea, clarify it, and then 

make an illustration or drawing. They share 

responses with the class and dispiay several 
examples. Have students Write-Draw-Discuss 

as they read about seafloor spreading. 

Use an Analogy 
Displacement and Distortion 
Masses moving through a fluid 
displace and distort the fluid. 

When riding a bike, your body 
pushes against the air. The air 
moves aside, and your body is 
not distorted. In Wegener’s 
model, he envisioned the conti- 

nents getting distorted as they 
moved, while the oceans and the 

oceanic crust remained the same. 
This is actually backward and 
did not help his argument. 

Applying Math 

Math Standards 

National: 1, 2,9 

Florida: MA.B.1.4.2 

Teaching Strategy 
Remind students of the velocity for- 

mula, v = d/t. 

Answer to 

Practice Problem 

1,200 km 
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Sonar In the process of refining 
sonar’s capabilities, discoveries 
were made that had peacetime 
benefits. For example, sonar 
often is equipped on boats to 
locate schools of fish. A related 
technique called ultrasound is 
used in medicine. Use print and 
online resources to research 
current uses and applications of 
sonar and ultrasound. The 

speed of sound in water is about 

1,500 m/sec. If a sonar pulse 

takes 2 s to reach the sea floor 

and return to the ship, how 
deep is the water? Remember 
that d=rt. The depth is 1,500 m; 

remind students to take into account 

the roundtrip time of 2s. 
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Sonar In the process of 

refining sonar’s capabili- 

ties, discoveries were made 

that had peacetime bene- 

fits. For example, sonar 

often is equipped on boats 

to locate schools of fish. A 

related technique called 

ultrasound is used in medi- 

cine. Research current uses 

and applications of sonar 

and ultrasound. 

Figure 7 Large lakes and vol- 

canic mountains are characteristics 

of a continental rift valley. 

Plate boundaries . ————_— 

East African rift zone —_ — 

Magnetic Polarity of Rocks Studies show that Earth’s 

magnetic field repeatedly reverses itself, meaning that the mag- 

netic north pole becomes the south pole. Vine, Matthews, 

Wilson, et al discovered bands of reversed polarity in the seafloor 

rocks similar to those found on the continents. As magma crys- 

tals form, they take on the polarity of Earth at the time they 

form. The pattern is identical on both sides of the MOR. 

Theory of Plate Tectonics 
Originating in the 1960s, the theory of plate tectonics is 

relatively new. After seafloor spreading demonstrated that 

Earth’s crust moved horizontally on a global scale, many 

investigators were determined to understand such a whole- 

Earth system of movement. This system consists of about a 

dozen major plates and many minor ones. Plates are com- 

posed of a rigid layer of uppermost mantle and a layer of 

either oceanic or continental crust above. Some plates are 
composed only of oceanic crust, and some are composed of 

part oceanic and part continental crust. J. T. Wilson is credited 

with describing the cycle of repeated open- 

ing and closing of ocean basins through 

Earth’s history. 

There are three main kinds of plate 

motions. These are best visualized by con- 

sidering how plates interact along plate 

boundaries, where they meet. Plates can 

move apart, move together, or slide past 

one another. Although often visualized as 
narrow boundaries, scientists now con- 

sider many boundaries to be wide zones of 

interaction. 

Divergent Plate Boundaries You 
learned that at a mid-ocean ridge (MOR), 

magma rises along a faulted rift valley, 

spreads, and cools to form new oceanic crust. 

This spreading apart is what happens at 

divergent boundaries. An MOR represents 
divergence that is well-developed and 

that has resulted in the production of 

major ocean basins. In some locations on 

Earth today, divergent boundaries exist as 
rift valleys, where no mature ocean basins 
exist yet, such as in East Africa, shown in 
Figure 7. 
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Convergent Plate Boundaries Where plates collide, they 
come together to form convergent boundaries. In some cases, 
less-dense, thick continental lithosphere moves toward denser, 

thin oceanic lithosphere. This results in the oceanic side bend- 
ing and being forced downward beneath the continental slab in 

a process called subduction. Heat along a subduction zone par- 

tially melts rock at depth and produces magma, which rises 
toward the surface. This magma feeds a volcanic arc that paral- 
lels this zone, shown in Figure 8. The region of collision also has 
a deep-sea trench that parallels the zone. The Andes mountain 
range in South America is an example. 

Convergent plate boundaries also exist between two slabs of 

oceanic lithosphere. In this case, the oceanic lithosphere that is 

colder, and therefore denser, subducts. Magma erupted here 

produces chains of volcanic islands called island arcs. Japan is an 
example of an ocean-ocean convergent boundary, also shown in 

Figure 8. As plates converge, stress builds, which could be 

released as tsunami-causing earthquakes. 
Along some convergent plate boundaries, two continental 

slabs of low density collide and tend not to subduct. Because of 

this resistance to subduction, the plates collide and buckle 

upward to form a high range of folded mountains. Volcanic 

activity is noticeably absent and there is no trench. The 
Himalaya of Asia are an example of folded mountains that occur 

where continental lithosphere collides. 

ry, Rea ding Check What is formed when two continental plates 

converge? 

S 

Figure 8 When plates collide, 

the more dense plate is subducted. 

The resulting features include vol- 

canoes, mountains, and deep 

trenches. 

Scienceg!l|iNG 
Topic: Tsunamis 

Visit fl.gpescience.com for Web 

links to information about 

tsunamis. 

Activity Research the most 

recent tsunami and its destruction. 

Record the epicenter and magni- 

tude of the earthquake that caused 

the tsunami and post these data 

ona world map. Write a short 

report that describes the tsunami’s 

impact on humans and the 

environment. 
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Teacher 

Using Science Words 
Word Origin Introduce the prefixes 
used in the vocabulary words 
from this chapter: 

litho = stone 

astheno = weak 

seismo = shake 

epi = upon 

Have the students choose two 
prefixes and list other words 
with the same prefix. Have them 
explain how they are related. 
Litho = lithography, lithograph—the 
process of, or writing or engraving on 

stone [L2] [} Linguistic 

[% Reading Check 
Answer folded mountains 

Compare and contrast the different types of 
plate boundaries. Some students easily get 
them confused. Use of overheads and other — 
media may be helpful. Stress the fact that 
each boundary type has at least one charac- 
teristic that differentiates it from the others. 

SEER RONEN TERY SSS EE Tad 
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Quick Demo 
Mantle Convection 

Materials lava lamp 

Estimated Time 30 minutes 

Procedure Leave the lamp on 
long enough for convection to 

become well-developed. Explain 
that convection currents cannot 
happen in solids. The presence 
of these currents is based on an 
assumption that the layer 
beneath the crust is not rock 
solid. The rising and falling 
blobs of wax in a lava lamp 
demonstrate mantle convection. 
Students will learn more about 
this idea later in the chapter. [L2| 

GD [\ Visual-Spatial 

'@® Reading Strategy 

Causal Relationships Have 

students determine the causes of 
each of the following: sea-floor 
spreading, divergent plate bound- 
aries, convergent plate boundaries, 
and transform plate boundaries. 
Encourage students to make 
sketches to help clarify cause and 
effect relationships. 
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Relative motion 

of Pacific Plate 

and breaks in the edges of the 

rapid energy release called an 

earthquake. 

mountain range. 

plates. This is the site of brief, but 

Figure 10 A transform fault cuts 

through the MOR, offsetting the 

Figure 9 Friction between plates 

moving side by side causes cracks 

Transform Plate Boundaries Some boundaries among 

plates exist as large faults, or cracks, along which mostly hori- 

zontal movement is taking place, as shown in Figure 9. In this 

case, no new lithosphere is forming, as along a divergent bound- 

ary. In addition, old lithosphere is not being recycled, as along a 

subduction zone. The main result of transform boundaries is 

horizontal motion of lithosphere. 

Transform faults are extremely important where they cut 

perpendicular to the MOR. These fault systems allow movement 

away from ridge crests to occur, as shown in Figure 10. If you 

observe arrows that indicate net motion along these transform 

faults, you will notice that this net motion trends away from 

the MOR. 

What drives the plates? 
Research indicates that plates are driven by a combination of 

forces. One such force is ridge push at the MOR. Because diver- 
gent boundaries are higher at the center of the ridge, gravity 

forces material down the slopes of the MOR. 
When a plate subducts back into Earth at some convergent 

boundaries, the process of slab pull is thought to operate. You 
probably have experienced an analogy to slab pull when you 

found your bed covers on the floor in the morning. During the 

night, as you tossed and turned, the covers began to move off of 

the bed. Eventually, enough of the covers were over the side that 

gravity took over and pulled the rest of the covers to the floor. 

Subducting plates may act in much the same way, as portions of 

descending plates are pulling the rest of a plate down with them. 

Transform fault 
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ie 

* 4% } Post Reading 

Time-Line Project Ask students to research the 

following: continental drift, sea floor spreading, 

and the theory of plate tectonics. Have students 
develop a timeline that illustrates the evolution of 
ideas regarding the movement of Earth's crust. 
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Teacher 
Driving Forces ‘The convection below the sur- | 
face causes conveyor-belt-like motion at the | 
surface. At the MOR, rising magma causes” 
ridge push, friction below the plate causes” 
plate drag, and subduction in convergent 
zones promotes slab pull. Treat these as an- 
integrated system driven by internal heating 7 

_ and convection in the mantle. erst | 

aa 

ORR eR gS em 
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Friction between a plate and mantle material below the plate 
probably is of major importance in relative plate motion. For 
example, plates that drag continental material along with them 
are noticeably slower than are purely oceanic plates. Scientists 
think that continental lithosphere has deep roots that cause 
more frictional force than would be expected at the base of 
oceanic lithosphere. 

ED What role does friction play in plate motion? 

Thermal Energy Internal convection of mantle material is 
the driving force for all mechanisms of plate motion. In turn, 
the main source of thermal energy that keeps Earth materials 
convecting comes from the decay of radioactive elements in 
Earth. Increased temperature due to pressure and frictional 
heating produced as part of the mechanism itself probably are 
important. Conversion of secondary earthquake waves in the 
outer core may yet be another source of energy. 

© section FD 

Summary 

Continental Drift 

@ Wegenér proposed that former super- 

continent Pangaea broke up into pieces, 

which drifted to their present positions. 

® Evidence favoring continental drift includes 

matching shorelines of continents and corre- 

lating rocks, fossils, and mountain ranges of 

those continents. 

Seafloor Spreading Hypothesis 

@ Hess suggested that seafloor was created and 

spread apart at the mid-ocean ridge. 

® Moving away from the MOR, rocks are older 

and sediments are thicker. 

®@ Magnetic reversals preserved in seafloor rocks 

are symmetrically distributed on either side of 

the MOR. 

Theory of Plate Tectonics 

@ Earth’s rigid, outermost layers are composed 

of a dozen or so major plates and many 

smaller ones. 

@ New lithosphere is created at the MOR and 

recycled at convergent boundaries. Convective 

flow within the mantle drives the plates. 

More Section Review fl.gpescience.com 

TeVIGLL 

Self-Check 

. Explain the processes of convergence and divergence. 

. Describe the key features of a divergent boundary. 

. Compare and contrast the three types of convergent 

plate boundaries. 

. Describe the possible driving mechanisms in the plate 

tectonic theory. 

. Think Critically Predict what would happen if Earth’s 

plates stopped moving. 

. Think Critically What would have to occur to stop 

Earth’s plate movement? 

~ Applying Math — 
. If two plates diverge at a rate of 1.3 cm/year, how 

much farther apart will the plates be after 200 million 

years? 

. How many times faster are plates moving at 

7.3 cm/year than those moving at 1.3 cm/year? 

. The average distance across an ocean is 16,000 km. 

Two continents on either side of the ocean are con- 

verging at a rate of 10 cm/year. How long will it take 

for them to collide? 
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Answer Continental lithosphere has 

deep roots which cause friction and 
slows their movement. 

DAILY INTERVENTION 

Check for Understanding 
Kinesthetic Using thin (oceanic) 
and thick (continental) blocks of 

foam rubber, have students model 

the movements that take place at 
plate tectonic boundaries. 

PELL) 

Reteach 
Density Differences Using sponges, 
wood blocks, ceramic tiles, and 

water, have students model what 

happens when objects of different 
densities come into contact with 

each other. TELL) Visual- 

Spatial 

fee SMe ee ae 

™, Assessment 

Process Have students correctly 
label sketches of different plate 
tectonic boundaries. TELL) 

Visual-Spatial 

Create Have each student pre- 
pare a quiz-show answer for 
the category Plate Tectonics. 
Critique each answer and save 

the best for a game at the end of 
the chapter. 

1. During convergence, plates collide 
and one subducts under the other; 

during divergence, plates move 
apart and create a rift valley. 

2. mid-ocean ridge in some places, rift 

valley from which magma flows, 
new ocean crust forms 

3. There is collision at all convergent 
plate boundaries. Continental-ocean 

boundaries have volcanic arcs, 
ocean-ocean have volcanic island 
arcs, continental-continental gener- 

ally lack volcanic activity and 
develop high mountains. 

4. Allare the result of convection cur- 
rents in the upper mantle; ridge push, 
divergence due to magma injection; 

plate drag, due to friction between 
plate and asthenosphere; s/ab pull, 
due to gravitational pull during sub- 
duction in convergent zones 

5. Earthquakes and volcanic activity 
would cease. Erosion would wear 

down continents to sea level. 

6. Earth’s core would have to cool. 

7. 2,600 km 

8. 5.6 times faster 

9. 8X 10’ years 

Be | MA.B.1.4.2 
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INTERACT @| An editable Microsoft® 

= ") PowerPoint® presenta- 
tion is available on Interactive 
Chalkboard CD-ROM. 

ice tense 

Bellringer 

Section Focus Transparencies 

also are available on the 

Interactive Chalkboard CD-ROM. 

[2] 4 

Soars Earthquake Hazards one 
Transparency 

During earthquakes, buildings and bridges can collapse, roads can be 
twisted and underground utilities such as electrical, water, and natural 

gas lines can be broken, Even after the earthquake is over, damaged 

1. How do you think earthqua ct physical structures? 

2, Where are earthquakes most likely to occur? 

3. Where do you think would be the safest place to be during an 
earthquake? 

, Reading Preview 

Tie to Prior Knowledge 

Wave Description Waves are ident- 
ified by their wavelength, 
amplitude, and frequency. 

Facets of Meaning For each 
new vocabulary word, ask stu- 

dents to identify common 
meanings. For the word focus, 

students might say, "an area of 
interest." Have them scan the 

text to find word definitions that 

specifically relate to earthquakes. 
Have students record all facets of 
meaning and compare notes with 
a partner. 
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Once tome e eo. 

Reading Guide 
He FCAT Vocabulary 

What Nou'll Learn Why It’s Important New Vocabulary 

® Describe the causes and charac- Earthquakes kill people and destroy * fault 

teristics of earthquakes. property. Understanding earth- e elastic rebound 

= Explain how seismic waves affect quakes may help minimize their @ focus 

Earth’s surface. effects. @ epicenter 

= Describe how seismic waves are 

used to infer Earth’s internal ® Review Vocabulary 

structure. friction: force that opposes the 
sliding motion between two 

touching surfaces 

Global Earthquake Distribution 
For decades, scientists have known that earthquakes are not 

distributed randomly, but rather, they occur in well-defined 

zones. These zones coincide with the edges of lithospheric 

Figure 11 Most earthquakes : plates. In fact, seismic data originating from earthquakes helped 

occur along the edges of plates. to decipher the structure of Earth’s ocean floor and to infer the 

Identify some other places earth- : structure and motion of Earth’s plates. Figure 11 shows the dis- 

quakes occur. : tribution of large earthquakes. 

3 
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Divergent Depth of Focus Patterns 
boundary — Rift develop when data about the 

focus depths of earthquakes 
are plotted on a world map. 

Recall that divergent bound- 

aries are associated with 

transform faulting that 

allows plates to move in 

opposite directions. All of 

this faulting creates a narrow 
band of numerous, shallow 

earthquakes. In contrast, 

convergent boundaries have 

broad zones of earthquakes 
with the shallowest foci near the surface at the point of conver- 
gence, and the deepest foci located under volcanoes or moun- 

tains created in the collision area, as shown in Figure 12. 

Causes of Earthquakes 
An earthquake is any seismic vibration of Earth caused by 

the rapid release of energy. Earthquake events can be either nat- 

ural or human-caused. Passing trains or large trucks and explo- 

sions can cause Earth to vibrate. As shown in Figure 13, sudden, 

virtually unpredictable, natural earthquakes that result in major 

destruction are greatly feared. 

Deformation Earth’s crust is composed of rigid, rocky mate- 

rial. Engineers would describe it as brittle. When a stress is 
applied to a brittle material it shows little sign of strain, or 

deformation, until it suddenly breaks. A strain is the manner of 

deformation in response to a stress. Stress is the force per unit 

area that acts on a material. Stresses can be of four types: 

(1) compressive stress, in which a mass is 

squeezed or shortened, (2) a tension 

stress, in which the mass is stretched or 

lengthened, (3) a shear stress, in which 

different parts of a mass are moved in 

opposite directions along a plane, or (4) 

torsion stress, in which a mass is sub- 

jected to twisting. 

Figure 13 This damage was caused when 

the buildings were shaken off their foundations. 

Explain How might this damage have been 

prevented? 

valley Oceanic 
trench 

Divergent Convergent Rift boundary boundary valley 

Figure 12 The depth of the 

earthquake focus (indicated by 

the stars) is related to the activity 

causing the earthquake. 
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Visual Learning 

Figure 13 Have students examine the types of 

buildings and their construction in the picture, 

and not the damage. Ask them what might have 

been done to avoid such damage. Students might 

suggest changes to improve building structure, construction 

farther away from earthquake prone areas, etc. 

Meteorologists now use the same pattern identifica- 

tion idea to distinguish between tornado damage 
and microburst damage. Microburst debris is scat- 
tered outward like the spokes of a wheel from a 

point; tornado debris tends to be scattered along 

the sides of a “lane” of destruction and may show a 

hop-and-skip type pattern. 

Caption Answer 
Figure 11 near artificial disturbances, 

such as bomb blasts 

Discussion 

Earthquake or not? Use photo- 
graphs of destruction from 
earthquakes and bomb blasts. Ask 
students if they can tell the 
difference. Earthquake patterns show 

response to gravity alone—vertically 
collapsed building or tilted structures. 
Bomb blasts show an outward, “radial” pat- 

tern. [L2] GD [AY Visual-Spatial 

~~ Fun Fact 
Both the U.S. and the former Soviet 
Union placed their nuclear testing 
facilities in remote areas that had 
plenty of natural earthquakes so 

that their testing would be cloaked. 

Caption Answer 
Figure 13 The building could be an- 
chored to the foundation; the foundation 
should be on solid ground. 

™ Reading Strategy ! 

Think Aloud Model this strategy 
by reading aloud a section of text. 
Share how you absorb the text. 
You might say, “I don't under- 
stand this paragraph. I need to 
slow down and reread.” Have stu- 
dents brainstorm other ways of 

comprehending challenging text. 

SECTION 2 Earthquakes 363 



Purpose Students will model 

four types of stress and their 
resulting deformations. 

Materials taffy bars 

Teaching Strategy Have students 
keep their palms facing down 
and hands in constant contact 

with each other during the 
entire procedure. 

Analysis 

1. Step 1: shear; 

Step 2: torsion; 

Step 3: tension; 

Step 4: compression 

Compression: smooshed, squeezed, 
folded, compressed, crushed, con- 

densed; Tension: stretched, pulled 

apart, broken, pulled thin, 

snapped, drawn out; Shear: shaved 
off, sliced, split, ground up, 

scraped, peeled, abrasion; Torsion: 
twisted, wrenched, wound up, 
coiled, curled, entwined, spiraled, 
corkscrewed, turned, torque 

NI 

Assessment 

Oral Have students describe some 

examples of items they have observed 
that have been deformed by each of the 
four types of stress. Use Perfor- 
mance Assessment in the 

Science Classroom, p. 123. [2] 
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Demonstrating Four 

Types of Stress 

Procedure 

lc With palms facing down 
at all times and your hands 
in contact with each other, 

clasp a large bar of taffy 

with both hands. First, 

push one hand forward 

2 cm while simultaneously 

pulling the other backward 

2 cm. Return your hands to 

the original position. 

. Still holding your hands in 
contact, twist your hands 

in opposite directions and 

return them to the original 

position. 

. Next move your hands 

about 4 cm apart. 

. Finally push your hands 

back together to the origi- 

nal position. 

Analysis 
le Which type of stress did 

you demonstrate in each of 

steps 1-4? 

. Describe the kinds of 

deformation you would 

expect to result from each 

of the four stresses. 

Elastic Deformation Elastic deformation occurs when a 

material deforms as a stress is applied, but snaps back to its ori- 

gin shape when the stress is removed. Plastic deformation occurs 

when a material deforms, or changes shape, as a stress is applied 

and remains in the new shape when the stress is released. 

Modeling clay behaves plastically. You would expect all rocks to 

show brittle deformation, which means breaking in response to 

stress. But rocks at depth, where temperatures are high enough, 

display plastic behavior. For example, you can break off an edge 

of a wax candle when it is cold and brittle, but the wax bends 

more under stress—without breaking—when it warms up. 

Energy Release Strain energy builds up along cracks in 
Earth’s crust in response to stress. When this strain energy is 

released suddenly, it causes rock to lurch to a new position. A fault 

is a crack along which movement has taken place. If no movement 

takes place, the crack is a fracture. Earthquake-producing faults 

occur in broad zones in which rock is deformed in a brittle man- 

ner during the fault movements. These zones can be tens of 

meters wide. The sudden energy release that goes with fault 

movement is called elastic rebound. Elastic rebound causes seis- 
mic vibrations, or earthquakes, like when you drag a table across 

the floor and the legs catch and release making a rumbling sound. 

Earthquake Waves 
Earthquake waves travel out in all directions from a point 

where strain energy is released. This point is the focus, or point 

of origin, of an earthquake. The point on Earth’s surface directly 

above the focus is the epicenter. When you throw a stone into 

water you see concentric rings of waves move out across the sur- 
face from the point of impact. Earthquake waves are much the 

same, except they move out from the focus in all directions, like 
a sphere of waves. These ideas 

are shown in Figure 14. 

Earthquake waves can be 

sorted broadly into two major 

types. Body waves travel 

through Earth. Surface waves 
travel across Earth’s surface. 

Figure 14 Waves moving out from 

the focus may travel through the mantle. 

These may be picked up by seismographs 

on the opposite side of Earth. 
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Spring at rest 

POV Ve eee 

tf) \(\ ‘Tie wy hi) 
Adkb LAAAS 

<€ Panicle mane > : 
T 

P waves eaveling ach the surface 

Quick Demo 
Wave Motion 

Materials toy spring 

Estimated Time 10 minutes 

Procedure Demonstrate the action 

of P-waves and S-waves. This is 

best done on the floor or a long 

table. A rope tied to a doorknob 
can be used to model S-wave 

movement. 

Activity 
Body Waves One type of body wave is called a primary wave. 
Primary waves, also called P-waves, cause particles in a material 

to undergo a push-pull type motion as shown in Figure 15. 

Because this motion is in the direction of wave travel, the wave 

Figure 15 P-waves are 
compressional waves like those 

moving in a coiled spring. 

Describe How are P-waves like 

sound waves? 

Turn the Quick Demo into an 

activity. Provide groups with toy 
springs or ropes and have them 
investigate how the waves change 

energy is transferred very quickly. The particles do not perma- 

nently change location. If there is matter around where particles 

can bump into each other, then primary waves can move 
through it. Much like sound waves, P-waves travel through all 
kinds of matter. 

Secondary waves (S-waves) are body waves that travel more 

slowly than primary waves. They are sometimes called shear 

waves, because of the relative motion of particles as energy is 

transferred. S-waves cause particles to move perpendicular to 

the direction of wave travel. The farther body waves travel from 

an earthquake focus, the farther behind the S-waves get. It is this 

lag in time between the arrival of the first P-waves and the first 

S-waves that is important in locating epicenters. 

with different energy inputs or 
different lengths of input move- 
ment, i.e. short v. long push-pull 
movement to make P-waves, or 

short and long side-to-side move- 
ment for S-waves. PELL) 
Visual-Spatial 

Caption Answer 
Figure 15 Both waves are compressional 
and both need particles that can bump 
into one another. 

S-waves only can travel through solids. When one particle 
moves, it moves its neighbors along with it. In gases and liquids Figure 16 S-waves cause the 

the bonds are weak, or there are no bonds, so particles can move earth to undulate creating surface 

independently. The motions of S-waves are shown in Figure 16. : damage. 

Rope at rest 

f \ Shake rope 
ZTE) 

a 

Wave direction —> Particle motion 

v 

Wave direction + / \ 

S waves traveling along the surface 
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~~ Fun Fact 
There are thousands of earthquakes 
every day—most are too small to 

even report. Show students a world 
map plotting the distribution of dif- 
ferent magnitude earthquakes. 

Surface waves that are like S waves 

Figure 17 During an earth- : Surface Waves Surface waves move in a more complex 
quake the surface can roll likethe : manner, often causing a rolling motion much like ocean waves. 
ocean and shift side to side at the: As surface waves travel through material, they can exhibit an up 
same time. and down rolling motion, and also a side-to-side motion that 

parallels Earth’s surface. Foundations of human-built structures 

often are susceptible to the side-to-side rocking that might 

result from surface waves. These surface wave motions are illus- 

trated in Figure 17. 

Table 1 Estimates of Earthquake Magnitude and Frequency 

Richter Magnitude Description Estimated Occurrence 

Range Index per Year 

<p) recorded, but not generally felt 600,000 

2.0-2.9 potentially felt 300,000 

3.0-3.9 felt by some 49,000 

4.0-4.9 felt by most 6200 

5.0-5.9 damaging 800 

6.0-6.9 destructive in densely 266 

populated areas 

7.0-7.9 potential to inflict major 18 

damage 

8.0. and above potential to destroy 1.4 
communities near epicenter 

366 CHAPTER 12 Earth’s internal Processes 

Cultural Diversity 

Stories fromHome Have students from another cul- 
ture describe their culture’s beliefs and attitudes 
toward earthquakes, particularly if the student 
comes from a place that has frequent earthquakes. 

366 CHAPTER 12 Earth’s Internal Processes 



Earthquake Measurement : Surface 
Two measurement schemes that have been used to charac- 

terize earthquakes are the Modified Mercalli intensity scale and 
the Richter magnitude scale. Intensity is a measure of ground 
shaking and the damage that it causes. The Modified Mercalli 
scale, Table 2, ranks earthquakes in a range from I-XII, XII 
being the worst, and uses eyewitness observations and post- : | | wave 
earthquake assessments to assign an intensity value. The Richter: 

et. waves 

First P re 
wave | 

First S 

(Earlier) | (Later) 
magnitude scale, Richter scale for short, uses the amplitude of: pe 
the largest earthquake wave. Richter magnitude is intended to 
give a measure of the energy released during the earthquake. 
Figure 18 shows a seismogram and how it is used to determine 
a Richter value. Table 1 shows the global frequency of different 
magnitude earthquakes. 

Figure 18 A seismograph is an 

instrument used to measure earth- 

quake waves. A seismogram is a 

tracing of the seismograph’s pen. 

Table 2 The Mercalli Scale of Earthquake Intensity 

Level 

Vl 

VII 

XI 

XIl 

Description 

Rarely felt by people. 

Felt by resting people indoors; some hanging objects may swing. 

Felt indoors by several. Vibration like passing of a light truck. 

Felt indoors by many. Vibration like passing of a heavy truck. Standing autos rock. 

Windows, dishes and doors rattle. Walls and frames may creak. 

Felt by nearly everyone indoors and outdoors. Small unstable objects upset. 

Some dishes and glassware broken. Swaying of tall objects noticed. 

Felt by all. Walking is unsteady, many run outdoors. Windows, dishes, and glassware broken. 

Furniture overturned and plaster may crack. 

Difficult to stand. Noticed by drivers of autos. Furniture and chimneys broken. 

Well built buildings hardly damaged. Poor structures considerable damage. 

People frightened. Ordinary buildings slightly damaged. Driving of autos affected. 

Tree limbs fractured. Damage to tall objects. Cracks in wet ground. 

General panic. Damage great in substantial buildings. Some houses thrown off foundations. 

Underground pipes broken. Serious ground cracks. 

Most masonry and frame structures destroyed. Serious damage to dams, dikes, embankments. 

Water splashed out of rivers, canals, lakes. Rails bent. 

Few structures remain standing. Bridges destroyed. Broad fissures in the ground. 

Slumps and landslides. Rails bent generally. 

Damage nearly total. Waves seen on ground surfaces. Lines of sight and level distorted. 

Objects thrown into the air. Large rock masses displaced. 367 

Discussion 

Shaky Earth Ask the students for 
ways that Earth might be vibrated 
other than fault movement. Stress 

that scale makes a difference. bomb 

blasts (nuclear), pounding of surf, heavy 
trucks, railroad trains, people walking/run- 
ning, etc; All are detectable by modern 

seismic equipment. 

Question How can you design a 
model of an earthquake magni- 

tude scale? 

Possible Materials pennies, nick- 
els, foreign coins, metric ruler, 
meterstick, magazines, paper- 

back books, heavy books. 

Estimated Time 30 minutes 

Teaching Strategies 

¢ Students can stand coins on 
their ends and drop different- 
sized books from uniform 
heights and distances to measure 
the "earthquake" size produced 
by each item. Students can 
experiment with placing differ- 
ent-sized coins and different 
numbers of coins on a flat sur- 
face to establish a magnitude 
scale and to measure the vibra- 
tions of different-sized books. 
They also can fine-tune their 
measurement systems by placing 
the coins at different angles with 
respect to the falling books. 
¢ Encourage students to experi- 
ment with the magnitude of 
vibrations passing through dif- 
ferent surfaces such as tile, 

carpet, and wood. 

For additional inquiry activities, see 
Science Inquiry Lab Manual. 
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es 

NATIONAL 
GEOGRAPHIC 

Visualizing 
Earthquake-Proof 

Buildings 
Have students read the infor- 

mation and examine the pictures. 

Then ask the following ques- 

tions: Why do some parts of the 
world experience more earth- 

quakes than others? 

Why do 

earthquakes of the same magni- 

tude destroy buildings in some 

parts of the world, but not in oth- 

ers? 

Why do 

similar buildings within a city 

collapse, while others remain 

standing: 

Earthquake Proofing Have  stu- 

dents use wooden blocks to build 

structures on a table. Vibrate the 

table until the structure collapses. 

Have students devise methods of 

reinforcing their structures to 

withstand the Test 

their new structures after they 

have been reinforced. 

vibrations. 

ea 

tr, 

| NATIONAL 
[] GEOGRAPHIC VISUALIZING EARTHQUAKE PROOF BUILDINGS 

We we hi 

Figure 19 

is not caused when a structure shakes, but when it 

falls down, engineers are developing ways to make 

buildings safer. Their job is to prevent the energy of an 

earthquake from damaging a building’s structure. 

B ecause the most severe damage from an earthquake 

What happens when the ground moves back and forth 

under a building? The first floor moves back and forth, but 

the energy is not transferred to the whole building. The 

result is that the bottom of the structure collapses. 

One way to keep the build- 

ing stable is to design a sys- — 

tem that allows the whole 

structure to move as a unit. 

Base isolation systems use 

bearings that separate the 

building from the ground. 

These bearings can be made 

of large rubber pads or giant 

metal springs and are placed 

between the ground and the 

building support beams. The 

stretchy rubber or metal 
spring absorbs the earth- 

quake energy. 

Another way to protect buildings 

in an earthquake is active damp- 
ing. Large blocks of metal or con- 

crete, weighing many tons slide 

back and forth as the building 

sways. The pendulum motion of 

the damper absorbs the energy of 

the earthquake, and reduces the 
movement of the building. 

Buildings also can be protected by using structures that can 

bend. These diagonal braces, called unbonded braces, are made 

of steel and concrete. The steel beam is shaped so that it can 

bend back and forth without breaking. The building moves but 
it does not collapse. 

368 CHAPTER 12 Earth’s Internal Processes 

Challenge ‘The gigantic steel ball, shown above in the 

third photograph, is called a tuned mass damper. It is 

situated on the 89" floor in the tallest building in the 

world—the ‘Taipei 101 Building, in Taipei, “Taiwan. 

Have students research this object to discover how it 

is intended to avert or mitigate earthquake damage. 

Students can share their discoveries with the class by 

preparing demonstration models or posters and per- 
forming a class presentation. 
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Levels of Destruction The level of destruction by earth- 
quakes is extremely variable. Research has shown that poor 
building methods are the largest contributors to earthquake 
damage and loss of life. In countries where there are poorly 
constructed buildings, it is not uncommon for tens of thou- 
sands of people to die in a single earthquake event. It is possible 
to use high-technology building methods to make structures 
earthquake resistant, but not earthquake proof. A large propor- 
tion of earthquake damage is secondary, such as damage by 
landslides, fires, and tsunamis. Active earthquake zones are well 
established, but predicting precise times for earthquakes in 
those zones is not yet possible. 

Earthquake Proofing Although no building can be made 
entirely earthquake proof, scientists and engineers are finding 
ways to reduce the damage to structures during mild or moder- 
ate earthquakes. Much damage occurs when older structures are 

shaken off their foundations, so securing a building to its foun- 
dation is important. Large masses that can move with the earth- 

quake absorb energy to make a building more secure. Figure 19 

shows some other possible methods for reducing the effects of 
earthquakes and making buildings safer. 

section. 2. 

Summary 

Global Earthquake Distribution 

®@ The majority of earthquakes occur at varying 

depths, and in zones that define the locations 

of plate boundaries. 

Causes of Earthquakes 

@ Earthquake waves are the result of elastic 

rebound in faults. 

Earthquake Waves 

® Body waves move throughout Earth. 

® Surface waves move along Earth’s surface. 

Their motions cause the majority of earth- 

quake damage. 

Earthquake Measurement 

® The Modified Mercalli scale is a subjective dam- 

age scale that indicates earthquake intensity. 

@ The Richter magnitude scale measures ampli- 

tudes of waves generated by an earthquake. 

Energy released by an earthquake are esti- 

Teview. 

Self Check 

. Describe the elastic rebound process. 

. Contrast primary and secondary seismic waves. 

. Compare and contrast the Richter scale with the 

Mercalli scale. 

. Summarize the patterns of global earthquake 

distribution. 

. Think Critically Why couldn’t you use the Mercalli scale 

to measure an undersea earthquake? 

~ Applying Math 

. Calculate Ifa primary earthquake wave travels at a 

rate of about 6 km/s through continental crust, how 

long will it take it to reach a seismic station located 

1,200 km away? 

. Calculate If the secondary wave travels at 10 km/s 

to the same station in question 6, how much longer 

will it take for the secondary wave to arrive after the 

primary wave? 

@® Post Reading 

Extended Research Have stu- 
dents research a__ particular 
earthquake. Ask them to develop a 
poster or paper that describes the 
fault movement, wave generation, 

and effects of the quake. Students 
can present their poster to the class. 

3 Assess 

Y INTERVENTION 

Check for Understanding 
Auditory-Musical Because earth- 
quake waves and sound waves 
have different frequencies, have 
students write lyrics and an 
appropriate rhythm pattern for 
different-frequency P and S 
waves. Sound does not produce S waves 
except in solids. [L2] G™> 

Reteach 

Mold a block of plasticene into a 
rectangle about 3 cm_ thick. 
Demonstrate plastic deformation 
by steadily pulling the block apart. 
Then demonstrate brittle defor- 
mation by quickly pulling the 
block apart. It should snap apart. 
Compare how much of the block 
is deformed in both instances. [L1] 
=> Visual- UG 

CWY Retnecmant 4 Assessment 
Create Have each student pre- 
pare a quiz-show answer for the 
category Earthquakes. Critique 
each answer and save the best 

for a game at the end of the 

chapter. 

mated from amplitude data. 
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i section e) review 

5. The time difference between P- and 

S- wave arrival at the epicenter 

allows for calculation of focus depth. 
San Andreas Fault is a transform 

tion of wave motion. They can travel 3. difference in arrival time of primary 
through all matter. Secondary waves and secondary waves, velocity graph 
are waves of translation, have low for both P and S waves, and location 

velocities, and cause matter to move of at least three cities that have a 

1. Stress builds up along a fault. When 
the rock can no longer resist the 

stress, rock on either side of the 
fault snaps to a new position, releas- 

ing energy. at right angles to the direction of record of the earthquake fault and foci are usually shallow. 

2. Primary waves are waves of com- wave motion. They can only travel 4. Most earthquakes occur at plate 6. 200 seconds or 3.33 minutes 

pression, have high velocities, and through solid matter. margins. 7. 80 seconds or 1.33 minutes 

cause matter to move in the direc- me MA.B.1.4.2 
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An editable Microsoft® 

sen PowerPoint® presenta- 

tion is available on Interactive 

Chalkboard CD-ROM. 

Bellringer 

Section Focus ‘Transparencies 

also are available on the 

Interactive Chalkboard CD-ROM. | 
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The French author Jules Verne wrote one of the greatest science fiction 

books of all time called A Journey to the Center of the Earth. In the book, 
the professor does indeed find the entrance to the hollow Earth. The 

professor and his companions walk on the underside of Earth’s crust 

and gaze at the inner Earth's sun. They sail the inner s ea, travers 

immense dense 

is JOURNEY 3 CENTER E ft 

PAT BOONE. JAMES MASON 
ARLENE DAHL DIANE BAKER 

1. Do you believe Earth could be aioe 

2. How could living beings survive inside a hollow Earth? 

3. Does modern science disprove the possibility that Earth is hollow? 
How? 

: Reading Preview 

Tie to Prior Knowledge 

Density Given three liquids of 
different densities, the densest 

will move through the other two 
due to gravity. The liquid of 
lightest density will float on the 
liquid of middle density. 

Context Clues Have students 

scan the text for new vocabulary 
terms. Ask them to read the sen- 

tence containing the word. From 

the context of the sentence, stu- 
dents should predict word 
meaning. Have them write the 
definitions in their own words 

| and share with the class. Chart 
words and meanings to assess 
understanding. 

What \ow'l Learn 
= Explain how geologists infer the 

structure of Earth’s deep interior. 

= Describe Earth’s internal structure 

and composition. 

Figure 20 Also known as the 
Moho layer, the red line below was 

the target of the 1961 Mohole 

Project. 

Infer why they attempted to drill 

through oceanic crust instead of 

continental crust. 

arth’s Interior © 
14d, 

Why It’s Important 

Using waves to indirectly determine 

the internal structure of an object 

has many applications in the 

sciences and engineering. 

® Review Vocabulary 
refraction: the bending of a wave as 

it changes speed in moving from one 

medium to another 

New Vocabulary 

e discontinuity 

e shadow zone 

@ asthenosphere 

What’s inside? 
How is it possible to know anything about the interior of 

Earth? In 1961 scientists drilled a 200 m deep hole into the oceanic 

crust trying to reach the Mohorovicic discontinuity. The project 

was discontinued after Phase I. It is 6,371 km to the center of Earth. 

By human standards, this attempt was barely a scratch on Earth’s 

surface. Imagine adding this feature to the diagram in Figure 20. 

Seismologists, geologists who use seismic earthquake waves 

to interpret characteristics of Earth, conceived of the idea to use 

these waves to gather data. It is similar to a doctor using sound 

waves to see inside a human body. As energy passes through 

matter it is scattered, absorbed, or unaffected. Observation of 

seismic waves allows scientists to infer images of Earth’s interior. 

Uniform Earth? If Earth was uniform 
in structure and composition, and you 

knew how fast earthquake waves traveled 

through its material, then it would be easy 

to calculate when earthquake waves 

should be detected on its opposite side. 

Observations show that seismic waves 

arrive at different times than expected. In 

order for seismic waves to change speed, 

Earth must not be uniform throughout. 

If Earth is not uniform, then is there a 
pattern to its interior structure? 

Chapter Fasr Fie Resources 

‘Transparency Activity, p. 46 

Enrichment, p. 31 

Reinforcement, p. 27 
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Directed Reading for Content Overview, 
Deal) 

Lab Management and Safety, p. 70 



Earthquake Observations 
As seismic wave recording stations began to spread over 

Earth, new discoveries were made as seismic wave data from 
earthquakes were interpreted. Observations of refracted waves 
show that the waves do indeed bend as they encounter sharp 
changes in density. A boundary that marks a density change 
between layers is called a discontinuity. One such discontinuity 
separates the crust from uppermost mantle, and is known as the 
Mohorovicic (moh huh ROH vee chihch) discontinuity, or 
Moho, illustrated in Figure 20. . 

Shadow Zones Observations show that, froma given epicen- 
ter, P-waves and S-waves travel through Earth for 105 degrees of 
arc in all directions. Between 105 and 140 degrees from the epi- 
center, nothing is recorded. This “dead zone” is termed the 
shadow zone. From 140 degrees to 180 degrees (directly oppo- 

site the epicenter), only P-waves are recorded. 

Shadow zones reveal two interesting facts about Earth’s inte- 

rior. Because S-waves seem not to appear on seismographs 
located beyond 105 degrees from an epicenter, scientists think 

that there is a layer of Earth that is absorbing them. In fact, these 

waves are thought to be converted to P-like waves in the outer 

core. Recall that S-waves only travel through solids. This sug- 

gests that the outer core is in a liquid state. See Figure 21. 

If you move an energy source all around an object, you 

would eventually be able to compile many different views 

and describe the three-dimensional shape of the object. This 

process is called tomography and is the way Magnetic 

Resonance Imaging (MRI) can show doctors the inside images 

of the human body. With earthquakes happening all over 

the globe, seismologists have thousands of point 
sources of energy, and can construct a tomographic 
view of the core. 

Solid Inner Core The fact that P-waves pass 
through the core, but are refracted along the way, 

indicates that the inner core is denser than the 
outer core and solid. The state of a particular 

material depends on both pressure caused by the 

weight of overlying material and temperature. 

When pressure dominates, atoms are squeezed 

together tightly and exist in the solid state. If tem- 

peratures are high enough, atoms move apart 

enough to exist in the liquid state, even at extreme 

pressures. 

Figure 21 S-waves only travel 
through solids so they cannot 

penetrate the liquid outer core, 

creating shadow zones. 

Earthquake epicenter 
P-wave 

~~ Maritle>. 

Outer core 

y/ 105° 
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j=. Reading Strategy Differentiated Instruction 

Question a Partner Before reading, ask stu- 

dents to develop questions based these topics: 

shadow zones, Earth’s interior structure, and the 

composition of Earth’s layers. After reading, 

have students work in pairs to ask and answer 

questions. 

Learning Disabled Have these students be the field 
crew for the football field Earth activity in this 
Section. Have them count off the yards and place 
the markers. Colored flags might be used to repre- 
sent the boundary of each layer. For example: white 
= center; light yellow = inner core; goldenrod = 

outer core; tan = lower mantle; red = asthenos- 

phere; orange = upper mantle; brown = surface 

Tesch 
Text Question Answer 

Yes, Earth appears to have a layered 
structure. 

Caption Answer 
Figure 20 Oceanic crust is thinner. 

Quick Demo 
Earth's Layers 

Materials clay, clear straw, plastic 
knife 

Estimated Time 15 minutes 

Procedure Construct a 20-cm 
model of Earth using concentric 
layers of clay. Use a clear straw 
to drill into the sphere and 
extract a core that shows layer- 
ing. Slice a wedge out of model 
to show layering. Ask students if 
this is how we know that the 
Earth has a layered structure. 
Possible answers: No, earthquake wave 
patterns are used to infer layered struc- 
ture Drilling and mining don't go deep 

enough. {.2] GD Visual- 
Spatial 

Discussion 
Seeing Earth’s Layer’s Ask stu- 
dents what methods, other than 

drilling and mining, might be 
used to visualize Earth’s interior. 

Possible Answers: X-rays, lasers, or ultra- 

sound (won't penetrate rock), sonar or 

radar (reflected). Low frequency waves 
from blasts or natural earthquake waves 
will penetrate and refract or reflect to 
reveal interior. 

Activity 
Calculate Use your school’s foot- 
ball field to model a cross section 
of Earth. Have one goal line be 
the center of Earth and one be the 
surface of Earth. Have students 
calculate on what yard line the 
inner core would end, outer core, 
etc. Have students stand on these 
boundaries. center = goal line; inner 

core = 19.2 yards; outer core = 54.5 
yards; lower mantle = 89.5 yards; 
asthenosphere = 96.9 to98.5 yards; 
upper mantle = 99.6 yards; surface = 
100 yards [L2] GD Logical- 
Mathmatical 
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Composition of Earth’s Layers 
Earth’s internal layers, illustrated in Figure 22, 

generally become denser with depth. The crust and 

uppermost mantle, which together form the litho- 

sphere, are made of rocky material—mostly silicates. 

The asthenosphere is a weaker, plasticlike layer 

upon which Earth’s lithospheric plates move. Much 

like the lithosphere, mantle below the asthenosphere 

also is composed of silicates, but the minerals 

present have different structures in response to 

conditions of higher pressure. The cores are made 

mostly of metallic material, such as iron and nickel 

with noticeable amounts of oxygen and sulfur also 

present. The core apparently has a composition 

similar to some iron meteorites that have struck 

Earth throughout its history. 

Astronomers hypothesize that early Earth may have formed 

from meteorite-like material that was forced together by gravity 

and heated to melting. Some of the material then was able to 
migrate toward the core. Over billions of years, Earth’s matter 

@® Post Reading 

Science Journal Ask students 
to write a response to the follow- 
ing prompt: What do scientists 
know about Earth’s interior? 
How do they know this? Have 
students share their thoughts 
with a partner or with the class. 

Visual Learning 

Figure 22 Display cross-sec- 
tional drawings of all nine 
planets in our solar system. 
Remove any identifying labels. 
Ask students to identify Earth 
and explain their choice. Ask 
what all the planets seem to 
have in common. Then refer 
students to the figure to con- 

Figure 22 Layering of Earth is 
caused by heat and pressure. The 

most dense materials are at the 

center and the less dense materials 

are near the crust. 

firm te Soren prepared to : has melted and differentiated. The densest materials settled 

Gs cnet: ai i : an rea : toward the core, and relatively low-density materials floated 

ent SPEDE crane ia > toward the surface. This differentiation due to gravity is thought 
their layers increase in density toward 
the center. 

to have taken place in all of the planets. 

© section F raVieLu 

Summary Self Check 

DAILY INTERVENTION What's inside? . Describe the evidence used for subdividing Earth’s inte- 

@ Earthquake-generated seismic waves provide rior into layers. 

Check for Understanding | information about Earth’s deep interior. . Explain the following points, using seismic evidence for 

Visual-Spatial Have students iden- Earthquake Observations yOu aTgaens 
tify the various layers of Earth’s @ Earth’s interior has a layered structure. a. Earth has a non-uniform density. 

interior, their compositions, and ® Earth’s layers become denser with depth. PEAECIOUE CHES Ceo. Sunil 

states of matter. Ask how we know @ Changes in density occur at layer boundaries Gekathiney a Hawi OureC care: 
dvstiid chessenti ihe SE OO RE called discontinuities. 3. Compare and contrast the inner and outer cores of 

ter of these layers. Composition of Earth’s Layers Poe fet 
pies ercnen andr nicerere wane . Think Critically Explain why it is impossible to ever 

Reteach Peaiposcdmmmiy oi cilicates really know what materials compose Earth’s interior. 

Seismica avenMovenient Using @ The cores have a high density, metallic ~ Applying Math — 

Figure 24, discuss the relation- ee ». Calculate What percent of the mantle are the upper 
® Composition of Earth closely resembles the dpe : mantle, lower mantle, and the asthenosphere? 

composition of meteorites. 
ship between P and S waves and 
their movement through Earth. 

Point out the liquid layers and 

explain that S waves do not 

travel through the outer core. 

Li] GD 
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ae Section a) 

‘Tf Assessment _ 1 refraction of P and S waves; seismic b. Seismic waves arrive sooner and outer core is liquid, inner core is solid. 
waves arriving at different times; arrive in a path that suggests 4. It is impossible to extract actual 

Create Have each student prepare and absorption of S waves they have been refracted, cre- samples. 
abaniz chow answer about Ean: 2. a. Seismic waves arrive sooner ation of a shadow zone. 5. Upper mantle 21% 
Mitenior’ Critique answers and than expected if all of Earth had c. S-waves fail to arrive on opposite Lower mantle 72% 
save the best for a game at the end a density equal to the crust, the side of Earth; creation of P & S Asthenosphere 7% 
of the chapter, conclusion is that density must shadow zone. 

increase toward the core. 3. Both have a metallic composition; | ee 

372 CHAPTER 12 Earth’s Internal Processes 



Section 

wae C covers SC. D. 1.4.2 

Ay 2 

What You'll Learn 

m@ Describe the types and causes 

of different types of volcanic 

m Explain the pattern of occurrence 

of volcanoes and its link to plate 
tectonics. 

Origin of Magma 

Reading Guide 

Why It’s Important 

Volcanic eruptions have an impact melting point: temperature at 
on the composition of the atmos- 

eruptions. phere and on climate. 

® Review Vocabulary 

which a solid begins to liquefy 

New Vocabulary 

@ viscosity 

e cinder cone volcano 

e shield volcano 

@ composite volcano 

Recall that faults are weaknesses in Earth’s crust along which 

movement takes place. This movement results in a local decrease 
in pressure, called decompression. With less pressure, the melt- 

ing point of rock material decreases, but the temperature can 

remain the same. Hot, nearly molten rock in Earth’s asthenos- 

phere, considered an important source for molten rock material, 

can change to a liquid by decompression melting. Rising magma 

can become more fluid as it decompresses, particularly if its gas 

content is high. 

Any molten rock material has a lower den- 

sity than that of its solid counterpart. Because 

of this density difference, a buoyant force acts 

on magma that forms from rock surrounding 

it. Rising magma may reach Earth’s surface if 

pressure conditions allow and the rock has 

conduits through which it can flow. 

Imagine hot magma rising through the 

crust, creating brittle deformation near the 

surface in the form of fractures or faults. The 
cracks in turn cause a drop in pressure, and 

more paths are available through which 

magma can move toward the surface, as 

shown in Figure 23. This causes more defor- 

mation until magma reaches Earth’s surface 

as a volcanic eruption. 

Figure 23 Less dense, liquid 

rock rises to the surface through 

cracks and fissures creating a 

volcano. 
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Chapter Fasr Fire Resources 

Transparency Activity, p. +7 

MiniLAB, p. 4 

Enrichment, p. 32 

Reinforcement, p. 28 

Directed Reading for Content Overview, 

pp. 19-20 

Lab Worksheets, pp. 5-6, 7-9 

Earth Science Critical Thinking/Problem Solving p. 1 

Reading and Writing Skills Activities, pp. 14-15 

A Motivate 

4; An editable Microsof® 

cama. PowerPoint® presenta- 

tion is available on Interactive 

Chalkboard CD-ROM. 

Bellringer 

Section Focus Transparencies 
| 

also are available on the | 

Interactive Chalkboard CD-ROM. 

[.2] D> 

4 Beet) Under the Volcano tinier 
Transparency 

In 79 a.d., Mount Vesuvius erupted near the Roman city of Pompeii. 
Dust, ashes, cinders, and rocks flew high into the air, During the first eight 
hours of the eruption they fell on Pompeii to depths of eight to ten feet. In 
the next stage of the eruption, a superheated cloud of steam and mud 
flowed down the side of Vesuyius and covered the town of Herculaneum. 

1. Based on the description, what kind of yolcano was Mount Vesuvius? 

2. What could the people of Pompeii and Herculaneum haye done to 
save themselves? 

3. What might modern scientific knowledge have done to help 
minimize the damage? 

Earth’stoternal Processes 

Reading Preview 

Tie to Prior Knowledge 

Melting/Freezing Point Most ma- 
terials have a temperature above 
which they exist in nature as a liq- 
uid; and below it as a solid. 

Word Associations Have stu- 
dents scan the text to find 
images and ideas that are associ- 
ated with the new vocabulary 
terms. For example, while think- 
ing of the word viscosity, 
students might consider the 
analogy of cold and warm flow- 
ing syrup. Using either phrases 

or sketches, students should 

record word associations. 
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are usually composed of water 

= Quick Demo 
Dissolved Gases 

Materials tap water, carbonated 
water, mixture of tap and car- 
bonated water, clear bottles with 

lids (3) 

Estimated Time 15 minutes 

Procedure Provide students with 

the three solutions in clear, 

capped plastic bottles. Shake 
each bottle vigorously, uncap, 
and observe the reactions. 

Ask them to estimate the amount 

of dissolved gas in each con- 
tainer. Ask how this would relate 

to a volcanic eruption. The tap 
water is like magma that has little dis- 
solved gas and is a quiet eruption; the 

mixture is like a lava that is not very 
thick, has some dissolved gas and is 
somewhat explosive; the carbonated 

water is like thick lava that has a lot of 
dissolved gas and is explosive. 
GD jh} Visual-Spatial 

- Teacher a] © 
Gas Composition Magmatic gases 

vapor or carbon dioxide. Smoke 
seen coming from erupting volca- 

Figure 24 Volcanoes are com- 

mon in subduction zones. Friction, 

conduction, and convection may 

all play a role in creating fissures 

through which a volcano may 

erupt. 

Sciencep! iC 
Topic: Huge Eruptions 

Visit fl.gpescience.com for Web 

links to information about the 

world’s most powerful volcanic 

eruptions. 

Activity In your Science Journal, 

list information, including dates 

and locations, of ten of the world’s 

most powerful volcanic eruptions. 

On a copy of a world map, plot the 

locations of these events. Is there a 

pattern to their occurrence in place 

or in time? 

Continental Volcanoes 

Hot spot Rift Subduction zone 

Oceanic Volcanoes 

Subduction zone Hot spot Rift 

Pr ie a 

Magma on the Surface Two major physical settings on 
Earth produce most lava flows at the surface. Eruptions most 

commonly are found near boundaries that separate tectonic 

plates, above mantle plumes or hot spots on continents or in the 

ocean basins. Figure 24 illustrates these volcanic settings. 

Eruptive Products 
Volcanoes expel a wide variety of materials. These materials 

can be sorted first by their state of matter. Volcanoes erupt lava, 

gases, and chunks of solid material. 

Solids All solid materials expelled by a volcano are collectively 
called pyroclasts. Often, lava is ejected into the air as globules. 

These globules cool and solidify as they fall to Earth. The small- 

est particles cool very quickly and form volcanic ash. Larger 

globules form streamlined, volcanic bombs. In addition to 

chunks that cool as they fall, there often are chunks of already 

solid material ripped away from the conduit of the volcano as 

material travels through it. These chunks of rock are termed vol- 

canic blocks. The larger the size of a pyroclastic particle, the 

closer it will fall to the volcano. Blocks fall back to ground on a 

volcano’s flanks. Ash can be picked up by wind and blown hun- 

“noes is usually a mix of volcanic 
~_ash and condensed water vapor. 

Es ee 
ss SON os SE SPO ENEA IS SE OB IOGear 

dreds or even thousands of kilometers away. 

374 CHAPTER 12 Earth’s Internal Processes 

Science Journal 

Internal Activity Have students keep a current 

events page for all of the volcanic and earthquake 
activity that takes place worldwide during the time 
you spend on the chapter. Encourage them to look 
for government internet sources that report daily 
Earth activity. 
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Gases Volcanoes release a broad variety of superheated gases, 
the most common of which is water vapor. In addition carbon 
dioxide and gases composed of sulfur compounds are expelled 
high into the atmosphere. There is strong evidence that volca- 
noes are major contributors of greenhouse gases that can affect 
climate long after an eruption is over. 

Liquids Magma from a volcano or fissure may remain a liquid, 
at least initially, and flow across the Earth’s surface as lava. Lavas 
can vary considerably in composition, which in turn affects 
their physical properties. 

Viscosity is a measure of the resistance of a fluid to flow. 
The temperature of molten rock material influences its viscosity. 
You have experience with temperature control on viscosity when 

you try to pour cold pancake syrup. It has a high viscosity when 

it first comes out of the refrigerator. But, let it warm up and it 

flows more easily because its viscosity decreases. Other factors 

that affect viscosity and flow are gas content and composition. 

Low-viscosity lavas are generally basaltic in composition. 

Basaltic lavas are low in silica (SiO,) content, and high in certain 

chemical elements such as calcium, magnesium, and iron. 

Basaltic lavas flow from fissures—such as along the MOR and 
zones of continental rifting, and also from hot spot volcanoes. 

They tend to flow easily and form huge volcanic forms such as 

shield volcanoes and flood basalts, both of which cover large 
areas on Earth’s surface. 

If lavas have large quantities of gas dissolved in them, then 

the viscosity is lowered. High gas quantities allow magma to 

forcefully migrate through rock, sometimes spewing out explo- 

sively as a lava fountain that behaves much like a geyser! 

Eruptive Styles 
Volcanoes can erupt in many different ways, depending on 

viscosity. Thick, sticky, high-silica magmas are so viscous that 

they tend not to erupt, causing internal pressure within a vol- 

cano to rise. When Earth’s crust fails under such high pressure 

conditions, a violently explosive eruption occurs. This style of 

eruption is characterized by abundant pyroclasts. In contrast, 

the runny, low-silica, high-temperature basaltic lavas are so low 

in viscosity that they erupt quite easily and often produce quiet 

eruptions of freely flowing lava. Eruptive style is strongly linked 

to temperature and composition, factors that are hard to meas- 

ure until after an eruption. Temperature and composition of a 

magma that ultimately erupts as lava can be linked to the type 

of plate boundary associated with it. 

Modeling Lava 

Viscosity 

Procedure 

Le] joel Ts 
1. Mix a small batch of batter 

from pancake mix accord- 

ing to directions. 
. Mix a second small batch, 

but use 25% more milk. 

Hold your finger under a 

small funnel and fill the 

funnel with the first batch 

of batter. 

. Have a partner hold a 

watch with a second 

hand. Remove your finger 
and time how long it takes 
the funnel to empty. 

Record your data. 

. Clean the funnel and 
repeat step 4 using the 

second batch of batter. 
Gently heat a small pan on 

a hot plate. 

Pour part of the first batch 

of batter on the pan and 

observe. 

. Repeat step 7 using the 

second batch of batter. 

Analysis 
1. Which batter made the 

flattest pancakes? Explain 

why. 

2. Compare and contrast the 

properties of the batters. 

3. Which batter modeled 
low-silica 

lava? 
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Video Lab available. 

Purpose Students will model 

viscosity. 

Materials pancake mix, water, 

spoon or whisk, plastic spatula, 
plastic measuring cup with 
pouring lip, small funnel, watch 
with second hand, non-stick 

pan, hot plate, oil (optional) 

Teaching Strategies Stress care- 
ful measurement so that batters 
have noticeably different tex- 
tures. 

Safety Precautions P33 89 TD 

Puke 
Analysis 

1. 25% more water; has a lower vis- 
cosity 

2. both have similar ingredients; one 
has more water and is runnier 

3. the runny batter is more like low- 

silica (basaltic) lava 

Assessment 

Oral Ask students to give other 
examples of viscosity differ- 
ences. road tar or syrup at different 

temperatures; flour or corn starch 
added to foods as a thickener 

Discussion 

Additional Dangers Have students 
list the ancillary events that might 
occur during and after a volcanic 
eruption. earthquakes, collapsed struc- 
tures from weight of ash, thunderstorms, 

forest fires; if volcanoes are ice-capped, 
then flooding, and mudflows 
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Caption Answer 

Figure 26 Pinatubo, Fujiyama, Mt. St. 

Helens, Paricutin 

Activity 
Identify Display a variety of 
rocks, some of which are vol- 

canic (extrusive igneous rocks). 

Ask the students to select those 

that are volcanic and justify their 
choices. Recall volcanic rock 

may have gas bubble holes 

(vesicular), will be fine grained 

or glassy. PELL) Visual- 
Spatial 

Reading Strategy 

Discussion Groups Form groups 
of three or four students. Assign a 
facilitator and recorder in each 
eroup. Ask students to hold a 
discussion using the following 
questions as prompts: Where does 
magna form and how does it move 
to the surface? What happens dur- 
ing a volcanic eruption? Where are 

Figure 25 Many volcanoes occur 

on Earth along plate boundaries, 

over hot spots, or in rift valleys. 
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4 Active volcano 
Plate boundary 

we 

Plate Boundary Setting Look at Figure 25. Most of Earth’s 

volcanoes are located along the Ring of Fire, which rims the 

Pacific Ocean. They lie in subduction zones where continental 

and oceanic materials are being mixed and partially melted. This 

plate motion and the associated melting create a wide variety of 

magma types that can potentially erupt. Large earthquakes and 

violent volcanic eruptions often are located along these ocean- 

continent and ocean-ocean convergent boundaries. 

Divergent plate boundaries also are volcanically active, but 

most of the activity is underwater, along the MOR, and goes 

unnoticed by most people. There are places were divergence takes 

place on land and you could witness its associated volcanic activ- 

ity. Iceland and the East African Rift Valley are examples of land 

areas that are part of divergent boundaries. Lava erupted in these 

settings is generally low-viscosity and basaltic in composition. 

Hot Spots Hot spots are volcanically active sites that arise in 
volcanoes commonly found? places where large quantities of magma move to the surface in 

large, column-like plumes. Scientists think that plumes are posi- 

tioned according to internal convection patterns within the 

mantle, and some may originate at the core-mantle boundary. It 

seems that hot spots do not move much, but the plates move 

over them. When a hot spot occurs under an oceanic plate, this 

stable source of hot magma forms volcanic island chains. The 

Hawaiian islands are such a chain. Yellowstone National Park is 

an example of a hot spot under a continental plate. When a vol- 

cano moves off the hot spot it becomes inactive. 

Hot spot volcanic eruptions produce lava somewhat similar 

to that formed along divergent boundaries, but they are not an 

Sciencep ING 
Topic: Mt. Pinatubo 

Visit fl.gpescience.com for Web 

links to information the 1991 

eruption of Mt. Pinatubo in the 

Philippines. 

Activity Construct a time line for 

this eruption. Begin with precur- 

sors, which are events that indi- 

cate volcanic activity is imminent, 

and end with long-term effects ~ 

after the eruption. 

exact match. These lavas tend to contain greater abundances of 

alkali metals such as potassium and sodium. Like MOR lavas, 

hot spots, which can occur far from a plate boundary, tend to 

generate fluid, basaltic lavas. But their compositions can change 

as magmas penetrate rock material of changing composition, 
like in continental crust. 
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(>) CAB / DEMONSTRATION 
Purpose Demonstrate the effect of silica NaCl (table salt) to the liquid. Stir well. Assessment 
content on lava viscocity Describe what happens. Repeat the proce- 
Materials 250-mL beaker, graduated cylin- dure three more times by adding 30 g of 
der, stirring rod, table salt, liquid hand soap NaCl, stirring, and observing. Describe relationship between the salt and soap and 
Procedure Pour 120 mL of hand soap into a what happens. lava and silica? The soap represents ava and i salt 
250-mL beaker. Stir the liquid with a stir- Expected Outcome The liquid will become represents silica, Just as the salt thickens the soap, silica ring rod. Describe the viscocity. Add 30 gof thicker with each addition of the salt. thickens lava. 

Ask the students what the liquid and the salt 
represent in terms of volcanoes. What is the 

STRAINS ER i a be ANN AL TR a 
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Types of Volcanoes 
Volcanoes are classified according to their size, shape, and 

the materials that compose them. Recall that eruptive materials 
that form a volcano are related to the physical properties of its 
magma source. The temperature, composition, and gas content 
of magma are important controls on the type of volcanic struc- 
ture that forms during an eruption. Table 3 summarizes the 
characteristics of main types of volcanoes. 

Cinder Cone Volcanoes When eruption of gas-rich magma 
takes place, eruptive products often are spewed into the air 
explosively as large chunks. These large pyroclastic materials 
may pile up near the exit hole, or vent. When the primary erup- 
tive products are large fragments of solid material, cinder cone 
volcanoes form. They tend to be small, with most cones having 

Volcano Eruptions 

Volcanic eruptions can 

throw tons of ash into 

the atmosphere where 

winds carry the ash 

around the world. The 

ash blocks sunlight and 

affects plant growth. 

Scientists measure 

fossilized tree rings to 

infer the affect ancient 

volcanoes had on Earth. 

Research the amount of 

ash produced by Mount 

Answer small, made up of cinders and 

pyroclastic materials, heights in the hun- 

dreds of meters range 

=. Post Reading 

Create a Chart Have students 
develop a chart to describe charac- 
teristics of volcano types, includ- 
ing cinder cones, sheild volcanoes 

and composite volcanoes. Remind 
them to include information 
regarding magma composition, 

shape of the volcano, and locations Pinatubo and how quick- 
around the world. 

heights in the hundreds of meters range. When cinder cones 
ly it circled the globe. occur on the flanks of larger volcanoes, they are called parasitic 

cones. An example of a volcano with parasitic cones is Mount 
Kilimanjaro in the African rift valley. 

VEST es What are the characteristics of cinder cones? 

Shield Volcanoes Because they form from high-tempera- 
ture, fluid, basaltic lava, shield volcanoes erupt with abundant 

lava flows that can move for kilometers over Earth’s surface 

before stopping. Shield volcanoes are broad, flat structures 
made up of layer upon layer of lava. Think of pancake batter. If 

the batter is cold or thick, it piles up and you get thick pancakes. 

Add more milk and make a runny batter, and it flows easily 

across the skillet and makes thin pancakes. Volcanism in Hawaii 

produces shield volcanoes. 

Table 3 Comparison of Melt Properties 

Composition SilicaContent Gas Content Viscosity Volcano Type 

Basaltic lowest least (1-2%) lowest shield, fissure eruptions 

(such as MOR) 

Andesitic intermediate intermediate (3-4%) intermediate composite 

Rhyolitic highest highest (4-6%) highest volcanic dome 
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Differentiated Instruction | Curriculum Connection 

Learning Disabled Have students use modeling Geography ‘The spatial content of this chapter can 

clay to make and label models of the three princi- 

ple forms of volcanoes. Help them to recognize 

the relationship between the height and width 

ratios and overall size. GI |[h\ Visual-Spatial 

be summarized on a world map with earthquake 
zones, volcanic zones, and plate tectonic boundaries 

plotted on it. Decide how much data to provide on 

the map and how much is to be added by the stu- 

dents. Once the map is completed have students use 

a world atlas to identify countries with particular 

connection to these geologically hazardous zones. 

G™® jf} Visual-Spatial 
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Visual Learning 

Figure 26 Display slides or photos 
of volcanoes. Ask students to 

compare these to the illustration 

and classify each one as to type. 
Most photos will be of composite volca- 
noes—Fuji, Kilimanjaro, Mt. St.Helens, 
etc. Cinder cones will be small and notice- 
ably devoid of vegetation, and Hawaiian 
volcanoes are all shield volcanoes. 
GP {fh Visual-Spatial 

3 Assess 

Y INTERVENTION 

Check for Understanding 
Visual-Spatial Use a world map 
with several major volcanoes 

plotted on it. Ask the students to 
identify the type of volcano and 
type of plate tectonic boundary 
associated with each point. Be 
sure to include Hawaii, which has 
an unusual plate tectonic connec- 
tion. Also include islands found 
along the MOR as examples of 
divergent boundary volcanoes. 

2] 4p 

Reteach 

Volcano Shape Lead a discussion 

in which students compare how 
fluid the lava is and the resulting 
volcano shape. TELL) 

tw ok 
Assessment 

Create Have each student prepare 
a quiz-show answer for the cate- 
gory Volcanoes. Critique each 
answer and save the best for a 
game at the end of the chapter. 

OF sha a eae RTT PD RR I pRORR Ro Te ae paar SrerET RRR Sera 
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Mount Rainier, Washington 

Figure 26 Shield volcanoes, 
like Mauna Loa, have created 

some of the largest mountains 

on Earth. Cinder cones, like Sunset 

Crater, are the smallest. Some of 

the famous volcanoes are the 

composites, like Mount Rainier. 

Mauna Loa, Hawaii oS
 

Sunset Crater, Arizona 

Composite Volcanoes When volcanoes occur along con- 

vergent plate boundaries, they tend to have magmas that are 

richer in silica content than those formed at hot spots or diver- 

gent boundaries. This is because as subduction takes place, 

water and sediment are forced down to regions of higher tem- 

perature. Partial melting of materials, in which the silica-rich 
portion of rock and sediment melts first, produces viscous 

magma. This produces volcanoes formed from alternating 

explosive events that produce pyroclastic materials, and lava 

flows. These composite volcanoes, composed of alternating 

layers, are large, often thousands of meters high and tens of 

kilometers across the base. Figure 26 shows all three types. 

~~ section. | q 3 

Summary 

Teview. 

Self Check 

Origin of Magma 

@ Magma originates as molten rock material 

below the surface and erupts at Earth’s sur- 

. Explain why most volcanoes are found at plate 

boundaries. 

. Compare and contrast the physical settings for com- 

face as lava. 

@ When the density of magma is lower than 

surrounding solid rock, it is forced toward 

Earth’s surface. 

Eruptive Products 

© Eruptive products can be solids, liquids, or 

gases. 

Eruptive Styles 

posite volcanoes, cinder cones, and shield volcanoes. 

volcanoes. 

. Describe causes for variation in eruptive style for 

. Explain how magma that originates at depth can erupt 

as lava at the surface. 

. Describe how island chains form over a hot spot. 

. Think Critically List some possible consequences if 

volcanic activity on Earth were to slow down or stop. 

@ The style of eruption, whether quiet or explo- 

sive, is related to its plate tectonic setting. 

Types of Volcanoes 

Cinder cones are small, but they erupt 

violently. 

Shield volcanoes are very large and mostly 

expel free-flowing lava quietly. 

Composite volcanoes are large and tend to 

erupt violently. 

378 CHAPTER 12 Earth’s Internal Processes 

Applying Math 

. Ifa cinder cone is 540 m high and has a base diameter 

of 3 km, what is the volume of the volcanic cone in 

cubic meters? Use the formula V 

More Section Review fl.gpescience.com 

= (rh a)/3. 
cone 

. The dome in the caldera of the volcano has a height of 

12 meters and a diameter of 50 m. What is its volume? 

Section q revielu 

1. Plate boundaries contain numerous 
faults along which decompression 
melting occurs. The fractured crust 
here allows magma to reach the sur- 
face easily. 

2. All are landforms created by erup- 
tion of magma; cinder cones are 
small and composed mostly of pyro- 

clastics; composite volcanoes are 

intermediate in size and composed 
of layers of pyroclastics and lava 
flows; shield volcanoes are largest 
and composed mostly of lava flows. 

3. Eruptive style is controlled by silica 
(quartz) content, gas content, and 
temperature. 

378 CHAPTER 12 Earth’s Internal Processes 

4. Molten rock material has a lower 

density than the solid rock around it 
$0 it is forced upwards. 

5. The hot spot remains at a fixed loca- 
tion in the mantle while the 
overlying plate passes over it. 

Magma erupts through the plate at 

new locations forming a chain. 

6. Slowing of volcanic activity might 
cause changes in atmospheric com- 
position; volcanic mountains in 

divergent zones to stop growing; 

volcanic mountains in convergent 
zones to stop growing. 

Towle 10" m> 
8. 7,850 m° 

~~ MA.B.1.4.1 
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To measure motion you have to have a starting 

and an ending point. You must also know the 

time it took to get from start to end. Volcanic 

activity associated with a hot spot beneath 

Hawaii gives geologists exactly that. 

© Real-World Problem — 
How can scientists show that Earth’s plates are 

moving? 

Goal 

@ Infer arate of movement for the Hawaiian 

Islands over a hot spot 

Materials 
ruler ~ calculator 

scale map of the Hawaiian Islands 

>) Procedure ae 

1. Make a data table like the one shown below. 

2. Measure and record the distances between 

the island sets in the data table. Use the map 

scale to convert measurements to km. 

3. Refer to average ages given for each island 

on the map. Calculate and record the age 

Distance/Time Data for 

Hawaiian Islands 

Time Rate 
From/To Distance (km) (years)  (km/year) 

Hawaii to Maui 161 

Maui to Molokai 

Molokai to Oahu 

Oahu to Kauai 

——— A ase for Pacific 
Plate Motion 

+ Bs.) 
Niihau » @ Molokai 

Kauai ¢ 175 

5.3ma ee 
Oahu okey a Maui 
2.1ma eaiee 

Lanai e®— '™ma 

a 
Hawaii Cae 2" 

50 150 present a? 

differences for each set of islands in the data 

table. Use the hot spot beneath the island of 

Hawaii as a starting reference point. 

4. Calculate the rate of motion in km/year. 

Assume that the hot spot is stationary and 

that the Pacific plate is moving over it. 

© Conclude and Apply- 
1. Evaluate how meaningful your calculated 

rate numbers are. Determine a better rate 

unit and convert your km/year rates to these 

new units. 

2. Infer why the rates are not consistent using 

what you know about plate movement. 

3. Describe the overall motion of the Pacific 

Plate based on your data. 

4. Observe a map of the Pacific Ocean and 

infer the location of a divergent zone that 

could be “pushing” the Pacific plate. 

ommunicating 
Your Data 

Share your findings with the class and 

discuss alternative interpretations. 

LaB 379 

ommunicating 

Class discussion Select a plate and identify the ridge 
push and slab pull regions. Pacific Plate; push—East 

Pacific Rise, pull — Aleutian, Kuril, Japan Trenches. 

© Real-World 
Problem ———— 

Purpose Students will deter- 
mine if scientists can prove that 

Earth’s plates are moving. 

Process Skills measure, infer, 
record, calculate 

Time Required 40 minutes 

© Procedure 

Teaching Strategy Students 
must measure very carefully 
between dots on each island. 

Rate 

(km/yr) 

© Conclude and 

ADDY =e 
1. The numbers are very small; use 

cm/yr; 16.1, 10.6, 33.1, 5.8 
2. Plates move at different rates over 

time. 
3. The Pacific plate appears to be mov- 

ing WNW to NW at an average rate 

of 10.2 cm/yr. 
4. East Pacific Rise 

-_ 

r, Assessment 

Process Using a world map 

showing plate boundaries, have 
students infer various directions 

of plate motion and the divergent 
zones assisting that motion. 

G® {fh Visual-Spatial 
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© Real-World 
Problem ———— 

How do you determine the loca- 
tion of an earthquake epicenter? 

Purpose Demonstrate the 

method used to locate earth- 
quake epicenters. 

Process Skills measure, make 
and use graphs, record, infer, 
interpret data 

Time Required 70 minutes 

© Procedure ——— 

Teaching Strategies 

* Do the lab in two stages. 
Check students’ graphs for 
accuracy before they use them 
to find an epicenter. 

© Caution students that it is the 

time difference between the 

curves that is used. 

* Graph is non-standard in that 
time is a y-axis variable. 

Table 3 Answers 
Time Distance to Distance 

Diff. Epicenter OnMap 

3m0sec 1500km 7.5m 

7m30sec 2100 km 10.5 cm 

2m 30sec 1200 km 6.0 cm 

380 CHAPTER 12 Earth’s Internal Processes 

Goals 
@ Examine a table of 

seismic wave velocities. 

@ Analyze data from the 

table. 

@ Determine the loca- 

tion of an epicenter. 

Possible Materials 
plain white paper 

graph paper 

compass 

metric ruler 

Safety Precaution 
| a 

Earthauake! Earthouake! 
Where’s the earthauake ? 
Understanding earthquakes begins with locating them. To determine 

the epicenter of an earthquake, scientists use a method called trian- 

gulation. If you know the locations of three points on a map, you can 

determine a fourth point Diagram 1 shows how triangulation works. 

© Real-World Problem 
You are on vacation in City A and experience an earthquake. The radio 

stations are broadcasting information about the earthquake. Your 

home is in City B. ls your home near the epicenter? 

© Procedure 
1. Draw a 20-cm >< 15-cm rectangle on a piece of plain white paper. 

Orient the rectangle so that the 20-cm edge is vertical. This rectan- 

gle will serve as your map. 

2. Using a scale of 1 cm = 200 km, draw a distance scale just below 

the rectangle on the white paper. Place an arrow parallel to one of 

the 20-cm vertical edges and label it North. 

3. Within the rectangle, place City A 400 km from the north edge and 

400 km from the west edge. Locate City B 800 km from the north 

edge and 800 km from the east edge; and City C 1,200 km from the 

south edge and 1,200 km from the west edge of the rectangle. 

Your map will look similar to Diagram 2. 

4. The earthquake happened at 08:37:00 PST. Copy and complete 

Table A on your own paper. Subtract the P-wave and S-wave 

arrival times to find the time differences for cities B and C. Use the 

travel time graph and the time differences to complete the last 

two columns. 

Table A Earthquake Arrival Time Data 

for Cities A, B, and C 

City P-wave S-wave Time Difference Distanceto Distance 

Arrival Arrival (min/sec) Epicenter § onMap 

A 08:40:00 08:43:00 3 min/0 sec 

B 08:41:15 08:45:00 

( 08:39:40 08:42:10 
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. Estimate the distance from each city 

from Table B below. 

. Use the Distance on Map measurement 

for City A to set the compass width, 

and then draw the distance circle 

around City A on your map. Your circle 

may go off the map, but don’t worry. 

The epicenter is somewhere on the arc 

you can draw on the map. Repeat this 

process for City B and City C. 

© Analyze Your Data— 
i. Estimate the time difference for 

P-waves and S-waves coming from 

2,500 km. 

. Estimate the distance for a P-wave 

and S-wave pair that measure a time 

difference of 3.3 minutes. 

. Determine how much closer to the 

epicenter City A is than City B. City A 

received waves 3.0 minutes apart. 

City B received waves 4.2 minutes apart. 

© Conclude and Apply 
a. 

distance to an earthquake epicenter. 

the epicenter? 

you minimize errors? 

Table B Seismic Wave Arrival Times 

Point 

Explain the relationship between body wave travel time differences and the 

. Evaluate the potential danger to your home City B. How far is your city from 

. Infer the arrival time difference for S-waves and 

P-waves at or very close to the epicenter. 

. List the possible sources of error in the methods 

you used to determine an epicenter. How can 

Time difference between Distance (km) traveled 

P-waves and S-waves (min) by waves 

1.3 500 

BD 1,000 

3.6 2,000 

45 3,000 

5.4 4,000 

A 
o 

B | ome o 

BEN 
200 km 
K4 

cm 

Diagram 2 Diagram 1 

TE ETS 

ommunicating 
my Your Data Bae 

Describe the location of the epicenter in 

terms of distances from a reference point 

on your map. Compare your descriptions 

with others. 

LAB 381 

ommunicating 
Your Data ™ 

quake had. 

Have students use their data to deliver a newscast 

which informs the public of what effects the earth- 

TY Recareinant ™% Assessment 
Process Show students seismic wave graphs with 
less slope or greater slope—flatter or more upright 
and ask what this implies about the seismic waves. 
flatter = faster; upright = slower PELL) 

Visual-Spatial 

© Analyze Your 
Data - 

Expected Outcome Slight vari- 
ations in answers are expected due 
to plotting and estimation. 
Students should be able to explain 

that as seismic waves travel far- 

ther, the difference in arrival 

times between them increases. 

Answers to Questions 

1. 4.5 sec 

2. 8.3 sec 

3. 3,450-3,500 km 

Error Analysis 

Ask students to identify the 
sources of any errors in this pro- 
cedure. 

© Conclude and 

Apply 
1. distance to epicenter increases as 

time difference increases 
2 2,100 km; Because it is farther away, 

damage should be less than other 
cities. Damage is dependent on 

magnitude, which is not established 
by the graph. 

3. arrival time difference should be 
near zero. There should be a slight 
difference due to the depth of the 
focus. If the epicenter and focus are 
at the surface, the answer is zero. 

4. plotting, measuring, calculation; 
responses will vary. 
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TIME 
Content Background 

Current theories are that the 

cooling effect of volcanoes is 

mostly due to aerosols—very 
small droplets—of sulfuric acid 
in the stratosphere. Stratos- 
pheric effects only occur during 
very large volcanic eruptions. 

Because it is so high in the 

atmosphere, the material is not 

quickly removed by rain. By 
reflecting and absorbing sun- 
light, these aerosols significantly 

reduce surface temperatures. A 

drop of several degrees has a 
major effect on growing season 

and crop productivity. In addition 
to less light and lower tempera- 

tures, the cooling causes more 
clouds and rainfall. Even a small 

change in average temperature 
can have a major effect on wind 

patterns. 
Not all of the effects of vol- 

canic eruptions are negative. In 

addition to ash and sulfuric acid, 

volcanoes bring up air and water 
from deep inside Earth. Much of 
the cloud above a volcano con- 

sists of steam. Some theories 

attribute the water of the oceans 

to ancient volcanic activity. 

Historical Significance 
Strothers’ research demonstrates 

the value of historic records to 

current scientific research. In a 

paper published in 1999, he 
reported that the seven largest 
volcanoes of the last 2000 years 
were all followed by plague epi- 
demics. This is a strong enough 
correlation to suggest a connec- 

tion. Shortages of food and 
cold, wet weather tend to 
weaken disease resistance 

within a population. The cool 
and moist conditions are also 
favorable for the microorgan- 
isms that cause plague. 

TIME 

fe) | 
n 1815, people worldwide noticed unusually 

brightly colored sunsets. Then in 1816, the 

weather in many parts of the world was 

colder than normal. In North America and 

Europe, 1816 was known as “the year without a 

summer.” Parts of New England had damaging 

frosts in July and August. The fantastic sunsets 

and the cold summer resulted from the mas- 

sive eruption of Tambora, a volcano in 

Indonesia. 

Giant Weather Makers 
Communication was slow in the early nine- 

teenth century, so scientists immediately did 

not connect Tambora’s eruption to-weather 

change. Today, many researchers study the 

effects of volcanic eruptions on weather. When 

Mount Pinatubo in the Philippines erupted 

in June 1991, weather stations around the 

world—and even in space—recorded its 

effects. 

Mt. Pinatubo’s eruption was smaller than 

Tambora’s but was the second largest erup- 

tion in over 100 years. It blew ash and gases 

into the stratosphere, where they were car- 

ried by wind around the world. Because the 

suspended particles and droplets absorbed 

and reflected sunlight, average temperatures 

temporarily dropped by about 0.5°C in many 

places. Other weather-related affects 

included the increased strength of hurri- 

SCIENCE AND CAN CHANGE 

HISTORY cr nistorv 

Experiment Lay two sheets of black construction paper on a sunny 

windowsill and place a thermometer on each sheet. Tape a large piece 

of gauze or cheesecloth to the window so that it shades one of the 

sheets. Record the change in temperature for one half hour. 

SCIENCE 

Weise 
canes in the Atlantic and Pacific Oceans and as 

well as flooding rains in the U.S. Midwest. 

Looking Back at Volcanoes 
The effect of volcanoes on climate is so 

important that some scientists even study vol- 

canic eruptions from thousands of years ago. 

They compare the dates of these ancient erup- 

tions with records of unusual weather. It has 

been found that crop failures and disease epi- 

demics often occurred soon after large eruptions. 

Because changes in weather can affect the 

growth of trees, the growth rings of ancient trees 

also are evidence that support the data from 

written records. These ancient records help 

scientist predict the weather impacts of future 

volcanic eruptions. 

= 

1020 mm Optical Depth 

<10 3 <10-2 <10-1 

TIME 
fl.gpescience.com 

For more information, visi 

Experiment Students should observe 
a significant temperature difference 
between the two sheets of paper. Be sure 

that conditions other than shading by the 

screening material are identical. If a sunny 

windowsill is not available, an incandescent 

lamp can be used. 
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Resources for Teachers and Students 

Encyclopedia of Volcanoes, Haraldur Sigurdsson, ed, 
Academic Press 2000 

Krakatoa, The Day the World Exploded by Simon 

Winchester, HarperCollins, 2003 

Volcanoe Weather: The Story of The Year Without a 
Summer 1816, by Henry Stommel & Elizabeth 
Stommel, Seven Seas Press 1983 



chapter 

eviewing WViain ideas 

Section 1 | Evolution of Earth’s Crust 

iB 

. Plates meet along 

Earth’s crust and uppermost mantle, 

together called the lithosphere, consist of 

about seven large and numerous smaller 
plates. 

Plate motion over the asthenosphere is 

influenced by forces that include ridge 
push, frictional drag, and slab pull. 

Mantle convection 

drives the system 

of plates. Thermal 

energy sources for 

convection include 

heat left over from 

Earth’s formation, 

and decay of 

radioactive 

isotopes. 

: ea Nona 

divergent, conver- 

gent, and trans- 

form boundaries. 

au Earthquakes 

1. Earthquakes are vibrations in Earth caused 

by the sudden release of energy. 

During an earthquake caused by movement 

along a fault, strain energy is released in the 

form of seismic waves. 

Most earthquake activity is confined to 

regions near plate boundaries. 

Short-term prediction of earthquakes is not 

yet possible, but earthquakes can be rated 

by their intensities and magnitudes. 

Interactive Tutor fl.gpescience.com 

<== Earth’s Interior 

The interior of Earth consists of four main 

layers: crust, mantle, inner and outer core. 

The crust and mantle are largely composed 

of solid silicates. The asthenosphere is a 

layer of mantle in a semi-solid state. 

. The two innermost layers, the inner and 

outer core, are mainly composed of iron, 
nickel, oxygen and sulfur. The outer core is 

in a liquid state, and the inner core is solid. 

. The crust is the thinnest layer, while the 

mantle is the thickest. 

ETD Votcances 
lie 

. Major controls 

Most volcanic activity on Earth occurs in 

the vicinity of plate boundaries or above 
mantle plumes. 

. The viscosity of 

the magma 

feeding volca- 

noes controls 

the volcanoes’ 

eruptive 

characteristics. 

on magma Vis- 

cosity are: temperature, chemical 

composition, and gas content. 

. Cinder cones, shield volcanoes, and 

composite volcanoes are three principle 

volcanic landforms. 

PILLS TE Use the Foldable that you made at the begin- 

ning of this chapter to help you review Earth's internal process. 

CHAPTER STUDY GUIDE 383 

2: oily Guide chapter 

Study Guide Te 

ewing Main Ideas - 

Summary statements can be 
used by students to review the 
major concepts of the chapter. 

Science~NiiNe 
Visit fl.gpescience.com 

More Section Review 

Interactive Tutor 

Vocabulary PuzzleMaker 

More Chapter Review 

Standardized Test Practice 

Assessment Transparency 
For additional assessment ques- 
tions, use the Assessment 

Transparency located in the trans- 
parency book. 

Assessment 

Earth’s Internal 
Processes 

Earthquakes, volcanoes, and most tectonic activities occur at the 
point where two plates meet or move against each other. At convergent 

boundaries, plates move towards each other and collide. At divergent 

boundaries, plates move away from each other and the space is filled b 
molten rock rising and cooling to add new material and area to the 
plates. But with transform-fault boundaries, plates move horizontally 
past each other. Where these transform-fault lines are located, the 

regions are geologically very active. The most volcanically and 
seismically active region on Earth is known as the ‘Ring of Fire.” 
Three-fourths of Earth's active and dormant volcanoes lie along this 

the large Pacific Plate. 

. What happens at convergent boundaries such as the Nazca Plate an 

the South American Plate? What surface features exist along these 
boundaries? 

) . Identify a large divergent boundary. What does this mean for the 

continents resting on these two plates? 

3. Why are volcanoes located most often along transform-fault 
boundaries? 

4, What is the correlation between volcanoes and earthquake events? 
Can one occur without the other? 

7 Have students use 
OLDABLES ; 

their Foldables to 

review divergent, convergent, 
and transform plate boundaries. 

CHAPTER STUDY GUIDE 383 
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Review — 
chapter, ret FD) Review 

AP scoraz $C.D.1.4.4 

sing Vocabulary 

asthenosphere p. 372 # fault p.364 

cinder cone volcano focus p.364 

p.377 # mid-ocean ridge p. 356 

composite volcano p.378 rift valley p.356 

% convergent boundary shadow zone p. 371 

p.359 shield volcano p.3/7/ 

subduction p. 359 

transform boundary 

discontinuity p. 37} 

divergent boundary 

p.358 p. 360 

elastic rebound p. 364 viscosity p. 37! 

epicenter p.364 

He FCAT Vocabulary 
Complete each sentence with the correct vocabu- 

lary word or words. 

Tomiie 

earthquake. 

is the point of origin of an 

2. A zone of cracking in Earth’s crust along 

which movement takes place is a 

3. A long, linear feature within a divergent 

plate boundary is a(n) 

4. A feature consisting of a relatively small pile 

of pyroclastic materials is a(n) 

5. A boundary marking an abrupt change in 

density is a(n) 

Checking Concepts 

Choose the word or phrase that best answers the 

question. 

6. What process causes a material to break 

due to excess stress? 

A) plastic deformation. 

B) elastic rebound. 

©) elastic deformation. 

D) brittle deformation. 

7. Which best identifies a shield volcano? 

A) sticky, silica-rich magmas 

B) great height compared to width 

©) forms above hot spots 

D) found mostly on continents 

384 CHAPTER REVIEW 

8. What characteristic was first used to 

identify Earth’s layers? 
A) temperature. C) density. 
B) composition. D) thickness. 

9. Which pair of plate tectonic boundaries is 

best characterized by mostly shallow-focus 

earthquakes? 

A) divergent and transform 

B) divergent and continent-ocean 

convergent 

© continent-continent and continent- 

ocean convergent 
D) transform and ocean-ocean convergent 

zones 

10. Which feature is common to and only 

found in diverging regions? 

A) trenches ©) volcanic arcs 

B) rift valleys D) island arcs 

11. Which is NOT evidence used by Wegener 

to support the continental drift hypothesis? 

A) matching magnetic patterns symmetrical 

to the Mid-Ocean Ridge 

matching of continental margins 

correlation of fossils among the 

continents 

mountain-range matching among the 

continents 

B 

C — & 

D ~— 

Use the illustration below to answer question 12. 

12. Which volcano type has small height, 

small diameter and consists mostly of 
pyroclasts? 

A) Hawaiian volcano 

B) cinder cone volcano 

©) composite volcano 

D) shield volcano 

Vocabulary PuzzleMaker fl.gpescience.com 

1. focus 

2. fault 

3. rift valley 

4, cinder cone 

5. discontinuity 

"Check ing Concepts 

6. D 10. B 

ib Ae 11.A 

8. C 12. B 

9. A 13. C 
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Use the ExamView® Pro Test Bank CD-ROM to: 
* create multiple versions of tests 

create modified tests with one mouse click for inclusion students 
edit existing questions and add your own questions 
build tests aligned with state standards using built-in State 
Curriculum Tags 

change English tests to Spanish with one mouse alee and vice versa 
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13. Which earthquake waves travel through 
matter with a push-pull motion? 

A) secondary waves 

B) surface waves 

©) primary waves 

D) body waves 

Interpreting Graphics 

14. Copy and complete the concept map 

below summarizing characteristics of 

divergent, convergent and transform plate 

boundaries. 

Boundary 

15. Copy and complete the table summarizing 

three types of volcanoes. 

Magma Properties and Volcano Types 

General Relative silica Relative Volcano 

Composition (Si0,) Content —_ Viscosity Type 

Basaltic lowest lowest shield 

Andesitic intermediate intermediate composite 

Rhyolitic highest highest — Lava Dome 

More Chapter Review fl.gpescience.com 

16. 

AWA 

18. 

inking Critically 

Explain why the island of Kauai, often 
referred to as the “Garden Isle,” has thicker 
soils and is better able to sustain agricul- 
ture than other Hawaiian Islands. 

Infer what general depth of focus earth- 

quakes are likely to occur in the Himalaya. 

Explain how the processes associated with 
plate tectonics maintain Earth’s recycling 

of materials. 

Applying Math 

. Calculating Lava Thickness Suppose that 

hot spot volcanism produces an aver- 
age of 76,000 m° of lava per day and 
does so for 340 days. This lava flows 

across a region that has an area of 

10 km?. How thick will the resulting 
lava flow be? 

. Located on the island of Hawaii, 

Mauna Loa is the largest volcano on 

Earth and rises 17 km above its base. 

Using the thickness you found in ques- 

tion 19 as the annual thickness, how 
many years did it take for Mauna Loa 

to build from the sea bed? 

. Mauna Loa rises 4 km above sea level. 

How many years did it take to grow 

from sea level to its present height? 

. An active volcano called Lothi lies just 

off the coast of the island of Hawaii. It 

is called a seamount because it still lies 

below the surface. If it grows at the 

same rate you used in question 21 and 

lies 1250 m below the surface, how long 
will it take for Loihi to break the ocean 

surface? 

CHAPTER REVIEW 385 

\@y Reproducible Masters 
Chapter Fast File Resources 

Chapter Review, pp. 39-40 
Chapter ‘Tests, pp. 41-44 
Assessment ‘Transparency Activity, p. 51 

Glencoe Science Web site 
Chapter Review ‘Test 
Standardized Test Practice 

Glencoe Technology 

é Assessment [ransparency 

® ExamView” Pro Testmaker 
TO MindJogger Videoquiz 
6 sractive Chalkboard «) Interactive Chalkboarc 

chapter 

Review T2 

nterpreting Graphics 

14. See student page. 

15. See student page. 

Thinking Critically 

16. It is older and has had a longer time 
for rock to weather and produce a 
soil. 

17. Himalayas are in a continent-conti- 
nent convergence zone, which 

results in deep focus earthquakes. 

18. At convergent boundaries sediment 
and rock is subducted, metamor- 
phosed and eventually melted. The 
resulting magma returns to the sur- 
face during volcanic eruptions to be 
weathered to sediments again. 

SPPAVINGMALD | 
Math Standards 
National: 1, 2,9 

Florida: MA.B.1.4.1 

19. 0.26 

20. 65,000 

21. 15,000 

22. 4,800 

CHAPTER REVIEW 385 



chapter 12 chapter @ Standardized Test Practice 
Standardized Test Practice SSS eel SEEDER SO EEL ee 

Record your answers on the answer sheet provided by your teacher or on a sheet of paper. 

The assessed Florida Benchmark appears above the question. 

Answer Sheet An answer sheet 

can be found at fl.gpescience.com. 
3. What did oceanographers show, using 

sonar, which helped revive continental drift? ultiple Choice 

1. Who first proposed the hypothesis of A. edges of the continental shelves matched 

etansardized Test Practice Answer Sheet continental drift? B. edges of the continents matched 

A. Matthews C. fossils match similar fossils 

B. Vine D. rocks match similar rocks 

Cc. Wegener 
4. Which forms when a less-dense plate 

D. Wilson ‘ 
converges on a denser plate‘ 

Use the image below to answer question 2. A. mid-ocean ridge 

Mesosaurus 2 Cynognathus B. rift valley 

y > A > . 
} s aad C. subduction zone 

Africa y Tt Z 
D. transform boundary 

oT sem a 
ae Ve ae Use the image below to answer question 5. 

South ee, ' r 
erie / a: Earthquake epicenter 

“ 4 1 i Australia 

‘ Multiple Choice 
ge "4 _— 

iG ad ¢ Z Antarctica 

276 ~ » 

3. A 
4 BD a 2 é Inner 

4.( Glossopteris ° core 

5. C 2. Which is the fern, pictured above, that 
provided support for Pangaea? 

Gridded Response A. Antarctica 

6. 5.75 meters B. Glossopteris 

7. 6 times farther (34.5 m/5.75 m) Cc. Mesosaurus 

D. Lystrosaurus 5. The shadow zone, illustrated above, is 

‘ Short Response caused by which layer of Earth? 

8. The magnetic polarity of Earth has Test-Taking Tip __ A. crust 
reversed many times during geo- For each question, double-check that you are filling in the B. mantle 

logic history. This reversal is correct answer bubble for the question number you are 

reflected in symmetrical bands of completing. (MU Bee 

igneous rocks that are located on 

either side of the MOR. This indi- 
cates that the new ocean floor 386 STANDARDIZED TEST PRACTICE 

moves horizontally away from the 7 
MOR and in opposite directions. 

9. Tectonic plates can converge, 

D. inner core 

diverge, or move past each other. verges with a continental plate, the map the ocean floor. parallel mountain ranges. 

10. When two continental plates con- denser oceanic plate subducts under 42, Upwelling magma causes cracks to 13. Sediments are thinner near the 
verge, they build up mountain the less dense continental plate. form in the overlying crust. As the mid-ocean ridge and thicker as you 
ranges as Earth’s crust is com- 11. He was using sonar to search for cracks develop, movement of the approach the continents. Also, sed- 

pressed and folded. When two and detect submarines. While magma causes crust on either side iments near the MOR are recent in: 
oceanic plates converge, the denser doing this, he also determined the of the cracks to move away from age, whereas sediments near the 
one subducts under the less dense distance from the ocean surface to each other. Faulting then causes a continents are recent on top, but 
one. When an oceanic plate con- the ocean floor, enabling him to down-dropped valley between two older near the bottom. This | 

386 CHAPTER 12 Earth’s Internal Processes 



Standardized 
Test Practice chapter 2 

: ————-| Standardized Test Practice 

EX GriddedWesponse —) 
6. If a divergent boundary separates at a rate 

of 2.5 cm/year, how much farther apart 

would the two plates be after 230 years? 

7. Compared to the two plates in question 7, 

how much farther apart would two plates 

be after 230 years if the divergent boundary 

between them separated at 15 cm/year? 

READ 
INQUIRE o esponse 
EXPLAIN 
| 

Use the illustration below to answer question 8. 

13. What is true about the thickness and 

age of sediments at different locations 

on the ocean floor that supports seafloor 
spreading? 

14. What is the driving force for all mecha- 

nisms of tectonic plate movement? 

15. What is the difference between a crack in 

Earth’s crust and a fault? 

16. What causes the energy of an earthquake? 

17. How are the focus and epicenter of an 

earthquake related? 

ulm Extended Response 

14. 

15. 

16. 

7. 

ort Response 

indicates that sediments on the 

ocean floor near the MOR are too 

recent to have accumulated into 

thick deposits such as are found 

nearer the continents. 

Internal convection of mantle mate- 

rial inside Earth. 

A fault is a crack in Earth’s crust 
along which there has been 
movement. 

Elastic rebound, the sudden energy 
release that occurs when brittle 
rocks move along a fault, provides 

the energy to cause vibrations 
(earthquakes) in the rock layers. 

The point inside Earth where energy 

=. —= is released to cause an earthquake is 
a. . ! 
ay | the focus, the point on Earth’s 

Xs, 4 Use the image below to answer question 18. surface directly above the focus is 
= 4 : 

mR leak Covernent the epicenter of the earthquake. 

hain ay ea a Divergent 
SC.H.1.4.2 boundary 

8. The illustration shows reverse polarity bands 

on the seafloor. How does magnetic polarity 

of rocks support seafloor spreading? 

9. What are the three different ways in which 

tectonic plates can move? 

10. What is different about what happens 

to plate edges at the different types of 

convergent boundaries? 

11. How did Dr. Harry Hess obtain detailed 

maps of the ocean floor? 

12. What causes a rift valley to form at 

divergent boundaries? 

Standardized Test Practice fl.gpescience.com 

18. Part A What is true about the depth of 

earthquake foci and the location 

of tectonic plate boundaries? 

PartB Why are deep-focus earthquakes 

noted only at ocean-ocean 

convergent boundaries and ocean- 

continental convergent boundaries? 

STANDARDIZED TEST PRACTICE 387 

Rubrics 

For more help evaluating 

18. Part A Shallow focus earthquakes 
occur along divergent and trans- 

form boundaries. Both shallow and 
deep focus earthquake occur at 

convergent boundaries. 
Part B Deep focus earthquakes 
occur at ocean-continent and 
ocean-ocean convergent bound- 

aries where subduction forces one 

plate down and under a less dense 
plate. As the one plate subducts 

under the other, earthquakes are 

generated near Earth’s surface and 
deep inside Earth along the sub- 

ducting plate. 

Short- and Extended-Response 
questions, see the rubrics on 

ee ale 

STANDARDIZED TEST PRACTICE 387 



Chapter 13 
Electricity 

Electric Charge 

Electric Current 

3 Electrical Energy 

Chapter 14 
Magnetism 
Magnetism 

2 Electricity and Magnetism 

Producing Electric Current 

Chapter 15 
Electromagnetic Radiation 
1 What are electromagnetic 

waves? 

The Electromagnetic 

Spectrum 

Radio Communication 

Chapter 16 
Energy Sources 
1 Fossil Fuels 

Nuclear Energy 

Renewable Energy Sources 

Chapter 17 
Weather and Climate 

Earth’s Atmosphere 

Weather 

Climate 

Earth’s Changing Climates 

Web, )uest Maglev Trains: Floating 
—<_— Locomotives is an 

investigation of magnets and 

how they work. Using online 

resources, students study differ- 
ent types of magnetic levitation, 
design and build a maglev train, 

then test and refine their models. 

Class reflect 

student designs, procedures, 

refinements, and results. 

presentations 

388 = Unit 4 Forms of Energy 



NATIONAL 
GEOGRAPHIC 

“unit Y projects 

Maglev Trains 

NATIONAL How Are Clouds & Toasters Connected? 
GEOGRAPHIC 

Ask students to list the connections 
between clouds and toasters. You might 

want them to use a concept map to relate 

one step to another. 
Students might start this activity with nega- 
tive ideas about nuclear energy. Have them 
make a two-column table they can use to 

list the positive and negative aspects of 

nuclear energy as they learn more about it. 

e Ask students to brainstorm what geo- 

eraphic areas might most likely use nuclear 

power to produce electricity and why. Most 

nuclear power plants are in regions of the country with the 

highest populations, where there is the greatest need. 

Y projects 

Have students research 

ten historical weather-related 

events. Students prepare a brief 
summary of these events, how 

they relate to geographical fea- 
tures, and how technology and 

weather forecasting _ have 
improved everyday lives. 

y Ask students to design 

a safe, efficient, and economical 

cooking device that uses energy 

other than fossil fuels. Have 

students draw blueprints, apply 

to the teacher for a “patent” on 
their original device, test their 
appliance with a recipe, and then 
submit the recipe, appliance, and 
cooked food for teacher and peer 

evaluation. 

Have students design and 
construct a unit review game or 

toy that demonstrates electricity 
or magnetism as one of its char- 
acteristics. The completed model 
should contain directions for use, 

an ample amount of unit review 

information with answer guide, 

and be contained in a well- 

designed box, ready for the 

game-store market. Display each 
creative, quality product for class 
review, as well as evaluation by 

peers and teachers for educa- 

tional review value, electric and 

magnetic modeling, construction 

quality, safety, and enjoyment. 

Visit unit 

projects at for 

more information, resources, 

and assessment rubrics. 

Unit 4 FormsofEnergy 389 



Etfeaprer / 

Section/Objectives 

Chapter Opener 

jp Organizer __ 
Standards 

National 

See pp. 16T-17T fora 

Key to Standards. 

a. 
Section 1 Electric Charge 

@ 2sessions 

CP 1 block 

1. Describe how electric charges exert forces on 

each other. 
2. Compare the strengths of electric and 

gravitational forces. 

3. Distinguish between conductors and insulators. 
4. Explain how objects become electrically 

charged. 

National Content 

Standards: 

UGP2AUGR3. 

UCP SrA LAL, 

B.2,B.4 

State/Local 

Labs/Features 

Launch Lab: Electric Circuits, p. 391 

Foldables, p. 391 

Florida 

Benchmarks: 

SEG 47, 

SGC.G.245; 

S'G alas 

SiG minke, 

Science Online, p. 396 

Visualizing Lightning, p. 397 

MiniLAB: Investigating Charged 

Objects, p. 398 

Section 2 Electric Current 

@ 3 sessions 

a 1.5 blocks 

5. Describe how voltage difference causes current 
to flow. 

6. Explain how batteries produce a voltage 

difference in a circuit. 

7. List the factors that affect an object’s electrical 
resistance. 

8. Define Ohm's law. 

National Content 

Section 3 Electrical Energy 

@ 3sessions 

cp 1.5 blocks 

9. Describe the difference between series and 

parallel circuits. 

10. Recognize the function of circuit breakers and 
fuses. 

11. Calculate electrical power. 

12. Calculate the electrical energy used by a device. 

390A CHAPTER 13 Electricity 

Florida MiniLAB: Investigating Battery 

Standards: Benchmarks: Addition, p. 402 

WGR2,UGR3; SC.H.1.4.1, Integrate Health, p. 405 

UGR Sv ASAT? S@HarAay, Lab: Identifying Conductors and 

B.2,B.4 SC.H.2.4.1 Insulators, p.406 GEM Video Lab 

National Content | Florida Integrate Career, p. 408 

Standards: Benchmarks: Applying Math: Power Used by a 
UGP2, UGPR3;, See Clothes Dryer, p.411 

UGPRSTANIRA: SG Anas) Science Online, p. 412 

B.2, B.4, B.6, F.6 S@HIEA7. Applying Math: Electrical Energy 

SGH345) Used by a Microwave Oven, p. 412 
SC/H.3.4.6 Lab: Comparing Series and Parallel 

Circuits, pp. 414-415 

Science and Language Arts: 
Invisible Man, p. 416 



Launch Lab: battery, 
flashlight bulb, insulated 

wire, electrical tape or 

battery holder 

Chapter Fasr Fie Resources 

Foldables Worksheet, p. 15 

Note-taking Worksheets, 
pp. 31-33 

Directed Reading Overview, 
ey 7 

& 
ova NTO 

Glencoe Exclusive! 

All-In-One Planner and Resource Center 

Technology 

‘eacverWorks includes: 

* Interactive Teacher Edition 

* Lesson Planner with calendar 

* Access to all program blacklines 

* Correlations to standards 

* Web links 

MiniLAB: transparent tape 

Need Materials2 
Contact Scie nce Kit at 1-800-828-7777 or www.sciencekit.com, 

Chapter Fasr Fire Resources 

Transparency Activity, p. 42 

MiniLAB, p. 3 

Enrichment, p. 28 

Reinforcement, p. 25 

Directed Reading, p. 18 

Portfolio 

Differentiated Instruction, p. 395 

Performance 

Applying Math, p. 399 

Content 

Section Review, p. 399 

) Interactive Chalkboard 

a CD-ROM 

©) StudentWorks Plus 

& Section Focus Transparency 
€ 

MiniLAB: D-cell batteries (2), 

3-volt bulbs and sockets (2), 

insulated wire 

Lab: battery, flashlight bulb, 
bulb holder, insulated wire 

Chapter Fasr Fie Resources 

Transparency Activity, p. 43 

MiniLAB, p. 4 

Enrichment, p. 29 

Reinforcement, p. 26 
Directed Reading, p. 19 

Lab Worksheet, pp. 5-6 

Lab Activity, pp. 9-12 

Portfolio 

Assessment, p. 405 

Performance 

MiniLAB, p. 402 

Applying Math, p. 405 

Content 

Section Review, p. 405 

& Section Focus Transparency 
‘a 

©) Virtual Labs CD-ROM 

©) Interactive Chalkboard 
CD-ROM 

StudentWorks Plus 

Video Lab 

¥ 
fee) 

—— 

(> 

Lab: 6-V dry-cell battery, 

small lights with sockets (3), 

aluminum foil, paper clips, 

tape, scissors, paper 

a — 
ASSESSMENT 

“vance 

Chapter Fasr Fite Resources 
Chapter Review, pp. 35-36 

Chapter Tests, pp. 37-40 

Standardized Test Practice, pp. 56-59 

Chapter Fasr Fite Resources 

Transparency Activity, p. 44 

Enrichment, p. 30 

Reinforcement, p. 27 

Directed Reading, pp. 19, 20 

Transparency Activity, 

pp. 45-46 

Lab Activity, pp. 13-14 

Lab Worksheet, pp. 7-8 

Mathematics Skill Activities, p. 9 

Portfolio 

Assessment , p.413 

Performance 

Applying Math, pp. 411-412 

Applying Math, p. 413 

Content 

Section Review, p. 413 

End of Chapter Assessment 

a 68 69 658 

[D MindJogger Videoquiz 

' Virtual Labs CD-ROM 

) ExamView® Pro Testmaker 

’ TeacherWorks CD-ROM 

Interactive Chalkboard CD-ROM 

Performance Assessment in the Science 

Classroom (PASC) 

CHAPTER 13 Chapter Organizer 

& Section Focus Transparency 

é Teaching Transparency 

*) Interactive Chalkboard 
CD-ROM 

®) StudentWorks Plus 

390B 



EHeBIE 
Transparencies 

Chapter 

ook at the image below 
as Europe and the east c 

of les 

currents flow 

|. Ifelectric lights are an accurate gauge of electricity usage, what 

| ‘ergy, the waterfall in the picture 
Bohs yousepe rate cues i Beast : | ' or Ni alls w igher and have move water flowing, 

ee and hear? Is this similiar to anythin, ianiayennes 

This is a representation of key blackline 

masters available in the Teacher Classroom 

Resources. See Resource Manager boxes 

within the chapter for additional information. 

Electricity Chapter 

the graph and answer the following questions 

| 
| 

| 

| 
| sienna | 

| | 
es e | 

Key to Teaching Strategies | | 

The following designations will help you | | 
decide which activities are appropriate | | 
for your students. | | 

© sy, | 2. According to the graph, which battery lasted the LEAST amount 
Level 1 activities should be | erin 

appropriate for students with | ae 

learning difficulties. | Pe tee unee pie cate | 
} A 2 hours | 

[L2| Level 2 activities should be within | RES | 

the ability range of all students. | | 
seed : | | 

3] Level 3 activities are designed for  _ a = mel 

above-average students. 

G® ELL activities should be within 
the ability range of English 
Language Learners. 

COOP LEARN Cooperative Learning 
activities are designed 

for small group work. 

ae 
Cy ITicme Wet Cell Battery 

Activity 
Lab Preview 
Directions: Ansiver hese questions before you begin the Lab 

Hands-On Activities Multiple Learning Styles logos, 

as described on page 12T, are 

used throughout to indicate 

strategies that address different 
learning styles. 

Strategy i 

Procedure 
1, Sev ay ORG 

P| These strategies represent student 
products that can be placed into 
a best-work portfolio. 

PBL} Problem-Based Learning activities 
apply real-world situations to 
learning. 

= Material Tested with 
Safety Precautions Cad Lightbulb Circult 
Figure 1 _——_—— 

390C CHAPTER 13 Electricity 



BL Household circuits use 

A. Guards again 

b Ain 

1b Power current 5 

Energy & powers 

1. Each beam ccs the standin 
2 Ehectrial energy enters your home at the breaker ou 

and branches out to wall sockets, major appliances 

peconnies toe high. opening the 

opening Ube circuit and stopping the ow of curren 

rgy easily converted to mechanical thermal oF 
1. Electrical power is the rate at which oer 

&. Blectrical power is expressed i Ww 

onnicctad in « hogical nerwork 
from the electric Comyn ke wn 

and light 

lt piece of metal that melt if the 
cuit and sopping the flow of 

Meeting Individual Needs 

he wwbich equal 

Directed Reading (English/Spanish) 

Section 2 » Electric Current 
Section 3 » Electrical Energy 

Directions: foreach of the fang. wet te xe of the term thr best completes eochsarement 
applianc 

Meeting Individual Needs 

Directions: ldentify each ofthe folowing as a conductor oF an Insulator by putting «or an Vin the Dank 
1. metal doaekinols 

arpet tolletin board 
2, silver fothing 
4. gold plastic 
3. wood metal coat hanger 

— & mubber papecelip 

Directhons: Describe how each ofthe following pairs of charges will react 

14, positive anal ne 

15, negative and negative 

Directions: Answer the fodowing questions in compete votences 
16, What is an electroscope andl how does ik work 

17. What is the difference between the charges on a balloon rubbed in your hair and a glass rod 
rudd with silk Why 

decsity 

BU cee Electricity 

Directions: Mfutch the terms in Column II with the definitions in Column I. Write the letter of the 
rect fern in the Manat the left 

Column! Column tt 
uurrounds every charge and exerts a force a electrascope 

B. grounding 
& slecttic fold 

4. Uiing Earth asa. &. conductor 
5. Device for meanuring charge © lightening 
6, Armateral in wi r {. Insulator 

Directions: Urscruinble the rerms mo fillin the blanks in the summary paragraphs 
When an atom gains electyons, it beosmes (7) yrenaghie) charged 

When an atom loses electrons, i becorric (8) Iboipyviet) charged. The law of 
mnservation of charge states that sharge can not be (9) racete) or 

(10) (resddeosty), only transferred fom object to object, Obiects with equal 
amounts of positive and nogative change ure said to be electrically (11) — (iraulen) 
Somme objexts hold (12) fnectlorcs) more tightly than others, s0 when two difler 
ent objecth such as carpet and shoes are rub ner. the electrons ate (13) 

tforntred) from ane to the other, An accumulation of excess charge on an object is called 
(4) taste leecrteyil 

Directions: Ansys the following questions om the Hines provided 
15, What is the difference betwen charging by induction and charging try contact 

16. Suppose there are two charges, charge A and charge It What determines the magnitude of 
the force between the two charges! 

The Competition of Maton 

3 
Ef 
t 

3 

F 
g 
= 

Enrichment 

1780, Lin Galvan), an Tallan scientit You can repeat Voltas experiment. However 
Fuad rags’ leyp lying close (0 ay electsostatic you will use copper and zinc in your volta 
nuachine Someone happened tw (oucha nerve cell, Arrange the apparatus for te cello 
Ina frog's ley with a metal scalpel. A spark how inthe diagram below, Mace a zine and w 
jumped from. the machine, Uhrough the ‘onper strip, or electrode, in a beaker contain: 

Alpe, inter the froy’s leg—and the leg ing dilute solution of sulfuric acid. Connect 
rvitched, He dl that if he touched the the rine and copper electrodes to 4 
frog's ley with the free ends of two wites made voltmeter by insulated copper wire 
‘of copper and iron joined together, the leg 
itched: Galvani reasoned that this witeh 
night resull (rom electticity in the frog's 

Count Volta 
Another Hullan scientiat, ( snide 

ns challenged this lles. He found that the 
copper and iron wires were producing the 
ectricity in the ley. Iwas the current that Sorch 
‘caused the frogs leg (0 (vite, He reasoned 
that the frog's leg isel imporiant 

Meeting Individual Needs Rather, it was the salts and acids dissolved in 
the (issues of the leg that produced the electric 

with ten unlike metal 

Safety Precautions 7d C9 © Goo 
WARNING! Sufurieacil can burn the kin anal damage clothing 
dna furniture mimelntely rinse any spill with water 
1. When you close the switch. the needle of the voltmeter moves. indicaing that a flow of electrons 

is from the cell. What happens when you open the switch! Wy 

the vullage produced by your copper-zine cell 
Use arrows to indicate on the diagram the direetion in which the electrons flow 
In what direction does the electricity Fler in this cel? 
Ith yollak cxll device for changing chemical energy to electrical energy, o€ vice versa 
Explain, — 

What is the soure 

Electricity 

section © Electric Charge 
omnes — $14.1 hemey st eet rt ee a es 

What You'll Learn @ Before You Read 
Slew aerkcaue Think about some electric objects that are plugged into an 
PRY outlet. But cars, cell phones, and even wristwatches also use 
el da Wectriciy tht three thloga you se erwry day thal weclog 
a Irilty but do not plug in 
cal charged 

=D @ Read to Learn 
Identify Main ideas 
hight themsin point under Positive and Negative Charge 
ee hema Than ase Sometimes, when you walk across a carpet and then touch an main point in your own words 

object, you get a shock. Why does this happent The answer ha 
to do with electric charge. The center of an atom is made up of 
particles called protons and neutrons. Other particles, electron: 
move around the center of the ator. Protons and electrons have 
clectric charge, Neutrons have no electric charge. In the figure 
below, the light gray particles are the protons the black particles 
are the neutrons, and the floating particles are the electrons. 

Picture This 
1. Differentiate Circe the demo ih Beebe enter oa om 

pas arpa The sf electric charge, positive and nega: 
tive. Protons have positive electeic charge- Electrons have neg 
Mive electric charge. The amount of positive charge on 
proton is the same ay the amount of negative charge on an 
electron. Each atom has the same number of protons and 
electrons. So, the positive and negative charges cancel each 
other out. This makes atoms electrically neutral. They have 
no overall electric charge. Amt atom becomes negatively 
charged if it gains extra electrons. An atom that loses ele 

13-2 CHAPTTR AD [lesen 

DIRECTIONS 

1. According to the chart aby 
1,000 hours if electricity 

this make he w 
f. Plastic will 
ig Plastic is a gow 
fh. Plastic is smooth snd not easily 

frayed 

Lithium atom 

Electron 

Why ie this lithium 

ay The number of preens equals the 
number nf electron 

auenber re 
The number of prot 
umber of neutron 
The urn of the sexo and electron: 
is greater than Ue number of 

hapter Electricity 
Review 

Part A. Vocabulary Review 

Directions: atch each term in Colurnn Ul with its description in Colum / by writing the correct etter in the 
\poce provided 

Column tt 

hil electrons flow 

Jrcult with mare than ove path 

Matic electricity 
Ory call 
Obvn's bo 

ulverne 
lon lecie ietd 

unitof electrical enerpy 
; haruing by 

Cur ual the yaltage difference of a elreuit ate 

Ailowon hour 
lextric power 

arrangement of electrany on & neutral object 
ny charge Invwlator 

Chapter Electricity 
Test 

|, Testing Concepts 
Directions: Match the definion in Column I with ts meaning When used in acridkagram in Calum I by 
ving the ete ofthe correc symbo inthe blank on the et 

Column Column I 

1. open eiroutt ow much power an appliance user 
fuse individual b 
resiatan & a small plexe 
cuit breaker 4, a piece of metal that bend 

6 0 cucrent flew io this circuit 

Directions: For tch ofthe following write the letter ofthe term ov pase thot best completes the senten 
6 Acirouit that has two oF more separate branches for euerent is aft 

a. parallelcireut be series circuit & circuit diagram d. electron circuit 
The statement that current is equal 10 the voltage difference divided by the resistance 
i kinewen a 
a. Ohm’ lave 

A slutic divcharge differs from an electric current in that a static discharge 
a. isa flow af electro 
1b. lasts for only 4 fraction of a second Assessment 

4. involves the mavement 
Hectic change that has accu jest Is referred to a 
‘4 current electeicity static electri 

Redistance 6 measured in» unit called th 
a. umpen b. ohm 

Nh, The rate at hich an electrical devi 1s energy from 
lle 
a, electric energy & electric power 
Ws electric resistan 4, yoltuye regulation 

CHAPTER 13 Resource Manager 390D 



nee T2 Electrica 

Scents Content Background 
Electric Charge 
Positive and Negative Charge 
Waterfalls produce airborne nega- 

“7 tive charges. Some people believe 
these charges make us feel happy and healthy. 
Ton adivines were created to produce negative 
charges in houses and offices. 

section: 

Transferring Charge 
Benjamin Franklin invented the lightning rod to 
protect homes by transferring charge. It was a 
metal rod that was grounded through a wire. The 
top of the rod was sharpened to a point. Recently 
scientists discovered that the rods actually work 
better if they are not sharpened at the top. 

Pisa Electric Current 
; é Current and Voltage 

Difference 
‘ Electric current flows from a 

region of high electric potential energy to low 
electric potential energy. Electric charge loses 
electric potential energy as it flows through a 
circuit just as a ball loses gravitational potential 
energy when it falls. The electric potential 
energy lost by a coulomb of charge from one 
point to another is the voltage difference 
between the two points. This energy can 
be used to do useful tasks, such as run electric 

motors. A battery increases the electrical 

potential energy of charges, just as lifting a ball 

increases the ball’s gravitational potential 

energy. All circuits contain electric resistance 

that converts some electric potential energy to 
thermal energy as charges move through 

the circuit. 
Electric current has the unit of the ampere, 

which is defined as one coulomb per second. 
One coulomb is equivalent to the charge of 
6.25 x 10’ electrons. 

Peau Electrical Energy 
¢ Series and Parellel Circuits 
We pay the electric company for 

v, our use of electrical energy. The 

econ that transfer electrical energy are not 

used up in the process; they keep flowing. 
In a series circuit with three different 

resistors, the current at all points in the circuit 1s 

the same but the voltage difference across each 
resistor is different. In a parallel circuit with three 
different resistors, the voltage difference across the 
resistors is the same but the current is different. 

Electric Power 
Electric power is found by multiplying current 
(coulombs/second) times voltage (joules/ 
coulomb), giving units of joules/second, which is 

equivalent to a watt. 

Internet Resources 

For additional content background, visit 

fl.gpescience.com to: 

e access your book online 

e find references to related articles in popular 

science magazines 

e access Web links with related content background 

e access current events with science journal topics 
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Print Resources 

Electricity, by Wendy Baker, Alexandra Parsons, 

Andrew Haslam, Two-Can Publishing, 2000 

Electricity, by John Farndon, Benchmark 

Books, 2000 

Electricity (Discovery Channel School Science), by 

Richie Chevat, Jacqueline A. Ball, Joellyn M. 

Ausanka, Steve Grey, Gareth Stevens Publishing, 

May 2003 



IDENTIFYING 

Students may think that... Activity 
Voltage is the same at different places ina Draw the circuit shown in the figure below on 

circuit and it exists only when current flows. the board, and ask students to predict and write 

Because electrons and the flow of charge that What the voltages will be between the points 
make up electricity cannot be seen directly, elec- AB, B-C, C-D, B-D, and A-E. 
tricity can be difficult to understand and terms 
such as voltage, current, power, and energy can 
be confusing. Of all these terms, voltage is the 
most abstract and can be the most difficult to 
grasp. Because of the omnipresence of batteries, 
students are probably familiar with the volt 
as a unit of measure. This may conceal their 
misconceptions about voltage. They may confuse 
the relationship between voltage and current Lightbulbs Battery 
and may come to the wrong conclusion that 
voltage is a consequence of current and not 
the cause of it. They also may have inaccurate 
conceptions of how voltages in a circuit vary. 

Promote Understanding ——— 

Activity ¢ Have them compare their experimental 
Give each group of students four wires, two flash- results with the predictions they made in the 
light bulbs in sockets, a D battery in a battery previous activity. 
holder, and a voltmeter. Ask students to make a ° Remove the lightbulb at points B-C from the 

series circuit using the battery, bulbs, and four circuit to leave a gap in the circuit. 

wires. Caution students not to touch a hot bulb. 
a ¢ Ask students what they think the voltage 

¢ Instruct them in the use of the voltmeter. foros ecm MBe@rallnne este, Have them 

. Then have them refer to the figure above and share their thoughts and then test their ideas. 
record the voltages between points A-B, A-E, Sg 
ha Guta REET OS) ¢ ‘The voltage across the gap should be approx- 

ee 44 ie 5 ce cee, . 

imately 1.5 volts. 
° The experimental results should show a voltage 
of approximately 1.5 volts across points A-F, 
and B-D, an approximate voltage of 0.75 volts 
across B—C and C-D, and zero across A-B. 

“Assess _ 

After completing the chapter, see Identifying 
Misconceptions in the Study Guide at the end 
of the chapter. 
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Chapter Vocabulary 
static electricity, p. 392 
law of conservation of charge, 

pose 
conductor, p. 395 
insulator, p. 395 
charging by contact, p. 395 
charging by induction, p. 396 
electric current, p. +00 
voltage difference, p. +00 
circuit, p. 401 
resistance, p. +03 

Ohm’s law, p. +05 
series circuit, p. +07 
parallel circuit, p. 408 
electric power, p. +10 

¥# FCAT Vocabulary 

Science Journal) Possible 
answers: lamp-light energy 

and thermal energy; hair 

dryer-thermal energy and 
kinetic energy; toaster-thermal 
energy, 1V-light energy and 
sound; CD player-sound. 

This CD-ROM is an editable 
Microsoft® PowerPoint® 

presentation that includes: 
a pre-made presentation for 

every chapter 
interactive graphics 
animations 

audio clips 
image bank 
all new section and chapter 
questions 
Standardized ‘Test Practice 
transparencies 
Foldables directions 
links to fl.gpescience.com 

wee 
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and predicted. 

 chaprer previews Shine on Bnightiy 
Electricity lights these city lights so that peo- 

ple can continue to work and have fun, day 

or night. Electric lights and other electric 

devices operate by converting electrical 

energy into other forms of energy. 

Science Journal — For five electric devices, list the 

form of energy that electrical energy is converted into by each 

device. 

OTERO ET TR OR RD 

Energy ‘This chapter explores the fundamental Keeping the Lights On Cities are connected to large 
nature of electrical energy—how it is produced, power distribution grids, or networks. Energy is 
measured, transmitted, and transformed into — transmitted through big power lines from generat- 

other forms of energy. ing plants, which are often hundreds of miles away. 

In the city the power lines usually run through’ 
underground tunnels to each of the buildings. 

Regional control centers use computers to regulate 

the flow of energy within and between power grids. 



FOLDABLES 
Study Organizer 

Electricity Make the following 

Foldable to help you organize 

information about electricity. 

| STEP 1) Fold a sheet of paper vertically from 

top to bottom. Make the top edge 

about 2 cm shorter than the bottom 

edge. 

| STEP 2 | Turn lengthwise and 

fold into thirds. 

| STEP 3 Unfold and cut only the top layer 

along both folds to make three tabs. 

| STEP 4 | Label the Foldable as shown. 

Pk ET | 
kee ee] 

Organize Information As you read the chapter, 

organize the information you find about electric 

charge, electric current, and electrical energy 

under the appropriate tab. 

Preview this chapter's 

Mniine content and activities at 

Purpose Students explore how 

electric light circuits work. 

Gm {i} Kinesthetic 

Preparation Strip insulation off 
the ends of the wires. 

Materials battery, flashlight bulb, 
insulated wire, electrical tape or 
battery holder 

Teaching Strategy If battery hold- 
ers are used, demonstrate how to 

attach the wires to the clips. If 
not, show students how to tape 
the stripped ends of the wires to 

the battery. 

Think Critically 
In order to light the bulb, a continuous 

path must be made from the battery, 

through a wire, to the bottom of the 

bulb. The path must then lead from the 

side of the bulb, through another wire, 

and back to the battery. 

Assessment 
Process Have students make a list 

of configurations that did NOT 

light the bulb. Have them infer 
what was wrong in each. Use 
Performance Assessment in 

the Science Classroom, p. 89. 
Logical-Mathematical 

eM Va2) Dinah Zike 
STi, otudy Fold 

Student preparation materials for 

this Foldable are available in the 

Chapter Fast Fite Resources. 
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An editable Microsoft® 

“ PowerPoint® presenta- 

tion is ne on Interactive 

Chalkboard CD-ROM. 

Bellringer 

Section Focus Transparencies 

also are available on the 

Interactive Chalkboard CD-ROM. . 

DD 
1 RSs Stick to Your Laundry Duty Spaeser 

“Transparency 

What happens when you put clothes in a dryer? As the clothes 

tumble, they rub against other articles of clothing and the walls of 
the dryer. As you can see below, the result could be a bit of static cling. 

1, If you line-dry clothes, will they have static cling? Why or why not? 

2. As you separate clothes that are clinging together, what mighty 
see and hear? Is this similiar to anything else that you can th 

Reading Preview 

Tie to Prior Knowledge 

Static Cling Ask students whether 
they have ever noticed clothes 
sticking together when they are 
taken out of the dryer. Explain 
that this is caused by static elec- 
tricity, the topic of this section. 

Predict Ask students what they 
think charging by contact and 

charging by induction might 

mean in a study of electricity. 
Some will surmise that contact 
means touching and induction 
means not touching. Have stu- 
dents preview the text to see if 
their predictions are correct. 
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What You'll Learn 

soa \seymarense Ha, SC.H.1.47 

o 
Electric

 Cha age
 

= Describe how electric charges 

exert forces on each other. 

Compare the strengths of electric 

and gravitational forces. 

Distinguish between conductors 

and insulators 

Explain how objects become 

electrically charged. 

Figure 1 The center of an atom 

contains protons (orange) and 

neutrons (blue). Electrons (red) 

swarm around the atom’s center. 
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Reading Guide 

New Vocabulary 
e@ static electricity 

e law of conservation of charge 

e conductor 

e@ insulator 
e charging by contact 

e charging by induction 

Why It’s Important 

The electrical energy that all electri- 

cal devices use comes from the 

forces that electric charges exert on 

each other. 

® Review Vocabulary 
atom: the smallest particle of an 

element 

Positive and Negative Charge 
Why does walking across a carpeted floor and then touching 

something sometimes result in a shock? The answer has to do 

with electric charge. Atoms contain particles called protons, 

neutrons, and electrons, as shown in Figure 1. Protons and elec- 

trons have electric charge, and neutrons have no electric charge. 

There are two types of electric charge. Protons have positive 

electric charge and electrons have negative electric charge. The 

amount of positive charge on a proton equals the amount of 

negative charge on an electron. If an atom contains equal num- 

bers of protons and electrons, the positive and negative charges 

cancel out and the atom has no net electric charge. Objects with 

no net charge are said to be electrically neutral. 

Transferring Charge Electrons are bound more tightly to 
some atoms and molecules. For example, compared to the elec- 

trons in atoms in the carpet, electrons are bound more tightly to 

the atoms in the soles of your shoes. Figure 2 shows that when 

you walk on carpet, electrons are transferred from the carpet to 

the soles of your shoes. The soles of your shoes have an excess of 

electrons and become negatively charged. The carpet has lost 

electrons and has an excess of positive charge. The carpet has 

become positively charged. The accumulation of excess electric 
charge on an object is called static electricity. 

Section 1 Resource Manager 

Chapter Fasr Fire Resources 

‘Transparency Activity, p.42 

Note-taking Worksheets, pp. 31— 

Enrichment, p. 2§ 

MiniLAB, p. 3 

Reinforcement, p. 25 

Directed Reading for Content Mastery, 
pp. 17-18 



Before the shoe scuffs against the carpet, both the sole of As the shoe scuffs against the carpet, electrons are 
the shoe and the cat petial are electrically neutral. paiisieied EoD the eatpet to the ue of the shoe. 

Conservation of Charge When an object becomes charged, : Figure 2 Atoms in the shoe’s 
charge is neither created nor destroyed. Usually it is electrons ‘sole hold their electrons more 

that have moved from one object to another. According to the : tightly than atoms in the carpet 

law of conservation of charge, charge can be transferred from hold their electrons. 
object to object, but it cannot be created or destroyed. Whenever : Explain how the sole gained charge 
an object becomes charged, electric charges have moved from : even though charge can't be created 
one place to another. : or destroyed. 

(dT How does an object become charged? 

Charges Exert Forces Have you noticed how clothes some- 
times cling together when removed from the dryer? These clothes 

cling together because of the forces electric charges exert on each 
other. Figure 3 shows that unlike charges attract each other and 

like charges repel each other. The force between electric charges 

also depends on the distance between charges. The force decreases 

as the charges get farther apart. 

Just as for two electric charges, the force between any two 

objects that are electrically charged decreases as the objects get far- 

ther apart. This force also depends on the amount of charge on 

each object. As the amount of charge on either object increases, the 

electrical force also increases. 
As clothes tumble in a dryer, the atoms in some clothes gain 

electrons and become negatively charged. Meanwhile the atoms in 

other clothes lose electrons and become positively charged. Clothes 
that are oppositely charged attract each other and stick together. 

y= on Figure 3 Positive and negative 
charges exert forces on each other. 

Opposite charges attract 
<u museye 

Like charges repel 
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Science Journal 

Flyaway Hair Have students write a paragraph in 
their journals in which they use conservation of 
charge to explain why hair combed on a dry day 
may become “flyaway hair.” Before combing, both the 

comb and hair have equal numbers of positive and negative 
charges. Combing causes hair to lose electrons to the comb. 
The hairs then have like charges on them and repel one 
another. This makes them “fly away.” Linguistic, 
Logical-Mathematical, Intrapersonal 

Activity 
Changes Have students use bal- 
loons, glass rods, polystyrene, 
puffed cereal, and pieces of silk 
and wool cloth to explore the 
ideas of positive and negative 
charge and the law of conserva- 
tion of charge. TELL) 

Kinesthetic 

Caption Answer 
Figure 2 Charge was transferred from 
the carpet to the shoe. 

Use an Analogy 
Swarming Bees Reinforce the 
idea that electrons, not atoms, 

move to cause static electricity 
by describing an atom as being 
like a swarm of bees (the elec- 

trons) around honey (the tightly 
held protons and neutrons). 

Visual-Spatial 

(’%, Reading Check 

Answer Electrons move from one 
object to another. The object that gains 
electrons becomes negatively charged. 
The one that loses electrons becomes 
positively charged. 

Reading Strategy 

Double-Entry Notes Ask stu- 

dents to divide their papers into 
two columns and label the left 

column Main Ideas and the right 

column Important Details. Have 

them use topic headings and bold 
print words as entries on the left 
side. In the right column, have 

students add important details 
related to the main ideas. 
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Discussion A Electric Fields You might 
Conductivity Explain that, when % A have seen bits of paper fly up 

substances are categorized as u Vy and stick to a charged balloon. 

conductors, semiconductors, and e >. ie The bits of paper do not need 

insulators, they are being ranked = a to touch the charged balloon 

according to the ease with which « os = \ for an electric force to act on 

electrons move around in them “4 A them. If the balloon and the 

(their conductivity). Then have Fr ¥ paper are not touching, what 

causes the paper to move? 

An electric field surrounds every electric charge, as shown in 

Figure 4, and exerts the force that causes other electric charges 

to be attracted or repelled. Any charge that is placed in an elec- 

tric field will be pushed or pulled by the field. Electric fields are 

represented by arrows that show how the electric field would 

make a positive charge move. 

students explain, in terms of elec- 
trons, the two extreme limits of 

conductivity; that is, what would 
zero conductivity mean and what 
would the maximum possible 
conductivity mean? Zero conductivity 
means that no electrons can move. 

Figure 4 Surrounding every 

electric charge is an electric field 

that exerts forces on other electric 

charges. The arrows point in the 

direction a positive charge would 

Maximum conductivity means that elec- 

trons move freely; there is no resistance to 
electron movement. Logical- 
Mathematical 

Use Science Words 

Word Meaning Students may have 
heard the word semiconductor. A 

semiconductor is a material, such 

as silicon or germanium, that is 
neither a good insulator nor a 
good conductor on its own, but 
becomes a good conductor when a 

tiny impurity is added to it. Have 
students find what semiconduc- 

tors are used for. Semiconductors are 
used in computer chips and to make 

electronic components such as transis- 
tors and diodes. Linguistic 

(% Reading Check 

Answer The electric force between pro- 
tons and electrons is greater than the 
gravitational force between the particles. 

‘fey Quick Demo 
Ss Static Shock 

Materials pieces of wool carpet- 
ing, metal objects (doorknob, 

ring stand, etc.) 

Estimated Time 5 minutes 

Procedure Scuff your feet across 
the carpet several times and then 
touch the metal object, producing 
a spark as in Figure 5. Darken- 
ing the room may make the spark 
visible; works best on a dry day. 
Invite the students to try the 
demo. 
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move. 
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Figure 5 As you walk across a 
carpeted floor, excess electrons can 

accumulate on your body. When 

you reach for a metal doorknob, 

electrons flow from your hand to 

the doorknob and you see a spark. 

The Strength of Electric Forces The force of gravity 
between you and Earth seems to be strong. Yet, compared with 

electric forces, the force of gravity is much weaker. For example, 

the attractive electric force between a proton and an electron in 

a hydrogen atom is about a thousand trillion trillion trillion 

times larger, or 10°? times larger, than the attractive gravitational 
force between the two particles. 

In fact, all atoms are held together by electric forces between 

protons and electrons that are tremendously larger than the 

gravitational forces between the same particles. The chemical 

bonds that form between atoms in molecules also are due to the 

electric forces between the atoms. These electric forces are much 

larger than the gravitational forces between the atoms. 

Compare the strength of electric and gravita- 

tional forces between protons and electrons. 

Some Observable Forces are due to Electric Forces 
Many of the forces that act on objects are due to the electric 

forces between atoms and molecules. All atoms contain electri- 

cally charged electrons and protons. When atoms or molecules 

get close enough, they can exert electric forces on each other that 

can be attractive or repulsive. For example, when you push on a 

door, the atoms on the surface of your hand get close to the 

atoms on the surface of the door. These atoms are close enough 

that they exert electric forces on each other. The electric forces 

the atoms in your hand exert on the atoms in the door cause the 
door to move. The frictional force between two surfaces in con- 
tact is due to the attractive electric forces between the atoms on 
the two surfaces. These forces cause the surfaces to stick together. 

Curriculum Connection 

Ancient Greeks and Electricity Have students 

research what ancient Greeks knew about elec- 

tricity. Ancient people knew that if amber was rubbed, it 

would become charged. Elektron is Greek for “amber.” 

Linguistic, Intrapersonal 



Conductors and Insulators 
If you reach for a metal doorknob after walking across a 

carpet, you might see a spark. The spark is caused by elec- 
trons moving from your hand to the doorknob, as shown in 
Figure 5. Recall that electrons were transferred from the car- 
pet to your shoes. How did these electrons move from your 
shoes to your hand? 

Conductors A material in which electrons are able to move 
easily is a conductor. Electrons on your shoes repel each other 

and some are pushed onto your skin. Because your skin is a bet- 
ter conductor than your shoes, the electrons spread over your 
skin, including your hand. 

The best electrical conductors are metals. The atoms in met- 

als have electrons that are able to move easily through the mate- 

rial. Electric wires usually are made of copper because copper 
metal is one of the best conductors. 

Insulators A material in which electrons are not able to move 
easily is an insulator. Electrons are held tightly to atoms in insu- 

lators. Most plastics are insulators. The plastic coating around 

electric wires, such as the one shown in Figure 6, prevents a dan-_ : 

gerous electric shock when you touch the wire. Other good : Figure 6 The plastic coating 
insulators are wood, rubber, and glass. : around wires is an insulator. 

> A damaged electrical cord is haz- 

Charging Objects : ardous when the conducting wire 

: is exposed. 
You might have noticed socks clinging to each Explain how the coating on a wire 

other after they have been tumbling in a clothes prevents an electric shock. 

dryer. Rubbing two materials together can result 

in a transfer of electrons. Then one material is 
left with a positive charge and the other with 

an equal amount of negative charge. The 

process of transferring charge by touching 

or rubbing is called 

charging by contact. 

Active Reading Differentiated Instruction 

Cause-and-Effect Chart Have students design Challenge Have students investigate various con- 

a cause-and-effect chart for static electricity. ductors and insulators. Suggest that they design 

In the center, students write the topic, in this and make a circuit to test these objects. They also 

case, static electricity. To the left, they write should make a chart to show which items are 

the apparent causes of static electricity. On conductors and which are insulators. | P | 

the right, they write the apparent effects of Kinesthetic 

static electricity. Linguistic, Logical- 
Mathematical, Visual-Spatial 

~~ Fun Fact 
The process of charging by contact 

is known as triboelectricity. The tri- 
boelectric properties of materials 

are of significant interest to scien- 

tists working on missions to Mars. 

The dry, windy conditions on Mars 

provide an ideal environment for 
triboelectric charging. 

Caption Answer 
Figure 6 Electrons cannot travel easily 
through the insulator. The coating 
prevents the electrons in the wire from 
traveling into you body as an 
electric shock. 
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Caption Answer 
Figure 7 from the balloon to the 

sweater 

Discussion 
Winter Shocks Why are you more 
likely to get shocked when you 
touch a door handle in the winter 

than in the summer? In winter, the air 

in homes and buildings is often dry. Dry air 
is an insulator and doesn’t easily discharge 
the excess charge on your body. The 
charge is therefore more likely to remain 

until your hand nears a door handle. 
Logical-Mathematical 

Use Science Words 

Word Meaning Ask students to 
look up the word static and tell 
one reason why this word is 
appropriate for the term static 
electricity and one reason why the 
word is misleading. The word static 
means “not moving.” It is true that static 
electricity is not in continual motion like 

current electricity. However, a static dis- 

charge is far from motionless; it is a very 
rapid, though noncontinuous, transfer of 
charge. |L2] [R} Linguistic 

Franklin's Kite Students may have 
heard the tale of Benjamin | 

Franklin’s kite being struck by | 
lightning. Fortunately, the kite | 
was Not struck by lightning, but 
a negative charge from the air 
collected on a wire attached | 

to the kite and traveled down — 

j the wet string. The sparks | 
| Franklin observed enabled him | 

| to show (as French scientists | 

| had done a month before) the 

| relation between lightning and — 
1 electricity. 
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Charging at a Distance 
Because electrical forces act at a 

distance, charged objects brought 

near a neutral object will cause 

electrons to rearrange their posi- 

tions on the neutral object. 

Suppose you charge a balloon by 

rubbing it with a cloth. If you 

bring the negatively charged bal- 

loon near your sleeve, the extra 

electrons on the balloon repel the Figure 7 The balloon on the left 

is neutral. The balloon on the right Lay é electrons in the sleeve. The elec- 

is negatively charged. It produces TT trons near the sleeve’s surface 
a positively charged area on the move away from the balloon, 

sleeve by repelling electrons. a ~ leaving a positively charged area 
Determine the direction of the 

: on the surface of the sleeve, as 
electric force acting on the balloon. 

shown in Figure 7. As a result, the negatively charged balloon 

attracts the positively charged area of the sleeve. The rearrange- 

ment of electrons on a neutral object caused by a nearby 

charged object is called charging by induction. The sweater was 

charged by induction. The balloon will now cling to the sweater, 

being held there by an electrical force. 

Lightning Have you ever seen lightning strike Earth? 
Lightning is a large static discharge. A static discharge is a trans- 

fer of charge between two objects because of a buildup of static 

electricity. A thundercloud is a mighty generator of static elec- 

tricity. As air masses move and swirl in the cloud, areas of posi- 

tive and negative charge build up. Eventually, enough charge 

builds up to cause a static discharge between the cloud and the 

ground. As the electric charges move through air, they collide 

with atoms and molecules. These collisions cause the atoms and 
molecules in air to emit light. You see this light as a spark, as 
shown in Figure 8. 

Thunder Not only does lightning produce a brilliant flash of 
iy light, it also generates powerful sound waves. The electrical energy 

Sciencep INC > ina lightning bolt rips electrons off atoms in the air and produces 

Topic: Lightning great amounts of thermal energy. The surrounding air tempera- 

Visit fl.gpescience.com for Web > ture can rise to about 25,000°C—several times hotter than the 

links to information about Sun’s surface. The hot air in the lightning bolt’s path expands rap- 

lightning strikes. : idly, producing sound waves that you hear as thunder. 
Activity Make a table listing The sudden discharge of so much energy can be dangerous. 
tips on how people can protect ~ : It is estimated that Earth is struck by lightning about 100 times 
themselves from lightning. : every second. Lightning strikes can cause power outages, injury, 

loss of life, and fires. 
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Science Journal 

Thunderstorm Safety You often hear the warning, 
“ ) sj = x “7 Don’t stand near a tree during a thunderstorm. 
Ask students to explain the reasoning behind this 
warning based on what they have learned in this 
section. Trees are more susceptible to lightning strikes 
because they are often the tallest objects around. [i] 
Logical-Mathematical 



NATIONAL NATIONAL 
GEOGRAPHIC VISUALIZING LIGHTNING GEOGRAPHIC 

Figure 8 
A) Convection : ° “ie ° C 

torm clouds can form when currents in the \ Visualizing Lightning 
humid, Sun-warmed air rises to storm cloud y Have students examine the pic- 
meet a colder air layer. As these cause charge : tures and read the captions. Then 

air masses churn together, the stage separation. The ask the following questions. 
is set for the explosive electrical top of the cloud : 
display we call lightning. Lightning becomes posi- 
strikes when negative charges at the tively charged, 
bottom of a storm cloud are attracted the bottom neg- 
to positive charges on the ground. atively charged. 

When the warm humid air rises 

to meet the cold air, what causes 

the air masses to churn together? 

What electric property causes 
the negative charges in the cloud 

to be attracted to the positive 
charges in the ground? 

Why does the ground below a 
cloud have a concentration of 

positive charges? 

2) 
Visual-Spatial, Logical Mathematical 

rae el oo Sh 4 gts 
 B) Negative charges on the bottom of the cloud When the bottom of the cloud has accumu- 

induce a positive charge on the ground below the lated enough negative charges, the attraction of ‘ ; 

cloud by repelling negative charges in the ground. the positive charges below causes electrons in the Lightning Posters Fave students 
bottom of the cloud to move toward the ground. research the different types of 

lightning and have them make 

posters illustrating them. If possi- 
ble, students also could include 

statistical data involving the num- 
ber of strikes that occur per year in 

their area. |L2 Visual-Spatial, 
Linguistic, Logical-Mathematical 

+ +4474 

@ When the electrons get close to the ground, they " 

attract positive charges that surge upward, complet- INTRACLOUD LIGHTNING never strikes Earth and 

ing the connection between cloud and ground. This is can occur ten times more often in a storm than 

the spark you see as a lightning flash. cloud-to-ground lightning. 

SECTION 1 ElectricCharge 397 

Challenge Have students find out more about storm 

chasers. These professionals intentionally go to 

areas where tornadoes, hurricanes, typhoons, ete. 

are occurring to study them. Students should report 

to the class what they learn. [3] Visual-Spatial 
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Grounding The sen- 
sitive electronics in 

Text Question Answer 
Possible answers: faucet (if plumbing is 

Figure 9 A lightning rod directs 

metal), electrical outlet ground 

Purpose Students analyze how 

charged objects interact with 

each other. [L1] GB [hy Logical- 

the charge from a lightning bolt 

safely to the ground. 

Investigating 

a computer can 

be harmed by large 
static discharges. A 

discharge can occur 

any time that charge 

builds up in one 

area. Providing a path 

for charge to reach 

Earth prevents any 

charge from building 

Mathematical Charged Objects up. Earth is a large, 

Kinesthetic Procedure neutral object that is 

Materials transparent tape 
Teaching Strategy Cellophane 
tape often works, but transparent 
tape is better. 

1. Fold over about 1 cmon 

the end of a roll of trans- 

parent tape to make a 

handle. Tear off a strip of 

tape about 10 cm long. 

also a conductor of 

charge. Any object 

connected to Earth by 

a good conductor will 

Analysis . Stick the strip to a clean, transfer any excess 

dry, smooth surface, such as electric charge to 
1. The tapes attracted each other a countertop. Make another 

because they had opposite charges. 

When pulled apart, one became 
positively charged and one became 
negatively charged. 

. The pieces of tape repelled each 

other because they had like charges. 

Pulling both strips off the surface 

charged each the same way. 

Assessment 

Process Have students write up 
the procedures and results for 
this MiniLAB as lab reports. 
Use Performance Assessment 

in the Science Classroom, 

p. 119. [L2] [I Linguistic 
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identical strip and stick it 

directly on top of the first. 

. Pull both pieces off the 

counter together and pull 

them apart. Then bring the 

nonsticky sides of both tapes 

together. What happens? 

. Now stick the two strips of 

tape side by side on the 

smooth surface. Pull them 

off and bring the nonsticky 
sides near each other again. 

Analysis 
1. What happened when 

you brought the pieces 
close together the first 

time? Were they charged 

alike or opposite? What 

might have caused this? 

. What did you observe 
when you brought the 

pieces together the second 

time? How were they 

charged? What did you do 

differently that might have 
changed the 

behavior? 
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Earth. Connecting an 

object to Earth with a 

conductor is called grounding. For example, to prevent damage by 

lightning, buildings often have a metal lightning rod that provides 

a conducting path from the highest point on the building to the 

ground, as shown in Figure 9. 
Plumbing fixtures, such as metal faucets, sinks, and pipes, 

often provide a convenient ground connection. Look around. 

Do you see anything that might act as a path to the ground? 

Detecting Electric Charge 
The presence of electric charges can be detected by an 

electroscope. One kind of electroscope is made of two thin, 

metal leaves attached to a metal rod with a knob at the top. The 

leaves are allowed to hang freely from the metal rod. When the 

device is not charged, the leaves hang straight down, as shown in 
Figure 10A. 

Suppose a negatively charged rod touches the knob. Because 

the metal is a good conductor, electrons travel down the rod into 

the leaves. Both leaves become negatively charged as they gain 

electrons, as shown in Figure 10B. Because the leaves have sim- 

ilar charges, they repel each other. 

If a glass rod is rubbed with silk, electrons move away from 
the atoms in the glass rod and build up on the silk. The glass rod 
becomes positively charged. 

Visual Learning 

Figure 9 The lightning rod’s long, narrow shape 
causes charges induced into it to bunch together 
and produce a strong electric field. This electric 
field causes nearby air molecules to be ionized, 
enabling charges to travel from the storm cloud to 
the lightning rod. This reduces the likelihood of a 
lightning strike elsewhere. Look for lightning rods 

Post Reading 

Question A Partner Put students in pairs and 
ask them to review the contents of the chapter 
by using their notes. Have them form three 
questions that are central to the learning in this 
section. They should then take turns asking the 
class their questions and monitoring responses 
for accuracy and completeness. 

on buildings in your area. [L2] [) Visual-Spatial 



Caption Answer 
‘ Figure 10 A rod with an opposite 
= = Fs charge will cause the leaves to fall. 

} (3 Assess 
+ 

Figure 10 Notice the position 
= 

+ 

Metal rod 

of the leaves on the electroscope 

when they are EY uncharged, 

© negatively charged, and 

@ positively charged. 

Infer How can you tell whether 

an electroscope is positively or 

negatively charged? 

DAILY INTERVENTION 
—-A- + 

- 7 + 

Electrons move Electrons move 

away fromknob toward knob 

Check for Understanding 
Kinesthetic/ Interpersonal Pair up 
students and have one pair (one 
of which has long fine hair) come 
to the front of the class. Give the 
pair an inflated balloon. Have 
one student rub the balloon on 
his clothing then bring it near the 
other’s long fine hair. Observe 
the attraction of the hair to the 

| +—— Metal leaves 

When the positively charged glass rod is brought into con- 
tact with the metal knob of an uncharged electroscope, electrons 
flow out of the metal leaves and onto the rod. The leaves repel 

each other because each leaf becomes positively charged as it 
loses electrons, as shown in Figure 10C. 

“Section Fy 
4 

Summary 

Positive and Negative Charge 

@ There are two types of electric charge: 

positive charge and negative charge. 

® Electric charges can be transferred between 

objects but cannot be created or destroyed. 

® Like charges repel and unlike charges attract. 

@ An electric charge is surrounded by an electric 

field that exerts forces on other charges. 

Electrical Conductors and Insulators 

@ A conductor contains electrons that can move 

easily. The best conductors are metals. 

® The electrons in an electrical insulator do not 

move easily. Rubber, glass, and most plastics 

are examples of insulators. 

Charging Objects 

® Electric charge can be transferred between 

objects by bringing them into contact. 

® Charging by induction occurs when the elec- 

tric field around a charged object rearranges 

electrons in a nearby neutral object. 

More Section Review fl.gpescience.com 

rTevieLu 

Self Check 

. Define static electricity. 

. Describe how lightning is produced. 

3. Explain why electrically neutral objects can become 

electrically charged even though charge cannot be 

created or destroyed. 

. Predict what would happen if you touched the knob 

of a positively charged electroscope with another 

positively charged object. 

. Think Critically Humid air is a better electrical conduc- 

tor than dry air. Explain why you're more likely to 

receive a shock after walking across a carpet when the 

air is dry than when the air is humid. 

Applying Math 

. Determine Lightning Strikes Earth is struck by light- 

ning 100 times each second. How many times is Earth 

struck by lightning in one day? 

. Calculate Electric Force A balloon with a mass of 

0.020 kg is charged by rubbing and then is stuck to the 

ceiling. If the acceleration of gravity is 9.8 m/s, what 

is the electrical force on the balloon? 
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é Section CF. 

balloon. Have pairs of students 
confer and write down the an- 
swers to these questions: What 
causes the hair to be attracted to 
the balloon? What kind of trans- 
fer of electric charge occurs? 
How does the charge on the 
balloon compare to that on the 
hair? Discuss the students’ 
answers. Linguistic, Logical- 
Mathematical 

Reteach 

Detecting Electric Charge Use an 
electroscope to touch various 
objects, some of which are 

charged. Have students discuss 

the results based on what they 
have learned. TELL) 
Visual-Spatial, Kinesthetic, Logical- 

Mathematical 

FO OR Se a 
'™ Assessment 

Content Have students create 

posters showing the different 
methods of transferring electric 

charge. Use PASC, p. 145. 
Visual Spatial 

insulator. Humid air is a better 
conductor and allows any excess 

electric charge to drain away into 

2. Lightning occurs when excess neg- 4. The leaves of the electroscope the air. 

3. Electrically neutral objects can 
become charged when they gain 

or lose electric charges. 

1. Static electricity is the accumula- 
tion of excess electric charge on 

an object. 

6. 8,640,000 times/day 

7. 0.20N 

Be MA.D.1.4.1 

would remain apart. 
5. Excess electric charge remains on 

an object in dry air, which is an 

ative charge in clouds discharges 
to regions of positive charge on 

the ground or in other clouds. 
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ACTIVE | An editable Microsoft® 

= ‘! PowerPoint® presenta- 
tion is available on Interactive 

Chalkboard CD-ROM. 

Bellringer 

Section Focus Transparencies 

also are available on the 

Interactive Chalkboard CD-ROM. 

PELL) 

Gest Go with the Flow 
Transparency 

Do you see how the water flows down the cliff? Water takes the path 

of least resistance—it flows where it’s easiest for water to go. Electric 
currents flow and experience resistance, too. 

1, Which do you think has more energy, the waterfall in the picture 
or Niagara Falls which are higher and have move water flowe 

2. How do people use the energy in water currents? 

Reading Preview 

Tie to Prior Knowledge 

Battery Trouble Ask students if 

they know what happens when a 
battery dies in a CD player. 
Explain that the battery is no 
longer able to cause enough 
electric current to operate the 
CD player. Tell students they 
will learn what an electric cur- 
rent is and how it is produced. 

Logical-Mathematical 

Set a Purpose Before reading, 
ask students to scan the text 
noticing figures and bold print. 
Provide prompts such as the fol- 
lowing to spark interest and set a 
purpose: Why did the author 
include a water system illustra- 
tion in a chapter on electricity? 
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What You'll Learn 

= Describe how voltage difference 

causes current to flow. 

Explain how batteries produce a 

voltage difference in a circuit. 

List the factors that affect an 

object's electrical resistance. 

Define Ohm’s law. 

Figure 11 Electric forces in 

a material cause electric cur- 

rent to flow, just as forces in 

the water cause water to flow. 

High pressure Low pressure 

The force that causes water to flow 

is related to a pressure difference. 

Charge 

flow 

High voltage Low voltage 

The force that causes a current to flow : 

is related to a voltage difference. . 
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‘Also covers SC.H.1.4.7, SC.H.2.4.1 

(2) Electric Current 
Reading Guide 

Why It’s Important 

You control electric current every 

time you change the volume on a 

TV, stereo, or CD player. 

New Vocabulary 

e electric current 

e voltage difference 

@ circuit 

@ resistance 
® Review Vocabulary eed ire 
pressure: amount of force exerted 

per unit area 

Current and Voltage Difference 
When a spark jumps between your hand and a metal door- 

knob, electric charges move quickly from one place to another. The 

net movement of electric charges in a single direction is an 

electric current. In a metal wire, or any material, electrons are in 

constant motion in all directions. As a result, there is no net move- 

ment of electrons in one direction. However, when an electric cur- 

rent flows, electrons continue their random movement, but they 

also drift in the direction that the electron current flows. 

Electric current is measured in amperes. One ampere is equal to 

6,250 million billion electrons flowing past a point every second. 

VEC here What is electric current? 

Voltage Difference The movement of an electron in an elec- 
tric current is similar to a ball bouncing down a flight of stairs. 

Even though the ball changes direction when it strikes a stair, the 

net motion of the ball is downward. The downward motion of 
the ball is caused by the force of gravity. When a current flows, 

the net movement of electric charges is caused by an electric 
force acting on the charges. 

In some ways, the electric force that causes charges to flow is 

similar to the force acting on the water in a pipe. Water flows 

from higher pressure to lower pressure, as shown in Figure 11. 

In a similar way, electric charge flows when there is a voltage dif- 
ference. A voltage difference is related to the force that causes 

electric charges to flow. Voltage difference is measured in volts. 

Section 2 Resource Manager / 

Chapter Fasr Fire Resources 

‘Transparency Activity, p. 43 

Directed Reading for Content Mastery, 
Dp: 19 

MiniLAB, p. 4 

Enrichment, p. 29 

Lab Activity, pp. 9-12 

Reinforcement, p. 26 

Lab Worksheet, pp. 5—6 

Home and Community Involvement, p. 25 

Mathematics Skill Activities, p. 3: 



Figure 12 Water or electric current will flow con- 
tinually only through a closed loop. If any part of the 

loop is broken or disconnected, the flow stops. 

Foal ed = 
Ra 

Water 

tank 

PrereememennnenteEE TE pro, 

Battery 

A pump provides the pressure dif- 

ference that keeps water flowing. 

Electric Circuits One way to have flowing water perform 

work is shown in Figure 12. Water flows out of the tank and falls 

on a paddle wheel, causing it to rotate. A pump then provides a 

pressure difference that lifts the water back up into the tank. The 
constant flow of water would stop if the pump stopped working. 

The flow of water also would stop if one of the pipes broke. 

Then water no longer could flow in a closed loop, and the pad- 

dle wheel would stop rotating. 

Figure 12 also shows an electric current doing work by light- 

ing a lightbulb. Just as the water current stops flowing if there is 

no longer a closed loop to flow through, the electric current 
stops if there is no longer a closed path to follow. A closed path 

that electric current follows is a circuit. If the circuit in 
Figure 12 is broken by removing the battery, the lightbulb, or 

one of the wires, current will not flow. 

Batteries 
To keep water flowing continually in the water circuit in 

Figure 12, a pump is used to provide a pressure difference. In a 

similar way, to keep an electric current continually flowing in 

the electric circuit in Figure 12, a voltage difference needs to be 
maintained in the circuit. A battery can provide the voltage dif- 

ference that is needed to keep current flowing in a circuit. 

Current flows as long as there is a closed path that connects one 

battery terminal to the other battery terminal. 

Lightbulb 

Electron 

flow | 

SECTION 2 Electric Current 

A battery provides the voltage difference 

that keeps electric current flowing. 

401 

Visual Learning 

Figure 12 Use the figure to have students identify 

the corresponding parts of the water flow to elec- 

tric current analogy. pipes-wires; pump-battery; water 

wheel-lightbulb Visual-Spatial 

Teacher FYI 
Battery Makeup AQ volt battery isa 

series of: six 2-volt le batteries. 

" 
4 

composed of six small 1.5-volt batteri 
nected in series. Ww 12-volt car bai ii 

a Tet4 

ff ite 

<% pe es 

4 

| 

[% Reading Check 

Answer the net movement of electric 
charge in a single direction 

Current Early researchers estab- 

lished the convention that | 

current flows from the posi- | 
tive terminal to the negative | 

terminal of a battery. After the | 

discovery of the electron, | 
researchers realized that the — 

electrons actually move from | 
the negative terminal to the © 
positive terminal. Today, we | 
talk about conventional cur- _ 

rent, which is the direction of — 
the hypothetical flow of posi- 
tive charges. However, it is | 

negatively-charged electrons — 
that flow in a wire. It is impor- 
tant for students to learn these — 

distinctions and to realize that | 
positive charges do not flow | 
through the wire. 

vey Quick Demo 
<= Simple Cells 

Materials small glass or plastic 

container about three-fourths full 

of acid solution (lemon juice, 

tomato juice, or vinegar), strip of 

copper, strip of zinc or silver, two 

wires with alligator clips, sensi- 
tive voltmeter (0-1 VDC) 

Estimated Time five minutes 

Procedure Clip one end of a wire 
to one metal strip and the other 
end to the voltmeter. Repeat for 
the second metal strip and wire. 
Place the metal strips in the acid 
solution, taking care that the 
strips do not touch each other. 
Have a student read the voltage 
difference that the cell produces 
between the two electrodes. 

SECTION 2 Electric Current 401 



Purpose Students discover the 

effect of adding an additional 
battery to a circuit. 

Kinesthetic, Visual-Spatial, 
Logical-Mathematical 

Materials D-cell batteries (2), 

3-volt bulbs and sockets (3), 

insulated wire 

Teaching Strategy ‘Tell students 
to leave the bulbs burning only 
long enough to make obser- 
vations. Caution them to not 

touch a hot bulb. 

Troubleshooting Connecting 
more than two batteries per 
lamp in series will shorten the 
bulb’s life or cause it to burn out. 

Analysis 

1. 1.5 volts, 3.0 volts 
2. As the voltage difference increases 

across the lamp, the charge flow- 
ing through it increases. 

Assessment 

Performance Have students de- 
sign and label several possible 
arrangements showing how to 
light a bulb at different levels of 
brightness. Have them demon- 
strate each method. Use PASC, 

is are Kinesthetic, 
Visual-Spatial 

Content 

yg) Background 
Each cell of a battery has an e/ec- 
trolyte (a chemical that conducts 
charge) and two electrodes (ter- 

minals). One electrode provides 
electrons to the electrolyte. The 
other electrode takes electrons 
from the electrolyte. In dry cells 
the electrolyte is a paste, and in 
wet cells it is a liquid. 

402 CHAPTER 13 Electricity 

Investigating 

Battery Addition 

Procedure 
1. Make a circuit by using 

wire to link two bulbs 

and one D-cell battery 

ina loop. Observe the 

brightness of the bulbs. 

2. Assemble a new circuit by 

linking two bulbs and two 

D-cell batteries in a loop. 

Observe the brightness of 

the bulbs. 

Analysis 
1. What is the voltage differ- 

ence of each D cell? Add 
them together to find the 

total voltage difference for 

the circuit you tested in 

step 2. 

Assuming that a brighter 

bulb indicates a greater 

current, what can you 
conclude about the relation- 

ship between the voltage 

difference and current? 

N 

Figure 13 Chemical 
reactions in batteries pro- 

duce a voltage difference 

between the positive and 

negative terminals. 

Identify when these 

chemical reactions occur. 

402 CHAPTER 13 Electricity 

Positive terminal 

Dry cell 

In this dry cell, chemical reactions in 

the moist paste transfer electrons to 

the zinc container. 

Dry-Cell Batteries You probably are most familiar with dry- 

cell batteries. A cell consists of two electrodes surrounded by a 

material called an electrolyte. The electrolyte enables charges to 

move from one electrode to the other. Look at the dry cell shown 

in Figure 13. One electrode is the carbon rod, and the other is the 

zinc container. The electrolyte is a moist paste containing several 

chemicals. The cell is called a dry cell because the electrolyte is a 

moist paste, not a liquid solution. 

When the two terminals of a dry-cell battery 
“ are connected in a circuit, such as in a flash- 

light, a reaction involving zinc and several chemicals in the paste 

occurs. Electrons are transferred between some of the com- 
pounds in this chemical reaction. As a result, the carbon rod 

becomes positive, forming the positive (+) terminal. Electrons 

accumulate on the zinc, making it the negative (—) terminal. 

The voltage difference between these two terminals causes 

current to flow through a closed circuit. You make a battery 
when you connect two or more cells together to produce a 

higher voltage difference. 

Wet-Cell Batteries Another commonly used type of battery 
is the wet-cell battery. A wet cell, like the one shown in Figure 13, 

contains two connected plates made of different metals or 

metallic compounds in a conducting solution. A wet-cell battery 

contains several wet cells connected together. 

Negative terminal 

Positive terminal 

Plastic insulator 

Moist paste 

Carbon rod 

>— Zinc container 

Partition 

Battery solution Lead-dioxide 

plate 

Wet cell 

Lead plate 

Negative terminal 

In this wet cell, chemical reactions 

transfer electrons from the lead plates 

to the lead-dioxide plates. 

Caption Answer 

Figure 13 The chemical reactions occur when the battery 
is connected in a circuit. 

Differentiated Instruction 
Learning Disabled “lo emphasize the usefulness of 
batteries, ask students to list as many things as 
they can think of that use batteries. Encourage 
them to think of many different size batteries, 
from watch batteries to car batteries. . 



Lead-Acid Batteries Most car batteries are 
lead-acid batteries, like the wet-cell battery 
shown in Figure 13. A lead-acid battery contains 
a series of six wet cells made up of lead and lead 
dioxide plates in a sulfuric acid solution. The 
chemical reaction in each cell provides a voltage 
difference of about 2 V, giving a total voltage dif- 
ference of 12 V. As a car is driven, the alternator 
recharges the battery by sending current through 
the battery in the opposite direction to reverse 
the chemical reaction. 

A voltage difference is provided at electrical 
outlets, such as a wall socket. This voltage differ- 

ence usually is higher than the voltage difference 

provided by batteries. Most types of household 

devices are designed to use the voltage difference 

supplied by a wall socket. In the United States, the 

voltage difference across the two holes in a wall 

socket is usually 120 V. Some wall sockets supply 

240 V, which is required by appliances such as 

electric ranges and electric clothes dryers. 

Resistance 
Flashlights use dry-cell batteries to provide the electric cur- 

rent that lights a lightbulb. What makes a lightbulb glow? Look 

at the lightbulb in Figure 14. Part of the circuit through the bulb 

is a thin wire called a filament. As the electrons flow through the 

filament, they bump into the metal atoms that make up the fil- 

ament. In these collisions, some of the electrical energy of the 

electrons is converted into thermal energy. Eventually, the metal 

filament becomes hot enough to glow, producing radiant energ 

that can light up a dark room. 

Resisting the Flow of Current Electric current loses energy 
as it moves through the filament because the filament resists the 

flow of electrons. Resistance is the tendency of a material to 

oppose the flow of electrons, changing electrical energy into ther- 
mal energy and light. With the exception of some substances that 

become superconductors at low temperatures, all materials have 

some electrical resistance. Electrical conductors have much less 
resistance than insulators. Resistance is measured in ohms (2). 

Copper is an excellent conductor and has low resistance to 

the flow of electrons. Copper is used in household wiring 

because only a small amount of electrical energy is converted to 

thermal energy as current flows in copper wires. 

Figure 14 As electrons 

move through the filament in 

a lightbulb, they bump into 

metal atoms. Due to the colli- 

sions, the metal heats up and 

starts to glow. 

Describe the energy conver- 

sions that occur in a lightbulb 

filament. 
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en Reading Strategy 

Context Clues Assign anew vocabulary word to 

each student. Have students look up the words in 

the chapter. Then, have them create a sentence 

using the word in a way that will allow a partner to 

predict its meaning. Clarify meanings as needed. 

Curriculum Connection 

Math In a car battery, the following chemical 

reaction occurs: Pb + PbO > + H2SO4 > PbSOg 

+ HO. Use coefficients to balance this equation. 

Pb + PbO, + 2H)S04.—> 2PbS04 + 2H 0 

Voltage Students sometimes 

think that voltage is the same at 
different places in a circuit and | 
it exists only when current 
flows. See page 192F for teach- 
ing strategies that address this 
misconception. 

Use an Analogy 
Water Flow You can _ describe 

resistance by building on the anal- 
ogy of charge flow being similar 
to water flow. Suppose a jug of 
water has a large hole in one side 

and a small hole in the other side. 

More water will flow out of the 

large hole. Similarly, a wire with a 
large diameter has less resistance 

and therefore carries greater cur- 
rent than a smaller-diameter wire. 

Discussion 
Making Thermal Energy Should 
the heating elements on a stove 
top be made of high-resistance 
or  low-resistance material? 
high-resistance Logical- 
Mathematical 

Caption Answer 
Figure 14 Electrical energy is con- 

verted into thermal energy and radiant 
energy. 

Activity 
An Electron’s Story Have the stu- 

dents write a short story 
describing an electron’s journey 
through a simple circuit from 

the point of view of the elec- 
tron.» Ehe “ciremt ‘should 
include a battery, some wire, 

and a lightbulb. |L2| Linguistic 
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Temperature, Length, and Thickness The electric resist- 

ance of most materials usually increases as the temperature of the 

material increases. The resistance of an object such as a wire also 

depends on the length and diameter of the wire. The resistance 

of a wire, or any conductor, increases as the wire becomes longer. 

The resistance also increases as the wire becomes thinner. 

In a 60-W lightbulb, the filament is a piece of tungsten wire 

made into a short coil a few centimeters long. The uncoiled wire 

is about 2 m long and only about 0.25 mm thick. Even though 

tungsten metal is a good conductor, by making the wire thin and 

long, the resistance of the filament is made large enough to 

cause the bulb to glow. 

How does changing the length and thickness of 

a wire affect its resistance? 

ry, Reading Check 

Answer The resistance increases as the 

length of the wire increases and as its 

thickness decreases. 

StaticDanger When it comes to © 
electricity and our bodies, it 

often is true that high voltages 
are dangerous and low voltages 

_ are safer. Students frequently 
are not aware of a common sit- 
uation where this is not true. In 

many static electricity situa- | 
tions, such as walking across a — 

carpet, sparks of 1,500 volts or 

_ higher are generated. No dam- | 
age occurs to our bodies — 
because there is little actual 

The Current in a Simple Circuit 
A simple electric circuit contains a source of voltage differ- 

ence, such as a battery, a device that has resistance, such as a 

lightbulb, and conductors that connect the device to the battery 

terminals. When the wires are connected to the battery termi- 

nals, current flows in the closed path. An example of a simple 

circuit is shown in Figure 15. 

The voltage difference, current, and resistance in a circuit are 
pa Figure 5 The amount of . related. If the voltage difference doesn t change, decreasing the 

current flowing through a circuit : resistance increases the current in the circuit, as shown in Figure 15. 

is related to the amount of : Also, if the resistance doesn’t change, increasing the voltage differ- 

resistance in the circuit. > ence increases the current. 

F Virtual Labs 
q e 

“> Electric Charges How are 
current, voltage, and resistance 

related? 

When the clips on the graphite rod are farther apart, When the clips on the graphite rod are closer together, 
the resistance of the rod in the circuit is larger. As a the resistance of the rod in the circuit is less. As a result, 
result, less current flows in the circuit and the light- more current flows in the circuit and the lightbulb is 
bulb is dim. brighter. 

| ; Post Reading 
: 404 CHAPTER 13 Electricity | 

Compare and Contrast Ask =! 
students to write a brief sum- 
mary of a wet cell, a dry cell, and 

+ . lead-acid batteries by using com- Teacher oq aris Re ee tae ch: : entre parison/contrast words such as High a enperarire Conductivity Conductivity in some substances, such as carbon and semi- 
both, in comparison, the differenc j ; son, the difference depends on temperature. A higher tempera- conductors, frees electro 
between, more, less, or about the : ay eee sae rte it ee | ture causes more movement of atoms and temperatures for these oe results hie 
y ; 5 or example, Both wet cell generally results in lower conductivity. higher ara rencieeegliign 
b ad-9c}j 5 aS [eel as '? geu* eat" and lead-acid batteries use lead as eee the increased mp wert of atoms ¥emyty? | Ethene f oles 
a component, but dry cells do not. = TE PRE roti if = pa mt = eet, iememeiieeena’” 
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Ohm’s Law The relationship among voltage difference, cur- 
rent, and resistance in a circuit is known as Ohm’s law. 
According to Ohms law, the current in a circuit equals the volt- 
age difference divided by the resistance. Ohm’s law can be writ- 
ten as the following equation, where I stands for electric current. 

Health 

Current and the Human 

Body When an electric 

shock occurs, an electric 

current moves through 

some part of the body. 

The damage caused by an 

electric shock depends on 

how large the current is. 

Research the effects of cur- 

rent on the human body. 

Make a table showing the 

effects on the body at dif- 

ferent amounts of current. 

voltage difference (in volts) 
current (in amperes) = 

resistance (in ohms) 

Ohms law provides a way to measure the resistance of objects 

and materials. First, the equation above is written as: 

An object is connected to a source of voltage difference and 

the current flowing in the circuit is measured. The object’s 

resistance then equals the voltage difference divided by the 
measured current. 

Section 2 FeVIELL 

Summary 

Current and Voltage Difference 

® Electric current is the net movement of elec- 

tric charge in a single direction. 

@ A voltage difference is related to the force 

that causes charges to flow. 

@ A circuit is a closed, conducting path. 

Batteries 

® Chemical reactions in a battery produce a 

voltage difference between the positive and 

negative battery terminals. 

® Two commonly used types of batteries are 

dry-cell batteries and wet-cell batteries. 

Resistance and Ohm’s Law 

@ Resistance is the tendency of a material to 

oppose the flow of electrons. 

® Ohm’s law relates the current, /, resistance, R, 

and voltage difference, V, in a circuit: 

More Section Review fl.gpescience.com 

Self Check 

. Compare and contrast a current traveling through a 

circuit with a static discharge. 

. Explain how a carbon-zinc dry cell produces a voltage 

difference between the positive and negative terminals. 

. Identify two ways to increase the current in a simple 

circuit. 

. Compare and contrast the flow of water in a pipe and 

the flow of electrons in a wire. 

. Think Critically Explain how the resistance of a 

lightbulb filament changes after the light has been 

turned on. 

~ Applying Math 
. Calculate the voltage difference in a circuit with a 

resistance of 25 ohms if the current is 0.5 A. 

. Calculate Resistance A current of 0.5 A flows ina 

60-W lightbulb when the voltage difference between 

the ends of the filament is 120 V. What is the resist- 

ance of the filament? 

SECTION 2 ElectricCurrent 405 

1. Both are a movement of electrons 

from the negative to the positive 
charge. A circuit has a continuous cur- 
rent provided by a voltage source. A 
static discharge is a very rapid, non- 
continuous transfer of charge. 

2. Achemical reaction causes a negative 
charge on the zinc container and a 

$$ 

¢. 
positive charge on the carbon rod. 5 

3. Increasing the voltage difference or 
decreasing the resistance will increase 

the current. 
4, Water flow is the movement of mol- 

ecules, not just electrons. The larger 

the diameter of pipe or wire, the 
greater the flow of water or electrons. 

ection review 

A lightbulb filament heats up as 
an electic current flows through it, 

causing an increase in the wire’s 
resistance. According to Ohm’s Law, 

the highter resistance results in a 
lower current. 

6. 12.5 volts 
7. 240 ohms Be | MA.D.1.4.1 

“TN E | 
“Health = 

Current and the Human Body 

Currents of about 0.5 mA can cause a 
slight shock to a person. Higher currents 
Cause increasing degrees of pain and loss 
of muscle control. Currents higher than 
about 150 mA will likely result in death. 

DAILY INTERVENTION 

Check for Understanding 
Visual-Logical Without students 
seeing, reverse one battery in a 
flashlight. Show students that 
the flashlight does not work. 
Ask them to suggest possible 
reasons why an electric circuit 
may not work. Logical- 
Mathematical, Visual-Spatial 

Reteach 

Ohm's Law Use the diagram below 
to help students remember how 
to rearrange Ohm’s law. When 
the desired variable is covered, 

the other two variables are in 
proper mathematical order. 

Visual-Spatial 

'y. Assessment 

Process Show the students a flash- 

light and ask them to draw its 

electric circuit. Have them calcu- 

late the current that flows if the 

resistance of the bulb is 20 ohms. 

Circuit should show battery, wires, bulb, 

and possibly a switch. The current will 
depend on voltage of batteries. [L2] IE 

Visual-Spatial, Logical- 
Mathematical 
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Video Lab available for this Lab. 

© Real-World 
roe} === 

Purpose Students will compare 
the conductivity of various 
materials. Kinesthetic, 

Visual-Spatial 

Process collect data, make and 

use tables, record observations, 

draw conclusions 

Time Required 40 minutes 

© Procedure ——— 

Teaching Strategy Have a col- 
lection of items ready for 
students to test, but let students 

offer additional items to be 

tested. 

Troubleshooting Make sure 
all connections in the circuit 
have good contact. 

© Conclude and 

Apply means 
1. Answers will vary. Students should 

realize that metallic items will conduct 

electricity. 

2. They are metallic. 

. They are nonmetallic. 

4. Materials that allow the lightbulb to 
glow have metallic bonding. Materials 
that do not allow the lightbulb to 
glow are nonmetallic. 

5. Metallic materials will conduct elec- 

tricity; bad connections will prevent 

the lightbulb from lighting. 
6. Answers will vary. 

Ww 
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J Identifying Conduct-O+s 

% 

and Insulators 

© Conclude and Apply —— 
1. Is there a pattern to your data? 

2. Do all or most of the materials that light the 

lightbulb have something in common? 

3. Doall or most of the materials that don’t light 

the lightbulb have something in common? 

4. Explain why one material might allow the 

lightbulb to light and another might pre- 

vent the lightbulb from lighting. 

5. Predict what other materials will allow the 

lightbulb to light and what will prevent the 

lightbulb from lighting. 

6. Classify all the materials you have tested as 

conductors or insulators. 

PF ommunicating 
Your Data 

Compare your conclusions with those of 

other students in your class. For more help, 

refer to the Science Skill Handbook. 

The resistance of an insulator is so large that 

only a small current flows when it is connected 

in a circuit. As a result, a lightbulb connected in 

<$ a circuit with an insulator usually will not glow. 

a In this lab, you will use the brightness of a 

Y lightbulb to identify conductors and insulators. 
oe 

‘ © Real-World Problem 
What materials are conductors and what mate- 

rials are insulators? 

c= Goals 
Set @ Identify conductors and insulators. 

ee @ Describe the common characteristics 

eax : of conductors and insulators. 

ee . 

hae Materials 
2 battery bulb holder 

eae flashlight bulb insulated wire 

: Safety Precautions Gal 

ee © Procedure ———_— 
oe 1. Set up an incomplete circuit as pictured in 

. the photograph. 
= 

Nai 2. Touch the free bare ends of the wires to various 

et, objects around the room. Test at least 12 items. 

E ~ 3. Copy the table below. In your table, record 

ae which materials make the lightbulb glow 

. and which don't. 
ee ee 
er Material Tested with Lightbulb Circuit Sak 

Lightbulb Glows Lightbulb Doesn't Glow 

fo 
pee 
ny Results will vary Results will vary 
ro. 

r « 
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[Ww fa... 

™ Assessment 
Process Silicon is an element that is nonconduc- 

tive. Have students make posters illustrating how 

scientists treat silicon to alter its conductivity and 

how the altered silicon is used. Use Performance 

Assessment in the Science Classroom, p. 145 
'L2|) Visual-Spatial, Logical-Mathematical 

cnn, 

Your Data 

Students should discuss why their conclusions did 
or did not agree. They can cite references to support 
their arguments. Linguistic, Logical- 
Mathematical 
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Reading Guide 

What VouN\ Learn Why It’s Important 
= Describe the difference between = When you use an electric appliance, 

series and parallel circuits. such as a hair dryer or a toaster 

Recognize the function of circuit oven, you pay for the electrical 

breakers and fuses. energy you use. 

Calculate electrical power. 

Calculate the electrical energy 

used by a device. 

Series and Parallel Circuits 
Look around. How many electrical devices such as lights, 

clocks, stereos, and televisions do you see that are plugged into 

electrical outlets? Circuits usually include three components. 

One is a source of voltage difference that can be provided by a 

battery or an electrical outlet. Another is one or more devices 

that use electrical energy. Circuits also include conductors such 

as wires that connect the devices to the source of voltage differ- 

ence to form a closed path. 

Think about using a hair dryer. The dryer must be plugged 

into an electrical outlet to operate. A generator at a power plant 

produces a voltage difference across the outlet, causing charges 

to move when the circuit is complete. The dryer and the circuit 
in the house contain conducting wires to carry current. The hair 

dryer turns the electrical energy into thermal energy and 

mechanical energy. When you unplug the hair dryer or turn off 

its switch, you open the circuit and break the path of the cur- 

rent. To use electrical energy, a complete circuit must be made. 

There are two kinds of circuits. 

Series Circuits One kind of circuit is called a series circuit. 

In a series circuit, the current has only one loop to flow 

through, as shown in Figure 16. Series circuits are used in flash- 

lights and some holiday lights. 

Aa Crore How many loops are in a series circuit? 

@ Electrical Energy 

Review Vocabulary 
energy: the ability to cause change 

New Vocabulary 
@ series circuit 

@ parallel circuit 

e electrical power 

Figure 16 A series circuit 
provides only one path for the 

current to follow. 

infer What happens to the 

brightness of each bulb as more 

bulbs are added? 

Conductor 

Lightbulbs 

Chapter Fasr Fite Resources 

Transparency Activity, pp. 44, 45-46 

Enrichment, p. 30 

Directed Reading for Content Mastery, 

pp. 19-20 

Lab Activity, pp. 13-14 

Lab Worksheet, pp. 7-8 

Reinforcement, p. 27 

Mathematics Skill Activities, p. 9 

An editable is: osoft® 

: =~ PowerPoint® presenta- 

tion is ene on Interactive 

Chalkboard CD-ROM. 

Bellringer 

Section Focus Transparencies 

also are available on the 

Interactive Chalkboard CD-ROM. | 

ELL | 

By One Big Electric Bill 131 

How common is the use of electric power? Look at the image below 

of Earth at night. You can pick out areas such as Europe and the east 

and west coasts of the United States because of all the electric lights. 

1, If electric lights are an accurate gauge of electricity usage, what 

areas use the most electricity? 

2, What areas use the least electricity? 

3, The blue area does not represent the use of electricity. What 
would you guess it is? 

Reading Preview 

Tie to Prior Knowledge 

Real Circuits Discuss with stu- 

dents what they learned in the 
last section about how resist- 

ance, voltage, and current are 

related. Auditory 

Make Connections Ask stu- 

dents to discuss what the word 

series means. Have them do the 

same for the word parallel. Ask 
them to predict the difference 
between a series circuit and a 

parallel circuit. Have them 
look at Figures 16 and 17 to 

see how the drawings show the 
difference. 
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Answer one 

Caption Answer 
Figure 16 The brightness decreases. 

16 INTEGRATE & 

> ~_ Career 

Electrician Electricians must have 
good reading and comprehension skills 
to interpret and apply building code 
requirements and to use wiring dia- 
grams. Electricians also must have basic 
math skills to calculate the materials 
required for a job and to calculate costs. 

Research Have students research 
the requirements to become a 
licensed electrician in your state. 

Activity 
Examine Circuits Have several 
small devices with electric cir- 
cuits, partially taken apart, in the 
room for students to examine. 
Possible displays include a small 
radio, a flashlight, a telephone, 
and a light fixture with two or 
more — bulbs. PELL) 
Kinesthetic 

Caption Answer 
Figure 17 Itis the same. 

circuits 

ammeters (2), wire 

408 CHAPTER 13 Electricity 

Purpose to demonstrate series and parallel 

Materials battery, small lightbulbs (2), Expected Outcome In the series circuit, the 

Procedure Set up a series circuit with the 
two lightbulbs. Include ammeters in two 
places in the circuit. Disconnect one lamp 
NT Ah A i A ac nate . 

Open Circuits If you have ever decorated a window or a tree 

with a string of lights, you might have had the frustrating expe- 

rience of trying to find one burned-out bulb. How can one 

faulty bulb cause the whole string to go out? Because the parts 

of a series circuit are wired one after another, the amount of cur- 

rent is the same through every part. When any part of a series 

circuit is disconnected, no current flows through the circuit. 

This is called an open circuit. The burned-out bulb causes an 

open circuit in the string of lights. 

= © INTEGRATE |; 

~~ Gadreer 

Electrician The installation 

of electrical wiring in any 

building usually requires an 

electrician. Electricians 

must have a thorough 

understanding of electri- 

city. They also must con- 

stantly be aware of the 

safety issues involved in 

working with electricity. 

Write a paragraph describ- 

ing other skills that electri- 

clans must have. 

Parallel Circuits What would happen if your home were 
wired in a series circuit and you turned off one light? This would 

cause an open circuit, and all the other lights and appliances in 

your home would go out, too. This is why houses are wired 

with parallel circuits. Parallel circuits contain two or more 

branches for current to move through. Look at the parallel cir- 

cuit in Figure 17. The current can flow through both or either 

of the branches. Because all branches connect the same two 

points of the circuit, the voltage difference is the same in each 

branch. Then, according to Ohm’s law, more current flows 

through the branches that have lower resistance. 

Parallel circuits have several advantages. When one branch 

of the circuit is opened, such as when you turn a light off, the 

current continues to flow through the other branches. Houses, 

automobiles, and most electrical systems use parallel wiring 

so individual parts can be turned off without affecting the 

entire circuit. 

Figure 17 In parallel circuits, the 
current follows more than one path. 

Describe how the voltage difference 

will compare in each branch. 

Conductor 

Lightbulbs 

so the circuit is broken. Do the same for a 

parallel circuit. 
Assessment 
Why do results differ for the two circuits? 
Series-current has only one path so it is the same 
everywhere, parallel-current has two paths, so it 
is split between the paths. IN Logical- 
Mathematical, Visual-Spatial is 

entire circuit is broken when the lamp is 
disconnected. For the parallel circuit, the 
circuit is only broken in the branch with the 
disconnected lamp. 



Figure 18 The wiring in a house 
must allow for the individual use of 

various appliances and fixtures. 

Identify the type of circuit that is 

most common in household wiring. 
Light circuit 

Stove || 

circuit | 

Wall socket 

os) 

2S Fuse box 

or circuit 

breaker 

Wall socket 

Household Circuits 
Count how many different things in your home require 

electrical energy. You don’t see the wires because most of them 

are hidden behind the walls, ceilings, and floors. This wiring 

is mostly a combination of parallel circuits connected in an 

organized and logical network. Figure 18 shows how electrical 

energy enters a home and is distributed. In the United States, the 

voltage difference in most of the branches is 120 V. In some 
branches that are used for electric stoves or electric clothes dry- 

ers, the voltage difference is 240 V. The main switch and circuit 

breaker or fuse box serve as an electrical headquarters for your 

home. Parallel circuits branch out from the breaker or fuse box 

to wall sockets, major appliances, and lights. 
In a house, many appliances draw current from the same cir- 

cuit. If more appliances are connected, more current will flow 

through the wires. As the amount of current increases, so does 

the amount of heat produced in the wires. If the wires get too 

hot, the insulation can melt and the bare wires can cause a fire. 

To protect against overheating of the wires, all household cir- 

cuits contain either a fuse or a circuit breaker. 

SECTION 3 Electrical Energy 409 

Visual Learning 

Figure 18 Students should notice that all wiring in 
the house first runs through the fuse box or cir- 
cuit breaker for protection. Why are three lines 
shown in the wiring? One line is ground; the other two 

are for the closed-current path. Visual-Spatial, 
Logical-Mathematical 

Activity 
Circuit Diagrams Draw several cir- 
cuit diagrams on the board and 
have students identify them either 
as series circuits or as parallel 
circuits. At this point, avoid com- 
bination series/parallel circuits. 

Visual-Spatial 

Caption Answer 
Figure 18 parallel circuit 

‘Tey’ Quick Demo 
<i Series or Parallel Circuit? 

Materials string of minature 
lights (should be three-wire type) 

Estimated Time 10 minutes 

Procedure Hang the string of 
lights across the front of the 
classroom and plug them in. 
Have students predict whether 
the circuit is series or parallel. 
Remove one bulb from the first 
half of the string. One section 
of the lights should go out. 
Discuss why one section went 
out but not the other. Have a 
student draw a possible circuit 
diagram on the board. 

Visual-Spatial, Logical- 
Mathematical, Kinesthetic 
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Caption Answer 

Figure 19 A circuit breaker, because it 

can be easily reset, whereas a fuse must 

be replaced. 

Make a Model 

Fuses Students can learn about 

the behavior of fuses by 

constructing a simple circuit con- 

taining a battery and a lightbulb. 

To model a fuse, include as part 

of the circuit’s wiring a strip of 
aluminum foil about 3 cm long. 

The strip should have a thin mid- 
dle section that is about 1 mm 

wide. When the circuit is com- 

pleted, the thin part of the foil 
will quickly melt, opening the 
circuit, and the light will go out, 

as occurs when a real fuse blows. 

Kinesthetic, Visual-Spatial 

(Y, Reading Check 

Answer to protect against overheating 
and possible fire if the current in a wire 

becomes too high 

Discussion 
Blowing a Fuse Why is "blowing a 
fuse" an appropriate phrase to 
mean losing one’s temper? 
Possible answer: too much current 

through a circuit causes a fuse to blow 
just as too many maddening incidents 

cause you to lose control of your temper. 

Linguistic 

410 CHAPTER 13 Electricity 

to prevent electric circuits from 

overheating are GY fuses and 

© circuit breakers. 

Evaluate which device, a fuse 

ora circuit breaker, would be 

more convenient to have in the 

home. 

Figure 20 All appliances 

come with a power rating. 
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Figure 19 Two useful devices 

Fuses When you hear that 
somebody has “blown a fuse,” 

it means that the person has 

lost his or her temper. This 

expression comes from the 
function of an electrical fuse, 
shown in Figure 19A, which 

contains a small piece of 

metal that melts if the current 

becomes too high. When it 

melts, it causes a break in the 

circuit, stopping the flow of 
current through the over- 

loaded circuit. To enable current to flow again in the circuit, you 

must replace the blown fuse with a new one. However, before you 

replace the blown fuse, you should turn off or unplug some of 

the appliances. Too many appliances in use at the same time is 

the most likely cause of the overheating of the circuit. 

Circuit Breaker A circuit breaker, shown in Figure 19B, is 

another device that prevents a circuit from overheating and 

causing a fire. A circuit breaker contains a piece of metal that 

bends when the current in it is so large that it gets hot. The 

bending causes a switch to flip and open the circuit, stopping 

the flow of current. Circuit breakers usually can be reset by 

pushing the switch to its “on” position. Again, before you reset 

a circuit breaker, you should turn off or unplug some of the 

appliances from the overloaded circuit. Otherwise, the circuit 

breaker will switch off again. 

What is the purpose of fuses and circuit 
breakers in household circuits? 

Electrical Power 
The reason why electricity is so useful is that electrical 

energy is converted easily to other types of energy. For example, 

electrical energy is converted to mechanical energy as the blades 

of a fan rotate to cool you. Electrical energy is converted to light 

energy in lightbulbs. A hair dryer changes electrical energy into 

thermal energy. The rate at which electrical energy is converted 

to another form of energy is the electrical power. 

The electrical power used by appliances varies. Appliances 
often are labeled with a power rating that describes how much 
power the appliance uses, as shown in Figure 20. Appliances that 
have electric heating elements, such as ovens and hair dryers, usu- 
ally use more electrical power than other appliances. 

Cultural Diversity 

Electric Lighting Lewis H. Latimer, the son of a 
former slave, taught himself to be a draftsman 
when he was a teenager. In 1880, Latimer was 

hired by the United States Electric Lighting 
Company, where he invented the first carbon- 
filament electric lamp and an inexpensive way to 
produce the filaments. In 1883, he joined 

Thomas Edison, and in 1890, he published the 
first textbook on electric lighting—Incandescent 
Electric Lighting. In 1918, the Edison Pioneers 
organization was formed to honor some of the 
people who worked with Thomas Edison as the 
“creators of the electric industry.” One member 
was Lewis H. Latimer. 

> 



Calculating Electrical Power The electrical power used 
depends on the voltage difference and the current. Electrical 
power can be calculated from the following equation. 

a — eee ene perenne ee pee 

Electrical Power Equation 

electrical power (in watts) = current (in amperes) X 

voltage difference (in volts) 

The unit for power is the watt (W). Because the watt is a small 
unit of power, electrical power is often expressed in kilowatts 
(kW). One kilowatt equals 1,000 watts. 

Applying \ Eta. Solve a Simple Equation 

POWER USED BY ACLOTHES DRYER The current in an electric clothes dryer is 15 A when it is 

plugged into a 240-V outlet. How much power does the clothes dryer use? 

13/1098 known values and the unknown value 

Identify the known values: 

current in the clothes dryer is 15 A I=15A 

plugged into a 240-V outlet V=240V 

Identify the unknown value: 

how much power does the clothes dryer use P=?W 

| SOLVE | the problem 

Substitute the known values J = 15 A and V = 240 V into the electrical power equation: 

P= IV = (15 A)(240 V) = 3,600 W = 3.6 kW 

| CHECK | the answer 

Does your answer seem reasonable? Check your answer by dividing the power you 

calculated by the current given in the problem. The result should be the voltage 

difference given in the problem. 

Practice Problems 

1. A toaster oven is plugged into an outlet that provides a voltage difference of 120 V. 

What power does the oven use if the current is 10 A¢ 

2. A VCR that is not playing still uses 10.0 W of power. What is the current if the VCR is 

plugged into a 120-V electrical outlet? 

3. A flashlight bulb uses 2.4 W of power when the current in the bulb is 0.8 A. What is the 

Use Science Words 

Word Origin Many units of meas- 
urement in science are named for 

people who did related research. 

Have students investigate the ori- 
gins of the words ampere, watt, 
and volt. The ampere is named after 
André Marie Ampere, who proposed the 
relationship between electricity and 
magnetism. The watt is named after 
James Watt, who created the first effi- 

cient steam engine and first used the 
word horsepower. The volt is named 
after Alessandro Volta, who observed 
that a conducting liquid produced a 

continuous transfer of electrons, a phe- 
nomenon later called electric current. 

Linguistic 

Applying Math 
National Math Standards 

National: 1, 2,9 

Florida: MA.D.1.4.1 

Answers to Practice 
Problems 
1. P = (10 A)(120 V) = 1200 W 

Reading Strategy 

Fix-Up Strategy Choose a chal- 

lenging piece of text, such as the 
Applying Math section, and read it 
aloud while interjecting questions 

and strategies to aid comprehen- 
sion. Show students how to use the 
related equations to aid in compre- 
hension. Then have students try 
the next Applying Math section as 
they work in pairs. 

voltage difference? 

For more practice problems go to page 879, and visit Math Practice at fl.gpescience.com. 
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Science Journal 

Power, Voltage, Current, and Resistance Remind 

students that they have been given Ohm’s law 
and the formula for electric power. Have them 

write both formulas in their Science Journals 

and combine them to relate power to resistance. 

| = VIR; P = IV; therefore P = V/R X V = V7/R; also, 
V=IR, soP=/XR=PR. Linguistic, 
Logical-Mathematical 
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~ Fun Fact 
Benjamin Franklin was first to use 
the terms positive and negative to 

describe charged objects. He also 
invented the lightning rod. 

Sciences ie 
Topic: Energy 

Visit fl.gpescience.com for Web 

links to information about the cost of 

electrical energy around the country. 

Activity Using a blank map of 

the United States, create a key 

showing the relative energy costs 

in different states in different col- 

Electrical Energy Using electrical power costs money. 

However, electric companies charge by the amount of electrical 

energy used rather than by the cectieal power used. Electrical 

energy usually is measured in units of kilowatt- hours (kWh) 

and can be calculated from this equation: 

(nan oasseer _meneeeel ear — emai —emammeee meneame.) 

Electrical Energy Equation 

electrical energy (in kWh) = electrical power (in kW) X 

time (in hours) 
E= Pt 

Applying Math 

National Math Standards 

National: 1, 2,9 

Florida: MA.D.1.4.1 

ors. With a partner, color in the 

states to create a visual map of 
In the above equation, electrical power is in units of kW and the 

time is the number of hours that the electrical power is used. 
energy costs. Give your map a title. 

Answers to Practice rey het peta @e Solve a Simple Equation 
Problems 

ELECTRICAL ENERGY USED BY A MICROWAVE OVEN A microwave oven with a power rating of 
1. £ = Pt, E = (0.7k W) (10. oh) 1,200 W is used for 0.25 h. How much electrical energy is used by the microwave oven? 

= 7kWh 
te F (0.8 k Wh) abe ‘3819 known values and the unknown value 

‘ P (0.2 k W) identify the known values: 
power rating of 1,200 W CHEM) P= 1,200 W = 1.2kW 

is used for 0.25 h [means i = 025 In 

Identify the unknown value: 

how much electrical energy is used = ?kWh 

| SOLVE | the problem 

Substitute the known values p = 1.2 kW and t= 0.25 h into the electrical energy equation: 

E = Pt = (1.2 kW)(0.25 h) = 0.30 kWh 

| CHECK | your answer 

Does your answer seem reasonable? Check your answer by dividing the electrical energy 

you calculated by the power given in the problem. The results should be the time given 

in the problem. 

Practice Problems 

1. A refrigerator operates on average for 10.0 ha day. If the power rating of the refrigera- 

tor is 700 W, how much electrical energy does the refrigerator use in one day? 

2. ATV with a power rating of 200 W uses 0.8 kWh in one day. For how many hours was 

the TV on during this day? 

For more practice problems go to page 879, and visit Math Practice at f|.gpescience.com. 
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Differentiated Instruction Mc. 

Challenge Have students work in pairs to research aye | T 

and build a Leyden jar, a device used to store elec- ; bree 
tric energy. WARNING: Warn students not to use 

any flammable materials in their construction. [3] .3] 1 

Visual-Spatial, Kinesthetic 
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The Cost of Using Electrical Energy 
The cost of using an appliance can be com- 

puted by multiplying the electrical energy 

used by the amount the power company 

charges for each kWh. For example, if a 
100-W lightbulb is left on for 5 h, the 

amount of electrical energy used is 

E= Pt= (0.1 kW)(5 h) = 0.5 kWh 

If the power company charges $0.10 per 

kWh, the cost of using the bulb for 5 h is 

cost = (kWh used)(cost per kWh) 

= (0.5 kWh)($0.10/kWh) = $0.05 

The cost of using some household appliances 

is given in Table 1, where the cost per kWh is 

assumed to be $0.09/kKWh. 

section 3 FEVIELLY 

Summary 

Series and Parallel Circuits 

@ A series circuit has only one path that current 

can follow. A parallel circuit has two or more 

branches that current can follow. 

®@ Household wiring usually consists of a num- 

ber of connected parallel circuits. 

® Fuses and circuit breakers are used to prevent 

wires from overheating when the current in 

the wires becomes too large. 

Electrical Power 

@ Electrical power is the rate at which electrical 

energy is converted into other forms of energy. 

® Electrical power can be calculated by multi- 

plying the current by the voltage difference: 

P=IV 

Electrical Energy 

® The electrical energy used can be calculated 

by multiplying the power by the time: 

E = Pt 

@ Electric power companies charge customers 

for the amount of electrical energy they use. 

More Section Review fl.gpescience.com 

Table 1 Cost of Using Home Appliances _ 

Appliance Hair Stereo Color 
Dryer Television 

Power rating 1,000 100 200 

Hours used daily 0.25 2.0 4.0 

kWh used monthly ie 6.0 24.0 

Cost per kWh $0.09 $0.09 $0.09 

Monthly cost $0.68 $0.54 $2.16 

Self Check 

. Explain how electrical power and electrical energy are 

related. 

. Discuss why fuses and circuit breakers are used in 

household circuits. 

. Explain what determines the current in each branch of 

a parallel circuit. 

. Explain whether or not a fuse or circuit breaker should 

be connected in parallel to the circuit it is protecting. 

. Think Gitically A parallel circuit consisting of four 

branches is connected to a battery. Explain how the 

amount of current that flows out of the battery is related 

to the amount of current in the branches of the circuit. 

Applying Math | 

. Calculate the current flowing into a desktop computer 

plugged into a 120-V outlet if the power used is 180 W. 

. Calculate Electrical Power A circuit breaker is tripped 

when the current in the circuit is greater than 15 A. 

If the voltage difference is 120 V, what is the power 

being used when the circuit breaker is tripped? 

. Calculate the monthly cost of using a 700-W refrigera- 

tor that runs for 10 ha day if the cost per kWh is $0.09. 
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¢ section a) 

1. Power is the rate at which electrical 
energy is converted to another form 
of energy. The amount of electrical 
energy used is the power times the 

time the power is used. age differences across each branch the four branches. 

2. Fuse and circuit breakers stop the are the same. 6. 1.5A 

flow of current in a circuit when the 4. A fuse or circuit breaker must be 7. The power is greater than 1.8 kW. 

circuit becomes overloaded. This pre- 

vents the wires from becoming so hot 

they melt or start a fire. 
3. The current is determined by the 

resistance of each branch. The volt- 

connected in series, not parallel, to 

revieLu 

wi 

co 

the circuit it is protecting in order to 

stop the flow of current. 
. The current flowing out of the battery 

is equal to the sum of the currents in 

. $18.90 (30 days) me | MA.D.1.4.1 

Post Reading 

Discussion Have students dis- 

cuss what they have learned 

about electricity in small groups. 

Ask one student to facilitate the 

discussion, another to record the 

comments, and a third to report 
to the class. Provide the follow- 

ing prompts: How does the 

measurement system for elec- 
tricity work? What causes static 
electricity? How do products 
reduce it in clothing? 

DAILY INTERVENTION 

Check for Understanding 
Visual-Spatial Have students work 
in pairs to draw a model of the 
lights, switches, and wall outlets 

that are in the classroom. The 
drawing should be similar to that 
shown in Figure 18 and show that 
switches are wired in series while 
outlets and some lights are wired 
in parallel. Interpersonal, 
Visual-Spatial 

Reteach 

Process Bring in an energy rating 
label from a new appliance. Have 
students use the voltage and 
current specifications of the 
appliance to determine its power, 
the energy it will use, and the 

cost of operation. Visual- 
Spatial, Logical-Mathematical 

r, Assessment 

Process Ask students to write 

paragraphs that compare and 
contrast series and parallel cir- 
cuits. Charge flows through both types 
of circuits. A series circuit has only one 
loop through which charge can flow; a 
parallel circuit has more than one. Use 
PASC, p. 157. Linguistic, 

Ey Logical-Mathematical 
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© Real-World 
Problem 

Purpose Students will design 
and test parallel and_ series 

circuits. [i] EOOPLEARN 
Logical-Mathematical 

Process Skills observe, com- 

municate, classify, compare and 

contrast, recognize cause and 

effect, interpret data, use num- 

bers, experiment, hypothesize 

Time Required one class period 

Materials The lightbulb volt- 
age requirements should closely 
match the battery voltage so 
bulbs don’t burn out quickly. 

Alternate Materials Obtain 
economical low-voltage light- 
bulbs by cutting apart a string of 
Christmas minilights. Insulated 

wire may be used instead of foil. 

Safety Precautions To avoid 
overheating the wire, students 

should hook up the battery 
only long enough to make 
observations. 

© Forma 
Hypothesis ——— 

Possible Hypothesis If a bulb 
is removed from a series circuit, 

all lights will go out. In a parallel 
circuit, the remaining bulbs will 

stay lit. Lights shine brightest in 
the parallel circuit. 

© Test Your 
Hypothesis ——— 

Possible Procedures Series 
circuits should have a single path 
with lights in a chain. Parallel 
circuits should have the lights on 
three separate paths. 

414 CHAPTER 13 Electricity 

= 

Design Your Own 

C@®mparing Series and 
Parallel Circuits 

© Real-World Problem 
Imagine what a bedroom 

might be like if it were wired 

in series. For an alarm clock 

to keep time and wake you in 

the morning, your lights and 

anything else that uses elec- 

tricity would have to be on. 

Fortunately, most outlets in 

homes are wired in parallel 

circuits on separate branches 

of the main circuit. How do 

the behaviors of series and 

parallel circuits compare? 

Goals 
@ Design and construct 

series and parallel 

circuits. 

m@ Compare and contrast 

the behaviors of series 

and parallel circuits. 

Possible Materials 
6-V dry-cell battery 

small lights with sockets (3) 

aluminum foil 

paper clips 

tape 

Scissors 

paper 

tes 

Safety Precautions 

() Ea 
Some parts of circuits can 

become hot. Do not leave 

the battery connected 

or the circuit closed for 

more than a few seconds 

at a time. Never connect 

the positive and negative 

terminals of the dry-cell 

battery directly without 

including at least one bulb 

in the circuit. 

© Form a Hypothesis ——— 
Predict what will happen to the other bulbs when one bulb is 

unscrewed from a series circuit and from a parallel circuit. Explain 

your prediction. Also, form a hypothesis to explain in which circuit 

the lights shine the brightest. 

INTERN BATTERY iustay | a 
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Differentiated Instruction 

Visually Impaired Instead of using lamps, this activ- 
ity can be performed using buzzers in the circuits. 

A visually impaired student could be paired with a 
sighted student to aid in circuit construction. 

Kinesthetic, Visual-Spatial 

Test aHypothesis ‘Io extend this Lab into an Inquiry 

Lab, have students hypothesize how V = IR applies 
to parallel circuits, and experiment to test those 
hypotheses. For this experiment, supply light bulbs 
with different power ratings. Have students use 
Ohm’ law to calculate the current through each 
lightbulb. Then have them compare the results of 
their calculations with their observations. 



© Test Your Hypothesis — 
Make a Plan 

1. 

2. 

F 

i 

re 

© Analyze Your Data 
1. 

- How will your circuits be arranged? On a piece of paper, draw a 

large parallel circuit of three lights and the dry-cell battery as 

shown. On the other side, draw another circuit with the three 

bulbs arranged in series. 

. Make conducting wires by taping a piece of transparent tape 

to a sheet of aluminum foil and folding the foil over twice to 

cover the tape. Cut these to any length that works in your design. 

ollow Your Plan 

at a time to avoid overheating. 

. As you do the experiment, record your predictions and your observations in your 

Science Journal. 

end. What will happen in the parallel circuit? 

. Compare the brightness of the lights in the different circuits. Explain. 

. Predict what will happen to the brightness of the bulbs in the series circuit if 

you complete it with two bulbs instead of three bulbs. Test your prediction. 

How do the results demonstrate Ohm’s law? 

© Conclude and Apply ——— 
1 . Did the results support your hypothesis? 

Explain by using your observations. 

. Where in the parallel circuit would you place 

As a group, agree upon and write the hypothesis statement. 

Work together to determine and write the steps you will take to 

test your hypothesis. Include a list of the materials you will need. 

Make sure your teacher approves your plan before you start. 

Carry out the experiment. WARNING: Leave the circuit on for only a few seconds 

Predict what will happen in the series circuit when a bulb is unscrewed at one 

— 

ommunicating 

a switch to control all three lights? Where 

would you place a switch to control only 

one light? Test your predictions. 

Prepare a poster to highlight the differences 

between a parallel and a series circuit. 

Include possible practical applications of both 

types of circuits. For more help, refer to the 

Science Skill Handbook. 

LAB 415 

[™ Assessment 
Oral Ask students to discuss why houses and 

buildings are wired in parallel and not in series. In 
a series circuit, all lights and appliances would have to be on 

at the same time; if one is off or burned out, no charge flows 

anywhere in the circuit. Logical-Mathematical 

ommunicating 

ma Your Data 
Have students use a computer graphics program to 
draw sketches of circuits for their posters. They can also 
use the computer to write any explanations they wish 
to include on their posters. Visual-Spatial, 
Logical-Mathematical 

Troubleshooting Students 
may design a circuit having two 
lightbulbs in parallel that are 
wired in series with the third 
light. Although interesting, this 
will not help students completely 
explore the behavior of each of 
the circuits independently. 
Visual-Spatial, Kinesthetic 

Expected Outcome When a 
light in series is removed, all the 

lights go out. In a parallel circuit, 
when a light is removed, others 

remain lit. 

© Analyze Your 
Data -————— 

Answers to Questions 

1. In series, the current will stop and 
all bulbs will go out. In parallel, the 
charge will flow through other 
branches and the other bulbs will 
remain lit. 

2. The lights are brighter in parallel 

because more current flows through 
each loop than the loop with three 
bulbs in a series circuit. 

3. It will be brighter because of less 
resistance in the circuit. 

Error Analysis Have students 
analyze their circuits for possible 

sources of errors. dead batteries, 

burned-out bulbs, poor connections with 
the aluminum foil 

© Conclude and 

Apply = 
1. Answers depend on student 

hypotheses. 
2. between the battery and a wire 

leading to one side of the lights; 
along the wire that goes to only 
one of the lights 

LAB 415 



Understanding 
Literature 

Pre-Reading Activity Ask students 
to do a clustering of terms that 

define who they are. Each stu- 
dent should put his or her name 
in the center of a cluster that 

includes elements that define his 

or her identity such as ethnic her- 

itage, extracurricular activities, 

and family members. 
Linguistic 

Respond to the Reading 

Connect Ask students if they can 
remember a time they were 
unfairly judged or misunderstood 
simply because their outward 
appearance was different from 
others around them. 

Respond ‘Tell students to be aware 
of their responses as they read 
about the invisible man. His 
description of himself might 
make them think that anyone 
who is judged by others is an out- 
sider. Ask students how the text 
conveys that it is important for a 
person to have a positive view of 
himself or herself. 

Linguistic, Logical-Mathematical 

Answers to Questions 

1. The narrator says he is “a man of sub- 
stance, of flesh and bone, fiber and 
liquids.” 

2. because he has wired his ceiling with 
1,369 lights 

3. Check students’ work. 

Resistance The total electrical 

resistance of a series circuit is the 

sum of the resistance of each resis- 

tor in the circuit. However, the 
total resistance of a parallel circuit 
decreases, and the current flowing 
into the circuit increases, as more 
resistors are added to the circuit. 

416 CHAPTER 13 Electricity 

I am an invisible man. No, I am not a spook like 

those who haunted Edgar Allan Poe; nor am I one of 
your Hollywood-movie ectoplasms.! | am a man of 

substance, of flesh and bone, fiber and liquids—and 

I might even be said to possess a mind. I am invisi- 
ble, understand, simply because people refuse to see 
me.... Nor is my invisibility exactly a matter of bio- 
chemical accident to my epidermis.” That invisibility 
to which I refer occurs because of a peculiar disposi- 
tion... of those with whom I come in contact. ... 

. Now don’t jump to the conclusion that 
because I call my home a “hole” it is damp and 
cold like a grave. ... Mine is a warm hole. 

My hole is warm and full of light. Yes, full of 
light. I doubt if there is a brighter spot in all New 

York than this hole of mine. ... Perhaps you'll 
think it strange that an invisible man should need 

light, desire light, love light. Because maybe it is 
exactly because I am invisible. Light confirms my 
reality, gives birth to my form. ... I myself, after 
existing some twenty years, did not become alive 

until I discovered my invisibility. 
. In my hole in the basement there are 

exactly 1,369 lights. ve wired the entire ceiling, 
every inch of it.... Though 
invisible, I am in the great 

American tradition of tinkers. 
That makes me kin to Ford, 
Edison and Franklin. 

1 The outer layer of a part of the cell. 

2 The outer layer of skin. 

Ralph Ellison 
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Invisible Man 
by Ralph Ellison 
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Respond to the Reading 

1. What clues does the narrator give that 

he is not really invisible? 

2. Why does the narrator believe he is 

in the “great American tradition of 

tinkers”? 

3. Linking Science and Writing Write a 

prologue to a fictional book describing 

Edison’s invention of the lightbulb. Recall 

that a prologue is not a summary of the 

book. Rather, it can state general themes 

that the work of literature will address 

or set the stage or describe the setting 

of the story. 

If all 1,369 light-bulbs 

ne Ic were wired together | 

ina series circuit, the electrical resistance in the 

circuit would be high. According to Ohm’s law, 

the current in the circuit would be low and the 

bulbs wouldn't glow. If all the bulbs were 

wired in a parallel circuit, so much current 

would flow in the circuit that the connecting 

wires would melt. For the bulbs to light, the 

narrator must have wired them in many inde- 

pendent circuits. 

Resources for Teachers and Students 

Juneteenth, by Ralph Ellison, Random House, 1999 

The African American Century, by Henry Louis 

Gates, Jr. and Cornel West, The Free Press, 2000 



eneeled | a StUBY GUE 

eviewing Main Ideas 

<= Electric Charge 4. 

. There are two types 

of electric charge: 

positive charge and 
negative charge. 

2. Electric charges 

exert forces on each 

other. Like charges 

repel and unlike 

charges attract. 

3. Electric charges can 

be transferred from one object to another but 2 
cannot be created or destroyed. 

4. Electrons can move easily in an electrical con- 3 

ductor. Electrons do not move easily in an 

insulator. 

5. Objects can be charged by contact or by 4 
induction. Charging by induction occurs 

when a charged object is brought near an 

electrically neutral object. 

I Electric Current 

. Electric current is the 
net movement of elec- 

tric charges in a single 
direction. A voltage 

difference causes an 

electric current to flow. 

2. A circuit is a closed 
path along which 
charges can move. Current will flow contin- 

ually only along a circuit that is unbroken. 

3. Chemical reactions in a battery produce a 
voltage difference between the positive and 

negative terminals of the battery. 

Interactive Tutor fl.gpescience.com 

Electrical resistance is the tendency of a mate- 
rial to oppose the flow of electric current. 

In an electric circuit, the voltage difference, 

current, and resistance are related by Ohm’s 
law: 

V 

R 

<p Electrical Energy 

. Current has only one path in a series circuit 

and more than one path in a parallel circuit. 

. Circuit breakers and fuses prevent excessive 

current from flowing in a circuit. 

. Electrical power is the rate at which 

electrical energy is used and can be calcu- 

lated with P = IV. 

. The electrical energy used by a device can 

be calculated with the equation E = Pt. 

Use the Foldable you made at the beginning 

of the chapter to help you review electric charge, electric 

current, and electrical energy. 
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lentifying Misconceptions Assess 

Materials D-battery (1), flashlight (1), bulb in 

socket (1), switch (1), wires (5), voltmeter (1) 

Procedure Have each group set up a circuit. Ask 

students to predict the voltage between the two 

sides of the switch when it is open and when it is 

closed. Students can use voltmeters to test their 

predictions. 

Expected Outcome Voltage varies across different | 
points in a circuit and can exist without current 

flow. A voltage exists across the two sides of the 
switch when it is open. The voltage approaches 
zero when it is closed. [L2] COOP LEARN 

Logical-Mathematical, Kinesthetic, Visual-Spatial 

Chaprer 

Study Sul: 48 

ELS CL A I TT LT ITI, 

Reviewing Main Ideas 

Summary statements can be 
used by students to review the 
major concepts of the chapter. 

Science pine 
Visit fl.gpescience.com 

More Section Review 

Interactive Tutor 

Vocabulary PuzzleMaker 

More Chapter Review 

Standardized Test Practice 

Assessment Transparency 
For additional assessment ques- 
tions, use the Assessment 

Transparency located in the trans- 
parency book. 

Assessment 

Assessment Electricity 
Transparency 

Directions: Carefully review the graph and answer the following questions. 

Life of Batteries 

307— oo 

Q R T 
Battery 

1, Pedro tested four different brands of batteries. He found that the 
first kind lasted 15 hours, the second kind lasted 22.5 hours, the 

third kind lasted 25 hours, and the fourth kind lasted 6.5 hours. 

Which represents the second kind? 

AQ 
BR 

cs 
DT 

2, According to the graph, which battery lasted the LEAST amount 
of time? 

FQ 
GR 

HS 

)T 

About how much longer did battery T last than battery Q? 

A 2 hours 

B 7 hours 

© 10 hours 

D 15 hours 

7 Have students use 

their Foldables to 

review the content of the chap- 

er. On the back of the paper, 
have students write a paragraph 
about the nature of the forces 

between magnets. 

CHAPTER STUDY GUIDE 417 



Cheaprern, a He 

se ere 

chapter je Review 

9. The electric force between two charged 

objects depends on which of the following? 

A) their masses and their separation 
law of conservation of 

charge p.393 

charging by contact p. 395 

charging by induction 1. series circuit 

j ici p. 396 hm’s | ). 405 i 

2. static electricity abe2 Ooms laws B) their speeds : 

tage diff nee fo a © their charge and their separation 

Bante anme | ene oa ae D) their masses and their charge 
4, the law of conservation of charge electric current p.400 series circuit p. 40 

eleertcal poe Sap tO Stati eHeet city Ips S 76 10. An object becomes positively charged 
5. Resistance 

6. charging by contact 

insulator p. 39! voltage difference p. 40! when which of the following occurs? 
A) loses electrons) gains electrons 

B) loses protons D) gains neutrons 

Bele Uelelet chs SCA 11. Which of the following does NOT provide 

Complete each statement using a word(s) from 

7" Checking Concepts 

7G 11.8 U6 aM Giy) is a circuit with only one a voltage difference in a circuit? 

8. ( 12. A path for current to follow. A) wet cell C) electrical outlet 

; ( 13. A 2. An accumulation of excess electric charge B) wires D) dry cell 

10. A (Se 12. A commonly used unit for electrical 

3. The electric force that makes current flow Sts), is which of the following? 

“a in a circuit is related to the A) kilowatt-hour © ohm 
Interpreting Graphics B) ampere D) newton 

14. circuit A—2.6 Q; circuit B—10 Q; 

circuit C—30 Q; circuit D—3.3 

. According to , electric charge 

cannot be created or destroyed. 

is the result of electrons col- 

13:3 Which of the following is the rate at which 
appliances use electrical energy? 

A) power C) resistance 

B) current D) speed 

Interpreting Graphics 

Use the table below to answer question 14. 

— = Current in Electric Circuits 
ecking Concepts re 

Ircul 

The line is curved, descending from 
left to right. As the resistance becomes 
larger, the current decreases toward 4 
zero. As the resistance approaches 6. Charging a balloon by rubbing it on wool is 

zero, the current approaches infinity. an example of 
15. See student page. 

liding with atoms as current flows in a 

material. 

Current (A) 

Choose the word or phrase that best answers the A 23 
question. B 06 

7. Which of the following is a conductor? C 02 

A) glass C) tungsten D 18 

B) wood D) plastic 

8. Resistance in wires causes electrical energy 

to be converted into which form of energy? 
A) chemical energy 

B) nuclear energy 

©) thermal energy 

D) sound 

14. The table shows the current in circuits 

that were each connected to a 6-V dry cell. 

Calculate the resistance of each circuit. 

Graph the current versus the resistance of 

each circuit. Describe the shape of the line 
on your graph. 

418 CHAPTER REVIEW Vocabulary PuzzleMaker fl.gpescience.com 

Use the ExamView® Pro Testmaker CD-ROM to: 

* create multiple versions of tests 

* create modified tests with one mouse click for inclusion students 
* edit existing questions and add your own questions 
* build tests aligned with state standards using built-in State 
Curriculum ‘Tags 

* change English tests to Spanish with one mouse click and vice versa 

418 CHAPTER 13 Electricity 



15. Copy and complete the following concept 
map on electric current. 

flows ina 

due to is opposed by 

a voltage 
difference 

produced by thatis small for that is large for 

Thinking Critically 

16. Identify and Manipulate Variables Design an 

experiment to test the effect on current 

and voltage differences in a circuit when 

two identical batteries are connected in 

series. What is your hypothesis? What are 

the variables and controls? 

17. Explain A metal rod is charged by induc- 

tion when a negatively charged plastic rod 

is brought nearby. Explain how the net 

charge on the metal rod has changed. 

18. Predict You walk across a carpet on a dry 

day and touch a glass doorknob. Predict 

whether or not you would receive an elec- 

tric shock. Explain your reasoning. 

19. Explain The electric force between electric 

charges is much larger than the gravita- 

tional force between the charges. Why, 

then, is the gravitational force between 

Earth and the Moon much larger than the 

electric force between Earth and the 

Moon? 

More Chapter Review fl.gpescience.com 

20. Diagram Draw a circuit diagram showing 

how a stereo, a TV, and a computer can be 

connected to a single source of voltage dif- 
ference, such that turning off one appli- 

ance does not turn off all the others. 
Include a circuit breaker in your diagram 

that will protect all the appliances. 

Applying Math 

21. Calculate Current Using the information 

in the circuit diagram below, compute 

the current flowing in the circuit. 

22. Calculate Current A toy car with a resist- 

ance of 20 Q is connected to a 3-V 

battery. How much current flows in 

the car? 

23. Calculate Electrical Energy The current 

flowing in an appliance connected to a 

120-V source is 2 A. How many kilo- 

watt-hours of electrical energy does the 

appliance use in 4 h? 

24. Calculate Electrical Energy Cost A self- 

cleaning oven uses 5,400 W when 

cleaning itself. If it takes 1.5 h to clean, 
how many kilowatt-hours of electricity 
are used? At a cost of $0.09 per kWh, 

what does it cost to clean the oven? 

25. Calculate Power A calculator uses a 9-V 

battery and draws 0.1 A of current. 

How much power does it use? 

CHAPTER REVIEW 419 

™, Assessment 

\@ly Reproducible Masters 
Chapter Fast File Resources 

Chapter Review, pp. 39-40 

Chapter Tests, pp. 41-44 
Assessment Transparency Activity, p. 51 

Glencoe Science Web site 
Chapter Review Test 
Standardized Test Practice 

Glencoe Technology 

® Assessment ‘Transparency 
® ExamView® Pro Testmaker 
DO MindJogger Videoquiz 
® Interactive Chalkboard 

chapter 

16. The hypothesis should include the 
voltage doubling and the current 
doubling. Variables should include 
the voltage of the second battery. 
Controls should include testing the 
voltage of the second battery. 

17. The net charge does not change 
since electrons are not lost nor 
gained, only displaced. 

18. No, the glass doorknob is an insu- 
lator and resists being charged 
inductively. 

19. The net charge on Earth or the 

Moon is nearly zero. So the electric 
force is very small. 

20. Drawings will vary but should show 
the appliances in parallel branches 

with a circuit breaker in series with 
the voltage source. 

Applying Math 

National Math Standards 
National: 1, 2,9 

Florida: MA.D.1.4.1 

21. 0.8V 

22. 0.15 V 

23. 0.96kWh 

24. 8.1kWh,$.73 

25. 0.9W 
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chapter 4 

Standardized Test Practice 

Answer Sheet An answer sheet 

can be found at fl.gpescience.com. 

Standardized Test Practice Answer Sheet 

er Multiple Choice 

¢ Multiple Choice 

NN Du SP WN = Sey CoO a og 

420 CHAPTER 13 Electricity 

chapter 1 Standardized Test Practice os 

ae Record your answers on the answer sheet provided by your teacher or on a sheet of paper. 

The assessed Florida Benchmark appears above the question. 

ultiple Choice 

1. Which of the following is true about two 

adjacent electric charges? 

A. If both are positive, they attract. 

B. If both are negative, they attract. 

C. If one is positive and one is negative, 

they attract. 

D. If one is positive and one is negative, 

they repel. 

The figure below shows a negatively charged 

electroscope. Use the figure to answer questions 2 and 3. 

$C.C.2.4.2 

2. If a negatively charged rod is brought close 

to, but not touching, the knob, the two 

leaves will 

A. move closer together. 

B. move farther apart. 

C. not move at all. 

D. become positively charged. 

3. If a positively charged rod touches the 

knob, the two leaves will 

A. move closer together. 

B. move farther apart. 

C. not move at all. 

D . become positively charged. 

420 STANDARDIZED TEST PRACTICE 

4. When an object becomes charged by induc- 

tion, which of the following best describes 

the net charge on the object? 

A. The net charge increases. 

B. The net charge decreases. 

C. The net charge doesn’t change. 

D. The net charge is negative. 

Use the figure below to answer questions 5, 6, and 7. 

B A 

Cn == 
1g 802 

5. Which of the following is the same for each 

lightbulb? 

A. current in the filament 

B. voltage difference 

C. electric resistance 

D. charging by induction 

6. Which of the following is the current that 

flows through lightbulb B? 

[NS 25) Ja 

B. 0.67 A 

GOR SIA 
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Standardized 

Test Practice_ 
chapter 4 

Standardized Test Practice 

7. Which of the following is the electrical 

power used by lightbulb A? 

A. 8 W 

B. 18 W 

Cae. 

D. 15 W 

_/ @o La 

Use the figure below to answer questions 8 and 9. 

8. If the current in the circuit is 1.0 A, what 

is the total resistance of the circuit in 

ohms? 

9. If the current in the circuit is 1.0 A, how 

much electrical energy, in kWh, is used by 

the circuit in 2.5 h? 

nom  ShortResponse 

C.2.4.2 R 
10. Two balloons are rubbed with a piece of 

wool. Describe what happens as the bal- 

loons are brought close together. 

Standardized Test Practice fl.gpescience.com 

11. The current flowing through a lightbulb is 

2.5 A. The lamp is connected to a battery 

supplying a voltage difference of 12 V. 

What is the power used by the lightbulb? 

Ea Extended Response) 

Use the table below to answer question 12. 

Resistance of Copper Wire 

Length (m) Resistance ({2) 

10 0.8 

12. Suppose you were asked to estimate the 

resistance of a 5-m length of wire based 

on data in the table. What additional 

information would be needed to make 

your estimate more accurate? 

13. The filament in a 75-W lightbulb has a 

smaller electric resistance than the filament 

in a 40-W lightbulb. Describe two ways the 

filament in the 75-W bulb could be different 

from the filament in the 40-W lightbulb. 

Test-Taking Tip _ 

Be sure you understand all symbols on a table or graph before 

attempting to answer any questions about the table or graph. 

STANDARDIZED TEST PRACTICE 421 

STANDARDIZED TEST PRACTICE 

¢ Short Response 

10. They repel each other because they 
have the same charge. 

11. P=W25A X 12V=30W 

ende esponse 

12. The temperature, material, and 

diameter of the 5 m wire must be 

the same as the wire in the table. 

13. The 75-W bulb filament could be 
shorter or have a larger diameter 

than the 40-W light bulb. 

Rubrics 
For more help evaluating 
Short- and Extended-Response 
questions, see the rubrics on 

Dee 
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EuaBtet CPs Organizer, 

Section/Objectives 

Chapter Opener 

Standards 

National 

See pp. 161-171 fora 

Key to Standards. 

State/Local 

— 

Labs/Features 

Launch Lab: The Strength of 

Magnets, p. 423 

Foldables, p. 423 

Section 1 Magnetism 

ls 

4p 

Se 

4. 

CP 1 block 

Explain how a magnet exerts a force. 
Describe the properties of temporary and 

permanent magnets. 
Explain why some materials are magnetic and 

some are not. 
Model magnetic behavior using magnetic 

domains. 

2 sessions 

National Content 

Standards: 

WGP RUGPR2 UCR: 

UCP.5,A.1,A.2,B.2, 

BA ose 

MiniLAB: Observing Magnetic 
Interference, p.427 

Integrate Life Science, p. 428 
Applying Science: How can 

magnetic parts of a junk car be 

salvaged?, p.428 

MiniLAB: Making Your Own 

Compass, p. 429 

Section 2 Electricity and Magnetism 

oh 

6. 

Ts 

8. 

CP 15 blocks 

Describe the magnetic field produced by an 

electric current. 

Explain how an electromagnet produces a 

magnetic field. 

Describe how electromagnets are used. 

Explain how an electric motor operates. 

3 sessions 

National Content 

Standards: 

UCP, UCP2,/\UCPR3, 

UCPSA. Ag Be, 

B.4,G.3 

Section 3 Producing Electric Current 

oO. 

10. 

dal 

1174, 

CP 15 blocks 

Define electromagnetic induction. 

Describe how a generator produces an electric 

current. 
Distinguish between alternating current and 
direct current. 

Explain how a transformer can change the 

voltage of an alternating current. 

3 sessions 
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National Content 

Standards: 

UGRIFUGR2UCRS: 

UCP.5;.A.1,A.2, B.2, 

B.4,G.3 

Science Online, p. 437 

Florida 

ie € 2 4 3 

Benchmarks: 

Integrate Career, p. 440 

Visualizing Motors and Generators, 
p.441 
Science Online, p. 442 

Lab: Electricity and Magnetism, 

p.445 (1 Video Lab 
Lab: Controlling Electromagnets, 
pp. 446-447 

Science and History: Body Art, 
p. 448 



Lab Materials 

Launch Lab: bar magnet, 
paper clips 

ul 

Reproducible Resources 

Chapter Fasr Fire Resources 

Foldables Worksheet, p. 17 

Note-taking Worksheets, 

pp. 33-35 

Directed Reading Overview, 

(oy, IN) 

Section Assessment 

ASSESSMENT 

D> Nt CG 

Glencoe Exclusive! 

a Teacher Works = 
All-In-One Planner and Resource Center 

Technology 

teacverWorks includes: 

* Interactive Teacher Edition 

* Lesson Planner with calendar 

* Access to all program blacklines 

* Correlations to standards 

* Web links 

MiniLAB: bar magnet, ring 
stand, thread, paper clip, 

book, paper, aluminum foil, 

fabric, butter knife 

MiniLAB: plastic foam cup, 

magnet, sewing needle, 

tape, plate, water 

Chapter Fasr Fite Resources 

Transparency Activity, p. 44 

MiniLAB, pp. 3,4 

Enrichment, p. 30 

Reinforcement, p. 27 

Directed Reading, p. 20 

Lab Activity, pp. 9-12 

Mathematics Skill Activities, 

p.47 

Portfolio 

Curriculum Connection, p. 427 

Performance 

MiniLAB, p. 427 

Applying Science, p. 428 

MiniLAB, p.429 

Applying Math, p. 430 

Content 

Section Review, p. 430 

& Section Focus Transparency 

Interactive Chalkboard 

CD-ROM 

“2) StudentWorks Plus 

Chapter Fasr Fite Resources Portfolio & Section Focus Transparency 

Transparency Activity, p. 45 Curriculum Connection, p. 435 ®) Interactive Chalkboard 

Need Materials2 Enrichment, p. 31 Performance _ CD-ROM 
Contact Scie a Reinforcement, p. 28 Applying Math, p. 437 “2 StudentWorks Plus 
~ 1-800-828-7755¢ Directed Reading, p. 21 Content 

Www.sciencekit 7 or Lab Activity, pp. 13-16 Section Review, p. 437 
Com. Physical Science Critical 

Thinking/Problem Solving, 

p.17 

Lab: cardboard tube; Chapter Fasr Fie Resources Portfolio & Section Focus Transparency 

scissors; bar magnet; thin, Transparency Activity, p. 46 Curriculum Connection, p. 440 é Teaching Transparency 

flexible, insulated wire; Enrichment, p. 32 Performance &) Virtual Labs CD-ROM 

galvanometer or ammeter Reinforcement, p. 29 Applying Math, p. 444 “) Interactive Chalkboard 

Lab: 22—gauge insulated Directed Reading, pp. 21, 22 Content : CD-ROM 

wire, 16-penny iron nail, Transparency Activity, pp.47-48 | Section Review, p.444 So StudentWorks Plus 

aluminum rod or nail, 6-V Lab Worksheet, pp. 5-6, 7-8 [TD Video Lab 

DC power supply, 1.5-V Cultural Diversity, p. 53 
D-cell batteries (3), steel Home and Community 

paper clips, magnetic Involvement, p. 37 

compass, duct tape Performance Assessment in the 
Science Classroom, p. 53 

End of Chapter Assessment 

Chapter Fasr Fite Resources 
Chapter Review, pp. 37-38 

Chapter Tests, pp. 39-42 

Standardized Test Practice, pp. 60-63 

[D MindJogger Videoquiz 

’ Virtual Labs CD-ROM 

) ExamView® Pro Testmaker 

) TeacherWorks CD-ROM 

Interactive Chalkboard CD-ROM 638 628 69 Goa 

CHAPTER 14 Chapter Organizer 

Performance Assessment in the Science 

Classroom (PASC) 
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ttmnan be Eienier CPA Magnetism 
Transparencies 

Section Focus 

sctio, : = pate 

Magnetic Appeal = Barer |t Was an Age of Small 14] section Foeus Flowing Current 
= 2 a 

a ace 
aa App 

jectri par nis by bu: 

nees wt fossil fu 
au h 

think the source of energy is for this hydroelectric 

nk would happen if the flow of water through the 

This is a representation of key blackline Assessment | 
masters available in the Teacher Classroom ; 

Magnetism 
asetiog : 

Resources. See Resource Manager boxes . paar ent 

within the chapter for additional information. 
Directions; Care 

Key to Teaching Strategies 

The following designations will help you 
decide which activities are appropriate 
for your students. 

Level 1 activities should be 

appropriate for students with 

learning difficulties. 

[2] Level 2 activities should be within 

the ability range of all students. 

[3] Level 3 activities are designed for 

above-average students. 

@® ELL activities should be within 
the ability range of English 
Language Learners. 

COOP LEARN Cooperative Learning z 

activities are designed _ ot An 

\LAB: Electricity and Magnetism PEC Comparing Magnetic Fields 

for small group work. fet 

Student Text Lab Worksheet Laboratory Activities 

Lab Preview 

Hands-On Activities Multiple Learning Styles logos, 

as described on page 12T, are 
used throughout to indicate 

strategies that address different 

learning styles. 
Strategy 

Materials ad FH 

P| These strategies represent student 
products that can be placed into 4 sce esha ie 
a best-work portfolio. sen cai, mm Part A—Magnetic Field of a Magnet 

1 the 

PBL| Problem-Based Learning activities 

apply real-world situations to 
learning. 
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Content Outline 

Po ase 

Eserarm Magnetism 

Section! — Magnetism 

A. Magoetiam—the proy-rti 

wgethe 

Meeting Individual Needs 

Section 2 Electricity and Magnetism 

Overview 
Magnetism 

Meeting Individual Needs 

Directions: Complete the diagrams 
Figure 1 

1, The ines in Figure 1 show magnetic forces acting between two pairs of bar magnets, Label the 
Unlabeled! jpotes af each magnet with N for north and for south, between tinlike pote 

tion betvecen like poles? Hetween unlike poles? 

3, On Figure 2,4 ound the bar magnet as they would appear if yo 
ye=kled iron filings around the magnet 

Figure 2 

4. Where are moat of the iron filings located? Most spread out 

5. What can you infer absouy the strength of a magnetic field Ise upon the position af the iron filings? 

materials can be used to make a magnet such as the ones shown ab 

Study Guide 

ae 

Magnetism 

Directions: Use the term from the word bank: ill in the blanks an the summary paragraph betow 

away orth south strong toward 

Magnetic field lines begin at.a magnet’ (1) pole and end ot 
the (2) ———— pole. Field lines that curve (3) exch 
ther show attraction, Fel lines that curve (4) each other 
how repulsion, Where the magnetic fel is (5) —______, the lines will be 

together 

Directions: erermine whether the tealictzed term makes ch statement true or false. Ifthe 
ment as true, write trie inthe blank: fhe statement s false, write tw the bunk the term 

erm that mathe the statement true 
6. The magnetic cuirge is the region Where the magnetic field 

7. Iwo har magnets attracreach other when their north pol 
are relatively close 
A compass's south pole pointa in the direction of the magnetic 
Field in which i is placed. 
At the geographic north pole of Earth, magnetic fiek! line 
ier Earth's surface. Ed note: Revise question—teeminol 

{lines entering Earth) js confusing 
Magnetic field lines originate at the north pale of a magnet 
The metals iron, enbalt, and copper are attracted to magnets 

of atoms with their magnetic poles lined up are called 

mic particle that have only north poles o¢ south poles 

of the magnetic south and north poles of Earth 
mer the course af mullions of year 

Meeting Individual Needs 

me) 

Enrichment 

Magnetic Fields in 2-D and 3-D 

The magnetic field surrounding 4 magnet i¢ acually three-dimensional. You will prepare 
nt two-dimensional model of a magnetic field, This model is similar in appear; 

Iohat you have scen jn your textbook, Then, you will prepare (we nvodely of magnetic fi 
ree dimensions, 

Part A—Preparing a Permanent Two: 
Dimensional Model of a Magnetic Field 
Materials 
iron filings alee of white paper 
ar magnet can ofispray shellac 

Safety Precautions WAY E23 To Ta 
CAUTION: Keep the shellac aivuy fom heat 
cu flanier, Ue dria wellsrentilate room. Wear 
noele 
Procedure 

Silt the iron filings to renvave the fine 
particles, Use only the larger particles for this 
vetivity. Place the magnet under the paper and 
lightly sprinkle the iron filings over the top 
the paper. Top the paper gently and the 
should move into place, lining uyy with tf 

lines of the maynetic field. 1y a sell 
Ventilated area, carefully spray the pattern of 
iron filings swith alight coating of shellac 
Allow the shellac to dry completely. The 

Ube flings throughout the glycerine. Mace the 
bar magnet in the teat tube and stand the test 
(ube straight uj i he jar I needed aise 
‘or piece of sire to hold the (abe straight 
Aer u short me the filings will 

align of the magnet. You 
atthe magictic field 

ompletely 9 magnet 
Part (—Preparing a Permanent three 
Dimensional Model of a Magnetic Field 
Materials 
package of clear elatin iron filings (sifted) 
water Stirring red or spoon 
hot plate lange test tube 
thar magnet lupe oF sire (optional 

Safety Precautions IN Gal FW 
CAUTION! Do not hte, eat; or drink anything 
used in this experiment 
Procedure 

hellac coating should preserve the pattern Prepare the gelatin as described 
package. CAUTION: Wear gorsle 
the experiment, Pour the p 

Part 8—Preparing a Temporary Three- the jar. CAUTION: 
Dimensional Model of a Magnetic Field Alter the gelatin stat 

Jong enough for you to make comparison 
Will the three-imensional models, 

Materials through the 
whi mph 3 test tube and sup 

stirring rod oF pox inatands upright in U 
aes ore relegeraioe (xc heril ha 

iron lings (sited) tape io il alg ith 
Safety Preautions Zao Ed fe andthe he dimen 
CAUTION: Du or drink anything reserve in the: gelatin 
ml ear ser Observations 
Procedure 

om syrup. Add 
gently to distribute 

section © Magnetism 
ech SLL14 Ts tes 

What You'll Learn @ Before You Read 
‘SPan a einai Beit Think about a magnet that you have used. Tell what it looked 

like and the kinds of raterials it attracted 
nent magnets act 

‘= ragnetic materials 
ind magnetic dornaln 

‘@ Read to Learn 

Magnets 
Magnets were discovered more than 2,000 years ago. 
discovered a mineral that could attract pieces of iron. This 

second idea on the back: Form = mineral is now called magnetite. About |,000 years ayo, Chinese 
fourstudents OSSUIS = Gailors used m to make compasses, Compasses are tool: 

that can help you determine which direction you are traveling. 
Since then many items have been invented that use magnets 
Magnetism refers to the propertics of magnets and hew mag. 
jets act when they are near each other, or interact 

What Is a magnetic force? 
Magnets exert force on each other. These forces cause mag 

net one of two things The magnets can attract. which, 
means they pull together: Or the magnets can repel, whi 
means they push each other away. How they react de 

a which ends of the magnets are close together, Two magnets 
|FowDances| interact with cach other cven before they touch. As the magnets 
© Organizing mone closer together, the force between therm increases. As the 
Information Nate the fob ‘magnets move farther apart, the force d 
loming Foldable to helo 

infomation as What Is a magnetic field? 
The way magnetic forces interact with each other is caused 

by magnetic fields. The magnetic field exerts a force on other 
magnets and objects that are made of magnetic material. The 

V42 OUPTERNE Magen 

DIRECTIONS 
Read cach questioe and chown te best amar Then fll the correct anwweer set your a 

Bleciricity ahd Energy Resaurces 

Magnetism 

Part A. Vocabulary Review 

Directions: Complete the following sentences ing the terms listed below 

magnetism magnetic poles magnetic domains turbine 
electromagnet repel commutator generator 
electromagnetic induction alternating current direct current 

galvanometer transformer electric motor 

e that produ uurrent by rotating.a co 

LA The process try which moving 2 wire through « mag 
produces an electric current i 

ate 

Magnetism 

1. Testing Concepts 
Directions: For each of the following, write the letter of the term or phrase that best completes the sentence 

1s A device that increas lisp Ja power ibe I called 

b. alternating current ncuit current 

A device 

CHAPTER 14 Resource Manager 

Assessment 

422D 



chapter 
Mi Magnetism 

Science Content Background 
Magnetism 
Magnets 
In 1269 Petrus Peregrinus published 
an article describing the properties 

of lodestone. He reported that if it is hung freely, 
lodestone orients in a north-south plane but does 
not point exactly to true North. He also noted that 
like poles repel and unlike poles attract, and that 
iron can be magnetized by contact with it. 

Magnetic Materials 
A common definition of magnetism is the ability 
to attract iron. Steel is composed of iron and car- 
bon molecules that form a strong material used 
in many common products. Steel is magnetic 
because it contains iron. This property allows 
cars to be lifted by electromagnets in junkyards 
and soup can lids to be held by the magnet on a 
can opener. Cobalt and nickel are also attracted 
to magnets. Iron, nickel, and cobalt are called 
ferromagnetic materials. 

Tea Electricity and Magnetism 
é Electric Current and 
Magnetism 
Frictional forces usually act in the 

opposite direction to the motion of an object. For 
example, air resistance on a car traveling north acts 
toward the south. The magnetic field produced by 
an electric current acts at right angles to the direc- 
tion of the current. ‘The right-hand rule shows the 
direction of the magnetic field in a wire. The 
thumb points in the direction of the conventional 
current, or the way a positive charge would flow in 
a wire. The fingers then show the direction of the 
magnetic field. 

422E CHAPTER 14 Magnetism 

Producing Electric Current 

From Mechanical to 
Electrical Energy 
Niagara Falls generates significant 

tourism and electricity. In order to keep the 
tourism industry vibrant, only about 55 percent of 
the water that goes over the falls is diverted into 
turbines in the daytime; at night this amount is 
increased to 75 percent. 

Transformers 
The ability of alternating current (AC) to be trans- 
formed into higher and lower voltages gives it an 
advantage over direct current (DC) in electrical 
power distribution. Increasing the voltage does 
not create energy because current decreases as 
voltage increases. This increase does, however, 

result in more efficient transmission. This effi- 
ciency becomes significant as electricity travels 
through miles of wire. 

‘haprer content resources 

Internet Resources 

For additional content background, visit 

fl.gpescience.com to: 

e access your book online 

e find references to related articles in popular 

science magazines 

e access Web links with related content background 

e access current events with science journal topics 

Print Resources 

Magnetic Materials: Fundamentals and Device 

Applications, by Nicola A. Spaldin, Cambridge 

University Press, 2003 

Modern Magnetic Materials: Principles and 

Applications, by Robert C. O'Handley, Wiley 

InterScience, 1999 

Electricity, Magnetism, and Light, by Wayne Saslow, 
Academic Press, 2002 

Waves: Principles of Light, Electricity, and Magnetism 
(Secrets of the Universe), by Paul Fleisher, Lerner 
Publications Company, 2001 



Students may think that... 

All metals are magnetic. 

Students are aware of common properties of 
metals such as the fact that they are good con- 
ductors of electricity and heat. It is natural for 
students to extend these similarities to magnet- 
ism and think that all metals can be attracted by 
a magnet. Lack of first-hand experience with 
magnets and metals makes this misconception 
common, even in adults. In addition, iron alloys 
are omnipresent, so people’s limited experiences 
with magnets may lead them to believe that all 
metals are magnetic. 

Activity 
Provide students with different metals and non- 

metals and with magnets with which to test 
them. The materials should include easily 

obtainable ferromagnetic materials such as iron 

and steel as well as nonferromagnetic metals 

such as aluminum and copper. Make sure to 

Dalles and John Heaton/Corbis 

Helping You Prepar 

Activity 
Ask students to draw two columns on their 
papers and label one Attracted to a Magnet and the 
other Not Attracted to a Magnet. Then ask that 
they place the following words into the appropri- 
ate columns: iron, lead, plastic, copper, steel, 

aluminum, nickel, cobalt, oxygen, and wood. Have 
students form groups and discuss any differences 
in opinion about which items belong in each 
column. The iron, steel, nickel, and cobalt are 

attracted to a magnet, and the lead, plastic, cop- 
per, aluminum, oxygen and wood are not. 

include nonmetals, even though most students 
will realize that these are not magnetic. 

¢ Have students use the magnets to test for 
attraction and sort materials that are and are 
not magnetic. 

On the board, make a class list of the results. 

¢ Help students realize that iron (Fe) is a mag- 
netic material, so things made from iron, 

including steel, are attracted to magnets. 

Explain that cobalt (Co) and nickel (Ni) are 

also magnetic materials. 

¢ Have students locate iron, cobalt, and nickel 

on a periodic table of the elements. Point out 
that on the periodic table, these metals are in 
the same row and are next to each other. 

Assess 

of the chapter. 

CHAPTER 14 Helping You Prepare 422F 

After completing the chapter, see Identifying 
Misconceptions in the Study Guide at the end 



Chdpre 

magnetism, p. 424 

magnetic field, p. 425 
magnetic pole, p. +25 
magnetic domain, p. 429 

electromagnet, p. +32 

solenoid, p.432 
galvanometer, p. +34 

electric motor, p. 435 

electromagnetic induction, 

p.430 

generator, p. 438 

turbine, p. 440 

direct current (DC), p. 442 

alternating current (AC), p. 442 

transformer, p. 443 

Science Journal) Student 
responses will vary, but may 
include magnets attract some 
metals, likes repel, and oppo- 

sites attract. 

ATERACTIV 
| CHALKBOARD f 

with Image Bank A Natural Light Show 
j SS 

Magnetism 

This CD-ROM is an editable -.  « Electricity and Magnetism 

Microsoft® PowerPoint® Pie lt Producing Electric Current 
presentation that includes: | Electricity and 

* a pre-made presentation for 4 Magnetism 
every chapter oe Controlling Electromagnets 

* interactive graphics How does a 
gee Science Journal 

® animations generator work? 

* audio clips 

* image bank 

° all new section and chapter 
questions 

¢ Standardized Test Practice ° 
* transparencies Theme Connection 

¢ Foldables directions 

® links to 
Systems and Interactions Electricity and magnet- Aurora ‘These colorful light displays occur prima- 
ism are related. Electrical flow causes magnetic — rily in the upper latitudes of the Northern and 

sit es effects, and moving magnets are used to produce Southern Hemispheres. Auroras that occur in 

electrical energy. the Northern Hemisphere are called aurora 
borealis or northern lights and those in the 
Southern Hemisphere are called aurora australis 
or southern lights. 
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Magnet and Paper Clip Data 

false (number of clips) 

ee al 
eo a 
Prats (cente) | —*& 
Fiat 4 (other en | 
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FOLDABLES 
Study Organizer 

Using Magnets Many devices 

you use contain magnets that 

help convert one form of energy 

to another. Make the following Foldable to help 

you understand how magnets are used to trans- 

form electrical and mechanical energy. 

AY ai Fold a sheet 

of paper in half | 

lengthwise. 

Sia Fold the paper 

down about 2 cm 

from the top. 

Open and draw 

lines along the 

top fold. Label 

as shown. 

Summarize As you read the chapter, summa- 

rize how magnets are used to convert electrical 

energy to mechanical energy in the left column, 

and how magnets are used to convert mechanical 

energy to electrical energy in the right column. 

Preview this chapter's content 

Mniine and activities at 

cf SSS ITUNES ALIEN 

Purpose Use the Launch Lab to 

illustrate —the® fact that. the 
strength of a magnetic field 
varies over the length of a bar 
magnet. |L2| GD Kinesthetic 

Preparation ‘lest the bar magnets 
to see approximately how many 
paper clips each team will need. 
Small clips make it easier to 
observe differences in field 
strength. 

Materials bar magnet, many 

small paper clips of the same size 

Teaching Strategy If you have a 

variety of bar magnets, have the 
class compare results after fin- 
ishing the activity. Ask students 
why the paper clips need to be 
the same size. 50 you can compare the 

numbers picked up 

Think Critically 
The two ends of the magnet exert the 

strongest attraction. The middle exerts a 

weaker attraction. Some magnets will 

not hold any clips there. 

Assessment 
Process Have students sketch a 

graph showing how the strength 
of the magnetic field changes 
over the length of the magnet. 

Use Performance Assessment 

in the Science Classroom, 

DalZie 

[MY Vas) Dinah Zike 
Tig otudy Fold 

Student preparation materials for 

this Foldable are available in the 

Chapter Fasr Fite Resources. 
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An editable ne oor 

= PowerPoint® presenta- 

tion is available on Interactive 

Chalkboard CD-ROM. 

Bellringer 

Section Focus Transparencies 

also are available on the 

Interactive Chalkboard CD-ROM. 

[2] 4 

Caleitassty Magnetic Appeal Chapter 

icians when you hear the word levitation, 

but scientists can levitate, too! This photo shows a magnet levitating 

over a ceramic plate. Magnetic levitation has applications ranging 

from advertising displays to high-speed trains. 

1, What happens as you move a magnet closer to a refrigerator door? 

2. How do people use magnets in their daily lives? 

hReading Preview 

Tie to Prior Knowledge 

Magnets Discuss with students 

places where they have used 
magnets. Most have used mag- 
nets on refrigerator doors. 
Explain that magnets are also 
used in such items as stereo 

speakers, televisions, and 
floppy disks. 

Word Map Post the new 

vocabulary words in a promi- 

nent place in the classroom. 

Give students a sentence using 

each term. Ask them to deter- 
mine the meaning of the word 

from the context of the sen- 
tence. Have students verify 
their ideas using the definitions 
in the text. 

424 CHAPTER 14 Magnetism 

wl ’ Magnetism 

What Nou'll Learn Why It’s Important © Review Vocabulary 

m= Explain how a magnet exerts a Without the forces exerted by mag- _ electric field: surrounds an electric 

force. nets, you could not use televisions, charge and exerts a force on other 

Describe the properties of tempo- computers, CD players, or even electric charges 

rary and permanent magnets. refrigerators. 
Explain why some materials are New Vocabulary 
magnetic and some are not. @ magnetism 

Model magnetic behavior using @ magnetic field 

magnetic domains. @ magnetic pole 

@ magnetic domain 

Magnets 
More than 2,000 years ago, Greeks discovered deposits of a 

mineral that was a natural magnet. They noticed that chunks of 

this mineral could attract pieces of iron. This mineral was found 

in a region of Turkey that then was known as Magnesia, so the 

Greeks called the mineral magnetic. The mineral is now called 

magnetite. In the twelfth century, Chinese sailors used mag- 

netite to make compasses that improved navigation. Since then, 

many devices have been developed that rely on magnets to oper- 

ate. Today, the word magnetism refers to the properties and 

interactions of magnets. Figure 1 shows a device you might be 

familiar with that uses magnets and magnetism. 

Magnetic Force You probably have played with magnets and 
noticed that two magnets exert a force on each other. Depending 

on which ends of the magnets are close together, magnets either 
Figure 1 Magnets canbe found : repel or attract each other. You might have noticed that the 
in many devices you use every day, interaction between two magnets can be felt even before the 

such as TVs, video games, andtele- : magnets touch. The strength of the force between two magnets 

phones. Headphones and CD play-: increases as magnets move closer together and decreases as the 
ers also contain magnets. : the magnets move farther apart. 

What does the force between two magnets 
depend on? 

424 CHAPTER14 Magnetism 

Section 1 Resource Manager / 

Chapter Fasr Fite Resources 

‘Transparency Activity, p. 44 

Enrichment, p. 30 

Lab Activity, pp. 9-12 
Directed Reading for Content Mastery, 

pp. 19-20 

Note-taking Worksheets, pp. 33-35 

MiniLAB, pp. 3-4 

Reinforcement, p. 27 

Mathematics Skill Activities, p. 47 



Figure 2 A magnet is surounded by a magnetic field. 

‘Aya 
(on. 

A magnet’s 

magnetic field is 

represented by 

magnetic field 

lines. 
eT Lack Aah EATS 5 ‘ a 

Iron filings sprinkled around a magnet line up along the 
magnetic field lines. 

Magnetic Field A magnet is surrounded by a magnetic field. 
A magnetic field exerts a force on other magnets and objects 

made of magnetic materials. The magnetic field is strongest 

close to the magnet and weaker farther away. The magnetic field 

can be represented by lines of force, or magnetic field lines. 

Figure 2 shows the magnetic field lines surrounding a bar mag- 

net. A magnetic field also has a direction. The direction of the 

magnetic field around a bar magnet is shown by the arrows on 

the left side of Figure 2. 

Magnetic Poles Look again at Figure 2. Do you notice that 
the magnetic field lines are closest together at the ends of the bar 
magnet? These regions, called the magnetic poles, are where the 

magnetic force exerted by the magnet is strongest. All magnets 

have a north pole and a south pole. For a bar magnet, the north 

and south poles are at the opposite ends. 

Figure 3 shows the north and south poles of magnets with 

more complicated shapes. The two ends of a horseshoe-shaped 

magnet are the north and south poles. A magnet shaped like a 

disk has opposite poles on the top and bottom of the disk. 

Magnetic field lines always connect the north pole and the south 

pole of a magnet. 
N 

()) 
Figure 3 The magnetic field lines 

around horseshoe and disk magnets 

begin at each magnet’s north pole and 

end at the south pole. 

ce, ‘ Identify where the magnetic field is 

strongest. 

SECTION 1 Magnetism 425 

Differentiated Instruction 

Visually Impaired For students who cannot see the 
field lines in the illustrations and demonstrations, 

Brainstorm Give students a statement that 

summarizes the content of each section and 

ask them to brainstorm words related to the 

statement. For example, provide the summary 

statement, “A magnetic field exerts a force on 

objects made of magnetic materials.” Have 

students read the section and add to the brain- 

storming list. 

provide an opportunity to experiment with 

strong magnets. Make sure these students can 
feel the forces of attraction and repulsion 

between the magnets. {L1] ff) Kinesthetic 

(% Reading Check 

Answer the distance between the two 

magnets 

Use an Analogy 
Earth’s Attraction A = magnet’s 
field, like a gravitational field, 

affects objects without touching 
them, even at a great distance. 
The faraway north magnetic 
pole attracts a compass needle, 
like the distant Sun holds Earth 
in orbit. 

Use Science Words 

Word Meaning Have students 
find out what fie/d means in 
physics. A field is a region of space with 
a physical property (such as gravitational 

force, fluid pressure, etc.) that has a defi- 
nite value at every point in the region. 
Compare and contrast this with 
other meanings of fre/d. Other 
meanings also refer to areas, such as a 
meadow, a playing field, a background 
region, or even an area of interest. 

Linguistic 

Activity 
Magnets Divide the class into 

small groups and provide each 
group with a set of magnets. 

Allow students to observe the 

properties and behaviors of the 

magnets. fL4] 

Caption Answer 
Figure 3 at the magnetic poles 
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Quick Demo 
<2 Magnetic Fields 

Materials overhead — projector, 
iron filings or an iron nail and 
file, petri dish or 2 overhead 
sheets, several different magnets 

Estimated Time 15 minutes 

Procedure Show magnetic fields 

on the overhead projector. Make 

iron filings by rubbing a metal 
file on an iron nail. Place the iron 

filings in a covered petri dish or 
between two overhead sheets. 

Place different magnets on top of 

the filings on the projector. Then 
show the fields between attract- 

ing and repelling poles, and how 
the fields change as you move 
the magnets slowly toward or 
away from each other. This 

demonstrates how field strength 

diminishes with distance. 

TELL) Visual-Spatial 

(y, Reading Check 

Answer Like poles repel each other; 

unlike poles attract. 

Content 
: Background 

Earth’s magnetic poles do not 
perfectly align with Earth’s geo- 
graphic poles, the endpoints of 
the axis about which Earth 
rotates. Also, Earth’s magnetic 
field is not fixed. The north 
magnetic pole has traveled about 
10 km/year over the past cen- 

tury, and, many times in the past, 
magnetic north and south have 
switched places. 
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Unlike poles closest together 

Figure 4 Two magnets can 
attract or repel each other, 

depending on which poles 

are closest together. 
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How Magnets Interact Two magnets can either attract or 

repel each other. Two north poles or two south poles of two 

magnets repel each other. However, north poles and south poles 

always attract each other. Like magnetic poles repel each other 

and unlike poles attract each other. When two magnets are 

brought close to each other, their magnetic fields combine to 

produce a new magnetic field. Figure 4 shows the magnetic field 

that results when like poles and unlike poles of bar magnets are 

brought close to each other. 

A Cir rr How do magnetic poles interact with each other? 

Gy 
oy 

Magnetic Field Direction When a com- 
pass is brought near a bar magnet, the com- 

pass needle rotates. The compass needle is a 

small bar magnet with a north pole and a 

south pole. The force exerted on the compass 

needle by the magnetic field causes the needle 

to rotate. The compass needle rotates until it 

lines up with the magnetic field lines, as 

shown in Figure 5. The north pole of a com- 

pass points in the direction of the magnetic 

field. This direction is always away from a 

north magnetic pole and toward a south mag- 

netic pole. 

Figure 5 Compass needles 
placed around a bar magnet line 

up along magnetic field lines. The 

north poles of the compass nee- 

dles are shaded red. 

Visual Learning 

Figure 4 What do you think happens to the mag- 
netic force in the gaps between the lines? The force 
is still there even though the lines don’t show it. 

Cultural Diversity 

Compasses Compasses were invented in China. 
By the ninth century A.D., the Chinese had dis- 
covered that magnetic north does not exactly 
coincide with geographic north. The compass 
was used for navigation at sea starting about 
1,000 years ago (850-1050'A.D.). Before that they 
were used for a type of divination based on geo- 
graphic features. 



Earth’s Magnetic Field A compass 
can help determine direction because the 

“io pole of the compass needle points north. This is because 
Earth acts like a giant bar magnet and is surrounded by a mag- 
netic field that extends into space. Just as with a bar magnet, the 
compass needle aligns with Earth’s magnetic field lines, as 
shown in Figure 6. 

Earth’s Magnetic Poles The north pole of a magnet is 
defined as the end of the magnet that points toward the geo- 

graphic north. Sometimes the north pole and south pole of a 

magnet are called the north-seeking pole and the south-seeking 

pole. Because opposite magnetic poles attract, the north pole of 

a compass is being attracted by a south magnetic pole. Earth is 

like a bar magnet with its south magnetic pole near its geo- 
graphic north pole. 

Currently, Earth’s south magnetic pole is located in northern 

Canada, about 1,500 km from the geographic north pole. 
However, Earth’s magnetic poles move slowly with time. 

Sometimes Earth’s magnetic poles switch places so that Earth’s 

south magnetic pole is in the southern hemisphere near the geo- 

graphic south pole. Measurements of magnetism in rocks show 

that Earth’s magnetic poles have changed places over 150 times 

Observing Magnetic 

Interference 

Procedure Ta) 

le Clamp a bar magnet to a 

ring stand. Tie a thread 

around one end of a paper 

clip and stick the paper clip 

to one pole of the magnet. 

. Anchor the other end of 

the thread under a book 

on the table. Slowly pull 

the thread until the paper 

clip is suspended below 

the magnet but not touch- 
ing it. 

. Without touching the 

paper clip, slip a piece of 

paper between the mag- 

net and the paper clip. 

Does the paper clip fall? 
. Try other materials, such as 

aluminum foil, fabric, in the past 70 million years. : 
: and a butter knife. No one is sure what produces Earth’s magnetic field. Earth’s 

inner core is made of a solid ball of iron and nickel, surrounded 
by a liquid layer of molten iron and nickel. According to one 

theory, circulation of the molten iron and nickel in Earth’s outer 

core produces Earth’s magnetic field. 

Analysis 
1. Which materials caused 

the paper clip to fall? Why 

do you think these materi- 

als interfered with the 

magnetic field? 
. Which materials did not 

cause the paper clip to fall? 

Why do you think these 

materials did not interfere 

with the magnetic field? 

North geographic pole 
—— 

Figure 6 A compass needie 
aligns with the magnetic field 

lines of Earth’s magnetic field. 

Predict Which way would a 

compass needle point if Earth’s 

magnetic poles switched places? 
South geographic pole 
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Curriculum Connection 

History ‘The compass was an important invention 

for navigation at sea. Have students research and 

write reports about some of the sea routes used 

before and after the invention of the compass. Most 

European exploration occurred after the adoption of the com- 
pass. Polynesian islanders and Vikings managed long sea 
voyages without the compass, depending on knowledge of the 
skies and the sea to find their way. [L2] J IA) Kinesthetic 

Fun Fact 
Earth’s magnetic field lines are not parallel to the 
surface. A carefully balanced magnetized needle 

can be used to measure the dip of the magnetic 

field, as well as its direction. 

Purpose Students observe that 

magnetic fields extend beyond 
the magnet and through barriers, 
and that some materials can 
affect the field. [i PELL) 
IN) Kinesthetic 
Materials bar magnet, ring stand, 

50 cm of thread, paper clip, tape, 
book, paper, aluminum foil, fab- 
ric, butter knife 

Teaching Strategy Have students 
compare magnetic force to grav- 

itational force. Remind students 
that gravitational force also acts 

through barriers. 

Analysis 

1. Some metals cause the paper 
clip to fall. These metals can be 

magnetized, so they affect the 
magnetic field. 
Paper, glass, and plastic do not 
affect the field. The magnetic force 
is not affected by materials that 
cannot be magnetized. 

= 

Assessment 

Process Have students examine 

the refrigerator door at home. 
Does it appear to be metal, or 
another material? Relate this to 
the lab. The plastic coating on some 
refrigerator doors does not interfere 

with the attraction between a magnet 

and the underlying metal. Use 
Performance Assessment in 
the Science Classroom, p. 89. 

Caption Answer 
Figure 6 toward the south magnetic 
pole in the southern hemisphere 

Discussion 

North Star What natural body 

has been used for centuries in 

the northern hemisphere to find 
the north-south direction? the 

star Polaris. 
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Magnets in Organisms Animals may 
perceive Earth's magnetic field by 
mechanical effects, where the magnetite 
is deflected like a compass needle. They 
may also sense field variations that cause 
electrical induction within the animal. 

Applyin g Science 

Answers 

1. A magnet will attract about 65% 
of the total mass of the car. Other 

metals (such as aluminum and 

copper) are not magnetic and will 

not be attracted. 

2. 525 kg 
3.9.75 X 10° kg 

Magnetic Metals Students may — 
think that all metals are mag- 
netic. See p. 422F for teaching 
strategies that address this 
misconception. 

Magnetic Materials 
You might have noticed that a magnet will not attract all 

metal objects. For example, a magnet will not attract pieces of 

aluminum foil. Only a few metals, such as iron, cobalt, and 

nickel, are attracted to magnets or can be made into permanent 

Magnets in Organisms 

Some organisms may 

use Earth’s magnetic 

field to help them find magnets. What makes these elements magnetic? Remember that 

their way around. Some > every atom contains electrons. Electrons have magnetic proper- 

species of birds, insects, > ties. In the atoms of most elements, the magnetic properties of 

and bacteria have been > the electrons cancel out. However, in the atoms of iron, cobalt, 
shown to contain small 

amounts of the mineral 

magnetite. Research how 

and nickel, these magnetic properties don’t cancel out. Each 

atom in these elements behaves like a small magnet and has its 

one species uses Earth's : own magnetic field. 

magnetic field, and Even though these atoms have their own magnetic fields, 

report your findings : objects made from these metals are not always magnets. For 

to your class. > example, if you hold an iron nail close to a refrigerator door and 

let go, it falls to the floor. However, you can make the nail behave 

like a magnet temporarily. 

Applying Science 

How can magnetic parts of a junk car be salvaged? 
Percentage Weight of 

very year over 10 million cars containing plastics, glass pede 
a ie . 5P aa Materials in a Car 

rubber, and various metals are scrapped. Magnets are 

often used to help retrieve some of these materials from 

scrapped cars. The materials can then be reused, saving both 

natural resources and energy. Once the junk car has been fed Plastic. 

into a shredder, large magnets can easily separate many of its glass, 

metal parts from its nonmetal parts. How much of the car itt 

does a magnet actually help separate? Use your ability to 

interpret a circle graph to find out. 
Nonmagnetic 

metals 
Identifying the Problem 

The graph at the right shows the average percent by weight of the different materials in 

a car. Included in the magnetic metals are steel and iron. The nonmagnetic metals refer to 

aluminum, copper, lead, zinc, and magnesium. According to the graph, how much of the 
car Can a magnet separate for recycling? 

Solving the Problem 
. What percent of the car’s weight will a magnet recover? 

. A certain scrapped car has a mass of 1,500 kg. What is the mass of the materials in this car 
that cannot be recovered using a magnet? 

. If the average mass of a scrapped car is 1,500 kg and 10 million cars are scrapped each 
year, what is the total mass of iron and steel that could be recovered from scrapped cars 
each year? 
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Purpose to show how a hard blow can 
magnetize a steel rod aligned with Earth’s 
magnetic field 

Materials compass, steel rod, hammer, 
paper clips, protractor 
Preparation Use the compass to mark a 
line on the ground running north-south. 
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Procedure Position the rod along the Assessment 

north-south line as shown. Sharply rap the What happened to the magnetic domai : at he ¢ ains 
south end of the rod with a hammer. PE 5 in the steel rod when it was struck with the 
Expected Outcome ‘The rod becomes mag- hammer? They were jolted and could realign 
netized and will pick up a few clips. Repeat Enough of the magnetic domains realigned along 
if needed, as this effect depends on hitting —_Earth’s field lines to make a magnet 
the rod just right. 



Magnetic Domains—A Model for Magnetism In iron, 
cobalt, nickel, and some other magnetic materials, the magnetic 
field created by each atom exerts a force on the other nearby 

atoms. Because of these forces, large groups of atoms align their 
magnetic poles so that almost all like poles point in the same: Making Your Own 
direction. The groups of atoms with aligned magnetic poles are Compass 
called magnetic domains. Each domain contains an enormous : Procedure Bicy 
number of atoms, yet the domains are too small to be seen with : WARNING: Use care when 
the unaided eye. Because the magnetic poles of the individual : handling sharp objects. 
atoms in a domain are aligned, the domain itself behaves like a: 1, Cut off the bottom of a 
magnet with a north pole and a south pole. : plastic foam cup to make 

a polystyrene disk. 

. Magnetize a sewing needle 

by continuously stroking the 
Lining Up Domains An iron nail contains an enormous 

number of these magnetic domains, so why doesn’t the nail needle in the same direction 

behave like a magnet? Even though each domain behaves like a: with a magnet for 1 min. 

magnet, the poles of the domains are arranged randomly and_ : . Tape the needle to the 
point in different directions, as shown in Figure 7. As a result, : center of the foam disk. 

the magnetic fields from all the domains cancel each other out. : : rae ne Waani 

If you place a magnet against the same nail, the atoms in the chalice agli ty 
eicat Se ee € th i up, in the water. 
omains orient themselves in the direction of the nearby mag- . Bring the magnet close to 

netic field, as shown on the right in Figure 7. The like poles of : the foam disk. 

the domains point in the same direction and no longer cancel Analysis 

each other out. The nail itself now acts as a magnet. However, : 1. How did the needle and 

when the external magnetic field is removed, the constant : disk move when you 
motion and vibration of the atoms bump the magnetic domains: placed them in the water? 
out of their alignment. The magnetic domains in the nail return Explain. 

. How did the needle 

and disk move when the 

magnet was brought near? 

Explain. 

to a random arrangement. For this reason, the nail is only a tem- 

porary magnet. Paper clips and other objects containing iron 

also can become temporary magnets. 

Figure 7 Magnetic materials contain magnetic domains. 

A normal iron nail is made up of microscopic The domains will align themselves along the 

domains that are arranged randomly. magnetic field lines of a nearby magnet. 
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oe Teacher 
Rock Minerals | Iron inerals in some rocks” 
(such as basalt) ig n themselves with 
Earth’s magnetic Rel if the rock forms” 

under t the right conditions. This provides a_ 

record of Earth’s changing magnetic field, 
which is studied by geologists and those 
Hoa to cline aa 5 past climates. — 

Se 

Use an Analogy 
Rope Pulling Lining up magnetic 
domains is like getting a group 
of people to pull together on one 
end of a rope. If each person 
pulls the rope in a different 
direction, the pulls cancel each 
other and nothing happens. If 
they all pull together in one 
direction, the individual forces 

add together. 

Purpose Students will make a 

compass. Kinesthetic 

Materials plastic foam cup, 
magnet, sewing needle, tape, 

plate, water 

Teaching Strategy Remind stu- 
dents that the sewing needle 

contains, or is made of, iron. 

Safety Precautions Caution stu- 
dents to handle the needle 

with care. 

Analysis 

1. The needle aligned with Earth’s 
magnetic field lines. 

2. The needle swung around to point 
toward the magnet. The magnet's 
field is stronger than Earth’s at that 

distance, so the needle aligns with 
the magnet’s magnetic field. 

Assessment 

Oral What causes the needle to 
become magnetic when you 
stroke it with the magnet? The 
magnet rearranges the domains in the 
needle so that they line up and make the 
needle magnetic. Use Performance 
Assessment in the Science 

Classroom, p. 89. 
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Post Reading 

Cooperative Learning Project 

Have students work in groups to 

research an application of magnet- 
ism. For example, students might 

investigate MRI machines or mag- 

netic recording. Encourage 

students to develop a ten-minute 
oral presentation augmented by a 

visual aide. 

Permanent Magnets A permanent magnet can be made by 

placing a magnetic material, such as iron, in a strong magnetic 

field. The strong magnetic field causes the magnetic domains in 

the material to line up. The magnetic fields of these aligned 

domains combine and create a strong magnetic field inside the 

material. This field prevents the constant motion of the atoms 

from bumping the domains out of alignment. The material is 

then a permanent magnet. 

Even permanent magnets can lose their magnetic behavior if 

they are heated. Heating causes atoms in a magnet to move 

faster. If a permanent magnet is heated enough, its atoms may 

be moving fast enough to jostle the domains out of alignment. 

Figure 8 Each piece ofa broken Then the permanent magnet loses its magnetic field and is no 
magnet still has a north and a 

south pole. 

nero 

3 Assess longer a magnet. 

Can a pole be isolated? What happens when a magnet is 

broken in two? Can one piece be a north pole and one piece be 

a south pole? Look at the domain model of the broken magnet 

in Figure 8. Recall that even individual atoms of magnetic mate- 

rials act as tiny magnets. Because every magnet is made of many 

aligned smaller magnets, even the smallest pieces have both a 

north pole and a south pole. 

Check for Understanding 
Visual-Spatial Have students use 
Figure 4 to make illustrations of 
the magnetic field of two bar 
magnets with like poles near 
each other and with unlike poles 
near each other. Have students 
clearly label the poles on the 
illustrations. [L2] 

section ( FeVIELL 

Self Check 

. Describe what happens when you move two unlike 

magnetic poles closer together. Draw a diagram to 

illustrate your answer. 

Summary 

Magnets 

Reteach 
Magnetizing a Nail Hang a nail, by 

the flat head, from the end of a 

bar magnet. Next, place the nail 

and a compass on the overhead to 

show that the nail has N and S 

poles. Jf) Visual-Spatial 

e@ A magnet is surrounded by a magnetic field 

that exerts a force on magnetic materials. 

. Describe how a compass needle moves when it is 

placed in a magnetic field. 
e@ A magnet has a north pole and a south pole. 

@ Like magnetic poles repel and unlike poles 
attract. 3. Explain why only certain materials are magnetic. 

. Predict how the properties of a bar magnet would 
Magnetic Materials hie 3 

change if it were broken in half. 
@ lron, cobalt, and nickel are magnetic elements 

because their atoms behave like magnets. 
. Explain how heating a bar magnet would change its 

; ; eee : magnetic field. 
Magnetic domains are regions in a material 

that contain an enormous number of atoms 

with their magnetic poles aligned. 

. Think Critically Use the magnetic domain model to 

explain why a magnet sticks to a refrigerator door. 

A magnetic field causes domains to align. Ina 

temporary magnet, the domains return to a 

random alignment when the field is removed. 

Applying Math 

. Calculate Number of Domains The magnetic domains 

in a magnet have an average volume of 0.0001 mm?. 

If the magnet has dimensions of 50 mm by 10 mm by 

4mm, how many domains does the magnet contain? 

Performance Ask students to use 

a compass to map the magnetic 

field of a large horseshoe 

magnet. Use Performance 
Assessment in the Science 

Classroom, p. 97. |L2 

In a permanent magnet, astong magnetic 

field aligns domains, and they remain aligned 

when the field is removed. 
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fe rR cm ato prmreeenrmatarg Loanesnanetesh 
cae | Section review 

1. The poles attract one another. align so they are attracted to the 
2. It aligns itself along the field lines. nearest pole of the magnet. 
3. The atoms of magnetic materials are 4, Each piece still would contain large 

themselves individual magnets. numbers of domains and have a 
They form magnetic domains con- north pole and a south pole. 
taining large numbers of atoms. Because each piece contains few 
Each domain is a magnet. A magnet domains, the magnetic field of each 
brought nearby causes domains to piece would be weaker. 

5. When the magnet is heated, the 

atoms in the magnet move faster. If 

the atoms are moving fast enough, 
collisions with other atoms may 
cause atoms in domains to become 
unaligned. This would reduce the 
magnetic field. 

6. If the metal in the door contains a 
magnetic material, the magnetic 
domains align when the magnet is 
brought close so the opposite poles. - 

of the domains attract the closest 
pole of the magnet. 

7. (50 mm)(10 mm)(4 mm)/ 
0.0001 mm?=2.0 x 10/ 
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WE FCAT Vocabulary Bellringer 
Castes You'll Learn Why It’s Important Review Vocabulary Section Focus Transparencies 

Describe the magnetic field Electric motors contained in many of _ electric current: the flow of electric Alegre lab ih 
ee by an electric current. the devices you use every day oper- charges in a wire or any conductor Se ee a ee 
= Explain how an electromagnet ate because electric currents produce Interactive Chalkboard CD-ROM. 

produces a magnetic field. magnetic fields. New Vocabulary TELL) 
m Describe how electromagnets * electromagnet 

are used. e@ solenoid 
= Explain how an electric motor @ galvanometer 

operates. Beers It Was an Age of Small Cony e electric motor Transparency SRR 

Many common household items contain small motors. Some 

examples are fans, vacuums, and hair dryers. What other appliances 
are pictured below? 

Electric Current and Magnetism 
In 1820, Hans Christian Oersted, a Danish physics teacher, 

found that electricity and magnetism are related. While doing a 

demonstration involving electric current, he happened to have a 

compass near an electric circuit. He noticed that the flow of the 

electric current affected the direction the compass needle 

pointed. Oersted hypothesized that the electric current must 

have produced a magnetic field around the wire, and that the 

direction of the field changed with the direction of the current. 

Figure 9 When electric current 

flows through a wire, a magnetic 

field forms around the wire. The ; 

direction of the magnetic field eS, hiram ees Seer aie ate 

Moving Charges and Magnetic Fields Oersted’s hypoth-_: 4¢Pends on the direction of the 
esis that an electric current creates a magnetic field was correct. spe cule in ye sMuigs 

Moving charges, such as those in an electric 

current, produce magnetic fields. Around a 

current-carrying wire the magnetic field \ 

lines form circles, as shown in Figure 9. The 

direction of the magnetic field around the \ O} 

2, Name some ways you have used electric current today. 

Magnetic field lines 

a flow 

Tie ic Tear ncriedae 

Electric Motors Ask students to 
name some items that run by 
electric motors. Possible answers: 

fan, CD player, tape player Explain that 
this section describes how elec- 

tricity and magnetism work 

together in electric motors. 

wire reverses when the direction of the cur- 

rent in the wire reverses. As the current in 

the wire increases, the strength of the mag- Ae 

netic field increases. As the distance from the 

wire increases, the strength of the magnetic 

field decreases. 
oD 

Magnetic field lines 

Electron ihe 

Vocabulary Visualization Have 

students scan the text to find new 

vocabulary terms. Ask them to 

visualize these definitions and 

then sketch pictures in their 
minds. For electromagnet, a stu- 

dent might visualize a coil of 

wire with a long piece of iron in 

the middle. 
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Chapter Fast Fie Resources Enrichment, p. 31 

Transparency Activity, p. +5 Reinforcement, p. 28 

Directed Reading for Content Mastery, p.21 physical Science Critical Thinking/Problem Solving, 
Lab Activity, pp. 13-16 p. 17 
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~~ Fun Fact 
The source of Earth’s magnetic field 
is still not well understood. One hy- 

pothesis is that convection currents 

of molten rock deep in Earth’s core 
generate electric currents, which in 
turn generate a magnetic field, just 
like the current in a wire. 

Discussion 

Crane’s Magnet Explain that a 
crane can have a grabbing end to 
pick up an object, or it can use an 
electromagnet. Compare the two 

cranes. Possible responses: the elec- 
tromagnet will only work on certain 
types of metals, while the mechanical 
crane can lift anything it can grab. The 
strength of the mechanical crane 
depends on the materials it is made 
from and how they are attached; the 

strength of the electromagnet crane 
depends on these factors plus the num- 
ber of turns in the coil and the strength 
of the current running through it. 
Logical-Mathematical 

Caption Answer 
Figure 10B The direction of the mag- 
netic fleld would be reversed. 

j= Reading Strategy 

Paraphrase Ask students to 

paraphrase sections of the text. Be 
sure students know that para- 
phrasing involves putting text 
material into their own words. 
The paraphrase, a condensed ver- 
sion of the text, is shorter than the 

original section. Have students 
paraphrase the text orally to a 
partner or in writing. 
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Figure 10 An electromagnet is 
made from a current-carrying wire. 
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Magnetic field line 

Q The magnetic fields around 

different parts of the wire loop 

combine to form the field inside 

the loop. 

|B] When many loops of current- 

carrying wire are formed into a 

solenoid, the magnetic field is 

increased inside the solenoid. The 

solenoid has a north pole and a 

south pole. 

Predict how the field would change 

if the current reversed direction. 
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f Electron 

Electromagnets 
The magnetic field that surrounds a current-carrying wire can 

be made much stronger in an electromagnet. An electromagnet 

is a temporary magnet made by wrapping a wire coil carrying a 

current around an iron core. When a current flows through a wire 

loop, such as the one shown in Figure 10A, the magnetic field 

inside the loop is stronger than the field around a straight wire. A 

single wire wrapped into a cylindrical wire coil is called a 

solenoid. The magnetic field inside a solenoid is stronger than the 

field in a single loop. The magnetic field around each loop in the 

solenoid combines to form the field shown in Figure 10B. 

If the solenoid is wrapped around an iron core, an electro- 

magnet is formed, as shown in Figure 10C. The solenoid’s mag- 

netic field magnetizes the iron core. As a result, the field inside 

the solenoid with the iron core can be more than 1,000 times 
greater than the field inside the solenoid without the iron core. 

Properties of Electromagnets Electromagnets are tem- 
porary magnets because a magnetic field is present only when 

current is flowing in the solenoid. The strength of the magnetic 

field can be increased by adding more turns of wire to the sole- 

noid or by increasing the current passing through the wire. 

An electromagnet behaves like any other magnet when cur- 

rent flows through the solenoid. One end of the electromagnet 

is a north pole and the other end is a south pole. If it is placed 

in a magnetic field, an electromagnet will align itself along the 

magnetic field lines, just as a compass needle will. An electro- 

magnet also will attract magnetic materials and be attracted or 
repelled by other magnets. What makes an electromagnet so 

useful is that its magnetic properties can be controlled by chang- 

ing the electric current flowing through the solenoid. 
When current flows in an electromagnet and it moves toward 

or away from another magnet, electric energy is converted into 

mechanical energy to do work. Electromagnets do work in vari- 

ous devices, such as stereo speakers and electric motors. 

PO CO 

JIDIIISIA 
i Te cectcn 1, 

flow 

A solenoid wrapped around an 

iron core forms an electromagnet. 

Differentiated Instruction a Teacher Fa 
English-Language Learners For students who have he eae veg! 

difficulty following diagrams and complex j ~ mn in an 
descriptions, focus on the basic definitions—for 
example, that a motor converts electricity into 
motion. Provide a chance for students to observe, 

and take apart a simple motor or handle, 

generator. Kinesthetic 

§ 



Permanent 

magnet 
Electromagnet 

Figure 11 The electromagnet 
in a speaker converts electrical 

energy into mechanical energy to 

produce sound. 

Explain why a speaker needs a 

Loudspeaker permanent magnet to produce 

4 sound. 

Sound waves 

Using Electromagnets to Make Sound How does musi- 
cal information stored on a CD become sound you can hear? 

The sound is produced by a loudspeaker that contains an elec- 

tromagnet connected to a flexible speaker cone that is usually 

made from paper, plastic, or metal. The electromagnet changes 

electrical energy to mechanical energy that vibrates the speaker 

cone to produce sound, as shown on Figure 11. 

'y, Reading Check How does a stereo speaker use an 
electromagnet to produce sound? 

When you listen to a CD, the CD player produces a voltage 

that changes according to the musical information on the CD. 

This varying voltage produces a varying electric current in the 

electromagnet connected to the speaker cone. Both the amount 

and the direction of the electric current change, depending on 

the information on the CD. The varying electric current causes 

both the strength and the direction of the magnetic field in the 

electromagnet to change. The electromagnet is surrounded by a 
permanent, fixed magnet. The changing direction of the mag- 

netic field in the electromagnet causes the electromagnet to be 

attracted to or repelled by the permanent magnet. This makes 

the electromagnet move back and forth, causing the speaker cone 

to vibrate and reproduce the sound that was recorded on the CD. 
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Curriculum Connection 

History Have students find out how Alexander 
Graham Bell used an electromagnet in the first 
telephone and present their findings to the class. 

Linguistic 

‘Key Quick Demo 
« Electromagnets 

Materials large nail, battery, bat- 
tery holder, wire 

Estimated Time 15 minutes 

Procedure Make an electromag- 
net by connecting a battery to a 
wire coiled 20 times around a 
large nail. Demonstrate that the 
nail picks up no paper clips 
before the wire is connected and 
several when it is connected. 
When the wire again is discon- 
nected, the paper clips should 
fall. However, the nail will still 

be slightly magnetized and may 
pick up one or two paper clips 
after the current is turned off. 
WARNING: The wire will heat 
up if it 1s left connected, so disconnect 
the battery as soon as you are done. 

Visual-Spatial 

Caption Answer 

Figure 11 The permanent magnet 
attracts and repels the electromagnet, 

causing the speaker cone to vibrate and 
produce sound. 

Visual Learning 

Figure 11 Have students analyze 
the diagram of the speaker. 
Review step by step the process 
in which electrical energy is con- 
verted to sound energy. Make 
sure students understand that the 
changing electrical signal causes 
a changing magnetic field in the 
electromagnet, and that the 

interaction of that magnetic field 
with the magnetic field of the 
permanent magnet causes the 
electromagnet to move. 

Y, Reading Check 

Answer The electromagnet changes 
electrical energy to mechanical energy 
that vibrates parts of the speaker to 
produce sound. 
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Observing an Electric Motor 

Purpose ‘lo construct and ob- 

serve a simple electric motor. 

Possible Materials pliable copper 
wire, stiff bare copper wire, D- 
cell battery, D-cell battery 
holder, wire cutters or pliers, 

permanent magnet, tape 

Estimated Time one class period 

Teaching Strategies 

¢ Students can brainstorm 
about how they will construct a 
simple electric motor by creat- 
ing a coil of wire suspended 
above a permanent magnet. 
¢ The battery can be used to 
create a flow of current in the 
wire coil. 
¢ Students can observe the prin- 
ciples of an electric motor. 
¢ Allow students to explore 
other questions that arise. 

For additional inquiry activities, see 
Science Inquiry Labs. 

'Y%, Reading Check 

Answer When current flows in the 
solenoid, like poles of the electromag- 
net are repelled by and attracted to the 
poles of the permanent magnet. This 

causes the electromagnet to rotate. 
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Electromagnet 

Permanent 

magnet 

Figure 12 An electromagnet 

can be made to rotate in a mag- 

netic field. 
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When a current flows into the solenoid, like poles 

of the electromagnet are repelled by and attracted 

to the poles of the permanent magnet. This causes 

the electromagnet to rotate. 

The magnetic forces on the 

electromagnet cause it to rotate 

until it is aligned along the field 

lines of the permanent magnet. 

Electromagnet 

‘ 

Electron 

flow 

Permanent 

magnet 

Making an Electromagnet Rotate The forces exerted on 
an electromagnet by another magnet can be used to make the 

electromagnet rotate. Figure 12 shows an electromagnet sus- 

pended between the poles of a permanent magnet. The poles of 

the electromagnet are repelled by the like poles and attracted by 

the unlike poles of the permanent magnet. When the electro- 

magnet is in the position shown on the left side of Figure 12, 

there is a downward force on the left side and an upward force 

on the right side of the electromagnet forces. These forces cause 

the electromagnet to rotate as shown. 

rv eading ec How cana permanent magnet cause an electro- 

magnet to rotate? 

The electromagnet continues to rotate until its poles are next 

to the opposite poles of the permanent magnet, as shown on the 

right side of Figure 12. In this position, the forces on the north 

and south poles of the electromagnet are in opposite directions. 

The net force on the electromagnet is now zero, and the electro- 
magnet stops rotating. 

One way to change the forces that make the electromagnet 

rotate is to change the current in the electromagnet. Increasing 

the current increases the strength of the forces that the two mag- 
nets exert on each other. 

Galvanometers You've probably noticed the gauges in the 
dashboard of a car. One gauge shows the amount of gasoline left 

in the tank, and another shows the engine temperature. How 

does a change in the amount of gasoline in a tank or the water 

temperature in the engine make a needle move in a gauge on the 
dashboard? These gauges are galvanometers, which are devices 
that use an electromagnet to measure electric current. 

Cultural Diversity 

China ‘The first dial and pointer devices were 
made in China, using compass needles. Modern 
dials and pointers, including galvanometers, 

descend from these early Chinese devices. 



Figure 13 The rotation of the 
needle in a galvanometer depends 

on the amount of current flowing 

in the electromagnet. The current 

flowing into the galvanometer in a 

car's fuel gauge changes as the 

amount of fuel changes. 
Permanent 

magnet 

Wires carrying 

current to coil Electromagnet 

Using Galvanometers An example of a galvanometer is 

shown in Figure 13. In a galvanometer, the electromagnet is 

connected to a small spring. The electromagnet rotates until the 

force exerted by the spring is balanced by the magnetic forces on 

the electromagnet. Changing the current in the electromagnet 

causes the needle to rotate to different positions on the scale. 

For example, a car’s fuel gauge uses a galvanometer. A float in 

the fuel tank is attached to a sensor that sends a current to the fuel- 
gauge galvanometer. As the level of the float in the tank changes, 

the current sent by the sensor changes. The changing current in 

the galvanometer causes the needle to rotate by different amounts. 

The gauge-is calibrated so that the current sent when the tank is 

full causes the needle to rotate to the full mark on the scale. 

Electric Motors 
On sizzling summer days, do you ever use an electric fan to 

keep cool? A fan uses an electric motor, which is a device that 

changes electrical energy into mechanical energy. The motor in 

a fan turns the fan blades, moving air past your skin to make you 

feel cooler. 
Electric motors are used in all types of industry, agriculture, 

and transportation, including airplanes and auto- 

mobiles. If you were to look carefully, you 

probably could find electric motors in 

every room of your home. Almost every 

appliance in which something moves 

Figure 14 All the devices shown 
here contain electric motors. 

List three additional devices that 

contain electric motors. 

contains an electric motor. Electric 

motors are used in devices such as 

VCRs, CD players, and computers, and 

appliances such as those shown in 

Figure 14. 
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Curriculum Connection 

History Have students research the history of the 

development of electric motors. Have them 
present their findings in the form of a newspaper 
article. The first commercially useful electric motor was a 

reversible DC electrical generator built in the early 1870s by 

Zénobe-Théophile Gramme. The first practical AC motor was 
built in 1888 by Nikola Tesla. [L2] GJ [AY Linguistic 

Use Science Words 

Word Origin Have students use a 
dictionary to find the origin of the 
word zotor: It is derived from the Latin 
word for move. Linguistic 

Activity 
Hobby Motors Bring a set of direct 
current hobby motors to class. 
Have students take them apart and 
identify the different parts. 

Discussion 

Galvanometers Have students de- 
scribe all the dials with pointers 
they can find in their homes, 
school, cars, etc. Which ones are 

galvanometers? Possible answer: 
Older voltmeters and ammeters contain 
galvanometers. Some gauges in a car are 

galvanometers. A clock is an example 
of a motorized measuring device that is 
not a galvanometer. Logical- 
Mathematical 

Caption Answer 
Figure 14 Answers will vary. 
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Use an Analogy 
Waterwheel An electric motor is 
like a waterwheel. A force (run- 

ning water, magnetism) applied 
to a wheel (paddle of wheel, end 

of magnet) turns an axle. In 

either case, things can be 
attached to the axle to use the 
mechanical energy produced. 

Make a Model 
Simple Electric Motors Have stu- 
dents use Figure 15 as a guide to 
make models of simple electric 
motors. Kinesthetic 
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Permanent agi 

Brushes wy 
\e | 

electron flow 

Step 1 When a current flows in the coil, the mag- 

netic forces between the permanent magnet and 

the coil cause the coil to rotate. 

Direction of 

electron flow 

Step 3 The commutator reverses the direction of the 

current in the coil. This flips the north and south poles 

of the magnetic field around the coil. 

Figure 15 Ina simple electric 
motor, a coil rotates between the 

poles of a permanent magnet. To 

keep the coil rotating, the current 

must change direction twice dur- 

ing each rotation. 

Permanent magnet — 

Brushes 

Commutator 

Step 2 In this position, the brushes are not in contact 

with the commutator and no current flows in the coil. 

The inertia of the coil keeps it rotating. 

Permanent magnet ~_ = 

i ia Direction of 
electron flow 

Step 4 The coil rotates until its poles are opposite the 

poles of the permanent magnet. The commutator 

reverses the current, and the coil keeps rotating. 

A Simple Electric Motor A diagram of the simplest type of 
electric motor is shown in Figure 15. The main parts of a sim- 

ple electric motor include a wire coil, a permanent magnet, and 
a source of electric current, such as a battery. The battery pro- 

duces the current that makes the coil an electromagnet. A sim- 

ple electric motor also includes components called brushes and 

a commutator. The brushes are conducting pads connected to 
the battery. The brushes make contact with the commutator, 

which is a conducting metal ring that is split. Each half of the 

commutator is connected to one end of the coil so that the com- 

mutator rotates with the coil. The brushes and the commutator 

form a closed electric circuit between the battery and the coil. 
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Differentiated Instruction 
Challenge Have students find out more about _ negative terminals of the power source, The reversing current 

how the commutator in an electric motor works. causes the poles of the rotating electromagnet to switch and 
Have students prepare an oral presentation to _ rotate toward the opposite pole of the permanent magnet. 
present to the class. The commutator rotates with the Logical-Mathematical 
electromagnet and alternately contacts the positive and 



Making the Motor Spin When current flows in the coil, the 
forces between the coil and the permanent magnet cause the coil 
to rotate, as shown in step | of Figure 15. The coil continues to 
rotate until it reaches the position shown in step 2. Then, the 
brushes no longer make contact with the commutator, and no 
current flows in the coil. As a result, there are no magnetic forces 
exerted on the coil. However, the inertia of the coil causes it to 
continue rotating. 

In step 3, the coil has rotated so that the brushes again are in 
contact with the commutator. However, the halves of the com- 
mutator that are in contact with the positive and negative bat- 
tery terminals have switched. This causes the current in the 
commutator to reverse direction. Now the top of the electro- 
magnet is a north magnetic pole and the bottom is a south pole. 
These poles are repelled by the nearby like poles of the perma- 
nent magnet, and the magnet continues to rotate. 

In step 4, the coil rotates until its poles are next to the oppo- 

site poles of the permanent magnet. Then the commutator 

again reverses the direction of the current, enabling the coil to 

keep rotating. In this way, the coil is kept rotating as long as the 

battery remains connected to the commutator. 

~~ Section. 1) 

Summary 

Electric Current and Magnetic Fields 

@ A magnetic field surrounds a moving electric 

charge. 

Teview 

Self Check 

. Explain why, if the same current flows in a wire coil 

and a single wire loop, the magnetic field inside the 

coil is stronger than the field inside the loop. 

Sciencap INE 
Topic: Electric Motors 

Visit fl.gpescience.com for Web 

links to information about electric 

motors. 

Activity Using the information 

provided at these links, construct a 

simple electric motor. 

. Describe two ways you could change the strength of 
® The strength of the magnetic field surround- 

ing a current-carrying wire depends on the 

amount of current. 

the magnetic field produced by an electromagnet. 

. Predict how the magnetic field produced by an electro- 

magnet would change if the iron core were replaced by 

Electromagnets 

@ An electromagnet is a temporary magnet 

consisting of a current-carrying wire 

wrapped around an iron core. 

®@ The magnetic properties of an electromagnet 

can be controlled by changing the current in 

an aluminum core. 

. Explain why it is necessary to continually reverse the 

direction of current flow in the coil of an electric motor. 

. Think Critically A bar magnet is repelled when an elec- 

tromagnet is brought close to it. Describe how the bar 

magnet would have moved if the current in the electro- 

the coil. magnet had been reversed. 

@ A galvanometer uses an electromagnet to 

measure electric current. 
Applying Math — 

. Usea Ratio The magnetic field strength around a wire 
Electric Motors 

@ In asimple electric motor, an electromagnet 

rotates between the poles of a permanent 

magnet. 

More Section Review fl.gpescience.com 

at a distance of 1 cm is twice as large as at a distance of 

2 cm. How does the field strength at 0.5 cm compare to 

the field strength at 1 cm? 
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é Section ao) 

1. The magnetic field around each bit of 
wire has the same strength, but when 
the wire is looped, the fields combine, 
making a stronger field. 4 

2. by varying the electric current passing 

the looped wire. 

magnetic material. The only mag- 
netic field would be that created by 

When an end of the coil moves past a 
pole of the permanent magnet, revers- 

review 

rotating in the same direction. 
5. The bar magnet would have been 

attracted to the electromagnet 
because the pole would have been 
opposite to what it was. 

6. It would be twice as large as the 

| Post Reading 

Illustrations Have students re- 

search uses of motors and make an 

illustration of a motor and the 

device that uses it. Students should 

label the parts of the motor and 
describe the function of the device. 

Have students display the illustra- 
tions for the class to view. 

_Y INTERVENTION 

Check for Understanding 
Kinesthetic Divide the class into 

groups. Provide each group with 
D-cell batteries, a few meters of 

insulated wire, and iron bolts. 

Ask the groups to construct elec- 
tromagnets. WARNING: The 

bolt cores will become hot if the 

current is left connected. Make 

sure students disconnect the 

wire from the battery when they 
are not using the electromagnet. 

[2] GS coop Learn 
Kinesthetic 

Reteach 

Electromagnets Make two elec- 

tromagnets from iron nails 
wrapped in wire. Wrap the first 
one with only a few coils, the 
second one with many coils. 
Have students compare the 
strength of the two electro- 
magnets as you attempt to pick 
up a number of paper clips. 

Visual-Spatial 

fee Roe oe ee ™ Assessment 
Oral Demonstrate the different 

speeds on a fan or mixer. Ask 

students how they think the 
speed is varied. To make the appli- 
ance rotate faster, the amount of current 
passing through the coil of the electric 
motor is increased. To slow down 
the appliance, the amount of current 

through it or by changing the number ing the current causes the end of the is decreased, Use PASC, p. 89. 

of loops coil to be attracted to the other pole of 

3. The magnetic field would be the permanent magnet. Repeating 

weaker because aluminum is not a this process keeps the coil continually 

strength at 1 cm and four times the 
strength at 2 cm. 

Be | MA.B.1.4.1 
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-® 
An editable Microsoft 

. R 

- PowerPoint® presenta- 

tion is available on Interactive 

Chalkboard CD-ROM. 

Bellringer 

Section Focus Transparencies 

also are available on the 

Interactive Chalkboard CD-ROM.| 

[Lz] GD 

3 Satikass) Flowing Current 
Transparency 

Electricity is often generated at power plants by burning fossil fuels. 
But fossil fuels are nonrenew esources that, when burned, can 

e pollution. There are, he , nonpolluting sources of energy 

1, What do you think the source of energy is for this hydroelectric 

power plant? 

2. What do you think would happen if the flow of water through the 
dam were blocked? 

3, What other sources of energy are converted to electric current? 

Reading Preview 

Tie to Prior Knowledge 

Windmills Ask students if they 
have ever seen a windmill. Refer 

them to Figure 19 and have 

them describe the motion of the 

blades and what the force of the 

wind is doing to the generators 

that they are connected to. 

Activate Background Know- 

ledge Have students create sen- 

tences using the new vocabulary 
words based on their prior 

knowledge of the words. Write 

the sentences on the board. Ask 

students to read the section. After 
reading, have students discuss the 
accuracy of the sentences. 
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| Reading Guide 

What Nou'll Learn Why It’s Important New Vocabulary 

® Define electromagnetic Electromagnetic induction enables e electromagnetic induction 

induction. power plants to generate the electric @ generator 

= Describe how a generator current an appliance uses when you — @ turbine 

produces an electric current. plug it into an electric outlet. @ direct current (DC) 

# Distinguish between alternating e alternating current (AC) 

current and direct current. ® Review Vocabulary e transformer 

= Explain how a transformer can voltage difference: a measure of 
change the voltage of an alter- the electrical energy provided by 
nating current. charges as they flow in a circuit 

From Mechanical to Electrical Energy 
Working independently in 1831, Michael Faraday in Great 

Britain and Joseph Henry in the United States both found that 

moving a loop of wire through a magnetic field causes an elec- 

tric current to flow in the wire. They also found that moving a 

magnet through a loop of wire produces a current. In both 

cases, the mechanical energy associated with the motion of the 

Figure 16 Thecoilinagener- |: wire loop or the magnet is converted into electrical energy asso- 

ator is rotated by an outside : ciated with the current in the wire. The magnet and wire loop 

source of mechanical energy. : must be moving relative to each other for an electric current to 

Here the student supplies the : be produced. This causes the magnetic field inside the loop to 

mechanical energy that is con- change with time. In addition, if the current in a wire changes 

verted into electrical energy by : with time, the changing magnetic field around the wire can also 

the generator. > induce a current in a nearby coil. The generation of a current by 
a changing magnetic field is electromagnetic induction. 

Generators Most of the electrical energy you use every day is 

provided by generators. A generator uses electromagnetic 

induction to transform mechanical energy into electrical 

energy. Figure 16 shows one way a generator converts mechani- 
cal energy to electrical energy. The mechanical energy is pro- 

vided by turning the handle on the generator. 

An example of a simple generator is shown in Figure 17. In 

this type of generator, a current is produced in the coil as the coil 
rotates between the poles of a permanent magnet. 
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Section 3 Resource Manager 

Chapter Fast Fie Resources 

‘Transparency Activity, pp. 46, 47-48 
Lab Worksheet, pp. 5-6, 7-8 

Home and Community Involvement, p. 37 
Directed Reading for Content Mastery, 

pp. 21-22 
Cultural Diversity, p. 53 

Performance Assessment in the Science Classroom, 
Enrichment, p. 32 - 

Dros 
Reinforcement, p. 29 
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Electron flow 

Switching Direction As the generator’s wire coil rotates 
through the magnetic field of the permanent magnet, current 

flows through the coil. After the wire coil makes one-half of a 

revolution, the ends of the coil are moving past the opposite 

poles of the permanent magnet. This causes the current to 

ee 
oe 19 

a 4 
Electron 

Ry flow 

Figure 17 The current in the coil 

changes direction each time the 

ends of the coil move past the 

poles of the permanent magnet. 

Explain how the frequency of the 

2 Teach 

(% Reading Check 

Answer twice 

Magnetic Fields Some students — 
may think that a magnetic field — 

alone is enough to produce a 
current. Emphasize that the 
magnetic field must be chang- 
ing to induce a current in the 

change direction. In a generator, as the coil keeps rotating, the changing current can be controlled. 
current that is produced periodically changes direction. The 
direction of the current in the coil changes twice with each rev- 

olution, as Figure 17 shows. The frequency with which the cur- 

rent changes direction can be controlled by regulating the 
rotation rate of the generator. In the United States, current is 

produced by generators that rotate 60 times a second, or 3,600 

revolutions per minute. 

vy, Reading Check For each revolution of the coil, how many times 

does the current change direction? 

The Electromagnetic Force There is a relationship between 
electricity and magnetism. A changing magnetic field can cause 

electric charges to move in a wire. Also, a moving electric charge 

produces a magnetic field. The atoms of magnetic materials, 

such as iron, are magnets because of the motion of electric 

charges in the atoms. As a result, the magnetic field around a per- 
manent magnet is due to electric charges that are in motion. 

This connection occurs because the electric force and the 

magnetic force are two different aspects of the same force. This 

force is the electromagnetic force and is one of the fundamental 

forces in nature. An electromagnetic force exists between all 

objects that have electric charge. Just like the magnetic and the 
electric force, the electromagnetic force can be attractive or 

repulsive. 
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Science Journal 

History of Technology A turbine transforms 
straight-line motion into rotational motion. One 
of the oldest means of transforming motion this 
way is the waterwheel. Have students write 
paragraphs in their Science Journals comparing 
the design of a waterwheel with that of a hydro- 

electric turbine. [L2] fh) Linguistic 

SECTION 3 Producing Electric Current 

wire coil. A stationary magnet 
and loop will not generate a 
current. 

Use Science Words 

Word Meaning The expression 
electromagnetic induction is related 

to the word induce. Have stu- 

dents find the common meaning 
of induce and use it in a sen- 
tence. Induce means to move to a 

course of action, to cause; sample sen- 
tence: The king induced his knights to 
follow his lead. [L2] [RY Linguistic 

Caption Answer 
Figure 17 by regulating the rotation 
rate of the generator 

439 



Discussion 

Number of Power Plants Why is 
electricity usually generated at 
a few large plants, rather than 
many small ones? Possible answer: 

Generating plants are often located near 

rivers, dams, or other energy sources. 
Multiple small plants would require 
redundant resources and would be more 
expensive to build. Logical- 
Mathematical 

, = RSS SS ers SSE 

- Teer, 

Power-Plant Operator ‘These oper- 
ators control and monitor the 
boilers, turbines, generators, 

and other equipment at power 
generating plants. Power-plant 

operators may use computers 
for many tasks including gener- 
ating reports of daily operations 
or unusual incidents. 

Research Have students research 

the future employment outlook 
for this career. 

Quick Demo 
’ Generating Current 

Materials hand-operated genera- 
tor, wire, bulb socket, lightbulb 

Estimated Time ten minutes 

Procedure Attach wire leads to the 
hand generator and to the bulb 
socket containing a lightbulb. 
Slowly turn the hand generator to 
light the bulb. Additional light- 
bulbs can be added in parallel or 
in series. Vary the speed that you 
turn the hand generator and show 
students the effect on the bright- 
ness of the lights. 
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Figure 18 Each of these genera- 

tors at Hoover Dam can produce 

In these generators, a rotating 

magnet induces an electric current 

ina stationary wire coil. 

Greer 

Power-Plant Operator 

Many daily activities 

require electricity. Power- 

plant operators control the 

machinery that generates 

electricity. Operators must 

have a high school diploma. 

College-level courses may 

be helpful. Research to find 

employers in your area that 

hire power plant operators. 
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over 100,000 kW of electric power. 

Generating Electricity for Your Home You probably do 
not have a generator in your home that supplies the electrical 

energy you use at home. This electrical energy comes from a 
power plant with huge generators like the one in Figure 18. The 

coils in these generators have many coils of wire wrapped 

around huge iron cores. The rotating magnets are connected to 

a turbine, which is a large wheel that rotates when pushed by 

water, wind, or steam. 

Some power plants first produce thermal energy by burning 

fossil fuels or using the heat produced by nuclear reactions. This 

thermal energy is used to heat water and produce steam. 
Thermal energy is then converted to mechanical energy as the 

steam pushes the turbine blades. The generator then changes the 

mechanical energy of the rotating turbine into the electrical 

energy you use. In some areas, fields of windmills, such as those 

in Figure 18, can be used to capture the mechanical energy in 

wind to turn generators. Other 

power plants use the mechanical 

energy in falling water to rotate 

the turbines. Both generators and 

electric motors use magnets to 
produce energy conversions 

between electrical and mechanical 

energy. Figure 20 summarizes the 

differences between _ electric 

motors and generators. 

Figure 19 The propeller on each of 

these windmills is connected to an elec- 

tric generator. The rotating propeller 

rotates a coil or a permanent magnet. 

Curriculum Connection 

Geography Solar power can be used to generate 

electricity. A very large array is needed to gener- 
ate enough electricity for a city, and only very 
sunny sites will do. Ask students to research and 

report on areas in the United States that are suit- 
able for such solar generators. Large solar arrays have 
been proposed for the Southwest's deserts, particularly those 
in California. [L2] {EIN Linguistic 

Visual Learning 

Figure 19 In the 1920s and 1930s, before rural 
areas had access to electricity from power plants, 
people sometimes used small windmills to run 
water pumps or household generators. The 
windmills shown are much larger, of course: 
Windmills on “wind farms,” such as the one 
shown in the figure, can be as big as 50 m in 
diameter and stand several building stories high. 



= 

What does it do? Changes electricity * e ry 
into movement \ at ‘ . ] 

What makes its Attractive and repulsive forces between | 

electromagnetic the coil and the permanent magnet 
coil rotate? magnet 

WE Te CS UTee ii) An outside power source 
of the current that 
flows in its coil? 

i itucich @iiseiils | Twice during each rotation of 

currentin the coil Rut teul 

change direction? 

Changes movement 

into electricity i 

An outside source of mechanical 

energy 

Electromagnetic induction from 

moving the coil through 

the field of the 

permanent magnet 

Twice during each rotation of 

tne coil 

Challenge Students could research the differences 
between AC DG and make 

posters illustrating differences 
and generators 

labeled the 
between these two ways that electricity is trans- 

mitted. [L3] [J Visual-Spatial 
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| NATIONAL 
| GEOGRAPHIC 

Visualizing Motors 
and Generators 

Have students examine the pic- 
tures and read the captions. Then 
ask the following questions. 

In what way is an electric 

motor the opposite of a genera- 

tor? In what way is it the same? 
Opposite: A motor changes electricity 

into movement, while a generator 

changes movement into electricity. 

Same: The current in the coil changes 

direction twice during each rotation of 

the coil. 

What kind of movement 
produces the electricity in 
hydroelectric generators? mov- 
ing water In windmills? moving air 

In a bicycle generator? moving 
bicycle wheel 

Activity 
Hand-Cranked Power Have small 

groups of students research 
power supplies used for camping 

or emergency situations that 

produce electricity from a hand- 
cranked generator. These devices 
include flashlights, lanterns, and 

radios. Have students make oral 

presentations about how these 

devices work and in what situa- 

tions they would be most useful. 

[2] cooP LEARN 
Logical-Mathematical 
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Direct and Alternating Currents 
Modern society relies heavily on electricity. Just how much 

you rely on electricity becomes obvious during a power outage. 

iil : > Out of habit, you might walk into a room and flip on the light 

Sciencapnline : switch. You might try to turn on a radio or television or check 

Topic: Transformers the clock to see what time it is. Because power outages some- 

Visit fl.gpescience.com for links : times occur, some electrical devices, such as the radio in 

COUTTS : Figure 21, use batteries as a backup source of electrical energy. 

_ Teacher & 
carent Disagreement Tho Thoma imas® 
Edison advocated the atts x 7 

j DC to transmit « electric ci rent. 
| One of his worker ge! kola 

iv + E 3 

¥ i j . . 

Tesla ras ways, cand ee SO ESI UG Tue > However, the current produced by a battery is different from the 

ent to ~ work for _ Edis 7 a > current produced by an electric generator. 

competitor, the J Westing ise 5 Activity In England, voltage A battery produces a direct current. Direct current (DC) 

Company. Today, ¢ electric cur WCITIES SEs : flows only in one direction through a wire. When you plug your 
required for U.S. appliances. Using 

r any other appliance into a wall outlet, you are 
information found at these links, CD player © es PP vs 

diagram a transformer that would | ; Using alternating current. Alternating current (AC) reverses the 

allow a U.S. appliance to operate : direction of the current in a regular pattern. In North America, 

in England. generators produce alternating current at a frequency of 

: 60 cycles per second, or 60 Hz. The electric current produced by 

a generator changes direction twice during each cycle, or each 

rotation, of the coil. This means that a 60-Hz alternating current 

changes direction 120 times each second. 
Electronic devices that use batteries as a backup energy 

source usually require direct current to operate. When the 

device is plugged into a wall outlet, electronic components 

inside the device convert the alternating current to direct cur- 

rent and also reduce the voltage of the alternating current. 

: rent in the | United States aa 
Sos usi ing g AC: 4 aa 

Se Generators How does a 

generator work? 

Figure 21 Some devices, such 
as this radio, can use either direct 

or alternating current. Electronic | Transmitting Electrical Energy 

components in these devices ; The alternating current produced by an electric power plant 

change alternating current from an: carries electrical energy that is transmitted along electric trans- 

electric outlet to direct current. : mission lines. However, when electrical energy is transmitted 

along power lines, some of the electrical energy is 

converted into heat because of the electrical resist- 
ance of the wires. The heat produced in the power 

lines warms the wires and the surrounding air and 

can’t be used to power electrical devices. Also, the 

electrical resistance and heat production increase as 

the wires get longer. As a result, large amounts of heat 

can be produced when electrical energy is transmit- 

ted over long distances. 

Reading Strategy 

Cause and Effect Have stu- 

dents set up a chart with the 

headings Cause and Effect. Under 
Effect, have students list the fol- 

lowing: a generator transforms 

mechanical energy into electrical 

energy, a radio plays music, and a 
transformer increases voltage. 

Have students use the text to find 

the cause for each effect. 

One way to reduce the heat produced in a power 
line is to transmit the electrical energy at high volt- 

ages, typically around 150,000 V. However, electrical 

energy at such high voltage cannot enter your home 

safely, nor can it be used in home appliances. Instead, 

a transformer is used to decrease the voltage. 
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Science Journal 

NikolaTesla Tell students that the inventor Nikola Serbian, born in Croatia. He convinced businessman and 
‘Tesla brought alternating current into wide — inventor George Westinghouse that alternating current could 
usage. Have students find out where he was from, be transported more efficiently than direct current. 
when he lived, and how he spread the use of alter- Westinghouse’s company, General Electric, was able to 
nating current, and write their findings in their develop commercial AC systems that soon were widely 
Science Journals. Tesla lived from 1856 to 1943. He was adopted. [2] [A Linguistic 
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Transformers 
A transformer is a device that increases or 

decreases the voltage of an alternating current. A 
transformer is made of a primary coil and a sec- 
ondary coil. These wire coils are wrapped around 
the same iron core, as shown in Figure 22. As an 

alternating current passes through the primary 

coil, the coil’s magnetic field magnetizes the iron 
core. The magnetic field in the primary coil 

changes direction as the current in the primary 
coil changes direction. This produces a magnetic 
field in the iron core that changes direction at the (Q 
same frequency. The changing magnetic field in 

the iron core then induces an alternating current 240 volts 

with the same frequency in the secondary coil. AGI 
The voltage in the primary coil is the input 

voltage, and the voltage in the secondary coil is 

the output voltage. The output voltage divided 

by the input voltage equals the number of turns 

in the secondary coil divided by the number of 

turns in the primary coil. 

60 volts 

ACin “. £ 

10 turns of wire 

Primary coil 

40 turns of wire 

ry, Reading Check How does a transformer produce an alternating 
current in the secondary coil? 

Step-Up Transformer A transformer that increases the volt- 
age so that the output voltage is greater than the input voltage is 

a step-up transformer. In a step-up transformer, the number of 

wire turns on the secondary coil is greater than the number of 

turns on the primary coil. For example, the secondary coil of the 

step-up transformer in Figure 22A has twice as many turns as the 

primary coil has. The ratio of the output voltage to the input 

voltage is 2:1, and the output voltage is twice as large as the input 

voltage. For this transformer, an input voltage of 60 V in the pri- 

mary coil is increased to 120 V in the secondary coil. 

Step-Down Transformer A transformer that decreases the 
voltage so that the output voltage is less than the input voltage 

is a step-down transformer. In a step-down transformer, the 

number of wire turns on the secondary coil is less than the num- 

ber of turns on the primary coil. In Figure 22B the secondary 

coil has half as many turns as the primary coil has, so the ratio 

of the output voltage to the input voltage is 1:2. The input volt- 

age of 240 V in the primary coil is reduced to a voltage of 120 V 

in the secondary coil. 

Primary coil y. 

Secondary coil 
20 turns of wire 

120 volts 

ot ~~ AC out 
Increase ~N 

2 times 

Secondary coil 
20 turns of wire 

120 volts 
SS o. 

~ “ 

ENA 

Decrease 

2 times 

Figure 22 Transformers can 
increase or decrease voltage. 

©) A step-up transformer 

increases voltage. The secondary 

coil has more turns than the 

primary coil does. (9 A step-down 

transformer decreases voltage. The 

secondary coil has fewer turns than 

the primary coil does. 

Infer whether a transformer could 

change the voltage of a direct 

current. 
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v Active Reading 

Write-Draw-Discuss This strategy encourages 

Post Reading 

students to actively participate in reading 

and lectures, assimilating content creatively. 

Have students write about electric motors, 

generators, and transformers, clarify their 

ideas, then make illustrations or drawings. 

Ask students to share responses with the 

class and display several examples. 

Concept Map Starting with the central term 

electric current, have students draw five lines, 

similar to bicycle wheel spokes, each with one 
of the following: electromagnetic induction, 
generator, DC, AC, and transformers. Using 

more branching lines, have students explain 

these terms. 

Ort om 

Activity 
Finding Transformers ‘lake students 
outside and find the transformers 

leading into the school. Ask stu- 
dents to find the transformers 

near their homes as well, and 

compare them. Caution students 
to not touch or get too close to the 
transformers. TELL) 

Visual-Spatial 

(%, Reading Check 

Answer The changing magnetic field 
in the iron core induces an alternating 

current with the same frequency in the 
secondary coil. 

Caption Answer 
Figure 22 No, a direct current does not 

produce a changing magnetic field in the 
primary or secondary coil. Electromagnetic 
induction does not occur. 
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Caption Answer 
Figure 23 the generator, step-up 

transformer, and step-down transformer 

@ Asccss | 
Check for Understanding 
Visual-Spatial Have students draw 
a diagram of a generator and 
label the parts. Have students 
write a brief description about 
how the generator works. [L2| 

Reteach 

Visual-Spatial Use Figure 20 to 
tie the electric generator to the 

electric motor. Have students 

explain what each is used for 
and how each uses the connec- 

tion between electricity and 

magnetism. LSI 

‘tT? Assessment 

Content Ask students to work 
in teams to design a human- 
powered device for generating 
electrical energy. As an exam- 
ple, describe how a stationary 
bicycle could be modified to 
rotate the electromagnet in a 
generator. Use Performance 
Assessment in the Science 
Classroom, p. 117. [i2] 

1. falling water strikes paddle wheel 

and wheel begins to turn—kinetic 
energy to mechanical energy; turn- 
ing paddle wheel turns shaft of 

generator—mechanical energy to 
electrical energy; electrical energy 
flows to electric lights—electrical 
energy to heat and light 
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Steam from boiler 

or water from lake 

ordam 

Generator 

SV 
- 4 aN 

Turbine 

Figure 23 Many steps are 

involved in the creation, trans- 

portation, and use of the electric 

current in your home. 

Identify the steps that involve 

electromagnetic induction. 

Summary 

From Mechanical to Electrical Energy 

e Anelectric current is produced by moving a 

wire loop through a magnetic field or a 

magnet through a wire loop. 

e A generator can produce an electric current by 

rotating a wire coil in a magnetic field. 

Step-up 

transformer 

Step-down 

transformer << 

Transmitting Alternating Current Power plants com- 

monly produce alternating current because the voltage can be 

increased or decreased with transformers. Although step-up 

transformers and step-down transformers change the voltage at 

which electrical energy is transmitted, they do not change the 

amount of electrical energy transmitted. Figure 23 shows how 

step-up and step-down transformers are used in transmitting 

electrical energy from power plants to your home. 

Self Check 

. Describe the energy conversions that occur when water 

falls on a paddle wheel connected to a generator that is 

connected to electric lights. 

. Compare and contrast a generator with an electric 

motor. 

. Explain why the output voltage from a transformer is 

zero if a direct current flows through the primary coil. 
Direct and Alternating Currents 

e@ A direct current flows in one direction. An 
. Explain why electric current produced by power plants 

alternating current changes direction ina 

regular pattern. 

Transformers 

is transmitted as alternating current. 

. Think Critically A magnet is pushed into the center of 

a wire loop and then stops. What is the current in the 

wire loop after the magnet stops moving? Explain. 

e A transformer changes the voltage of an 

alternating current. The voltage can be 

increased or decreased. 

@ The changing magnetic field in the primary 

coil of a transformer induces an alternating 

current in the secondary coil. 
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. Use a Ratio 

Applying Math 

A transformer has 1,000 turns of wire in 

the primary coil and 50 turns in the secondary coil. If 

the input voltage is 2,400 V, what is the output voltage? 

More Section Review fl.gpescience.com 

2. 

4, 

An electric motor converts electrical 
energy to mechanical energy and a 
generator coverts mechanical energy 
to electrical energy. 

. Only an alternating current induces 
the voltage in the transformer. 
Alternating current is used because 

transformers can increase or decrease 

review 
voltage. This enables power to be 
transmitted at high voltage to mini- 

mize the energy converted into heat. 
The voltage then is reduced to lower 
levels for safe use. 

. Zero; either the magnet or the wire 

loop must be moving to induce 
current. 

P Voltageout (UMSsecondary 
* Voltage, — tUMNSprimary 

50 Voltageout 

1,000 ~ 2,400V 

Voltageour = 120V 

ea MA.A.1.4.4 
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Huge generators in power plants produce elec- 

tricity by moving magnets past coils of wire. 

How does this produce an electric current? 

© Real-World Problem —— 
How can a magnet and a wire coil be used to 

produce an electric current? 

Goals 
M@ Observe how a magnet and a wire coil can 

produce an electric current in a wire. 

@ Compare the currents created by moving the 

magnet and the wire coil in different ways. 

Materials 

cardboard tube scissors 

bar magnet galvanometer or ammeter 

insulated wire 

Safety Precautions S24 GO EM 

WARNING: Do not touch bare wires when 

current is running through them. 

© Procedure 
1. Wrap the wire around the cardboard tube to 

make a coil of about 20 turns. Remove the 

tube from the coil. 

2. Use the scissors to cut and remove 2 cm of 

insulation from each end of the wire. 

Connect the ends of the wire to a 

galvanometer or ammeter. Record the 

reading on your meter. 

4. Insert one end of the magnet into the coil 

and then pull it out. Record the current. 

Move the magnet at different speeds inside 

the coil and record the current. 

o——"__ El ©) ctricity and Magnetism 

5. Watch the meter and move the bar magnet 

in different ways around the outside of the 

coil. Record your observations. 

6. Repeat steps 4 and 5, keeping the magnet 

stationary and moving the wire coil. 

© Conclude and Apply —— 
1. How was the largest current generated? 

2. Does the current generated always flow in 

the same direction? How do you know? 

3. Predict what would happen if you used a 

coil made with fewer turns of wire. 

4. Infer whether a current would have been 

generated if the cardboard tube had been 

left in the coil. Why or why not? Try it. 

Compare the currents generated by different 

members of the class. What was the value of 

the largest current that was generated? 

How was this current generated? 

LAB 445 

flow hoo ake 
™, Assessment 

Performance Ask each student to make a poster 
that shows the design of the experiment they 
used and explains what each piece of equipment 

does. To one side, they should list how changes in 
the setup change the current induced. Use 
PASC, p. 145. [L1] 

Ask students to include suggestions for how they could 

make a stronger current. Possible answers: increase the 

number of coils; make the coils closer to the moving 
magnet; use a stronger magnet 

Video Lab available for this Lab. 

© Real-World 
Problem ———— 

Purpose Students observe elec- 
tromagnetic induction of a 
current. Kinesthetic 

Process Skills observe and infer, 

interpret data, draw conclusions, 

recognize cause and effect, com- 
pare and contrast, make models 

Time Required 45 minutes 

Alternate Materials One end 
of a horseshoe magnet can re- 
place the bar magnet. 

© Procedure ——— 

Teaching Strategy Be sure the 
galvanometer is on the most sen- 
sitive scale and that students 
form complete circuits. 

® Conclude an 

Apply —— 
1. Faster motion produces more cur- 

rent, as does moving the magnet in 
the coil rather than outside it. 

2. No; the needle was deflected in 
different directions depending on 
whether the magnet moved in or 
out of the coil. 

3. A smaller current would be induced. 
4. Yes; electric and magnetic fields are 

not affected by the cardboard. 
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© Real-World 
Problem 

Purpose Students will assemble 
an electromagnet and then at- 
tempt to control its strength by 
changing its construction. 

Kinesthetic 

Process Skills form a hypothesis, 

identify and manipulate variables, 
make and use tables, observe 

Time Required 60 minutes 

Possible Materials Iron 16- 
penny nails are available through 
science supply companies. If 
nails are purchased locally, make 
sure they are made of iron. 

Alternate Materials Students 
can use either an electric power 
supply or batteries for the electric 
current in their electromagnets. 

A knife switch can be included for 

easier Current control. 

Safety Precautions Closely 
monitor students who are using 
an electric power supply to 
ensure that they do not apply 
more than 6 volts. 

© Forma 
Hypothesis ——— 

Possible Hypothesis The more 
loops that are used in the con- 
struction of the electromagnet 
the stronger the magnetic field it 
will generate. 
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* 
& 

Design Your Own 

Goals 
@ Measure relative 

strengths of electro- 

magnets. 

m@ Determine which fac- 

tors affect the strength 

of an electromagnet. 

Possible Materials 
22-gauge insulated wire 

16-penny iron nail 

aluminum rod or nail 

0-6 V DC power supply 

three 1.5-V D cells 

steel paper clips 

magnetic compass 

duct tape (to hold D cells 

together) 

Safety Precautions 

WARNING: Do not leave 

the electromagnet con- 

nected for long periods of 

time because the battery 

will run down. Magnets 

will get hot with only a few 

turns of wire. Use caution in 

handling them when 

current is flowing through 

the coil. Do not apply volt- 

ages higher than 6 V to the 

electromagnets. 
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CONTROLLING GLECTROMAGNETS 

© Real-World Problem ———— 

You use electromagnets every day when you use stereo speakers, 

power door locks, and many other devices. To make these devices 

work properly, the strength of the magnetic field surrounding an elec- 

tromagnet must be controlled. How can the magnetic field produced 

by an electromagnet be made stronger or weaker? Think about the 

components that form an electromagnet. Make a hypothesis about 

how changing these components would affect the strength of the 

electromagnet’s magnetic field. 

© Forma Hypothesis 
As a group, write down the components of an electromagnet that 

might affect the strength of its magnetic field. 

© Test Your Hypothesis — 
Make a Plan 

1. Write your hypothesis about the best way to control the magnetic 

field strength of an electromagnet. 

2. Decide how you will assemble and test the electromagnets. Which 

features will you change to determine the effect on the strength of 

the magnetic fields? How many changes will you need to try? How 

many electromagnets do you need to build? 

3. Decide how you are going to test the strength of your electromag- 

nets. Several ways are possible with the materials listed. Which 

way would be the most 

sensitive? Be prepared 

to change test meth- 

ods if necessary. | 

| 

—AlternativetInqui 
Using Electromagnets Extend this Lab into an 
Inquiry Lab by building on the experience gained 
performing this lab. Encourage your students to 
use what they have learned to brainstorm uses 
for electromagnets. Have student groups each 
choose one question to explore. Ask them to list 

the materials they need to explore their questions. 
Unsafe or impractical questions should be elimi- 
nated. Students should have their plans for their 
additional experiments approved before continu- 
ing. Conduct the experiments after all necessary 
materials have been gathered. 



4. Write your plan of investigation. Make sure your plan tests 
only one variable at a time. 

Follow Your Plan 

1. Before you begin to build and test the electromagnets, 

make sure your teacher approves of your plan. 

2. Carry out your planned investigation. 

3. Record your results. 

© Analyze Your Data 
1. Make a table showing how the strength of your electromagnet depends on 

changes you made in its construction or operation. 

2. Examine the trends shown by your data. Are there any data points that seem 
out of line? How can you account for them? 

Testing Electromagnets 

Electromagnet Strength of 
Trial : 

Construction Features Electromagnet 

Student answers will vary. 

© Conclude and Apply 7 
1. Describe how the electromagnet’s magnetic-field strength depended on its 

construction or operation. 

identify the features of the electromagnet’s construction that had 

the greatest effect on its magnetic-field 

strength. Which do you think would be 

easiest to control? : F 
ommunicating 3. Explain how you could use your electromag- . 
Your Data_ net to make a switch. Would it work with both 

AC and DC? 

4. Evaluate whether or not your results support 

your hypothesis. Explain. 

Compare your group’s result with those of 

other groups. Did any other group use a 

different method to test the strength of the 

magnet? Did you get the same results? 
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—E———EE 
Assessment 

Process Students should research how a doorbell 

works and make drawings illustrating what they 

find. Use Performance Assessment in the 

Science Classroom, p. 127. 

hA ommunicating 

When comparing various methods used to test the 

strength of the magnet, students should consider the 

masses of the objects used and their composition. [L2| 

© Test Your 
Hypothesis ——— 

Possible Procedures Wrap wire 
around a nail about 15 times. 

‘Tape it in place, leaving about 
20 em loose on each end. 

Connect the wire ends to the ter- 

minals of a battery. 

Determine how many paper clips 
the magnetized nail will pick up. 
Vary the number of wire loops 
and the number of batteries to 
observe the effect on the strength 
of the nail’s magnetization. 

Teaching Strategy Remind stu- 
dents that the polarity of the 
electromagnet can be reversed 
by changing the direction of the 
current flow. 

Expected Outcome Increasing 
the number of loops in the elec- 
tromagnet or the number of 
batteries increases the strength 
of the magnetic field. 

© Analyze Your 
Data 

1. Check each group’s table. 
2. Answers will vary. 

Error Analysis Have students 
compare their results and their 
hypotheses and explain why dif- 
ferences occurred. 

© Conclude and 

Apply 
1. The strength of the magnetic field 

increased when the number of loops 
or number of batteries increased. 

2. Adding additional batteries had the 
greatest effect and would be easiest 
to control. 

3. Accept all reasonable responses. 
One way would be to use the elec- 
tromagnet to pull a metal strip to 
close a circuit. Without current, a 
spring pulls the strip back and 
opens the circuit. 

4. Answers will vary. 
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Magnetic resonance imaging 

(MRI) is a noninvasive diagnos- 

tic technique that uses nuclear 

magnetic resonance (NMR) to 

image the structure of the body. 

Unhampered by bone and capa- 

ble of producing images in a 

variety of planes, MRI is used in 

the diagnosis of brain tumors 

and disorders, spinal disorders, 

multiple sclerosis, and cardiovas- 

cular diseases. The procedure is 

considered to be without risk to 

the patient. 

Types of magnetic resonance 
include electron paramagnetic 
resonance (EPR), also known as 

electron spin resonance (ESR), 

involving the magnetic effect of 

electrons, and nuclear magnetic 

resonance (NMR), involving the 

magnetic effects of protons and 

neutrons in the nuclei of atoms. 

The NMR resonant frequency 
provides information about the 

molecular material in which the 

nuclei reside. 

X Rays How are X rays used dif- 

ferently from MRI? 

2} Logical-Mathematical 

Make sure students understand 

that MRI has only been devel- 

oped in the last twenty-five 

years, which is a very short 

period of time in the span of his- 

tory. Start a discussion that will 

get students to think about the 
medical advances that have been 

SCIENCE. 
HISTORY 

he surgeon turns the computer screen so 

the patient can see it. Pointing to a color- 

ful image of the patient’s brain, she reas- 

sures the worried patient. “This MRI shows 
exactly where your tumor is. We can remove it 

~ with little danger to you.” 

MRI for the Soft Stuff 
MRI stands for “magnetic resonance imag- 

ing.” It’s a way to take 3-D pictures of the inside 

of your body. Before the 1980s, doctors could x- 
ray solid tissue such as bones, but had no way to. 

see soft tissue such as the brain. Well, they had 

one way—surgery, which sometimes caused 

injury and infection, risking a patient’s health. 

MRI uses a strong magnet and radio waves. 

Tissues in your body contain water molecules 

that are made of oxygen and hydrogen atoms. 

This patient is about 

to be placed in an 

MRI machine. 

how they have helped improve medicine. 

If any of the students’ par- 

The nucleus of a hydrogen atom is a proton, 

which behaves like a tiny magnet. A strong mag- 

netic field inside the MRI tube makes these pro- 

ton magnets line up in the direction of the field. 

Radio waves are then applied to the body. The 

protons absorb some of the radio-wave energy, 

and flip their direction. 
When the radio waves are turned off, the 

protons realign themselves with the magnetic 

field and emit the energy they absorbed. 

Different tissues in the body absorb and emit 

different amounts of energy. The emitted energy 
is detected, and a computer uses this informa- 

tion to form images of the body. 

Your brain is getting bigger! 
MRI has turned into an important research 

tool. For example, researchers using MRI have 

found that the brain grows rapidly through ado- 

lescence. Before this research, 

people thought that the brain 

stopped growing in childhood. 

MRI has proved that adolescents 

are getting bigger brains all 

the time. 

As an oral history project, interview a retired physician 

or surgeon. Ask him or her to discuss with you how tools such as 

MRI changed during his or her career. Make a list of the tools and 

Resources for Teachers and Students 

ents work in the health field, ask them for Functional MRI (Medical Radiology) by C.T.W. 

Moonen (Editor) and P.A. Bandettini (Editor). 

Springer-Verlag, 2000 

made possible by MRI. For 

example, because of MRI doc- 

tors are now able to diagnose 

suggestions of people students can inter- 

view. Conduct a brainstorming session to 

establish questions for the students to ask 
birth defects and Operate on Imaging of Soft Tissue Tumors by A.M.A. De during their interviews to help them focus 

Schepper, and others, eds. Springer Verlag 2001 babies in the woml ° c ) eC WOoMmMbD. ares - ; o n on relevant facts. Encourage them to write 

down their questions before the interview to 

ease this process. IL2 
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chapter 

eviewing ain ideas 

I Section 1 | Magnetism 

1. A magnetic field surrounds a magnet and 
exerts a magnetic force. 

2. All magnets have two poles: a south pole 
and a north pole. 

3. Opposite poles of magnets attract; like 
poles repel. 

4. Groups of atoms with aligned magnetic 

poles are called magnetic domains. 

4 

“Section 2 | Electricity and Magnetism 

1. An electric current flowing through a wire 
produces a magnetic field. 

2. An electric current passing through a coil of 

wire can produce a magnetic field inside the 

coil. The coil becomes an electromagnet. 

One end of the coil is the north pole, and 

the other end is the south pole. 

Magnetic field lines 
' Electron flow 

(a\ a (a\ ne (a\ 
7 wi WA 7] 

110), 10) 16 
ee 

Electron flow 
Magnetic field lines 

3. The magnetic field around an electromag- 

net depends on the current and the number 

of coils. 

Interactive Tutor fl.gpescience.com 

4. An electric motor contains a rotating elec- 

tromagnet that converts electrical energy to 

mechanical energy. 

Section 3 | Producing Electric Current 

1. By moving a magnet near a wire, you can 

create an electric current in the wire. This is 
called electromagnetic induction. 

2. A generator produces electric current by 

rotating a coil of wire in a magnetic field. 

Generators at the base of this dam convert 
the kinetic energy in falling water into elec- 

trical energy. 

Ww Direct current flows in one direction 

through a wire; alternating current reverses 

the direction of current flow in a regular 

pattern. 

4. The number of turns of wire in the pri- 

mary and secondary coils of a transformer 

determines whether it increases or 

decreases voltage. 

Use the Foldable that you made at the begin- 

ning of this chapter to help you review magnets and magnetism. 

CHAPTER STUDY GUIDE 449 

va Study Guide Chapler fay 

Study Gide 10 

Reviewing Main Ideas 

Summary statements can be 
used by students to review the 
major concepts of the chapter. 

Sciencegnline 

Visit fl.gpescience.com 

More Section Review 

Interactive Tutor 

Vocabulary PuzzleMaker 

More Chapter Review 

Standardized Test Practice 

Assessment Transparency 
For additional assessment ques- 
tions, use the Assessment 

Transparency located in the trans- 
parency book. 

Assessment: | 

Transparency 

Dp) oo . 
A) 

| 
| 

1. What is this experiment intended to prove? 

A, that a clamp stand can hold a magnet 

8. that a cotton thread can support a paperclip in midair 
©, that a magnet can overcome the force of gravity 

D. that a paper clip can float in midair on its own 

2. According to the diagram, what is happening to the paperclip? 
F. Itis falling, 
G. Itis rising, 
H. It is changing shape. 

J, Itis suspended between the force of the magnet and the cotton 
thread restraining it. 

3, What would happen to the paperclip if the cotton thread was 
removed? 

A. It would fall, 
8. It would rise until it came in contact with the magnet. 
©, It would continue to rise beyond the magnet. 

1D. It would remain suspended where it is. 

lentifying Misconceptions 

After students have done the lab on page 422F 
and completed the chapter, have them perform 

this lab. 

Materials PVC pipe, aluminum or copper pipe, 

circular magnet 

Procedure Drop a circular magnet down the 

get to the bottom. 
Expected Outcome The magnet travels slower | 

down the metal tube because the falling magnet 

creates an electric current in the pipe, which cre- | 

ates a magnetic field that slows it down. 

length of each pipe and note how long it takes to 

— Have students use 

their Foldables to 

review the content of the chap- 
ter, On the back of the paper, 
have students write a paragraph 
describing how electric motors 

and electric generators work. 

CHAPTER STUDY GUIDE 449 



chapter 

1 

2 

3 

4 

5 

6 

7 

. transformer 

. magnetic pole 

. Direct current 

. Magnetism 

. solenoid 

. Magnetic domain 

. galvanometer 

15. Both use a coil, an electromagnet, 

16 

and a permanent magnet; in both 
cases the magnets move relative to 
one another. In an AC generator, a 

force turns one of the magnets, gen- 
erating alternating electric current 

in the electromagnet. In a DC motor, 
electricity causes a magnet to turn, 

thereby turning whatever is 
attached to it. 

permanent magnet—forces the 
electromagnet to spin; electromag- 

net—creates magnetic poles that 

try to align with the poles of the 
permanent magnet; the poles 
switch causing the electromagnet to 
spin which turns a shaft; current 

source—provides the electric cur- 
rent that creates the electromagnet 

17. See Figure 15. 

18. about 8 yT 

19. The magnetic field strength 
decreases more rapidly closer to the 
wire. The magnetic field strength 
plunges until about 6 cm, then the 
strength begins to level off to about 
2 uT. 

20. 2uT 

450 CHAPTER 14 Magnetism 

chapter 

generator p.438 

magnetic domains p.429 

magnetic field p.425 

magnetic pole p.425 

magnetism p.424 

alternating current (AC) 

p. 442 

direct current (DC) p. 442 

electric motor p.435 

¥# electromagnet p.432 

electromagnetic induction solenoid p. 43: 

p. 438 transformer p.443 

galvanometer p.434 turbine p.440 

#* FCAT Vocabulary 

Complete each statement with the correct vocab- 

ulary word or phrase. 

1. A(n) can be used to change the 

voltage of an alternating current. 

Zee (ia) is the region where the 

magnetic field of a magnet is strongest. 

does not change direction. 

4. The properties and interactions of magnets 

are called 

5. A(n) can rotate in a magnetic 

field when a current passes through it. 

6. The magnetic poles of atoms are aligned 

in a(n) 

7. A device that uses an electromagnet to 

measure electric current is a(n) 

Choose the word or phrase that best answers the 

question. 

8. Where is the magnetic force exerted by a 

magnet strongest? 

A) both poles 

B) south pole 

© north pole 

D) center 

9. Which change occurs in an electric motor? 

A) electrical energy to mechanical energy 

B) thermal energy to wind energy 

©) mechanical energy to electrical energy 

D) wind energy to electrical energy 

450 CHAPTER REVIEW 

lille 

12. 

13. 

14. 

15. 

| Review = 

. What happens to the magnetic force as the 

distance between two magnetic poles 

decreases? 

A) remains constant 

B) decreases 

Which of the following best describes 
what type of magnetic poles the domains 

at the north pole of a bar magnet have? 

A) north magnetic poles only 

B) south magnetic poles only 

© no magnetic poles 

D) north and south magnetic poles 

©) increases 

D) becomes zero 

Which of the following would not change 

the strength of an electromagnet? 

A) increasing the amount of current 

B) changing the current’s direction 

(©) inserting an iron core inside the coil 

D) increasing the number of loops 

Which of the following is NOT part of a 

generator? 

A) turbine ©) electromagnet 

B) battery D) permanent magnet 

Which of the following describes the 

direction of the electric current in AC? 

A) is constant ©) changes regularly 

B) is direct D) changes irregularly 

Interpreting Graphics _ 

Copy and complete the Venn diagram 

below. Include the functions, part names, 

and power sources for these devices. 

3 

DC motors — AC generators 

Vocabulary PuzzleMaker fl.gpescience.com 

Curriculum ‘Ta gs 

Use the ExamView® Pro Testmaker CD-ROM to: 

* create multiple versions of tests 

* create modified tests with one mouse click for inclusion students 

* edit existing questions and add your own questions 

* build tests aligned with state standards using built-in State 

* change English tests to Spanish with one mouse click and vice versa 
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Use the diagram below to answer questions 16 and 17. 

Permanent magnet 

Brushes 

oi Direction of 

electron flow 

16. Describe Using the diagram, describe the 
function of the permanent magnet, the 

electromagnet, and the current source in a 

simple electric motor. 

17. Describe the sequence of steps that occur in 

an electric motor that forces the coil to 

spin. Include the role of the commutator 

in your description. 

Use the graph below to answer questions 18-20. 

Change in Magnetic Field 
Strength Around Wire 

bs <= Te 

=r 
aes es 
Vw ss 

2) 
cc 
23 
=u 

fees oro) Faro 2910 

Distance from wire (cm) 

18. Explain How much larger is the magnetic 

field strength 1 cm from the wire com- 

pared to 5 cm from the wire? 

19. Explain Does the magnetic field strength 

decrease more rapidly with distance closer to 

the wire or farther from the wire? Explain. 

20. Solve Using the graph, estimate the mag- 

netic field strength 11 cm from the wire. 

More Chapter Review fl.gpescience.com 

21. 

22. 

23. 

24. 

25. 

Review 

Infer how you could you use a horseshoe 

magnet to find the north direction. 

Explain In Europe, generators produce 

alternating current at a frequency of 

50 Hz. Would the electric appliances 

you use in North America work if you 

plugged them into an outlet in Europe? 

Why or why not? 

Predict Two generators are identical except 

for the loops of wire that rotate through 

their magnetic fields. One has twice as 

many turns of wire as the other one does. 

Which generator will produce the most 

electric current? Why? 

Explain why a bar magnet will attract an 

iron nail to either its north pole or its 

south pole, but it will attract another mag- 

net to only one of its poles. 

Compare and contrast electromagnetic induc- 

tion and the formation of electromagnets. 

Applying Math 

26. Calculate A step-down transformer 

reduces a 2,400-V current to 120 V. If 
the primary coil has 500 turns of wire, 

how many turns of wire are there on 

the secondary coil? 

. UseaRatio To produce a spark, a spark 

plug requires a current of about 12,000 

V. A car’s engine uses a type of trans- 

former called an induction coil to 

change the input voltage from 12 V to 

12,000 V. In the induction coil, what is 

the ratio of the number of wire turns 
on the primary coil to the number of 

turns on the secondary coil? 

CHAPTER REVIEW 451 

lw Raoatttanne 
“T, Assessment 

Sesame 

\@y Reproducible Masters 
Chapter Fast File Resources 

Chapter Review, pp. 37-38 
Chapter lestsspp.39-42 
Assessment ‘Transparency Activity, p. +9 

Glencoe Science Web site 
Chapter Review Test 

Standardized Test Practice 

ji 
y ye 

Glencoe Technology 

® Assessment ‘Transparency 
® ExamView® Pro Testmaker 
1D MindJogger Videoquiz 
® Interactive Chalkboard 

chapter 7a Review 

inking Critically | 

21. Possible answer: suspend it by the 
middle so it can rotate; the south end 

should be attracted to magnetic north 

22. No; North American appliances do 

not work in Europe unless they are 
made to operate at both frequen- 
cies. If the appliance is designed for 

dual operation, only an adapter is 
required. Most North American 
appliances require adapters, a con- 
verter, and a transformer to adjust 

the current and to accommodate 
the outlet designs in Europe. 

23. The generator with twice as many 
loops will produce the most current 
because more wire loops pass 
through the magnetic field. 

24. The magnetic domains in the nail 

become aligned so they are always 
attracted to the nearest pole of the 
bar magnet. The domains in a bar 
magnet are aligned in a fixed 
direction. 

25. Both are related to current flowing 
in a wire. Electromagnetic induction 
is the generation of a current by a 
changing magnetic field. An elec- 
tromagnet is formed when a wire is 
wrapped around an iron core and 
current flows through the wire. 

Applying. Math 
| Math Standards 

National: 1, 2,9 

Florida: MA.A.1.4.4, MA.D.1.4.1 

Voltageout — {UIMSscondary 
* Voltage; {UMNSprimary 

120V — {UMSsecondary 

2,400 V 500 turns 

CUMS econdary == 25 turns 

27. Use the reciprocal of the equation 

in problem 26. 

tUrMSprimary 

tUIMSsecondary 

tUrNSprimary — 

tUINSsecondary 

Ne el 
12,000V 1000 
the ratio is 1:1,000 

Voltagein , 

Voltageout 

CHAPTER REVIEW 451 
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Standardized Test Practice 

Answer Sheet An answer sheet 

can be found at fl.gpescience.com. 

Standardized Test Practice Answer Sheet 

(~~ Multiple Choice 

; 3B 

ZG 4.B 

452 CHAPTER 14 Magnetism 

oice ultiple 

A transformer has 50 turns of wire on the 

primary coil and 10 turns of wire on the 

secondary coil. The effect of changing the 

input voltage is summarized in the table below. 

Use the table below to answer questions 1 and 2. 

Record your answers on the answer sheet provided by your teacher or on a sheet of paper. 

The assessed Florida Benchmark appears above the question. 

Voltage and Current in a Transformer 

; Input eam uy Output acne a 

Triad voltage tW) |) coe | MoRage(¥) J) oe 
9 Current (A) g Current (A) 

0.1 ] 0.5 

0.2 2 1.0 

0.2 4 1.0 

0.5 10 2.5 

1. What is the ratio of the input voltage to the 

output voltage for this transformer? 

Aw lees 

B. 4:1 

Grow 

Dwi 

2. What is the ratio of the secondary-coil 

current to the primary-coil current? 

A. the ratio of the secondary-coil wire turns 

to the primary-coil wire turns 

B. the ratio of the output voltage to the 

input voltage 

C. the ratio of the primary-coil wire turns 

to the secondary-coil wire turns 

D. It always equals one. 

452 STANDARDIZED TEST PRACTICE 

chapter qa Standardized Test Practice 

Use the figure below to answer question 3. 

Position 1 

Position 4 

Position 2 

Position 3 

3. A steel paper clip is sitting on a desk. The 

figure above shows the magnetic domains 

in a section of the paper clip after the north 

pole of a magnet has been moved close to 

it. According to the diagram, the magnet’s 

north pole is at which position? 

A. position | 

B. position 2 

C. position 3 

D. position 4 

. A hydroelectric power plant uses water to 

spin a turbine attached to a generator. The 

generator produces 30,000 kW of electric 

power. If the turbine and generator are a 

combined 75 percent efficient, how much 

power does the falling water supply to the 

turbine? 

A. 50,000 kW 

B. 40,000 kW 

C. 22,500 kW 

D. 20,000 kW 



Standardized 
Test Practice chapter 4 

Standardized Test Practice 

4 ridded Response ae seiner ne 
ae ¥ = 5. First find the output voltage: 

Voltageour _ tUrnssecondary. 
Use the figure below to answer questions 5 and 6. Use the figure below to answer question 9. Voltage, {UMS primary 

F 50: voltageoyt = 
Effect of Rotation (turnscecondary) 

on Generator Voltage (voltagej,) site ai 
== primary 

| peg Bee es = (120 v) x 2 huts 
BB = =~ 12 (20 turns) 

8O & 

9 6. Use Ohm’s law to find the current. 
f E JN) 

5. A step-down transformer is plugged into a z oe owe Oley i 
120-V electric outlet and a lightbulb is 5 
connected to the output coil. The trans- "5 

former has 20 turns on the primary coil 0 10. 20 30°90 50 60: 70'80 Short Response 

and 2 turns on the secondary coil. What is Rotation rate (Hz) 7. The kinetic energy of the coasting 

the voltage, in volts, at the output coil? 9. The graphic above shows how the voltage bicycle is converted into electrical 
; produced by a generator depends on the energy if the generator is turned on. 

6. If the lightbulb has a resistance of 8 Q, rotation rate of the coil. Explain whether The bicycle will coast farther if the 
what is the current, in amperes, in the this generator could produce household generator is turned off and the gen- 

lightbulb? AC current that is 120 V at 60 Hz. erator is not reducing the kinetic 
energy at a quicker rate. 

cara 10. Compare and contrast the behavior and 8. Only an alternating current can 

par o esponse properties of positive and negative elec- induce a voltage in the secondary coil 

tric charges with north and south mag- of a transformer. A battery supplies a 
netic poles. direct current, so the output voltage is 

Pe. bicycle has a small electric generator zero and no current flows. 

that is used to light a headlight. The gen- 

erator is made to spin by rubbing against 

a wheel. Will the bicycle coast farther on Extended Response 

a level surface if the light is turned on or 9, When the generator iS rotating at 

turned off? 60 Hz, it produces 12 V. Therefore 

| _Test-Taking Tip __| Tip this generator could not produce 

8. A student connects a battery to a step-up Read All the Information Ifa question includes a text household AC current. 

transformer to boost the voltage. Explain passage and a graphic, carefully read the information in the 10. Similarities: Types of electric charge 
why a small electric motor does not spin text passage and the graphic before answering the question. exist, positive and negative. Two 

men itis conticeted spyiie sccondary col Question 1 Review the information in the text above the table types of magnetic poles exist, north 
of the transformer. ae aheaaannanonin the table and south. Electric charges exert 

forces on each other. Magnetic poles 

, exert forces on each other. Like 

Standardized Test Practice fl.gpescience.com STANDARDIZED TEST PRACTICE 453 Seve anne aa 
— ee Like poles repel, unlike attract. 

Differences: positive and negative 

charges exist separately, north and 

south poles don’t exist separately. 

° 
Rubrics 
For more help evaluating 

Short- and Extended-Response 
questions, see the rubrics on 

Doo ks 

STANDARDIZED TEST PRACTICE 453 
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$I ARATE NOR NITE 

Ty Organizer __ 
PAAR EER LAT TI ATTA AS ITH ON ETAT EHH SOT LES HCI TP I 

Section/Objectives Standards 

Chapter Opener National State/Local 

Labs/Features 

Launch Lab: Can electromagnetic 

waves change materials?, p.455 

See pp. 161-177 fora Foldables, p. 455 

Key to Standards. 

Section 1 What are electromagnetic waves? National Content | Florida MiniLAB: Investigating 

@ 1 session Standards: Benchmarks: Electromagnetic Waves, p. 458 

GP sblock UCP UGPR2; UGR3; SCA 1.4.6, Applying Math, The Speed of Light 

; UCP5,A.1,A.2,B.2, | SC.B.1.4.4, in Water, p.459 

1. Describe how electric and magnetic fields form B.4,B.6,G.3 SC.H.1.4.1-3, 
electromagnetic waves. SC.A.2.4.1 

2. Explain how vibrating charges produce 

electromagnetic waves. 
3. Describe properties of electromagnetic waves. 

Section 2 The Electromagnetic Spectrum National Content | Florida MiniLAB: Heating with Microwaves, 
@ 2sessions Standards: Benchmarks: p. 463 

cp eee UCP.1, UCP.2, UCR3, SCH.1.4 I, Integrate Health, p. 465 

VERSA AQ Bo \*S@raa.4 Lab: The Shape of Satellite Dishes, 

4. Describe the waves in the different regions of B.4, B.6, D.1 S@al A; p.468 (1 Video Lab 
the electromagnetic spectrum. SGHB4.1, 

5. Compare the properties of different Seo 

electromagnetic waves. SCH3:4.5, 
6. Identify uses for different types of Sere 410 

electromagnetic waves. 

Section 3 Radio Communication National Content | Florida Visualizing Radio Broadcasts, 
@ 3 sessions Standards: Benchmarks: p.471 

2 UGE UCR 2 UCPS ls GE AnG, Integrate Career, p.472 
©P 15 blocks WUEP5 AT A2B2 | SCH] 42 Science Online, p. 473 

7. Explain how modulating carrier waves enables B.4, B.6, G.3 SC.H.1.4.3 Science Online, p. 474 
information to be transmitted by radio waves. SC ane Lab: Radio Frequencies, pp. 476-477 

8. Distinguish between amplitude modulation SC..1.4.7 Science and History: Riding a 
and frequency modulation. SGAsaS Beam of Light, p.478 

9. Identify various ways of communicating 

using radio waves. 

454A CHAPTER 15 Electromagnetic Radiation 



Glencoe Exclusive! 

Teacher Works = 
All-In-One Planner and Resource Center 

Technology Lab Materials Reproducible Resources 

LaunchLAB: red 
construction paper 

Chapter Fasr Fite Resources 

Foldables Worksheet, p. 17 

Note-taking Worksheets, 

pp. 33-35 

Directed Reading Overview, 
p.19 

TeacherWorks includes: 

* Interactive Teacher Edition 

* Lesson Planner with calendar 

* Access to all program 

blacklines 

* Correlations to standards 

* Web links 

MiniLAB: television with Chapter Fasr Fite Resources Portfolio & Section Focus Transparency 
remote control, glass, Transparency Activity, p. 44 Assessment, p. 461 ®) Interactive Chalkboard 

book, paper, metal pan MiniLAB, p. 3 Performance CD-ROM 
Enrichment, p. 30 MiniLAB, p.458 ®) StudentWorks Plus 

Reinforcement, p. 27 Applying Math, p. 459 

Directed Reading, p. 20 Applying Math, p. 461 

Performance Assessment in the | Content 
Science Classroom, p.35 Section Assessment, p. 461 

Science Inquiry Labs, pp. 41-42 

MiniLAB: microwave, Chapter Fasr Fie Resources Performance & Section Focus Transparency 
thermometer, small beakers Transparency Activity, p.45 MiniLAB, p. 463 ® Teaching Transparency 

or baby-food jars (2), 100 mL MiniLAB, p. 4 Applying Math, p. 467 ®) Virtual Labs CD-ROM 

of dry sand, 20 mL of Enrichment, p. 31 Content ©) Interactive Chalkboard 
room-temperature water Reinforcement, p. 28 Section Assessment, p. 467 CD-ROM 

Lab: flashlight, several Directed Reading, p. 21 ©} StudentWorks Plus 

books, aluminum foil, Lab Worksheet, pp. 5-6 TD Video Lab 

small bowl Lab Activity, pp. 9-12 

Transparency Activity, pp.47-48 

Reading and Writing Skill 
Activities, p. 33 

Need Materials 2 
Contact Scien i ce Kit at 1-800-828-7777 or www.sciencekit.com, 

o os. 
ASSESSMENT. 

ENCOe, 

* 

xy & 

vane? 

Chapter Fasr Fite Resources 
Chapter Review, pp. 37-38 
Chapter Tests, pp. 39-42 

Standardized Test Practice, pp.64—-67 

Chapter Fasr Fite Resources 

Transparency Activity, p. 46 

Enrichment, p. 32 

Reinforcement, p. 29 

Directed Reading, pp. 21-22 

Lab Worksheet, pp. 7-8 

Lab Activity, pp. 13-16 

Lab Management and Safety, 

Oy 

Earth Science Critical Thinking/ 

Problem Solving, p. 5 

Portfolio 

Science Journal, p.473 

Performance 

Applying Math, p.475 

Content 

Section Assessment, p. 475 

End of Chapter Assessment 

fod 62 foe fa 

TD MindJogger Videoquiz 

/ Virtual Labs CD-ROM 

ExamView® Pro Testmaker 

TeacherWorks CD-ROM 

Interactive Chalkboard CD-ROM 

CHAPTER 15 Chapter Organizer 

® Section Focus Transparency 
©) Interactive Chalkboard 

CD-ROM 

‘2 StudentWorks Plus 

Performance Assessment in the Science 

Classroom (PASC) 

454B 



vy 
MEG Rainbows 

‘Transparency 

red, orange, yellow, green, blue, indigo, and violet 

1, What do all th wa 
possible differences? 

This is a representation of key blackline 

masters available in the Teacher Classroom 

Resources. See Resource Manager boxes 

within the chapter for additional information. 

Key to Teaching Strategies 

The following designations will help you 
decide which activities are appropriate 
for your students. 

1] Level 1 activities should be 

appropriate for students with 

learning difficulties. 

Level 2 activities should be within 

the ability range of all students. 

Level 3 activities are designed for 

above-average students. 

@® ELL activities should be within 
the ability range of English 

Language Learners. 

COOP LEARN Cooperative Learning 
activities are designed 

for small group work. 

Multiple Learning Styles logos, 

as described on page 12T, are 

used throughout to indicate 

strategies that address different 

learning styles. 

These strategies represent student 

products that can be placed into 

a best-work portfolio. 

PBL} Problem-Based Learning activities 
apply real-world situations to 
learning. 
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\, They 

mean? 

(EEE Electromagnetic Waves 
‘Transparency 

Directions: Carefully review the table and answer the following questions 

beyond. Knowing this, what do the terms infrared and ultraviolet 

ET ciao 
Type of wave 

Gamma rays 

X rays 

Ultraviolet 

Infrared ai 
Microwave 

Radio wave 

1, Which of the following wavelengths could be broadcast by a rock 
and-roll radio station? 

© 10° meters 
D 10° meters 

its an electromagnetic wave with a wavelength of 
hen it is probably 

F an X-ray machine 
G an AM/FM 
Ha microwave 
J alight bulb 

Food can be heated rapidly in your own home using an 
electromagnetic wave with a wavelength of 
A to! 

HO” 

C10 
D100 

flog, 

The Global Positioning System (GPS) uses electromagnetic wayes 

1954, This man is demonstrating another use of the GPS. By connect- 
ing a receiver to a computer, he is able to map his location 

|. Name some ways people might use the GPS. 

1, Could the GPS function using sound waves? Explain. 

tiie Couldit be a growth spurt? ist 

arth. For 

is actually 
mine locations and measureme! 
{ scientists found that Mount E 

tall, 2.1 m higher than the figur: 

Teaching 

Chapter 
Teaching Electromagnetic Waves 
Transparency 

} 

Gamma rays 

Ultraviolet waves 

Infrared waves 

Radio wave: 

\LAB, The Shape of Satellite Dishes 

Lab Preview 
Directions 

Lan 

Strategy 

Materials 
Jeulator 

Observing the Electromagnetic 
Activity Spectrum 

Hands-On Activities 
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Section 1 What are electromagnetic waves? 

radiant energy 

The Electromagnetic Spectrum 

Not TH Electromagnetic Radiation 
Worksheet 

A. Electromagnetic waves are maile by wivrating electri charges am 

lintared waves 
visible light 

Meeting individual Needs 

Meeting Individual Needs 

Name tow as 

3 
What are electromagnetic 
waves? 

Directions: Answer the folowing questions on the bn provided. 
1, Ganpare anal contrast soutit waves andl electromagnetic seaye 

9. How are moving electric charge 

What is radiant energy? What doer ito) 

De 
Fier of esuency and intensity 

xcrilve how Heinrich Hertz showed waves acting as particles. Include in your description the 

bate om 

What Are Electromagnetic 

Jnctame} fehl. Hoth of these fields surround an elect 
jgrache) that (6) glum}, The vibrating 

electri field around a vibrating charge produces a vibrating magnetic fel und the vibrating 
raygnetie Feld prosluces a vibrating electric field. As unevull thes fields continually (7) 

——— {ceacte) cach other These fickls are aleayn (8) 
reeprapliciun) 10 each other and travel (9) ssotdaur) front the 
ibrainy, charge: Because they vliate at right 
wnotdrect) that the wave travels cl sic ves are (11) 

Jectric charges that are 

questions onthe ines provided. 
Sound also travels in solide and liquidls. The spee 

«Why snuld the sped af sound be 
reater inva liquid than if ag ater na solid than a liquid! 

17, What are some examples of electromagnetic waves in your daly life 

16 Whar b the pout that electric fields ond magnets field 

hat he eran Wor 

Meeting Individual Needs 

Sunspots and 
Electromagnetic Waves 

Changing Shape 
Hon 

nt in the surtspot group 

Sunspot Cycles 
The Sun appears to go through a cy 

produc 
We interrupt this program 

wind fr 
Sun inl directions. 

articles in 

activity and the flares that ore 

spaaN lenpIpUl BuNZaWy 

site planet and 

1, What kind particles does the Sun eject in the salar wind 

2. What protects Earth rom the solar wind? How does this happen! 

Yhot happens 16 conmmunications on Earth when part of the solar wind enters the at 

apeticnce increased clectromagnetic wave interference on Eaeth sc expetience increas i 

Electromagnetic Radiation 

section © What are electromagnetic waves? 
SY tenon iiicascla ia sak eeeeaees oes 

@ Before You Read 
Light is transmitted by electromagnetic waves. Without light 

What You'll Learn 

1c. On the lines below, write thre 

@ Read to Learn 

aumerarize the key Waves in Space 

How de sound and water waves move? 
Waves are made when something vibrates. They carry energy 

from ane place to anather, Both sound waves and water wave 
move through matter. Water waves move through water, a 
Jiquid Sound waves move through matter that is solid, liquid, 
‘or gas. Sound waves and water waves travel because energy is 
Wransferred frony ane particle (o anather particle 

e Reading Check ] 
1. Apply Wtut visates 

ognatic w energy. Electromagnetic waves are made by vibrating 
clectric charges and can travel through space where there i 

How are electromagnetic waves made? 
Flectromagnetic waves do nat need matter ta transfer 

no matter. Electromagnetic waves di Nol transfer ener 

15:2 QUPTIRAS 

DIRECTIONS 

‘Aimouphoric CFC | 
‘Concentration 

2 Scloniific evidence suggests that air hy, They are unafte 
Pollution 1s damaping i Ju They are not th 

(ed bry the MRL 

Assessment 

as 

Chapter Electromagnetic Radiation 
Review 

Part A, Vocabulary Review 
Directions: Write the correct Term in the ypexe by each definition. To answer question 15, anscrame the bard 
deters to sped o part ofa telerBen set 

‘Assessment 

ute 

Electromagnetic Radiation 

1. Testing Concepts 
Directions: ite the term that A beng described «the space provided 

1. Prequency of the electromagnetic wave that a rad 

Saka vacuum chambe 

CHAPTER 15 Resource Manager 

Assessment 
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Science Content Background 
What are electromagnetic 

waves? 
Waves in Space 
Throughout history, people have 

learned about the universe from the visible light 
that reached their eyes. For the past 100 years, 
people have been able to detect other types of 
electromagnetic radiation as well. Instruments 
such as radio telescopes and ultraviolet detec- 
tors have made this possible. 

The Nature of Electromagnetic Waves 
Electricity and magnetism are related. For exam- 
ple, a moving electric charge produces a magnetic 
field. James Clerk Maxwell in the 1860s realized 

that a changing electric field can produce a mag- 
netic field. He also realized that because changing 
electric and magnetic fields can create each other, 
an electromagnetic wave that consisted only of 
oscillating electric and magnetic fields could exist. 

An electromagnetic wave can be produced by 
an electric charge that is moving back and forth. 
The oscillating charge produces a changing elec- 
tric field. The changing electric field produces a 
changing magnetic field, which produces a chang- 
ing electric field and so on. In this way, the electric 
and magnetic fields oscillate in time and induce 
each other. 

The two fields oscillate perpendicular to each 
other and perpendicular to the direction the wave 
is traveling. The frequency of the wave is the fre- 
quency at which the fields oscillate. 

Internet Resources 

For additional content background, visit 

fl.gpescience.comto: 

e access your book online 

e find references to related articles in popular 

science magazines 

e access Web links with related content background 

e access Current events with science journal topics 
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The Electromagnetic 
Spectrum 
Infrared Waves 
All objects emit electromagnetic 

waves. The warmer an object is, the more radia- 
tion it emits. Infrared waves are emitted by heat 
lamps at fast-food restaurants to keep food 
warm. Remote control devices use infrared 
waves to send signals that control TVs, VCRs 
and stereo equipment. 

Snakes in the pit viper family, which includes 
rattlesnakes, have “pits” in their heads that allow 
them to detect infrared radiation. They use this 
ability when hunting small, warm-blooded 
mammals in dark tunnels. 

Ultraviolet Waves 
Skin cells contain melanocytes, which form the 
pigment melanin when exposed to UV rays. 
Melanin causes people to tan, and it blocks some 
UV radiation. Some insects, such as bees, can see 
UV radiation. 

X Rays and Gamma Rays 
Radiation detectors use the tendency of X rays 
and gamma rays to ionize atoms as a means for 
detection. Workers who may be exposed to 
these types of radiation often wear radiation 
badges. The badges are periodically developed 
to determine the total amount of radiation the 
worker has been exposed to. 

Print Resources 

Waves: The Electromagnetic Universe, by Gloria 

Skurzynski, National Geographic Society, 1996 

The Visual Dictionary of Physics, Eyewitness Visual 

Dictionaries, Dorling Kindersley, 1995 

Understanding Science—Atoms and Molecules, by 

Phil Roxbee and Max Parsonage, Usborne 

Publishing, 1992 



Radio Communication 
Radio Transmission 
Although Guglielmo Marconi 
was given credit for inventing 

radio, much of the credit should be given to 

Nikola Tesla. Tesla invented the means to turn 
electrical energy into radio waves. 

Antennae are made of materials that are 
good conductors of electricity, so they allow 
easy movement of electrons. Electrons acceler- 
ating up and down a vertical antenna produce 
radio waves. If an antenna is aligned vertically, 
incoming radio waves cause the electrons to 
accelerate up and down the antenna. For a 1.5 
million Hz AM radio wave, the electrons move 

up and down 1.5 million times per second. 
AM radio has a relatively small frequency 

range of 1.165 MHz, and FM has a range of 20 

MHz. The AM band is fine for voices, but the 

FM band is better for listening to music 
because it produces a richer sound. 

On some nights you can pick up AM 
stations several hundred miles from where 

___Helping You Prepare 

they are broadcast. This is because AM radio 
waves reflect off the ionosphere. FM radio 
waves are not reflected by the ionosphere and 
need to travel in a straight line to reach a 
receiver. This limits their range. 

Teacher to Teacher 
Dr. Judith Doyle, Retired Teacher 

Newark High School 

Newark, Ohio 

“To demonstrate how microwaves impact water molecules, 

place a marshmallow on a paper plate into a microwave and 

cook for two minutes at 50%-60% power. The marshmallow 

will expand rapidly, deflate slightly during off cycles, and 

then inflate more each time power resumes. (Microwaves 

vary, so test different power levels beforehand to determine 

best visual effect.) Microwaves cause the water molecules in 

the marshmallow to flip billions of times per second which in 

turn causes them to bump into each other and warm up, so as 

the marshmallow warms up, it expands.” 

Dr. Judith Doyle 
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Chapter Vocabulary 
electromagnetic wave, p. 456 * 

radiant energy, p. 459 
photon, p. +60 
visible light, p. +62 
radio wave, p. +63 

microwave, p. +63 

infrared wave, p. +64 
ultraviolet wave, p. +65 
X ray, p. 467 
gamma ray, p. +67 
carrier wave, p. 469 
cathode-ray tube, p. 472 
transceiver, p. 473 
Global Positioning System 

(GPS), p. 475 

¥# FCAT Vocabulary 

Science Journal | Student 
responses will vary, but may 

include: TV, tanning beds, 

stove, lightbulbs, toaster. 

with Image Bank 

PowerPoint Presentations 

This CD-ROM is an editable 
Microsoft® PowerPoint® 
presentation that includes: 

a pre-made presentation for 
every chapter 
interactive graphics 

animations 

audio clips 
image bank 

all new section and chapter 
questions 

Standardized ‘Test Practice 

transparencies 

Foldables directions 
links to fl.gpescience.com 
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form with varying efficiency. 

Electromagnetic 
~ Radiation 

How’s the reception? 
These giant 25-m dishes aren't picking up 

TV signals, unless they're coming from 

distant stars and galaxies. They are part of 

a group of 27 antennas that detect radio 

waves, which are electromagnetic waves. 

However, all objects emit electromagnetic 

waves, not just stars and galaxies. 

Science Jeurna! __ List six objects around you that 

emit light or feel warm. 

Energy Electromagnetic waves transfer energy. The VLA These receiver dishes are part of the Very 

The electromagnetic spectrum ranges from Large Array (VLA) radio telescope, located near 

low-energy radio waves to high-energy gamma _ Socorro, New Mexico. The 27 separate receivers 

rays. People often use low-energy radio waves _ together gather radio waves emitted by stars, galax- 
for communication, ies, and other deep-space objects. Images are 

formed from the data that show details of the radio 
wave emission from the objects being studied. To 
view images produced by the VLA go to 
fl.gpescience.com and follow the links to your chapter. 
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FOLDABLES 
Study Organizer 

Electromagnetic Waves 

Make the following Foldable 

to help you understand 

electromagnetic waves. 

| STEP 1 | Fold a sheet of a) 

paper vertically 

in half from top 

to bottom. 

Fold in half from 

side to side with 

the fold at the top. 

Unfold the paper 

once. Cut only the 

fold of the top flap 

to make two tabs. 

AVi3aeM Write on the front 

tabs as shown. 

How do 
electromagnetic 
waves travel 

through space? 

How do 
electromagnetic 
waves transfer 

energy to matter? 

Identify Questions As you read the chapter, 

write answers to the questions on the back of 

the appropriate tabs. 

Preview this chapter's content 

niine and activities at 

CHAPTER 15 Electromagnetic Radiation 

Purpose Students observe how 

electromagnetic waves from the 

Sun affect the dye in colored 

paper. [.1] G@™® [} Visual-Spatial 

Materials Although any color of 

construction paper will work for 

this activity, red will show the 

most dramatic results. Be sure to 

use construction paper that has 
not previously been exposed to 
sunlight. 

Teaching Strategies 

¢ Construction paper that is 

exposed to sunlight through a 
window will fade more slowly 
than construction paper in direct 
sunlight. The glass blocks much 
of the ultraviolet light. 
¢ The construction paper should 
be exposed to sunlight for as long 
as possible. If time permits, allow 
students to observe the effects 
after different time intervals. 

Think Critically 
The color of the construction paper 

exposed to the Sun is faded compared 

to that of the paper left in the shade. 

Ultraviolet waves from the Sun have 

broken down some of the dye molecules. 

Assessment 
Process Ask students to compare 
how the ultraviolet waves affected 

the construction paper with what 
happens to their skin when they 

stay out too long in the Sun. Use 
Performance Assessment in 

the Science Classroom, p. 89. 

Dinah Zike 
Study Fold 

Student preparation materials for 

this Foldable are available in the 

Chapter Fasr Fite Resources. 

FOLDABLES 
Study Organizer 
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4 Motivate 

5 : -® 
An editable Microsoft® 

ee 
PowerPoint® 

INTERACTIVE | 
CHALK BOAR 

presenta- 

tion is available on Interactive 

Chalkboard CD-ROM. 

Bellringer 

Section Focus Transparencies 

also are available on the 

Interactive Chalkboard CD-ROM. 

[2] 4 

Section Focus Rainbows 
== Transparency 

Have you ever met Roy G. Biv? Roy G. Biv isn’t a person; it’s a com 

mon device to help you remember the colors that comprise visible 
light. Each letter in Roy G. Biy stands for the first letter of a color— 

red, orange, yellow, green, blue, indigo, and violet. 

1. Looking at the photo, which color of light bends the most as it 

passes through the prism? Which color bends the least? 

2. Light is a type of wave. What other kinds of waves can you 

think of? 

What do all these waves have in common? What are some 

possible differences? 

Reading Preview 

Tie to Prior Knowledge 

Magnets Show students how a 

magnet pulls on a nearby paper 

clip, even if they are not touch- 
ing. Remind students that this is 

because a magnetic field sur- 

rounds the magnet. ‘Tell students 

that in this section they will learn 
about magnetic fields and elec- 
tric fields. 

Word Analysis Write the term 

electromagnetic wave on the 

board. Ask students to study the 
word closely, and then infer 

which forces are involved 

producing this type of wave. 
electric and magnetic Make sure 
students know the meanings of 
each of the word parts. 

pa >» 

What You'll Learn 

= Describe how electric and mag- 

netic fields form electromagnetic 

waves. 
@ Explain how vibrating charges 

produce electromagnetic waves. 

= Describe properties of electro- 

magnetic waves. 

Figure 1 Water waves and sound 

waves require matter to move 

through. Energy is transferred from 

one particle to the next as the 

wave travels through the matter. 

“Also covers SC.H.1.4.1, SC.H.1.4.2, SC.H.1.4.3, SC.H.2.4.1 

' What are 
electromagnetic waves? 

Reading Guide 
# FCAT Vocabulary 

® Review Vocabulary 
hertz: the S! unit of frequency, 

abbreviated Hz; 1 Hz equals one 

vibration per second 

Why It’s Important 

You, and all the objects and materi- 

als around you, are radiating electro- 

magnetic waves. 

New Vocabulary 

% electromagnetic wave 
@ radiant energy 

e@ photon 

Waves in Space 
Stay calm. Do not panic. As you are reading this sentence, no 

matter where you are, you are surrounded by electromagnetic 
waves. Even though you can't feel them, some of these waves are 

traveling right through your body. They enable you to see. They 

make your skin feel warm. You use electromagnetic waves when 

you watch television, talk on a cordless phone, or prepare pop- 

corn in a microwave oven. 

Sound and Water Waves Waves are produced by some- 

thing that vibrates, and they transmit energy from one place to 

another. Look at the sound wave and the water wave in Figure 1. 

Both waves are moving through matter. The sound wave is mov- 

ing through air and the water wave through water. These waves 

travel because energy is transferred from particle to particle. 

Without matter to transfer the energy, waves cannot move 

Electromagnetic Waves However, electromagnetic waves 
do not require matter to transfer energy. Electromagnetic waves 

are made by vibrating electric charges and can travel through 

space where matter is not present. Instead of transferring energy 
from particle to particle, electromagnetic waves travel by trans- 

ferring energy between vibrating electric and magnetic fields. 
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Section 1 Resource Manager 

Chapter Fast Fie Resources 

‘Transparency Activity, p. 44 

Directed Reading for Content Mastery, 

pp. 19, 20 

Note-taking Worksheets, pp. 33-35 

Enrichment, p. 30 
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MiniLAB, p. 3 

Reinforcement, p. 27 

Science Inquiry Labs, pp. 41-42 

Performance Assessment in the Science Classroom, p. 35 

Mathematics Skill Activities, p. 1 



Figure 2 Fields enable magnets 

and charges to exert forces at a 

distance. These fields extend 

throughout space. 

Explain how you could detect a 

magnetic field. 

Caption Answers 
Figure 2 Place a magnet where the field 
exists and see if there is a force exerted on 

the magnet. 

Figure 3 Bring a compass near the wire. 

CS) Quick Demo 
Seeing Magnetic Fields 

Materials iron filings, iron bar 
magnet, plexiglass (optional: over- 
head projector, plastic wrap) 

Estimated Time ten minutes 

Procedure If using overhead, wrap 
writing surface with plastic wrap 
to protect. Place bar magnet on 
overhead or other flat surface. 
Lay plexiglass on top of magnet, 
and lightly sprinkle with iron 
filings above magnet. Point out 
how magnetic field drops off 
rapidly as distance from magnet 
increases. Visual-Spatial 

A magnetic field surrounds all 

magnets. charges. 

An electric field surrounds all 

Electric and Magnetic Fields § 
When you bring a magnet near a metal paper clip, the paper 

clip moves toward the magnet and sticks to it. The paper clip 

moves because the magnet exerts a force on it. The magnet 

exerts this force without having to touch the paper clip because 

all magnets are surrounded by a magnetic field, as shown in 

Figure 2. Magnetic fields exist around magnets even if the space 
around the magnets contains no matter. 

Just as magnets are surrounded by magnetic fields, electric 

charges are surrounded by electric fields, also shown in Figure 2. 

An electric field enables charges to exert forces on each other Figure 3 Electrons moving ina 

even when they are far apart. Just as a magnetic field around : wire are surrounded by a magnetic 

a magnet can exist in empty space, an electric field exists : field. 

around an electric charge even if the space around it contains : 

no matter. 

Describe how you would confirm 

that a magnetic field exists around 

a current-carrying wire. 

Magnetic Fields and Moving 
Charges Electric charges also can 
be surrounded by magnetic fields. 

It is the motion of electrons that No Magnetic Charge Students 
generates the magnetic field. An 

electric current, the net flow of 
electrons in one direction, is always 

surrounded by a magnetic field. In 

fact, any moving electric charge is 

surrounded by a magnetic field, 

as well as an electric field. For 
example, an electric current flow- 

ing through a wire is surrounded 

by a magnetic field, as illustrated 

in Figure 3. 

SECTION 1 What are electromagnetic waves? 457 

Differentiated Instruction 

may believe that, since an elec- | 

tric field surrounds an electric | 

charge, a magnetic field sur- | 
rounds a magnetic charge. 
Explain that there is no mag- — 
netic charge. Magnetism is 

caused by moving electric 
charges. This is true even for | 

magnetic materials. Electrons | 
in all atoms move in a way that 
induces a small magnetic field. 
In most materials, these fields 

cancel, but in magnetic mate- 
rials the atoms are arranged so — 
that the fields combine to form — 

a macroscopic field. 

Challenge Have students research scientists who did 

early investigations on the relationship between 

electricity and magnetism, such as Oersted, 

Faraday, and Henry. Have students select an early 

experiment to demonstrate. 

SECTION 1 What are electromagnetic waves? 457 



Purpose Students investigate 

the behavior of electromagnetic 

waves. [L2] GD [f} Kinesthetic 

Materials television with remote 

control, glass, book, paper, 
metal pan 

Teaching Strategy Suggest that 
students hold the objects both 

very close to the receiver and 

farther away from it. This will 
enable them to observe how 

the beam spreads out and can 
travel around objects. 

Analysis 

1. No (for most), because the infrared 
beam spreads out as it leaves its 

source. 

2. The signal will travel through trans- 
parent or translucent materials. 

Assessment 

Process Some receivers are more 
sensitive and require the remote 
to be aimed directly at them. 
Ask students to suggest ways to 
control such a television without 

pointing the remote directly at 
the receiver. Possible answer: Aim 
the remote at an object in such 
a way that the reflected ray will hit 
the receiver. Use Performance 
Assessment in the Science 
Classroom, p. 93. 

(% Reading Check 

Answer an electric charge moving 
back and forth 

Caption Answer 
Figure 4 a transverse wave 
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Investigating 

Changing Electric and Magnetic Fields A changing 

magnetic field creates a changing electric field. For example, in 

a transformer, changing electric current in the primary coil pro- 

duces a changing magnetic field. This changing magnetic field 

then creates a changing electric field in the secondary coil that 

Electromagnetic 

Waves 

Procedure 
1. Point your television 

produces current in the coil. The reverse is also true: a changing 

electric field creates a changing magnetic field. 

remote control in differ- 

ent directions and observe 

whether it will still control 

the television. 

. Place various materials in 

front of the infrared 

receiver on the television 

and observe whether the 

remote control still will 

operate the television. 

Some materials you might 

try are glass, a book, your 

hand, paper, and a metal 

pan. 

Analysis 
1. Was it necessary for the 

remote control to be point- 

ing exactly toward the 

receiver to control the tele- 
vision? Explain. 

. Did the remote control 

continue to work when 

the various materials were 

placed between it and the 

receiver? Explain why or 

why not. 

Making Electromagnetic Waves 
Waves such as sound waves are produced when something 

vibrates. Electromagnetic waves also are produced when some- 

thing vibrates—an electric charge that moves back and forth. 

AO @ what produces an electromagnetic wave? 

When an electric charge vibrates, the electric field around it 

changes. Because the electric charge is in motion, it also has a 

magnetic field around it. This magnetic field also changes as the 

charge vibrates. As a result, the vibrating electric charge is sur- 

rounded by changing electric and magnetic fields. 

How do the vibrating electric and magnetic fields around 

the charge become a wave that travels through space? The 

changing electric field around the charge creates a changing 

magnetic field. This changing magnetic field then creates a 

changing electric field. This process continues, with the mag- 

netic and electric fields continually creating each other. These 

vibrating electric and magnetic fields are perpendicular to each 

other and travel outward from the moving charge, as shown in 

Figure 4. Because the electric and magnetic fields vibrate at 

right angles to the direction the wave travels, an electromagnetic 

wave is a transverse wave. 

Electric field 

Figure 4 A vibrating electric 
charge creates an electromagnetic 

wave that travels outward in all 

directions from the charge. 

The wave in only one direction is 

shown here. 

Determine whether an electro- 

magnetic wave is a transverse wave 

or a compressional wave. 

Electron Magnetic field 

458 CHAPTER 15 Electromagnetic Radiation 

Direction 

of travel 

isual Learnin 

Figure 4 ‘The electromagnetic wave is shown in one _ electric field oscillates right and left and the mag- 
direction to make it easier to visualize. In reality, a netic field oscillates up and down. Ask students to 
vibrating charge produces electromagnetic waves describe how the amplitude, frequency, and wave- 
that travel in almost all directions. The wave shown length of the electric and magnetic fields are 
here is vertically polarized: the electric field oscil- related. When the amplitude of the electric field is maximum: 
lates up and down, and the magnetic field oscillates _ the amplitude of the magnetic field is maximum. The frequen- 
right and left. In a horizontally polarized wave, the _ cies and wavelengths of the fields are the same. 



Properties of Electromagnetic Waves 
All matter contains charged particles that are always in 

motion. As a result, all objects emit electromagnetic waves. The 
wavelengths of the emitted waves become shorter as the temper- 
ature of the material increases. As an electromagnetic wave 
moves, its electric and magnetic fields encounter objects. These 
vibrating fields can exert forces on charged particles and magnetic 
materials, causing them to 

move. For example, electro- 

magnetic waves from the Sun 

cause electrons in your skin to 

vibrate and gain energy, as 

shown in Figure 5. The energy 

transferred by an electromag- 

netic wave is radiant energy. 

Radiant energy makes a fire feel 

warm and enables you to see. 

Applying Math 

THE SPEED OF LIGHT IN WATER The speed of light in water is 226,000 km/s. Write this 

number in scientific notation. 

Electromagnetic 

wave 

Using Scientific Notation 

Cig known values and the unknown value 

Identify the known values: 

The speed of light in water is 226,000 km/s. 

Identify the unknown value: 

the number 226,000 written in scientific notation 

| SOLVE | the problem 

A number written in scientific notation has the form M X 10%. N is the 

number of places the decimal point in the number has to be moved so that 

the number M that results has only one digit to the left of the decimal point. 

Write the number in scientific notation: 

Move the decimal point so there is only one digit to its left: 

The decimal point was moved 5 places, so N equals 5: 

Delete remaining zeroes at the end of the number. 

| CHECK | your answer 

Add zeroes to the end of the number and move the decimal point in the oppo- 

site direction five places. The result should be the original number. 

Practice Problems 

Write the following numbers in scientific notation: 433; 812,000,000; 73,000,000,000; 84,500. 

For more practice problems go to page 879, and visit Math Practice at f!.gpescience.com. 

Figure 5 As an electromagnetic 

wave strikes your skin, electrons in 

your skin gain energy from the 

vibrating electric and magnetic 

fields. 

Surface of skin 

Nucleus 

226,000. x 10N 

2.26000 < 10N 

2.26000 < 10° 

2.26 X 10° 
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Science Journal 

Radiant Energy Warm objects emit more radiant 

energy than cool objects do. Have students inves- 

tigate this topic and each write a paragraph 

summarizing what he/she learns. All objects contain 

charged particles, such as electrons, that are always moving. 

frequency depends on the frequency of vibration of the 
charges. As the temperature of the object increases, these 

charged particles move faster. Their frequency of vibration 

increases and the frequency of the electomagnetic radiation 
they emit increases. [L3] JK) Logical-Mathematical 

These charged particles emit electromagnetic waves whose 

‘te Quick Demo 
<= Waves 

Materials coiled metal spring toy 

Estimated Time 5—10 minutes 

Procedure Have two volunteers 
hold each end of the spring on 
the floor. Demonstrate a trans- 
verse wave (a wave for which the 

medium moves at right angles to 
the direction the wave travels) by 
moving one end of the spring left 
and right. Demonstrate a longi- 
tudinal wave (a wave for which 

the medium moves along the 
same direction the wave travels) 

by holding both ends still, then 
gathering coils together and 
releasing them. 

Applying Math 

Math Standards 

National: 1 

Florida: MA.A.1.4.4 

Answer to Practice 
Problem 

433 = 433 X 10° 
812,000,000 = 8.12 x 10° 
73,000,000,000 = 7.3 x 10° 
84,500 =8.45 x 10° 

Discussion 
Scientific Notation Why is scien- 
tific notation useful when 

studying electromagnetic radia- 
tion? Wavelength, frequency, and wave 

speed are often very large or very small 
numbers. 

~~ Fun Fact 
By 1800, many scientists suspected 

a relationship between electricity 
and magnetism. Then, in 1820, 

Hans Christian Oersted accidentally 
brought a wire carrying direct cur- 
rent near a compass needle while 

teaching class. The compass needle 
moved, demonstrating that the 
current-carrying wire was sur- 
rounded by a magnetic field. 

SECTION 1 What are electromagnetic waves? 459 



Activity 
Drawing Waves ‘lo help students 
understand how frequency and 
wavelength are related, have one 
student draw a series of waves 

across the board, end to end, each 

having a similar wavelength. 

Have another student draw a 

series of waves with a much 

longer wavelength below the first 

set. The drawings should demon- 

strate that over the same distance, 

there are more waves with shorter 

wavelengths and fewer waves with 
longer wavelengths. 

Visual-Spatial 

Teacher i 
‘light History “here ssa tich ec 

_ entific history leading to the idea ~ 
that light has both particle and 

_ wave nature. In the fifth century” 
1 B.C, the Pythagoreans thought — 
streams of light were emitted by _ 

i the eye. Newton formed a parti- | 
_ cle theory of light i in 1 the early " 

. eighteenth century, around che = 
_ same time Huygens “concluded 7 
that light was a wave. In 1905, _ 
Einstein proposed ‘that electro- 
iy 

aS waves can also behave | 

(% Reading Check 
Answer 300,000 km/s in a vacuum 

Reading Strategy 

Target Supporting Evidence 

As students read about wave 
speed, ask them to find evidence 
in the text that supports the fol- 
lowing statement: The speed of 
electromagnetic waves depends 
on the material they travel 
through. Have them list the evi- 
dence and compare notes with a 
partner, 

Table 1 Speed of 
Visible Light 

Material Speed (km/s) 

Vacuum 300,000 

Air slightly less 

than 300,000 

Water 226,000 

Glass 200,000 

Diamond 124,000 

tance between the crests of the 

field. 

Ve 

Z 
~—~Wavelength____ 

Figure 6 The wavelength of an 

electromagnetic wave is the dis- 

vibrating electric field or magnetic 

Wavelength 
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Wave Speed All electromagnetic waves travel at 300,000 

km/s in the vacuum of space. Because light is an electromag- 

netic wave, the speed of electromagnetic waves in space is usu- 

ally called the speed of light. The speed of light is nature's speed 

limit—nothing travels faster than the speed of light. In matter, 

the speed of electromagnetic waves depends on the material 

they travel through. Electromagnetic waves usually travel most 

slowly in solids and fastest in gases. Table 1 lists the speed of vis- 

ible light in various materials. 

(42H) What is the speed of light? 

Wavelength and Frequency Like all waves, electromag- 
netic waves can be described by their wavelengths and frequen- 

cies. The wavelength of an electromagnetic wave is the distance 

from one crest to another, as shown in Figure 6. 

The frequency of any wave is the number of wavelengths that 
pass a point in | s. The frequency of an electromagnetic wave also 

equals the frequency of the vibrating charge that produces the 

wave. This frequency is the number of vibrations, or back-and- 

forth movements, of the charge in one second. The frequency 

and wavelength of an electromagnetic wave are related. As the 

frequency increases, the wavelength becomes smaller 

Waves and Particles 
The difference between a wave and a particle might seem obvi- 

ous—a wave is a disturbance that carries energy, and a particle is 

a piece of matter. However, in reality, the difference is not so clear. 

Waves as Particles In 1887, Heinrich Hertz found that by 
shining light on a metal, electrons were ejected from the metal. 

Hertz found that whether or 
not electrons were ejected 

depended on the frequency of 
the light and not on the am- 

plitude. Because the energy 

carried by a wave depends on 

its amplitude and not its fre- 

quency, this result was mysteri- 

ous. Years later, Albert Einstein 
provided an explanation: elec- 

tromagnetic waves can behave 

as a particle, called a photon, 

whose energy depends on the 
frequency of the waves. 

Electric field 

Magnetic field 

Differentiated Instruction 

Challenge Ask students to research the early dis- 
coveries of Hertz, Planck, and Einstein on the 

quantum theory, black body radiation, and the 
photoelectric affect. Have students create a time 
line illustrating key concepts and experiments. 

460 CHAPTER 15 Electromagnetic Radiation 

Behavioral Disorder Have students draw two 
Waves on a piece of paper. Count the wavelengths 
in each wave. Discuss which wave has the highest 
frequency. For review, label resting point, ampli- 
tude, crest, trough, wavelength. 



Particles of paint sprayed through 

two slits coat only the area behind 

the slits. ence pattern. 

Particles as Waves Because electromagnetic waves could 
behave as a particle, other scientists wondered whether matter 
could behave as a wave. If a beam of electrons were sprayed at 

Electrons fired at two closely spaced 

openings form a wavelike interfer- 

“ill 
Water waves produce an interfer- 

ence pattern after passing through 

two openings. 

Figure 7 When electrons are 

sent through two narrow slits, 

they behave as a wave. 
two tiny slits, you might expect that the electrons would strike 
only the area behind the slits, like the spray paint in Figure 7. 
Instead, it was found that the electrons formed an interference 
pattern. This type of pattern is produced by waves when they 
pass through two slits and interfere with each other, as the water 
waves do in Figure 7. This experiment showed that electrons can 

behave like waves. It is now known that all particles, not only 
electrons, can behave like waves. 

“Section 4) 

Summary 

Making Electromagnetic Waves 

@ Moving electric charges are surrounded by an 

electric field and a magnetic field. 

@ A vibrating electric charge produces an 

electromagnetic wave. 

@ An electromagnetic wave consists of vibrating 

electric and magnetic fields that are perpendi- 

cular to each other and travel outward from 

the vibrating electric charge. 

Properties of Electromagnetic Waves 

® Electromagnetic waves carry radiant energy. 

@ In empty space, electromagnetic waves travel 

at 300,000 km/s, the speed of light. 

® Electromagnetic waves travel more slowly in 

matter, with a speed that depends on the 

material. 

Waves and Particles 

@ Electromagnetic waves can behave as parti- 

cles that are called photons. 

® Insome circumstances, particles, such as 

electrons, can behave as waves. 

More Section Review fl.gpescience.com 

review. | 
Self Check 

. Explain why an electromagnetic wave is a transverse 

wave and not a compressional wave. 

. Compare the frequency of an electromagnetic wave 

with the frequency of the vibrating charge that pro- 

duces the wave. 

. Describe how electromagnetic waves transfer radiant 

energy to matter. 

. Explain how an electromagnetic wave can travel 

through space that contains no matter. 

. Think Critically Suppose a moving electric charge 

were surrounded only by an electric field. Infer 

whether or not a vibrating electric charge would 

produce an electromagnetic wave. 

Applying Math 

. Calculate Time How many minutes does it take an 

electromagnetic wave to travel 150,000,000 km? 

. Use Scientific Notation Calculate the distance an 

electromagnetic wave in space would travel in one 

day. Express your answer in scientific notation. 
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Post Reading 

Compare and Contrast Have 

students compare and contrast the 

behavior of waves and photons. 
Does the energy of a wave depend 
on its amplitude or frequency? 

What about a photon—on what 

does its energy depend? Have half 
the class share similarities and half 

the class note differences. 

DAILY INTERVENTION 

Check for Understanding 
Logical-Mathematical Using two 
columns, chart the characteristics 

of sound waves and _ electro- 
magnetic waves comparing and 
contrasting the properties of each. 

Reteach 

Seeing Waves Radio waves are 
long-wavelength, low-frequency 
electromagnetic waves, and gam- 
ma rays are short-wavelength, 
high-frequency waves. Have stu- 
dents model the relationship 
between wavelength and _fre- 
quency of waves by vertically 
shaking a rope attached to a door 
handle. First, they can shake it 
with low frequency to see long 
wavelengths, then with higher 

frequency to see shorter wave- 
lengths. [L2] GMB fh} Kinesthetic 

Tr”, Assessment 

Portfolio Have students write sev- 
eral paragraphs that describe how 
electric and magnetic fields 
together form electromagnetic 
waves, and how these waves vary 
in frequency and wavelength. Use 

would not be produced. Both a 
vibrating electric and magnetic 
field are needed to produce an 

electromagnetic wave that travels 

away from the vibrating charge. 

6. 500s = 8.33 min 
7. 2.592 < 10" km 

Performance Assessment in 

the Science Classroom, p. 159. 

3. by causing charged particles within 

objects to move 
4. An electromagnetic wave is made 

of vibrating electric and magnetic 
fields that continually produce each 
other; matter is not needed for this 

to occur. 
5. No, an electromagnetic wave 

1. The vibrating electric and magnetic 
fields that create electromagnetic 
waves are perpendicular to the 

direction the wave travels. A 
compressional wave causes a dis- 
turbance that moves back and forth 
along the direction the wave travels. 

2. They're equal. pe MA.A.1.4.4, MA.B.2.4.2 
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a 

INTERACTIVE | An editable Microsoft® 

an =< PowerPoint® presenta- 

tion is available on Interactive 

Chalkboard CD-ROM. 

Motivate 

Bellringer 

Section Focus Transparencies 

also are available on the 

Interactive Chalkboard CD-ROM. 

[2] 4 

Radio waves are part of the electromagnetic spectrum. These waves 

can do more than just carry a signal to your radio. Here, a radar gun 
is being used to measure speed. Radar stands for “radio detecting 

and ranging,” 

1. Which of the devices in the photo is using electromagnetic waves 

to measure speed? 

2, Is wave speed or wavelength and frequency more useful for 
differentiating among different types of electromagnetic waves? 

3, The prefix infra- means below, and the prefix ultra- means 
beyond. Knowing this, what do the terms infrared and ult 
mean? L2 

h Reading Preview 

Tie to Prior Knowledge 

XRays Ask students if they have 
ever had an X-ray image taken 
by an X-ray technician. X rays 

are one form of electromag- 
netic waves that they will be 
studying in this section. 

Activate Background Know- 

ledge Ask students to identify 

any familiar vocabulary words. 
Students will likely know 
microwave and X ray. Ask: What 

are these things and how do they 
work? Students may describe 
the words in terms of objects. 
Explain that a microwave oven 
uses microwaves and an X-ray 
machine uses X rays. Both 
are types of electromagnetic 
radiation. 

"Also ¢ covers 5 SC. H.1.4.1, SC.H.1.4.4, SC.H.1 Al, SC. H3.4.1, SC. H. 3.4.2 

e The Electromagnetic 
Spectrum 

~~ Reading Guide 

Why It’s Important 

Waves in different regions of the 

electromagnetic spectrum are used 

every day in many ways. 

What Vou'll Learn 
= Describe the waves in the differ- 

ent regions of the electromag- 

netic spectrum. 

@ Compare the properties of differ- 

ent electromagnetic waves. 

@ Identify uses for different types 

of electromagnetic waves. 

New Vocabulary 

e visible light 

e radio wave 

@ microwave 

e infrared wave 

e ultraviolet wave 

@ X ray 

@ gamma ray 

® Review Vocabulary 
spectrum: a continuous sequence 

arranged by a particular property 

A Range of Frequencies 
Electromagnetic waves can have a wide variety of frequen- 

cies. They might vibrate once each second or trillions of times 

each second. The entire range of electromagnetic wave frequen- 

cies is known as the electromagnetic spectrum, shown in 

Figure 8. Various portions of the electromagnetic spectrum 

interact with matter differently. As a result, they are given differ- 
ent names. The electromagnetic waves that humans can detect 

with their eyes, called visible light, are a small portion of the 

entire electromagnetic spectrum. However, various devices have 

been developed to detect the other frequencies. For example, the 

antenna of your radio detects radio waves. 

Figure 8 Electromagnetic 

waves are described by different 

names, depending on their fre- 

quencies and wavelengths. 

Radio waves Infrared waves Ultraviolet waves Gamma rays 

Microwaves X rays 
oe light 

ummm (INCREASING FREQUENCY 
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Section 2 Resource Manager 

Chapter Fasr Fixe Resources 

‘Transparency Activity, p. 45, 47-48 
Enrichment, p. 31 

Lab Activity, pp. 9-12 

Directed Reading for Content Mastery, 
p. 21 

MiniLAB, p. 4 

Reinforcement, p. 28 

Lab Worksheets, pp. 5—6 

Reading and Writing Skill Activities, p. 33 
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are randomly arranged. 

Radio Waves 
Stop and look around you. Even though you can’t see them, 

radio waves are moving everywhere you look. Some radio waves 
carry an audio signal from a radio station to a radio. However, 
even though these radio waves carry information that a radio 
uses to create sound, you can’t hear radio waves. You hear a 
sound wave when the compressions and rarefactions the sound 
wave produces reach your ears. A radio wave does not produce 
compressions and rarefactions as it travels through air. 

Microwaves Radio waves are low-frequency electromag- 

netic waves with wavelengths longer than about 1 mm. Radio 

waves with wavelengths of less than 30 cm are called 

microwaves. Microwaves with wavelengths of about 20 cm to 

1 cm are widely used for communication, such as for cellular 

telephones and satellite signals. You are probably most familiar 

with microwaves because of their use in microwave ovens. 

rv, Readin g Chec What is the difference between a microwave and 

a radio wave? 

Microwave ovens heat food when microwaves interact with 

water molecules in food, as shown in Figure 9. Each water mol- 

ecule is positively charged on one side and negatively charged on 

the other side. The vibrating electric field inside a microwave 

oven causes water molecules in food to rotate back and forth 

billions of times each second. This rotation causes a type of 

friction between water molecules that generates thermal energy. 

It is the thermal energy produced by the interactions between 

the water molecules that causes your food to cook. 

Radar Another use for radio waves is to find the position and 
movement of objects by a method called radar. Radar stands for 

RAdio Detecting And Ranging. With radar, radio waves are trans- 

mitted toward an object. By measuring the time required for the 

waves to bounce off the object and return to a receiving antenna, 
the location of the object can be found. Law-enforcement officers 

use radar to measure how fast a vehicle is moving. Radar also is used 

for tracking the movement of aircraft, watercraft, and spacecraft. 
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4 The microwaves cause 

= the water molecules to 
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flip back and forth. 

Figure 9 Microwave ovens use 

electromagnetic waves to heat 

food. 

Heating with 

Microwaves 

Procedure 

1. 

P14] es 
Obtain two small beakers 

or baby-food jars. Place 

50 mL of dry sand in each. 

To one of the jars, add 

20 mL of room- 

temperature water and 

stir well. 

Record the temperature of 

the sand in each jar. 

. Together, microwave both 

jars of sand for 10s and 

immediately record the 

temperature again. 

Analysis 
1. Compare the initial and 

final temperatures of the 

wet and dry sand. 

. Infer why there was a 

difference. 

Differentiated Instruction 

Learning Disabled Draw a diagram on the board 

or on a long piece of paper similar to Figure 8. 

As each type of wave is discussed, tape examples 

of things that use that type of wave under the 

correct heading. 

Visual Learning 

Figure9 Point out to students that water molecules 

are polar. The side with the hydrogen atoms has a 
slightly positive charge and the side with the oxy- 
gen atom has a slightly negative charge. Because of 
this polarity, the molecules tend to align them- 
selves with an electric field. The changing electric 
field in microwaves causes the water molecules to 
rotate. Visual-Spatial 

Make a Model 

Water Waves Use a pan of water to 
model how altering the frequency 
of a vibrating object creates waves 

with different frequencies. [L1] 
GD jf Kinesthetic 

Purpose Students observe how 

microwave ovens heat food. [2] 

GD [ff Kinesthetic 

Materials microwave oven, two 

small beakers or baby food jars, 

dry sand, water, thermometer 

Safety Precautions Do not over- 
heat the sand. PJAK 

Analysis 

1. Wet sand becomes much hotter 
than dry sand. 

2. The microwaves increase the kinetic 
energy of the water molecules, 
which then transfer some of this 
energy to the sand. 

Assessment 

Process Ask students to infer 
why the inside of a microwave 
oven doesn’t get hot. It is made of 
materials that don’t absorb the energy 

transferred by microwaves. Use 
PASC, p. 89. 

(% Reading Check 

Answer Microwaves are radio waves 

with wavelengths of less than a meter. 

~~ Fun Fact 
While working with radar in the 
1940s, Percy Spencer discovered 

that the candy in his pockets had 
melted. He also discovered that 

directing the radar toward popcorn 

caused the kernels to pop. From 
these observations, Spencer went 

on to develop the microwave oven. 
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Magnetic Resonance Imaging (MRI) In the early 1980s, 

medical researchers developed a technique called magnetic 

resonance imaging, which uses radio waves to help diagnose illness. 

The patient lies inside a large cylinder, such as the one shown in 

Figure 10. Housed in the cylinder is a powerful magnet, a radio- 

wave emitter, and a radio-wave detector. Protons in hydrogen 

atoms in bones and soft tissue behave like magnets and align with 

the strong magnetic field. Energy from radio-waves causes some of 

the protons to flip their alignment. As the protons flip, they release 

radiant energy. A radio receiver detects this released energy. The 

amount of energy a proton releases depends on the type of tissue it 

is part of. The released energy detected by the radio receiver is used 

to create a map of the different tissues. A picture of the inside of the 

patient’s body is produced painlessly. 

Ge Wavelength What is the 

electromagnetic spectrum? 

Figure 10 Magnetic resonance 

imaging technology uses radio infrared Waves 
waves as an alternative to X-ray 

Most of the warm air in a fireplace moves up the chimney, ing. 
he. yet when you stand in front of a fireplace, you feel the warmth 

ms of the blazing fire. Why do you feel the heat? The warmth you 

Investigating Infrared Photographs feel is thermal energy transmitted to you by infrared waves, 

Purpose ‘Jo investigate the uses which are a type of electromagnetic wave with wavelengths 

of infrared photography and between about one millimeter and 750 billionths of a meter. 
conduct a simple investigation You use infrared waves every day. A remote control emits 

using an infrared photograph. infrared waves to control your television. A computer uses infrared 

Possible Materials internet access, waves to read CD-ROMs. In fact, every object emits infrared 

infrared photographs waves. Hotter objects emit more infrared waves than cooler 

Estimated Time 324 class cescions objects emit. The wavelengths emitted also become shorter as the 
Teaching Strategies temperature increases. Infrared detectors can form images of 

: : objects from the infrared radiation they emit. Infrared sensors on 

i pkve students research uses 0! Figure 11 Infrared images and : satellites can produce infrared images that can help identify the 
infrared photography and select visible light images can provide > vegetation over a region. Figure 11 shows how cities appear differ- 

pie yuee LO Tivestipate M1 InOre different types of information. : ent from surrounding vegetation in infrared satellite imagery. 
detail. Examples: geology, vege- 
tation health, environmental 

pollution, land use. 
* Have students obtain a photo- 
graph related to their area of 
research, form a question and 
hypothesis that could be answered 
with the photo, and then answer 
the question. 
* Students can present their 
findings to the class. 
° U.S. Department of the 
Interior/U.S. Geological Survey 
has a fact sheet and a list of con- 
tacts. For more information go to 

fl.gpescience.com and follow the 

links to your chapter. 

For additional inquiry activities, see Differentiated Instruction Science Journal 
Science Inquiry Lab Manual. 

This visible light 

image of the region 

around San Francisco 

Bay in California was 

taken from an aircraft 

at an altitude of 

20,000 m. 

This infrared image of the same area was 

taken from a satellite. In this image, vege- 

tation is red and buildings are gray. 

464 CHAPTER 15 Electromagnetic Radiation 

Challenge Have students investigate other uses of Imaging Safety Have students write short para- 
graphs in their Science Journals explaining why 

“Li : magnetic resonance imaging is safer than X rays. 
them create informative posters conveying the The radio waves used for magnetic resonance imaging have 
various uses. much lower energy than X rays, and they do not harm the 

body. Linguistic 

infrared radiation, such as infrared spectroscopy 

and Forward-Looking Infrared Systems. Have 
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Visible Light 
Visible light is the range of electromagnetic waves that you 

can detect with your eyes. Light differs from radio waves and 
infrared waves only by its frequency and wavelength. Visible 
light has wavelengths around 750 billionths to 400 billionths of 
a meter. Your eyes contain substances that react differently to 
various wavelengths of visible light, so you see different colors. 
These colors range from long-wavelength red to short-wave- 
length blue. If all the colors are present, you see the light as 

white. | 

Ultraviolet Waves 
Ultraviolet waves are electromagnetic waves with wave- 

lengths from about 400 billionths to 10 billionths of a meter. 

Ultraviolet waves are energetic enough to enter skin cells. 

Overexposure to ultraviolet rays can cause skin damage and 

cancer. Most of the ultraviolet radiation that reaches Earth’s sur- 

face is longer-wavelength UVA rays. The shorter-wavelength 

UVB rays cause sunburn, and both UVA and UVB rays can 

cause skin cancers and skin damage such as wrinkling. Although 

too much exposure to the Sun’s ultraviolet waves is damaging, 

some exposure is necessary. Ultraviolet light 

striking the skin enables your body to make 

vitamin D, which is needed for healthy bones 

and teeth. 

Useful UVs A useful property of ultraviolet 

waves is their ability to kill bacteria on objects 

such as food and medical supplies. When 

ultraviolet light enters a cell, it damages pro- 

tein and DNA molecules. For some single- 

celled organisms, damage can mean death, 

which can be a benefit to human health. 

Ultraviolet waves are also useful because they 

make some materials fluoresce. Fluorescent 

materials absorb ultraviolet waves and reemit 

the energy as visible light. As shown in Figure 

12, police detectives sometimes use fluores- 

cent powder to show fingerprints when solv- 

ing crimes. 

Figure 12 The police detective 
in this picture is shining ultraviolet 

light on a fingerprint dusted with 

fluorescent powder. 

Purpose to demonstrate fluorescence |L2 

TELL) Kinesthetic 

Materials ultraviolet lamp; fluorescent rock 

kit or samples of calcite, fluorite, or opal; dry 

laundry detergent containing whiteners 

Procedure Ina darkened room, shine the UV 

whiteners. 

CT Scans In certain situa- 

tions, doctors will perform 

a computerized tomogra- 

phy (CT) scan on a patient 
instead of taking a tradi- 

tional X ray. Research to 

find out more about CT 

scans. Compare and con- 

trast CT scans with X rays. 

What are the advantages 

and disadvantages of a 

CT scan? Write a para- 

graph about your findings 

in your Science Journal. 

465 

Use Science Words 

Word Meanings Ask students to 
find the meaning of the prefix 
infra- and explain why it is appro- 
priate for describing infrared 
waves. Infra- means “below.” It is 
appropriate because infrared waves 

have frequencies just below that of red 
light. Linguistic 

CT Scans In both traditional X-ray 
imaging and CT (computerized tomog- 
raphy, also known as CAT, computerized 

axial tomography) scanning, X rays are 
passed through the body to provide an 
inside view. Traditional X-ray images 
are not appropriate for some purposes 
because they show only dense body 
parts. CT scans provide much clearer 
cross-sectional images made by rotating 
an X-ray beam around the patient. CT 
scans are more expensive. 

Research Have students research 
specific uses for X rays and CT 
scans, and explain why each is 
best suited for that use. 

‘Sey Quick Demo 
«Visible Light Waves 

Materials prism, light source, 

white screen 

Estimated Time five minutes 

Procedure Shine light onto a 
white screen. Refract light using a 
prism to show colors of light. 
Point out how each frequency 
retracted to a different degree 
with violet refracting the most 
and red the least. 

SECTION 2 The Electromagnetic Spectrum 

(LAB DEMONSTRATION 
lamp on the rocks and laundry detergent. 

Turn the lamp on and off comparing the 

affect of UV vs. visible light. Shine the 

light on clothing to check for fluorescent 

WARNING: Be careful not to shine ultra- 

Expected Outcome Students will observe the 

materials fluoresce. 

Assessment 
Why do the materials fluoresce? When ultra- 
violet light strikes the materials, the electrons absorb 

the energy, then reemit it as light at a lower frequency. violet light in anyone’ eyes. 
Pee ee | 
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Use Science Words 
Word Origins Have students find 
out where the word ozone comes 

from. The word ozone comes from the 

Greek word ozein meaning “to smell.” 
Point out that ozone can be 

formed when electricity or ultra- 

violet rays pass through oxygen. 
Its sharp smell can often be 
detected near electrical machin- 

ery or during a thunderstorm. 
Linguistic 

Answer |t absorbs harmful UV waves. 

Content 
Background 

Ozone in the stratosphere is nec- 
essary to protect life on Earth, 
but ozone near the ground is 
harmful. Ground-level ozone is 
the result of reactions between 
chemical pollutants mainly from 
factories and car exhaust. The 
reaction requires thermal energy 

and sunlight, so ozone pollution 
is most prevalent during the 
summer and in warm, sunny cli- 

mates. Breathing in ozone can 
induce coughing and chest pain; 
prolonged exposure can cause 
permanent lung damage. It also 
damages plant foliage and 
reduces agricultural productivity. 

Discussion 

Upper Limit Ask students whether 
or not they believe there is an 
upper limit to the energy of elec- 
tromagnetic waves. Gamma rays 

with energies greater than a trillion 
electron volts (Tev) have been detected. 
By comparison, photons of visible light 

have energies of only a few electron 
volts. Astronomers believe that gamma 

rays with energies a thousand times 
greater should be emitted by certain 
galaxies, and have built instruments to 

detect these high-energy gamma rays. 
Logical-Mathematical 

Ultraviolet light hits 

a chlorofluorocarbon 

(CFC) molecule, 

breaking off a 

chlorine atom. 

atom reacts with another ea 

f ozone molecule. & 

A free oxygen atom pulls the 

oxygen atom off the chlorine- 

monoxide molecule. 

& Once free, the chlorine "a 5 

The chlorine atom G 

reacts with an ozone molecule, 

pulling off an oxygen atom. ‘© tw 

Figure 13 The chlorine atoms in 
CFCs react with ozone high in the The chlorine atom and the 

atmosphere. This reaction causes oxygen atom join to form a 

ozone molecules to break apart. chlorine-monoxide molecule. 

The Ozone Layer About 20 to 50 km above Earth’s surface in 

the stratosphere is a region called the ozone layer. Ozone is a 

molecule composed of three oxygen atoms. It is continually 

being formed and destroyed by ultraviolet waves high in the 

atmosphere. The ozone layer is vital to life on Earth because it 

absorbs most of the Sun’s harmful ultraviolet waves. However, 

over the past few decades, the amount of ozone in the ozone 

layer has decreased. Averaged globally, the decrease is about 

three percent, but it is greater at higher latitudes. 

Why is the ozone layer vital to life on Earth? 

@oucium = The decrease in ozone is caused by the 

Sadist presence of certain chemicals, such as 
CFCs, high in Earth’s atmosphere. CFCs are chemicals called 

chlorofluorocarbons that have been widely used in air condi- 

tioners, refrigerators, and cleaning fluids. When CFC molecules 
reach the ozone layer, they react chemically with ozone mole- 

cules, as shown in Figure 13. One chlorine atom from a CFC 

molecule can break apart thousands of ozone molecules. As a 

result, many countries are reducing the use of CFCs and other 
ozone-depleting chemicals. 
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Reading Strategy 

Sequence Have students sequence the steps in 
writing or with drawings that lead to ozone 

destruction in the atmosphere, beginning with 

the release of CFC molecules. Students can use 
Figure 13 as a guide. 
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X Rays and Gamma Rays 
The electromagnetic waves with the shortest wavelengths 

and highest frequencies are X rays and gamma rays. Both X rays 
and gamma rays are high-energy electromagnetic waves. X rays 
have wavelengths between about 10 billionths of a meter and 10 
trillionths of a meter. Doctors and dentists use low doses of 
X rays to form images of internal organs, bones, and teeth, like 
the image shown in Figure 14. X rays also are used in airport 
screening devices to examine the contents of luggage. 

Electromagnetic waves with wavelengths shorter than about 
10 trillionths of a meter are gamma rays. These are the highest- 
energy electromagnetic waves and can penetrate through several 
centimeters of lead. Gamma rays are produced by processes that 
occur in atomic nuclei. Both X rays and gamma rays are used in 
a technique called radiation therapy to kill diseased cells in the 
human body. A beam of X rays or gamma rays can damage the 

biological molecules in living cells, causing both healthy and 
diseased cells to die. However, by carefully controlling the 
amount of X-ray or gamma-ray radiation received by the dis- 

eased area, the damage to healthy cells can be reduced. 

Figure 14 Bones are more 
dense than surrounding tissues 

and absorb more X rays. The image 

of a bone on an X ray is the 

shadow cast by the bone as X rays 

pass through the soft tissue. 

Post Reading 

Panel Discussion Ask students 

to conduct further research on 

the ozone layer. Then have the 

class engage in a panel discussion 
about ozone depletion. What 

causes the problem? What steps 
are being taken to solve it? 
Should more action be taken? 

INTERVENTION 

Check for Understanding 
Auditory-Musical Divide the class 
into six groups, assigning each one 
segment of the electromagnetic 
spectrum. Have groups write 
poems or rap songs highlighting 

key features of their segment. 
-~section 4) Teview 

Self Check 

. Explain A mug of water is heated in a microwave oven. 

Explain why the water gets hotter than the mug. 

Summary 

Radio Waves and Infrared Waves Reteach 
® Radio waves are electromagnetic waves with 

wavelengths longer than about 1 mm. 
Wave Displays Divide the class 
into six groups. Ask each group 
to discuss and make a_ poster 
showing various properties and 
uses of one type of electromag- 
netic waves. Posters can be 
displayed in the classroom for 
reference. COOP LEARN 

Visual-Spatial 

rz Assessment | 
Process Ask students to write 

paragraphs comparing and con- 
trasting MRI and X-ray imaging. 

Both provide an inside view of a 
patient. MRI uses radio waves and 
is safer but more expensive. X-ray 
imaging uses potentially harmful 

. Describe why you can see visible light waves but not 

® Microwaves are radio waves with wave- other electromagnetic waves. 

lengths between about 30 cm and 1 mm. . List the beneficial effects and the harmful effects of 

@ Infrared waves have wavelengths between human exposure to ultraviolet rays. 
about 1 mm and 750 billionths of a meter. 

Visible Light and Ultraviolet Waves 

@ Visible light waves have wavelengths between 

about 750 and 400 billionths of a meter. 

® Ultraviolet waves have wavelengths between 

about 400 and 10 billionths of a meter. 

® Most of the harmful ultraviolet waves emitted 

by the Sun are absorbed by the ozone layer. 

. Identify three objects in a home that produce electro- 

magnetic waves and describe how the electromagnetic 

waves are used. 

. Think Critically What could an infrared image of their 

house reveal to homeowners? 

Applying Math — 
, Use Scientific Notation Express the range of wave- 

lengths corresponding to visible light, ultraviolet 

waves, and X rays in scientific notation. 
X Rays and Gamma Rays 

® X rays and gamma rays are the most energetic 
: . Convert Units A nanometer, abbreviated nm, equals 

electromagnetic waves. 
one billionth of a meter, or 10. ? m. Express the range 

of wavelengths corresponding to visible light, ultravio- 

let waves, and X rays in nanometers. 

@ Gamma rays have wavelengths less than 

10 trillionths of a meter and are produced in 

the nuclei of atoms. 

SECTION 2 The Electromagnetic Spectrum 467 More Section Review fl.gpescience.com 
X rays, but is less expensive. MRI 
provides clearer images. Use Per- 
formance Assessment in the 

Science Classroom, p. 157. 

Ee aad en be a | 

secrion GO® review 

needed to reduce energy loss 
6. visible light = 7.5 to 4.0 x 10, ’m, 

ultraviolet = 40 to 1 NM 108m; 

Vitamin D in human body; harmful 
affects: damage protein and DNA 
molecules in cells, can damage skin 

1. The molecules of which the mug is 
made do not absorb the energy trans- 
ferred by microwaves; water molecules 

do absorb microwave energy. and cause skin cancer X rays = 1.0 it 10 °m 

2. Human eyes contain chemical com- 4. answers will vary to 1.0 x 10 

pounds that absorb the energy 5. Possible answer: where thermal 7. visible light = 750 to 400 nm, 

ultraviolet = 400 to 10 nm, 

X rays = 10 to 0.01 nm 

pe | MA.A.1.4.4, MA.B.1.4.2 

energy is escaping from the house, 
and where insulation would be 

carried by visible light waves. 
3. beneficial effects: production of 
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Video Lab available for this Lab. 

© Real-World 
Problem 

Purpose Students learn how 
the shape of a satellite dish 
affects reception. TELL) 

Kinesthetic 

Process Skills observe and infer, 
communicate, compare and con- 
trast, recognize cause and effect, 
make models 

Time Required 30 minutes 

Alternate Materials Any small 
parabolic object can be used. 

© Procedure ——— 

Teaching Strategy For accu- 
rate comparison, be sure students 
have the flashlight at the same 
distance from the receptor for all 
measurements. 

© Conclude and 

Apply 
1. The light on the flat surface is spread 

out, but the light on the curved sur- 
face is mostly an intense spot in the 
middle. 

2. The light from the flashlight spreads 

out as it leaves the flashlight. When it 
hits a flat surface, this light remains 

spread out. When it hits a curved 

surface, the light is reflected to the 
center, forming the intense spot. 

3. This activity uses visible light as a 
model for the microwaves used in 
satellite communication. A curved 
satellite dish focuses the signal so 
that reception is much better. 

typically large, parabolic dishes. 

reception? 

Goals 

reception. 

Materials 
flashlight small bowl 

several books  */arge, metal spoon 

aluminum foil *A/ternate materials 

Safety Precautions Cad 

@® Procedure——— 

Be careful not to wrinkle the foil. 

keeping it as smooth as possible. 

flashlight on top of the books so that its 

above and across the table. 

> 
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: The Shape of 
Se@itellite Cishes 

Communications satellites transmit signals with 

a narrow beam pointed toward a particular 

area of Earth. To detect this signal, receivers are 

® Real-World Problem —— 
How does the shape of a satellite dish improve 

@ Make a model of a satellite reflecting dish. 

m@ Observe how the shape of the dish affects 

1. Cover one side of a book with aluminum foil. 

2. Line the inside of the bowl with foil, also 

3. Place some of the books on a table. Put the 

beam of light will shine several centimeters 

Hold the foil-covered book on its side at a 

right angle to the top of the table. The foil- 

covered side should face the beam of light. 

5. Observe the intensity of the light on the foil. 

Parabolic 

dish 

Focal point 

6. Repeat steps 4 and 5, replacing the foil- 

covered book with the bowl. 

© Conclude and Apply —— 
1. Compare the brightness of the light 

reflected from the two surfaces. 
Se 

2. Explain why the light you see from the 

curved surface is brighter. 

3. Infer why bowl-shaped dishes are used to 

receive signals from satellites. 

y ommunicating 
wm Your Data 

Compare your conclusions with those of 

other students in your class. For more 

help, refer to the Science Skill Handbook. 

ommunicating 
Your Data 

Have students use a computer graphics program to prepare 

sketches of the models they created in this activity. The 
sketches should show how the light is reflected directly back 
from a flat surface, but is reflected toward the center of a 
curved surface. Have students compare their sketches. 
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‘T? Assessment — % Assessment 

Oral After students have completed the activity, 
ask them to explain why focusing a satellite signal 
is important. Focusing increases the intensity of the satel- 
lite signal. Use Performance Assessment in the 
Science Classroom, p. 89. : 
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What Yow'\\ Learn 
® Explain how modulating carrier 

waves enables information to be 

transmitted by radio waves. 

& Distinguish between amplitude 

modulation and frequency 

modulation. 

® Identify various ways of commu- 

nicating using radio waves. 

Why it’s Important 

to communicate. 

© Review Vocabulary 

or frequency of a wave to trans 

information 

Radio Transmission 
When you listen to the radio, you hear music and words 

are produced at a distant location. The music and words are 

to your radio by radio waves. The metal antenna of your r 

detects radio waves. As the electromagnetic waves pass by your 

radio’s antenna, the electrons in the metal vibrate, as shown in 
Figure 15. These vibrating electrons produce a changing elec- 

tric current that contains the information about the music 

and words. An amplifier boosts the current and sends it to 
speakers, causing them to vibrate. The vibrating speakers 

create sound waves that travel to your ears. Your brain inter- 

prets these sound waves as music and words 

Dividing the Radio Spectrum Each radio station is 
assigned to broadcast at one particular radio frequency. 

Turning the tuning knob on your radio allows you to select 

a particular frequency to listen to. The specific frequency 

of the electromagnetic wave that a radio station is assigned 

is called the carrier wave. 
The radio station must do more than simply transmit 

a carrier wave. The station has to send information about 

the sounds that you are to receive. This information 

is sent by modifying the carrier wave. The carrier wave is 
modified to carry information in one of two ways, as 

shown in Figure 16. 

Also covers SC.E.2.46, SC.H.1.4.3, SC.H.1.4.6, SCH.14.7, SCH345 

adio Communication 

Reading Guide 

Every day, you use radio waves 

New Vocabulary 

@ carrier wave 

e cathode-ray tube 

@ transceiver 

e Global Positioning System (GPS) 

modulate: to vary the amplitude 

mit 

that : Figure 15 Radio waves exert a 
Sent = force on the electrons in an antenna, 
adio 
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: causing the electrons to vibrate. 
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Section 3 Resource Manager “S) 

Chapter Fasr Five Resources ie 

Transparency Activity, p. 46 

Enrichment, p. 32 ifs 

Directed Reading for Content Mastery, 

pp- Die? 

ab Activity, pp. 13-16 

Reinforcement, p. 29 

ab Worksheet, pp. 7-8 

Lab Management and Safety, p. 37 

Earth Science Critical Thinking/Problem Solving, p. 5 

An editable Microsoft® 

PowerPoint® presenta- 

tion is available on Interactive 

Chalkboard CD-ROM. 

PowerPulnt Prose 

Bellringer 

Section Focus ‘Transparencies 

also are available on the 

Interactive Chalkboard CD-ROM. 

[L2] > 

My Could it bea growth spurt? Chapter 

The Global Positioning System (GPS) uses electromagnetic waves 
and satellites to determine locations and measurements on Earth. For 

example, one group of scientists found that Mount Everest is actually 
8,850 m (29,035 feet) tall, 2.1 m higher than the figure accepted since 
1954. This man is demonstrating another use of the GPS. By connect- 
ing a receiver to a computer, he is able to map his location. 

1. Name some ways people might use the GPS. 

2. Could the GPS function using sound wayes? Explain. 

| Reading Preview. 

Tie to Prior Knowledge 

Communication Ask students 
to name different forms of 

electronic communication. They 

might mention radio, televi- 

sion, telephone, or the Internet. 

Tell them that much communi- 

cation relies on the use of 

radio waves. 

Make Connections Tell stu- 
dents to imagine they are lost in 
the woods. How could they find 
their way out? After allowing 
discussion, explain that technol- 
ogy exists that allows the user to 
pinpoint his or her exact loca- 
tion. The technology is called 
the Global Positioning System 
(GPS). Ask them to predict how 
they think it may work. 
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Use an Analogy 
Boat’s Sail Having a larger sail 
on a boat increases the amount 
of wind you catch, so the boat 
moves faster. Similarly, lengthen- 

ing a radio’s antenna frequently 
improves reception because a lar- 

ger area of the electromagnetic 
field is intercepted. 

Signal Carrier wave 

LVAAL 

yyyrdy 

Amplitude modulation Frequency modulation 

Quick Demo 

’ Favorite Frequencies 
Materials AM/FM radio 

Estimated Time ten minutes 

Procedure Bring a radio to class 
and have students tune it to AM 

and FM stations. Stress that 

radios are tuned in by the fre- 
quency of the carrier wave. List 
students’ favorite radio stations 

on the board in order of increas- 

ing frequency. |L2 

Auditory-Musical 

AM Radio An AM radio station broadcasts information by 

varying the amplitude of the carrier wave, as shown in 

Figure 16. Your radio detects the variations in amplitude of the 

carrier wave and produces a changing electric current from 

these variations. The changing electric current makes the 

speaker vibrate. AM carrier-wave frequencies range from 

540,000 to 1,600,000 Hz. 

Figure 16 A carrier wave 

broadcast by a radio station can 

be altered in one of two ways to 

transmit a signal: amplitude 

modulation (AM) or frequency 

modulation (FM). 

FM Radio Electronic signals are transmitted by FM radio sta- 
tions by varying the frequency of the carrier wave, as in 

Figure 16. Your radio detects the changes in frequency of the car- 

rier wave. Because the strength of the FM waves is kept fixed, FM 

signals tend to be more clear than AM signals. FM carrier fre- 

quencies range from 88 million to 108 million Hz. This is much 

higher than AM frequencies, as shown in Figure 17. Figure 18 

shows how radio signals are broadcast. 

Figure 17 Cell phones, 
; 1 billion 

TVs, and radios broadcast at Cell phone 

frequencies that range from 

; more than 500,000 Hz to aT 
Wave Frequency Students might ene aii eo raien 
assume that AM stations broad- 

cast with higher-frequenc 
8 q y 10 million 

carrier waves than FM stations. 
For example, a station at 620 
AM might seem to have a 
higher frequency than a station 
at 98 FM because 620 is greater 

than 98. Explain that the AM 
frequencies are in thousands of 
vibrations per second, while the — 
FM frequencies are in millions 
of vibrations per second. 

Frequency (Hz) 

1 million 

100,000 
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Differentiated Instruction Curriculum Connection 
English-Language Learners ‘10 help students under- 
stand the meaning of frequency and hertz, have a 
student draw high-frequency waves on one end of 
the board and low-frequency waves on the other. 
When you list radio stations, write each radio 
station near the appropriate picture. Point to the 

pictures often as you use the terms frequency, vibra- 
tions per second, and hertz. [U4] TELL) 
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Math The frequencies of AM radio stations are 
in kilohertz and those of FM stations are in 

megahertz. Have students use the equation 

wavelength = c/f to determine the wavelengths 
of the signals transmitted by local radio stations: 
(c = 300,000,000 m/s) Possible answer: For 98.6 FM, 
the wavelength is A = 300,000,000 m/s/ 98,600,000 Hz = 
3.041 [L3] [) Logical-Mathematical 



NATIONAL 
GEOGRAPHIC VISUALIZING RADIO BROADCASTS 

Figure 18 

ou flick a switch, turn the dial, and music from your 
favorite radio station fills the room. Although it — 
seems like magic, sounds are transmitted over g 

distances by converting sound waves to electromagag ( 
waves and back again, as shown here. 

B ) This signal then is added to the station’s carrier 

wave. If the station is an AM station, the electronic 

signal modifies the amplitude of the carrier wave. 

If the station is an FM station, the electronic signal 

modifies the frequency of the carrier wave. 

@ The modified carrier wave is used to 

vibrate electrons in the station’s antenna. 

These vibrating electrons create a radio 

wave that travels out in all directions at 

the speed of light. 

\ ». Reading Strategy 

After students have read about 

radio broadcasts, ask them to think of questions 

they might have for a radio disc jockey. ‘Tell 
them to write the questions in the form of an 

interview. If possible, invite a local disc jockey to 

the class for a group interview. 

sound waves ie a varying electric 
current, or electronic signal. 

oO The radio wave from the station makes elec- 

trons in your radio’s antenna vibrate. This creates 

an electric current. If your radio is tuned to the: 

station's frequency, the carrier wave is removed 

from the original electronic signal. This signal 

then makes the radio's speaker vibrate, creating 

sound waves that you hear as music. 
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Challenge Ask students to find out how radio fre- 

quencies are assigned in the United States and 

how the Federal Communications Commission 

(FCC) regulates the industry. Have them present 

their findings to the class. |L3 

NATIONAL 
GEOGRAPHIC 

Visualizing Radio 
Broadcasts 

Have students examine the pic- 

tures and read the captions. Then 
ask the following questions. 

Compare and contrast how 

electromagnetic waves are mod- 

ified to create AM and FM radio 

signals. 

Explain the roles of antennas in 
radio transmission and reception. 

Wave Skit Have students write 

and perform a skit about the life 
of a radio wave from birth (orig- 

inal sound wave) to death (final 

conversion back to a sound wave 

and then dampened). |L2 

Kinesthetic 

Radio had only been in use for a 
few years when the Jitanic sent 

its distress calls in 1912. Although 

radio is credited in aiding Titanic’s 

survivors, it was the lack of radio 
communication with the ship 

Californian that sealed the fate 
of many who perished. 
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Use an Analogy 
Jigsaw Puzzle ‘The tiny rectangles 
or lines on a television or com- 

puter screen form a complete 
image the same way pieces of a 
jigsaw puzzle do. Individually the 

pieces seem meaningless, but 

when put together they form a 
picture. 

S00 eeenae aE 

Career 

Astronomers Learning about ob- 
jects in distant space requires 

observing the universe with the 
entire range of electromagnetic 
waves. The Compton Gamma 
Ray Observatory, for example, 

detected gamma rays to look for 
pulsars at the centers of galaxies. 
The Chandra X-ray Observatory 
detects X rays to search for binary 
stars and black holes. The Hubble 
Space Telescope detects electromag- 
netic waves from ultraviolet to 
infrared to look at stars and 
galaxies. 

Research Have students investi- 
gate what an astronomer does 
during a typical work day and 
the type of challenges they face. 
Present findings to the class. 

jm a, an 
Teacher GJ 
- Dispaly Options To avoid large 
-cathode-ray tubes, flat-screen 

| televisions and the displays on 
laptop computers use liquid 
_ crystal displays or gas-plasma 
displays. 
ee a CE 

(% Reading Check 

Answer a sealed vacuum tube in 
which one or more beams of electrons 

are produced 

Astronomers Do you ever 

look up at the stars at night 

and wonder how they were 

formed? With so many 

stars and so many galaxies, 

life might be possible on 

other planets. Research 

ways that astronomers use 

electromagnetic waves to 

investigate the universe. 

Choose one project 

astronomers currently are 

working on that interests 

you, and write about it in 

your Science Journal. 

Discuss the benefits of a 

career in astronomy. 

Figure 19 Cathode-ray tubes 
produce the images you see on 

television. The inside surface of 

a television screen is covered by 

groups of spots that glow red, 

green, or blue when struck by 

an electron beam. 

Television 
What would people hundreds of years ago have thought if 

they had seen a television? Televisions might seem like magic, 

but not if you know how they work. Television and radio trans- 

missions are similar. At the television station, sounds and 

images are changed into electronic signals. These signals are 

broadcast by carrier waves. The audio part of television is sent 

by EM radio waves. Information about the color and brightness 

is sent at the same time by AM signals. 

Cathode-Ray Tubes In many television sets, images are dis- 
played on a cathode-ray tube (CRT), as shown in Figure 19. A 

cathode-ray tube is a sealed vacuum tube in which one or more 

beams of electrons are produced. The CRT in a color TV pro- 

duces three electron beams that are focused by a magnetic field 

and strike a coated screen. The screen is speckled with more 

than 100,000 rectangular spots that are of three types. One type 

glows red, another glows green, and the third type glows blue 

when electrons strike it. The spots are grouped together, with a 

red, green, and blue spot in each group. 

An image is created when the three electron beams of the 

CRT sweep back and forth across the screen. Each electron beam 

controls the brightness of each type of spot, according to the 

information in the video signal from the TV station. By varying 

the brightness of each spot in a group, the three spots together 

can form any color so that you see a full-color image. 

(42 What is a cathode-ray tube? 
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Cultural Diversity 

Television As a young boy, Kenjito Takayanagi 
was a slow learner in school, but hard work 

enabled him to overcome his difficulties. In 1926, 

he transmitted the first television signal in Japan. 
‘Today he is honored as the founder of Japanese 
television. Have students make a class time line 
showing this and other contributions to the 
invention of television. 
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Visual Learning 
Figure 19 ‘The tiny rectangular spots on a television 
screen are colored red, green, and blue because 
these are the primary colors of light. Our eyes 
combine these into different colors, depending on 
the intensity of each rectangle. To demonstrate this 
idea, allow students to experiment with additive 
color filters or paddles. Visual-Spatial 



Telephones 
Until about 1950, human operators were needed 

to connect telephone calls between people. Just 20 
years ago, you never would have seen someone 
walking down the street talking on a telephone. 
Today, cell phones are seen everywhere. When you 

speak into a telephone, a microphone converts 
sound waves into an electrical signal. In cell phones, 
this current is used to create radio waves that are 

transmitted to and from a microwave tower, as 

shown in Figure 20. A cell phone uses one radio sig- 

nal for sending information to a tower at a base 

station. It uses another signal for receiving informa- 
tion from the base station. The base stations are sev- 
eral kilometers apart. The area each one covers is 

called a cell. If you move from one cell to another 

while using a cell phone, an automated control sta- 

tion transfers your signal to the new cell. 

(eB What are the cells ina cell-phone system? 

Cordless Telephones Like a cellular telephone, a cordless 
telephone is a transceiver. A transceiver transmits one radio sig- 

nal and reteives another radio signal from a base unit. Having 

two signals at different frequencies allows you to talk and listen 

at the same time. Cordless telephones work much like cell 
phones. With a cordless telephone, however, you must be close 

to the base unit. Another drawback is that when someone 
nearby is using a cordless telephone, you could hear that conver- 

sation on your phone if the frequencies match. For this reason, 

many cordless phones have a channel button. This allows you to 

switch your call to another frequency. 

Pagers Another method of transmitting signals is a pager, 

which allows messages to be sent to a small radio receiver. A 

caller leaves a message at a central terminal by entering a call- 

back number through a telephone keypad or by entering a text 

message from a computer. At the terminal, the message is 
changed into an electronic signal and transmitted by radio 

waves. Each pager is given a unique number for identification. 

This identification number is sent along with the message. Your 

pager receives all messages that are transmitted in the area at its 

assigned frequency. However, your pager responds only to mes- 

sages with its particular identification number. Newer pagers 

can send data as well as receive them. 

Figure 20 The antenna at the 
top of a microwave tower receives 

signals from nearby cell phones. 

Determine whether any 

microwave towers are located near 

your school or home. Describe their 

locations. 

Sciencapnline 
Topic: Radio Wave 

Technology 

Visit fl.gpescience.com for Web 

links to information about advances 

in radio-wave technology. 

Activity List the advances you 

find, and write about the signifi- 

cance of each one in your Science 

Journal. 

Discussion 
Cell Limit Why is there a limit to 
the number of people who can 

talk on cell phones in a particular 
cell at the same time? Each phone 

uses a different frequency of electro- 
magnetic waves. If all of the assigned 
frequencies are being used, no other 
phones can be used at that time. 

Logical-Mathematical 

Caption Answer 
Figure 20 Students should be encour- 
aged to look for microwave towers on 
both freestanding towers and on other 
tall objects, such as buildings or water 

towers. 

Discussion 

Building Block Why is it difficult 
to talk on a cell phone if you are 
inside a metal building? The metal 
reflects the incoming and outgoing 
microwaves. 

Logical-Mathematical 

(%, Reading Check 

Answer the area that can receive 

signals from a base station 
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Science Journal 

Telephones of the Future ‘Technology associated 
with telephones is changing rapidly, and the 
difference between computers and telecommuni- 
cation devices is becoming less distinct. Have 
students write in their Science Journals descrip- 

tions of what they think telephones will be like in 
ten years. [L2] [R) J Linguistic 
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Use Science Words 
Word Origin The word satellite has 
many meanings. Ask students to 
look up the origin of the word 
satellite and list various types of 
satellites. For each one, they 

should describe why the word 
satellite is an appropriate term. 

Satellite comes from the Latin word 
satelles meaning “attendant.” Possible 

types: moons, satellite countries 

Activity 
GEO v. GPS Most communication 

satellites follow a geostationary 
equatorial orbit (GEQ), also 

called a geosynchronous orbit. 
This is not the case with satellites 

for the Global Positioning 

System (GPS). Have students 

research the difference between a 

GEO and a GPS orbit. In a GEO, 

the satellite orbits Earth directly above 
the equator once every 24 hours, so that 
it is always above the same point on the 
equator. It maintains an altitude of 

about 35,800 km. In contrast, each of 

the 24 GPS satellites follows a different, 

circular orbit, circling Earth every 12 
hours at an altitude of about 20,000 km. 

Linguistic 

Figure 21 Communications 

satellites, like the one shown here, 

use solar panels to provide the 

electrical energy they need to com- 

municate with receivers on Earth. 

The solar panels are the structures 

on either side of the central body 

of the satellite. 

Science ING 
Topic: Satellite 

Communication 

Visit fl.gpescience.com for Web 

links to information about ways 

satellites are used for 

communication. 

Activity Write a paragraph 

describing the advantages of plac- 

ing a communications satellite in 

a geosynchronus orbit. Include a 

diagram. 
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Communications Satellites 
Since satellites were first developed, thousands have been 

launched into Earth’s orbit. Many of these, like the one in 

Figure 21, are used for communication. A station broadcasts a 

high-frequency microwave signal to the satellite. The satellite 

receives the signal, amplifies it, and transmits it to a particular 

region on Earth. To avoid interference, the frequency broadcast by 

the satellite is different from the frequency broadcast from Earth. 

Satellite Telephone Systems If you have a mobile tele- 
phone, you can make a phone call when sailing across the ocean. 

To make a call on a mobile telephone, the telephone transmits 

radio waves directly to a satellite. The satellite relays the signal to 

a ground station, and the call is passed on to the telephone net- 

work. Satellite links work well for one-way transmissions, but 

two-way communications can have an annoying delay caused by 

the large distance the signals must travel to and from the satellite. 

Television Satellites The satellite-reception dishes that you 
sometimes see in yards or attached to houses are receivers for 

television satellite signals. Satellite television is used as an alter- 

native to ground-based transmission. Television satellites use 

microwaves rather than the longer-wavelength radio waves used 

for normal television broadcasts. Short-wavelength microwaves 

travel more easily through the atmo-sphere. The ground 
receiver dishes are rounded to help focus the microwaves onto 
an antenna. 

vy Active Reading 

Metacognition Journal In this strategy, each 
student analyzes his or her own thought 
processes. Have students divide the paper in 
half. On the left, have them record what they 
have learned about a topic. On the right, have 

them record the reason they learned it. Have 
students write a Metacognition Journal about 

electromagnetic waves and communication. 
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The Global Positioning System 
Getting lost while hiking is not uncommon, : 

but if you are carrying a Global Positioning System 
receiver, this is much less likely to happen. The 
Global Positioning System (GPS) is a system of 
satellites, ground monitoring stations, and 
receivers that determine a person’s or object’s exact 
location at or above Earth’s surface. The 24 satel- 
lites necessary for 24-hour, around-the-world 
coverage became fully operational in 1995. GPS 
satellites are owned and operated by the United 
States Department of Defense, but the microwave 
signals they send out can be used by anyone. As 
shown in Figure 22, signals from four satellites are 

needed to determine the location of an object 
using a GPS receiver. Today, GPS receivers are used 

in airplanes, ships, cars, and even by hikers. Figure 22 A GPS receiver uses signals from orbit- 

ing satellites to determine the receiver's location. 

© Section en) 

Summary 

Radio Transmission 

® Radio stations transmit electromagnetic 

waves that receivers convert to sound waves. 

®@ Each AM radio station is assigned a carrier- 

wave frequency and varies the amplitude of 

the carrier waves to transmit a signal. 

@ Each FM radio station is assigned a carrier- 

wave frequency and varies the frequency of 

the carrier waves to transmit a signal. 

Television 

® TV sets use cathode-ray tubes to convert elec- 

tronic signals from TV stations into both 

sounds and images. 

Telephones 

® Telephones contain transceivers that convert 

sound waves into electrical signals and also 

convert electrical signals into sound waves. 

@ Wires, microwave towers, and satellites are 

used to transmit and receive telephone signals. 

Global Positioning System (GPS) 

® The GPS uses a system of satellites to deter- 

mine a person’s or object’s exact position. 

More Section Review fl.gpescience.com 

Self Check 

. Explain the difference between AM and FM radio. Make 

a sketch of how a carrier wave is modulated in AM and 

FM radio. 

. Define a cathode-ray tube, and explain how it is used in 

a television. 

. Describe what happens if you are talking on a cell 

phone while riding in a car and you travel from one cell 

to another cell. 

. Explain some of the uses of the Global Positioning 

System. Why might emergency vehicles be equipped 

with GPS receivers? 

. Think Critically Why do cordless telephones stop work- 

ing if you move too far from the base unit? 

Applying Math _ 

. Calculate a Ratio A group of red, green, and blue 

spots ona TV screen is a pixel. A standard TV has 

460 pixels horizontally and 360 pixels vertically. A 

high-definition TV has 1,920 horizontal and 1,080 

vertical pixels. What is the ratio of the number of 

pixels in a high-definition TV to the number in a 

standard TV? 
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&» Post Reading 

Supplemental Related Re- 

sources Obtain several manuals 
for televisions, portable phones, 
radios, or pagers. Have students 

scan through the booklets. Ask 
them to point out concepts in the 
manuals that they now understand, 
having read this section. Possible 
concepts might include AM and 
FM frequencies. 

Check for Understanding 
Visual-Spatial In pairs or small 
groups, have students create dia- 
grams that illustrate the steps 
required for a radio, television, 
telephone, or satellite to transmit 
a message. 

Reteach 

How It Works Bring a radio or tel- 
evision into your classroom. Have 

students demonstrate the use of 
each device with proper physics 
explanations. They should in- 
clude explanations about how the 
radio waves are picked up and 
what happens when you change 
the channel. |L2 Kinesthetic 

(™ Assessment 
Performance Have students work 

in pairs to make posters that 
show how one form of radio 

communication described in this 

section works. Posters can be 

S Section on) 

1. For AM, amplitude is modulated. For 
FM, frequency is modulated. Check 

students’ sketches. 
2. Asealed vacuum tube in which 

beams of electrons are produced. The 
electron beams hit dots on a coated 
screen, causing them to glow. 

new cell. 

3. Acentral controller transfers your 
signal to the base station in the 

4, GPS is used by hikers, airplanes, 
ships, cars, and others to identify 

their location on Earth. Emergency 6. 12.5to1 

revieLu 

Be MA.A.1.4.4 

vehicles have GPS receivers to help 

them find places quickly. 
5. The radio waves broadcast by the 

base unit become too weak for the 

handset to detect. 

displayed in the classroom to 
help students remember what 
they have studied. Use Per- 
formance Assessment in the 
Science Classroom, p. 145. 
COOP LEARN Jf) Visual-Spatial 
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© Real-World 
Problem 

Purpose 

Internet Students will use Internet 
sites that can be accessed through 
fl.gpesciencecom. They will investi- 
gate AM and FM radio station 
transmission frequencies and 
ranges. 

Non-Internet Sources Contact the 

Federal Communications Com- 

mission (FCC) for information 

about station transmission fre- 

quencies and ranges. 

Process Skills follow a procedure, 
compare and contrast, infer 

Time Required two days 

© Make a Plan —— 

Preparation Access fl.gpescience.com 
to run through the steps that the 
students will follow. 

Non-Internet Sources Organize 
FCC information about local 
radio stations by frequency and 
range. 

© Follow Your 
Plan 

Teaching Strategy Remind 
students that AM stations broad- 
cast at a lower frequency. These 
signals reflect off the ionosphere, 
providing a greater range. FM 

signals must travel by line of 
sight, so their range is less. 
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Goals 
@ Research which fre- 

quencies are used by 

different radio stations. 

@ Observe the reception 

of your favorite radio 

station. 

@ Make a chart of your 

findings and communi- 

cate them to other 

students. 

Data Source 

Internet Lab 

Visit fl.gpescience.com for 

more information on radio 

frequencies, different 

frequencies of radio stations 

around the country, and the 

ranges of AM and FM 

broadcasts. 

Rad ‘o Frequencies 
© Real-World Problem ————— 
The signals from many radio stations broadcasting at different fre- 

quencies are hitting your radio’s antenna at the same time. When you 

tune to your favorite station, the electronics inside your radio amplify 

the signal at the frequency broadcast by the station. The signal from 

your favorite station is broadcast from a transmission site that may be 

several miles away. 

You may have noticed that if you're listening to a radio station while 

driving in a car, sometimes the station gets fuzzy and you hear another 

station at the same time. Sometimes you lose the station completely. 

How far can you drive before this happens? Does the distance vary 

depending on the station you listen to? What are the ranges of radio 

stations? Form a hypothesis about how far you think a radio station can 

transmit. Which type of signal, AM or FM, has a greater range? Forma 

hypothesis about the range of your favorite radio station. 

@ Make a Plan —$$—$_$— $< $ — <<< ———————— 
1. Research what frequencies are used by AM and FM radio stations 

in your area and other areas around the country. 

2. Determine these stations’ broadcast locations. 

3. Determine the broadcast range of radio stations in your area. 

4. Observe how frequencies differ. What is the maximum difference 

between frequencies for FM stations in your area? AM stations? 

FM. 88-92 96 100104108 MHz 

AM 546 78 10 13 1% kHz 
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Alternative In uiry Lab: 
Student Investigation ‘Io make this Lab an Inquiry 
Lab, have students design a way to compare the 
reception of local AM and FM stations under vari- 
ous conditions, such as day/night or clear/cloudy. 



2. Visit the Web site shown below for links to different radio 

3. Compare the different frequencies of the stations and 

4. Determine the range of radio stations in your area and 

>. 

© Analyze Your Data 
1. 

4. 

© Follow Your Plan—— 
1. Make sure your teacher approves your plan before you 

Start. 

stations. 

the locations of the broadcasts. 

the power of their broadcast signals in watts. 

Record your data in your Science Journal. 

Make a map of the radio stations in your area. Do the 

ranges of AM stations differ from those of FM stations? 

. Make a map of different radio stations around the coun- 

try. Do you see any patterns in the frequencies for stations 

that are Jocated near each other? 

. Write a description that compares how close the frequencies of AM stations are 

and how close the frequencies of FM stations are. Also compare the power of 

their broadcast signals and their ranges. 

Share your data by posting it at the Web site shown below. 

© Conclude and Apply 
i. Compare your findings with those of your classmates and other data that are 

posted at the Web site shown below. Do all AM stations and FM stations have 

different ranges? 

. Observe your map of the country. How close 

can stations with similar frequencies be? Do AM 

and FM stations appear to be different in this 

respect? 

. Infer The power of a broadcast signal also 

determines its range. How does the power 

(wattage) of the signals affect your analysis 

of your data? 

ommunicating 

Find this lab using the Web site below. Post 

your data in the table provided. Compare 

your data with those of other students. Then 

combine your data with theirs and make a 

map for your class that shows all of the data. 

Internet Lab 

fl.gpescience.com 

LAB 477 

Performance Show radio station transmitter loca- 

tions on a map of your area. Have students draw 

each station’s range on the map to understand how 

reception and interference can affect the ability 

to receive a station’s signal. Use Performance 

Assessment in the Science Classroom, p. 127. 

foe Rarnccm ane on 
™, Assessment 

Use a spreadsheet program to collect information about 

radio stations. Include the station’s call letters, loca- 
tions of transmitters, frequency, and power. 

as 

w 

Dt qqmme 

. AMstations have longer ranges than 
FM stations. AM signals are reflected 
by the ionosphere, which enables the 
signals to travel farther. The higher 
frequency FM signals are not 
reflected. 
If two stations’ transmitters are close 
to each other, their stations’ frequen- 
cies will not be the same. 
AM stations are spaced no closer 
than 10 kHz. FM stations are spaced 
no closer than 200 kHz. 

. Students can compare radio stations’ 

ranges and frequencies in different 
locations around the country. 

® Conclude and 

ee 

Apply 
. AMstations and FM stations have 

different ranges. Broadcast range 
depends on a station’s transmitter 

power. 
. Station transmitters with similar fre- 

quencies cannot be very close together 
because their signals would interfere 

with one another. AM stations differ 
from FM stations in how close their 

transmitters can be, because AM sta- 

tions have a greater broadcast range 
than FM stations. 
Students should use information 

about signal power and frequency 
to determine the ranges of radio 
stations. 
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TIME 
Content Background 
By the nineteenth century, it was 
widely believed that because 
light was a wave, it required a 

medium in which to travel, just 

as sound travels through air. The 
medium was called the ether, 

and was believed to be station- 
Alva Asesameresult., othe sether 

provided an absolute reference 
system to which measurements 

in all other reference systems 
could be compared. 

Several attempts were made to 
detect the ether, but failed. In 
1887, Albert Michelson and 

Edward Morley attempted to 
measure the motion of Earth 
through the ether. To their sur- 
prise, they found no effects on the 
speed of light due to Earth’s 
motion through the ether. 

Finstein’s paper on the special 
theory of relativity appeared 
in 1905. It postulated that physi- 
cal laws have the same form and 
that the speed of light is a constant 
in any reference frame that is not 

accelerating. It was soon realized 
that the special theory could 
account for the results of the 
Michelson-Morley experiment, 
which was now seen as proving 

that the ether did not exist. 

Discussion 
Resisting Change Why are new 
theories often met with resist- 

ance? Possible answer: When theories 

are first proposed, they may not be sup- 

ported by enough experimental evidence 

to convince people of their validity. 

Historical Significance 
Additional Ideas Einstein’s theory 
of special relativity led to the idea 
that matter and energy are equiv- 
alent (H=mc’). The theory also 
provides a more accurate descrip- 
tion of phenomena involving 
objects moving near the speed 
of light than was provided by 
Newton’s laws of motion. 

Catch a Wave 

At age 16, Albert Einstein wondered, “What 

would it be like to ride a beam of light?” He 

Einstein and the Special Theo 

imagined what might happen if he turned on a 

flashlight while riding a light beam. Because the 

flashlight already would be traveling at the speed 

of light, would light from the flashlight travel at 

twice the speed of light? 

What’s so special? 

Einstein thought about this problem, and in 

1905, he published the special theory of relativ- 

ity. This theory states that the speed of light will 

be the same when 

measured by any 

observer that moves 

with a constant speed. 

xg The measured speed 

of light will not 

depend on the speed 

of the observer or on 

how fast the source 

of light is moving. 

lifetime. 

Einstein answered 

the question he had 

Communicate Research the life of Albert Einstein and make a 
time line showing important events in his life. Also include on your 

time line major historical events that occurred during Einstein’s 

SCIENCE 

CAN CHANGE 

THE COURSE 

OF HISTORY! 

7 

ry of Relativity 
asked himself when he was 16. He found the 

universal speed limit that can’t be broken. 

It Doesn’t Add Up 

According to Einstein, electromagnetic 

waves such as light waves behave very differ- 

ently from other waves. For example, sound 

waves from the siren of an ambulance moving 

toward you move faster than they would if the 

ambulance were not moving. The speed of the 

ambulance adds to the speed of the sound 

waves. However, for light waves, the speed of 

a light source doesn’t add to the speed of light. 

Very Strange, but True 

Einstein's special theory of relativity makes 

other strange predictions. According to this the- 

ory, no object can travel faster than the speed of 

light. Another prediction is that the measured 

length of a moving object is shorter than when 

the object is at rest. Also, moving clocks should 

run more slowly than when they are at rest. 

These predictions have been confirmed by exper- 

iments. Measurements have shown, for example, 

that-a moving clock does run more slowly. 

TIME 
For more information, visit 

fl.gpescience.com 

Communicate Encourage students 

to include international events; examine how 

these events impacted Einstein’s research. 
Also, there are many visual metaphors and 
cartoons available to explain Einstein’s theo- 

ries in simple terms. Go to fl.gpescience.com for 

more information. 
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Resources for Teachers and Students 

Albert Einstein: Physicist and Genius by Joyce 

Goldenstern, Enslow Publishers, Inc., 1994 

Einstein’s Universe by Nigel Calder, Random 
House Value Publishing, Inc., 1990 



Ep Sst : | Cheaprer, 

) ee Study Guide 1k 

Reviewing Main Ideas 
“Section 1 | What are electromagnetic 3. Visible light rays have wavelengths between si J 

waves? about 750 and 400 billionths of a meter. Summary statements eal be 

1. Electromagnetic waves consist of vibrating ee ee be PL SNC aa ; eons eune light to enable you to see. major concepts of the chapter. 
electric and magnetic fields, and are pro- ; 
duced by vibrating electric charges. 4. Ultraviolet waves have frequencies between 

about 400 and 10 billionths of a meter. 
Excessive exposure to ultraviolet waves can Scienceg ine 
damage human skin. 

5. X rays and gamma rays are high-energy Visit fl.gpescience.com 

electromagnetic waves with wavelengths More Section Review 
less than 10 billionths of a meter. X rays are Interactive Tutor 
used in medical imaging. Vocabulary PuzzleMaker 

More Chapter Review 

Section Radia Communication ) | Standardized Test Practice 

1. Modulated radio 

waves are used often 

rani ; ; for communication. 
. & o 3 < ectromagnetic waves sometimes behave AN band EV are tivo 

like particles called photons. 

2. Electromagnetic waves carry radiant energy 

and can travel through a vacuum or 
through matter, Assessment Transparency 

For additional assessment ques- 
tions, use the Assessment 

Transparency located in the trans- 
parency book. 

forms of carrier- 

wave modulation. 

2. Television signals are 
Section 2 | The Electromagnetic 

transmitted as a 
Spectrum 

combination of AM 

and FM waves. 

Assessment 

Electromagnetic Waves ‘i 
1. Electromag- 

netic waves 

with the 

Transparency 

Directions: Carefully review the table and answer the following questions. 

3. Cellular telephones, cordless telephones, 
and pagers use radio waves to transmit SIERRAS TWEVeeorn ress th 

longest wave- signals. Communications satellites are used eanlaaiae ios 
C Dap . | X rays 10°10" 

lengths are to relay telephone and television signals Tee ae 
called radio over long distances. Infrared 10°-107° 

waves. Radio ia ‘ Microwave 10°10" 

4. The Global Positioning System (GPS) Radio wave 10-10" 
waves have wavelengths greater than about eS 

; ; ; enables the exact position ofa person or |. Which ofthe following wavelengths could be broadcast by a rock- 
1 mm. Microwaves are radio waves with : stroll stations is 

object on Earth to be determined. ee SS 

wavelengths between about 30 cm and 1mm. I 2 rgldeiecesu ea electromagnetic wave ea teeta of 
j 4 10-" meters, then itis probably _. fo 

2. Infrared waves have wavelengths between = Ba fon Xray machine 

about 1 mm and 750 billionths of a meter. [SUE LT ITE} Use the Foldable that you made at the begin- ee 
Warmer objects emit more infrared waves ning of this chapter to help you review electromagnetic iy 2 eed oben nne hy mvemnenoneeess 

: iati : 3 A 10-8 

than cooler objects do. radiation, | : ire 
C 10? 

Hectromagnetic Radiation 

Interactive Tutor fl.gpescience.com CHAPTER STUDY GUIDE 479 

@ Have students use 
FOLDABLES their Foldables to 
review the content of the chapter. 
On the back of the paper, have 
students explain how they would 
likely make use of each type of 
electromagnetic wave in the 
course of their day. 

CHAPTER STUDY GUIDE 479 



chapter | 

Review * 

1. Radio waves 

2. infrared waves 

3. radiant energy 

4, ultraviolet waves 

5. carrier waves 

6 

7 

. cathode ray tube 

. electromagnetic waves 

Interpreting Graphics" 

15. See student page. 

16. See student page. 

Thinking Critically 

17. They have enough energy to pass 
through the body’s soft tissue but 
still be blocked by hard tissue. This 
causes a shadow image of the hard 

tissue to be formed on photo- 
graphic film. 

18. No, because the electric field must 
be changing to produce the mag- 
netic field and the magnetic field 
must be changing to produce the 
electric field. 

19. Visible light has a very high 
frequency, on the order of 10'° Hz. 
The magnetic field in visible light 
changes direction much too rapidly 
for the compass needle to respond. 

20. Answers will vary. 

21. Possible answer: Ultraviolet waves 

would be absorbed by Earth’s ozone 
layer. 

chapter 2 Review _ 

carrier wave p.469 microwave p.463 

cathode-ray tube p.472 photon p.460 

#% electromagnetic wave radiant energy p.459 

p.456 radio wave p.463 

gamma ray p. 4¢ transceiver p.473 

Global Positioning System ultraviolet wave p.405 

(GPS) p.475 visible light p. 46: 

infrared wave p. 464 Xray p.467 

¥# FCAT Vocabulary 

Complete each statement using the correct word 

or phrase from the vocabulary list above. 

1. are the type of electromagnetic 

waves often used for communication. 

2. A remote control uses to com- 

municate with a television set. 

3. Electromagnetic waves transmit 

4. If you stay outdoors too long, your skin 

might be burned by exposure to 

from the Sun. 

5. A radio station broadcasts radio waves 

called , which have the specific 

frequency assigned to the station. 

6. The image on a television screen is pro- 

duced by a 

7. Transverse waves that are produced by vibrat- 

ing electric charges and consist of vibrating 

electric and magnetic fields are 

Choose the word or phrase that best answers 
each question. 

8. Which type of electromagnetic wave is the 

most energetic? 

A) gamma rays 

B) ultraviolet waves 

©) infrared waves 

D) microwaves 

480 CHAPTER REVIEW 

Frequency (Hz) 

10. 

11. 

12. 

13: 

14. 

1 billion 
Cell phone 

TV 

100 million FM 

TV 

10 million 

1 million 

100,000 

. What signal has the longest wavelength? 

A) cell phone ©) FM 

B) TV D) AM 

Which type of electromagnetic wave 

enables skin cells to produce vitamin D¢ 

A) visible light 

B) ultraviolet waves 

C) infrared waves 

D) X rays 

Which of the following describes X rays? 

A) short wavelength, high frequency 

B) short wavelength, low frequency 

©) long wavelength, high frequency 

D) long wavelength, low frequency 

Which of the following is changing in an 

AM radio wave? 

A) speed 

B) frequency 

©) amplitude 

D) wavelength 

Which type of electromagnetic wave has 

wavelengths greater than about 1 mm? 

A) X rays 

B) radio waves 

C) gamma rays 

D) ultraviolet waves 

Which of these colors of visible light has 

the shortest wavelength? 
A) blue ©) red 

B) green D) white 

Vocabulary PuzzleMaker fl.gpescience.com 

Curriculum ‘Tags 

480 CHAPTER 15 Electromagnetic Radiation 

Use the ExamView® Pro Testmaker CD-ROM to: 

* create multiple versions of tests 

* create modified tests with one mouse click for inclusion students 

* edit existing questions and add your own questions 

* build tests aligned with state standards using built-in State 

* change English tests to Spanish with one mouse click and vice versa 



15. Copy and complete the following table 

about the electromagnetic spectrum. 

Uses of Electromagnetic Waves 

Type of 

Electromagnetic Waves 

radio waves 

Infrared waves 

Examples of How 

Electromagnetic Waves Are Used 

radio, TV transmission 

remote control transmitters 

Visible light vision 

ultraviolet light fluorescent materials 

X rays medical imaging 

gamma rays destroying harmful cells 

16. 

a 

18. 

Copy and complete the following events 

chain about the destruction of ozone mole- 

cules in the ozone layer by CFC molecules. 

‘¢ CFCs are released into the air. +) 

Y 
({ CFCs drift into the ozone layer. ) 

Y 
(CFCs release chlorine atoms. i 

Y 
Coierae atoms react with ozone ) 

molecules. } 

(Ozone is changed to oxygen ap 

and molecules. 

Explain why X rays are used in medical 

imaging. 

Predict whether an electromagnetic wave 

would travel through space if its electric 

and magnetic fields were not changing 

with time. Explain your reasoning. 

More Chapter Review fl.gpescience.com 

ie) 

20. 

Pale 

22s 

f 4 | Review 

Infer Electromagnetic waves consist of 

vibrating electric and magnetic fields. A 

magnetic field can move a compass nee- 

dle. Why doesn’t a compass needle move 

when visible light strikes the compass? 

Classify Look around your home, school, 

and community. Make a list of the differ- 

ent devices that use electromagnetic 

waves. Beside each device, write the type 

of electromagnetic wave the device uses. 

Form a hypothesis to explain why communi- 

cations satellites don’t use ultraviolet 

waves to receive information and transmit 

signals to Earth’s surface. 

Compare the energy of photons correspon- 

ding to infrared waves with the energy of 

photons corresponding to ultraviolet 

waves. 

. Determine whether or not all electromag- 

netic waves always travel at the speed of 

light. Explain. 

Applying Math 

24. Use Fractions When visible light waves 

travel in ethyl alcohol, their speed is 

three-fourths of the speed of light in 

air. What is the speed of light in ethyl 
alcohol? 

25. Use Scientific Notation The speed of light 

in a vacuum has been determined to be 

299,792,458 m/s. Express this number 

to four significant digits using scientific 

notation. 

26. Calculate Wavelength A radio wave has a 

frequency of 540,000 Hz and travels at 

a speed of 300,000 km/s. Use the wave 

speed equation to calculate the wave- 

length of the radio wave. Express your 

answer in meters. 

CHAPTER REVIEW 481 

\@a Reproducible Masters 
Chapter Fast File Resources 

Chapter Review, pp. 37-38 
Chapter lestsypp.39=42 . 

Assessment Transparency Activity, p. 49 

Glencoe Science Web site 

Chapter Review Test 

Standardized Test Practice 

Glencoe Technology 

@ Assessment ‘Transparency 
@® Exam! jew” Pro Testmaker 

MindJogger Videoquiz 

© Interactive Chalkboard 

chapter 

Review G 
22. Photons corresponding to electro- 

magnetic waves with higher 

frequencies have greater energy; 

photons corresponding to ultravio- 

let waves will have greater energy 

than infrared photons. 

23. No. They travel at their maximum 
speed in a vacuum. When moving 

through matter their speed is 
slower. 

Applying Math 
Math Standards 

National: 1,2,9 
Florida: MA.A.1.4.4, MA.D.1.4.1 

24. 225,000 km/s 
25. 2.998 X 10° m/s 
26. v = fA,SoA = v/f = 

(300,000 km/s) _ 
(540,000 Hz) 

0.55km = 550m 

CHAPTER REVIEW 481 



chapter 4k hapt 5 Standardized Test Practice 
Standardized Test Practice 

Record your answers on the answer sheet provided by your teacher or on a sheet of paper. 

The assessed Florida Benchmark appears above the question. 

Answer Sheet An answer sheet 

can be found at fl.gpescience.com. iple 3. What colors are the three types of glowing 

spots that form the different colors on the 

t SC.B.1.4.4 ] television screen? 

Standardized Test Practice Answer Sheet 1. Which of the following produces electro- A. red, yellow, blue 

magnetic waves? 

u oice 

red, green, blue 
A. vibrating charge 

B. 

C. cyan, magenta, yellow 
B. constant electric field ; 

cyan, magenta, blue 
C. static charge 

4. Which of the following explains how inter- 
ference is avoided between the signals com- 

munications satellites receive and the 

D. constant magnetic field 

Use the photograph below to answer questions 2 and 3. : A 
signals they broadcast? 

A. The sigaals travel at different speeds. 

B. The signals have different amplitudes. 

C. The signals have different frequencies. 

D. The signals are only magnetic. 

¢ Multiple Choice 
Use the table below to answer questions 5 and 6. 

1.A 

2. D Regions of the Electromagnetic Spectrum 

3.B 2. A television image is produced by three Infrared waves Radio waves Gamma rays 
4.( electron beams. What device inside a televi- er 

é : 5! Visible light Ultraviolet waves 
5. ( sion set produces the electron beams? 

nae A. transceiver : ; ‘ 5. If you arranged the list of electromagnetic 

7D B. transmitter waves shown above in order from shortest 

C. antenna to longest wavelength, which would be first 

on the list? 
D. cathode-ray tube 

A. radio waves 

. X rays B 

— Cc. gamma rays 
| _Test-Taking Tip __| Tip 

D We . visible light 
Marking on Tests Be sure to ask if it is okay to write on the a 

test booklet when taking the test, but make sure you mark all 

answers on your answer sheet. 

aS NEE EEERRESRDEEERnennenneneeeeememmeeeemmemeeeeeneeneeene eee 
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Standardized 

_Test Practice _ 
chaprer 4; 

Standardized Test Practice 

6. Which region of the electromagnetic spec- 9. The illustrations above show two radio 
trum listed in the table above includes waves broadcast by a radio station. The 8. 1.27 

microwaves? upper, unmodulated wave is the carrier 

A. gamma rays wave. The lower figure shows the same wave ort Response 

alt that has been modulated to carry sound 
- Tadlo waves Saif ; f p j j information. What type of modulation does 9. AM, amplitude modulation 

C. ultraviolet waves it show? 10. ultraviolet waves 

D. infrared waves 
10. Even on a cloudy day, you can get sun- 

7. The warmth you feel when you stand in front burned outside. However, inside a glass cesta ae 

of a fire is thermal energy transmitted to you greenhouse, you wont get sunburned. 11. by causing charged particles within 
by what type of electromagnetic waves? Based on this fact, which type of electro- articles to vibrate 

eee magnetic waves will pass through clouds 12. Sample Answers 

but not glass? 
Part A: causes water molecules to 

: rotate back and forth 

oe mye INQUIRE Part B: The friction that occurs as 
D. infrared waves == rotating water molecules interact 

: with each other is converted into 

? 11. Explain how an electromagnetic wave that thermal energy. 

2 ( Gridded Response __] dded Response strikes a material transfers radiant energy 

to the atoms in the material. Rubrics 

. microwaves 

8. Electromagnetic radiation travels through 
A 

space at 3.00 X 10° km/s. The moon is, on For more help evaluating 
average, 382,000 km from Earth. How 

Use the illustration below to answer question 12. 
Short- and Extended-Response 

many seconds would it take radio waves > S €ge® on” an questions, see the rubrics on 

broadcast from Earth to reach the moon? Pee Se ewe _@ a” @ pal 

an \/ Paar. 
READ | rae Z = ; 7. 

= Da meme © « z 42r bar a 

Use the illustrations below to answer question 9. i Mae al ad 4 

12. The illustration above shows a microwave 

| interacting with water molecules in food. 

Part A How does the electric field in 

microwaves affect water molecules? 

Part B Describe how thermal energy is 
produced by microwaves interacting 

with water molecules inside food. 

Standardized Test Practice fl.gpescience.com STANDARDIZED TEST PRACTICE 483 

STANDARDIZED TEST PRACTICE 483 
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chapter || 

Section/Objectives 

Chapter Opener 

fe Organizer 

Standards 

National 

See pp. 16T-17T fora 

Key to Standards. 

State/Local 

Labs/Features 

Launch Lab: Heating with Solar 
Energy, p.485 

Foldables, p.485 

Section 1 Fossil Fuels 

@ 2 sessions 

Cc 1 block 

1. Discuss properties and uses of fossil fuels. 
2. Explain how fossil fuels are formed. 

3. Describe how the chemical energy in fossil fuels 

is converted into electrical energy. 

Section 2 Nuclear Energy 

National Content Florida 

Standards: Benchmarks: 

UCP1=3,,UGP5, SC.B.1.4.5 

INSANE, BO SC.H.3.4.5 

D.1-3 SC.H.3.4.6 

National Content Florida 

@ i session Standards: Benchmarks: 

GP 05 block UCP.1-3, UCP.5, SC.B.1.4.5 

: A.1,A.2,B.1, B.2, SC.H.3.4.6 

4. Explain how a nuclear reactor converts nuclear Ene 
energy to thermal energy. 

5. Describe advantages and disadvantages of using 

nuclear energy to produce electricity. 
6. Discuss nuclear fusion as a possible energy 

source, 

Section 3 Renewable Energy Sources National Content | Florida 

@ 3 sessions Standards: Benchmarks: 
= UGP1=3UGP.5; SG@B4S 

<P 15 block GLI OID ae) SC.H.1.4.1 
7. Analyze the need for alternate energy sources. F.2,F.4 SG:H14.7 
8. Describe alternate methods for generating SC.H.2.4.2 

electricity. SCH343 
SCH 3:45 9. Compare the advantages and disadvantages of 

various alternate energy sources. 

484A CHAPTER 16 Energy Sources 

Visualizing the Formation of 
Fossil Fuels, p.488 

MiniLAB: Designing an Efficient 

Water Heater, p. 489 

Integrate Earth Science, p.496 
Integrate Social Studies, p. 497 
Science Online, p. 498 

Applying Science: Can a 
contaminated radioactive site be 

reclaimed?, p. 499 

MiniLAB: Using Solar Power 
at Home, p. 502 

Science Online, p.505 

Lab: Solar Heating, p.507 [1H Video Lab 
Lab: How much does energy really 
cost?, pp. 508-509 

Science and Society: Reacting to 
Nuclear Energy, p.510 



Lab Materials Reproducible Resources 

Launch Lab: scissors, 

coffee cans with lids (2), 

thermometers (2), white 

paint, black paint, water 

Section Assessment 

Chapter Fasr Fie Resources 

Foldables Worksheet, p. 17 

Directed Reading Overview, 

p.19 

Note-taking Worksheets, 

pp. 33-35 

Glencoe Exclusive! 

1 eacher Works = 
~ All-In-One Planner and Resource Center 

Technology 

Teacver Works includes: 

* Interactive Teacher Edition 

* Lesson Planner with calendar 

- Access to all program 

blacklines 

* Correlations to standards 

* Web links 

MiniLAB: candle, water, 

beaker, aluminum foil 

Portfolio 

Curriculum Connection, p. 487 

Activity, p. 492 

Chapter Fasr Fie Resources 

Transparency Activity, p.44 

MiniLAB, p. 3 

Enrichment, p. 30 Performance 

Reinforcement, p. 27 MiniLAB, p. 489 

Directed Reading, p. 20 Applying Math, p. 493 

Content Science Inquiry Labs, pp. 31-32 
Section Review, p. 493 

6 Section Focus Transparency 

® Virtual Labs CD-ROM 
®) Interactive Chalkboard 
CD-ROM 

©) StudentWorks Plus 

= 3 

> Chapter Fasr Fite Resources Portfolio & Section Focus Transparency 

Need materigls2 Transparency Activity, p.45 Reteach, p. 500 ® Teaching Transparency 

Enrichment, p. 31 Performance €) Interactive Chalkboard Contact Scie i nce Ki at 1-800-828-7777 a www.sciencekit.com. 

Applying Science, p.499 

Applying Math, p. 500 
Content 

Section Review, p. 500 

Reinforcement, p. 28 

Directed Reading, p. 20 

Transparency Activity, 

pp. 47-48 

Mathematics Skill Activities, p.47 

CD-ROM 

©) StudentWorks Plus 

MiniLAB: pieces of cloth (2) 

Lab: small cardboard boxes; 

black, white, and colored 

paper; tape or glue; 

thermometer; watch with a 

second hand 

Lab: Internet or other 

resources on energy costs 

es 
ASSESSMENT 

Chapter Fasr Fire Resources 
Chapter Review, pp. 37-38 

Chapter Tests, pp. 39-42 

Standardized Test Practice, pp. 68-71 

Chapter Fasr Fite Resources Portfolio 

Transparency Activity, p. 46 Differentiated Instruction, p. 504 

MiniLAB, p.4 Performance 

Enrichment, p. 32 MiniLAB, p. 502 

Reinforcement, p. 29 Applying Math, p. 506 
Directed Reading, pp. 21, 22 Content 

Lab Worksheets, pp. 5-6, 7-8 

Lab Activities, pp. 9-12, 13-16 

Reading and Writing Skill 

Activities, p. 19 

Section Review, p. 506 

Home and Community 

Involvement, p. 42 

End of Chapter Assessment 

TD MindJogger Videoquiz 
@ Virtual Labs CD-ROM 
® ExamView® Pro Testmaker 

@®. TeacherWorks CD-ROM 

® Interactive Chalkboard CD-ROM 

CHAPTER 16 Chapter Organizer 

Video Lab 

& Section Focus Transparency 
*) Interactive Chalkboard 

CD-ROM 

©) StudentWorks Plus 

Performance Assessment in the Science 

Classroom (PASC) 

484B 



For Peat’s Sake Section Focus 

L — == = —————— a 

This is a representation of key blackline 

masters available in the Teacher Classroom 

Resources. See Resource Manager boxes 

within the chapter for additional information. | 

Key to Teaching Strategies 

The following designations will help you 
decide which activities are appropriate 

for your students. 

Level 1 activities should be 

appropriate for students with 

learning difficulties. 

[2] Level 2 activities should be within 

the ability range of all students. 

[3] Level 3 activities are designed for 

above-average students. 

@® ELL activities should be within 
the ability range of English 

Language Learners. 

COOP LEARN Cooperative Learning 
activities are designed 

for small group work. 

Multiple Learning Styles logos, 

as described on page 12T, are 

used throughout to indicate 

strategies that address different 

learning styles. 

P| These strategies represent student 

products that can be placed into 

a best-work portfolio. 

PBL} Problem-Based Learning activities 
apply real-world situations to 
learning. 
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Transparencies 

Section Focus 

Directions: Careh 

_GroupA 
| Percent of 

energy 
consumed 

in US. 

Eneray 

Coal 

Natural gas 

Petroleum 39% 

Nuclear 

eae | 
‘LAB: Solar Heating 

Lab Preview: 
Dire 

Data and Observations 

energy 
consumed 

Hydroelectric 

Wind 

Solar 

Geothermal 

Hands-on Activities 

Student Text Lab Worksheet 

Temperature Due to Different Colors 

Laboratory Activities 

Lan 

C7 Laboratory PREG 
Activity 

Strat a sy Procedure @9 Gl 
Part A—Artificial Sources of Light 
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— hate 

Ee Keele Energy Sources 
Worksheet 

Fossil Fuels Section 1 

A. Energy cannot be created strayed according to the law of conservation of energy, but 
energy can be_ from one form tw another 

= form from decaying remains of ancient plants and animal 
1, Burning foal fuel converts energy trom fevnds to heat and light 
2 Chemical energy in fowl els ts mon than ta other fuels such 

c ia highly than le liquid! fortsiod by dexayel a 
1. A process called fractional a1 mb aimls in petro 
2 Hetnodeum is used f wothetic fabrics. and other products in addition 
9 ith Use as 4 foe 

Meeting Individual Needs 
Te burns mor o 

3. 1k provides about one fourth of the ener mex th 

Meeting Individual Needs 

CSM Fossil Fuels 

Directions: Covmplete the fable below by placing a check mark (v) beneath the headings ofthe substances that 
‘have each characteristh described inthe fast column. 

Characteristic Potroleum | Natural Gas 
7.8 wloaai fuel 
2 forms trom plants and animals 
3. orm only trom plants 
dina 
6. tn a liquid 
6.6.0 gas 

ronowable rezource 

11. Soparated using lractional 
sastllation 

12. is also callod crud oll 
12. 1s transported long distances 

thmough pipes 
14, )s: mmed trom Earth, 
18. produces polluting subst 

when burned 
os tharmal energy when 

bummed 
47, can be used to produce electricity 
18, i» the loast polluting fossil (val 

ate 

Fossil Fuels 

Directions: Match rhe terme in Galunyy IH with the defininions in Colum 1. Write the leer of te 
arrest term in the blank ut the lel 

Column | Column UL 

1, Production of gasoline natural yo 
2 Liquid misture of hydrocarbons turbine 
3, Methane coal 
4. Fossil fuels fractional distillation 
5. Formed rom the remains of plant nonrenewable resource 
6, Converts mechanical energy to electrical energy petroleum 

Directions: Answer the following questions on re lines provided. 

7. Why might the cost of fossil fuels increase in the future? 

What are two environmental disadvantages to burning fossil els to provide energy? 

What ia the law uf conservation of e 

What percent of the total energy used in the United States comes from fossil fuel? 

What other uses does petraleum have besides being. used for {uel ond lubricants? 

Why is the efficiency ofa power plant much less than 100% 

Why do crude oi! enable refineries (o separate the different kinds of hydrocarbons in the 
rile oll? 

Why should we try to conserve fossil fuel 

: 
g = 3 
Fy 
# 
= 

When a ne 
the nucleus splits intn tie 

reutrore. Wh 

that a controlled chain 

ro rh 
reactor vessel 

4. turbine and generator 

What characteristic do these structure 

A. use of renewable resoure 
ectriit 

xe af nonrenewahle resus 
pnxluce eleutrwity 
major sources of energy used 1 
produce elecirici 

4. significant contribution to 
nie pellution 

Phys 

ate 

Energy Sources 

Part A, Vocabulary Review 
Directions: in each of the following statements, a term has been scrambled. Unscramble the term and wate it 

the lin provided. 
The place where controlled ission reactions are used to 
ectrdlty is called a nuclear rncenrt 

A method of separating liquid crude oll into i ent parts 
rajtonial distillation 

Because they cannot be replaced afler they are used, fossil fuels ancl 
uranium ave nowulbleneren resour 
A fiyuid fossil {uel formed from the remains of plante and animale i 

purnet 

THiecroal energy fourtin the inner parts of arth is calles religorelan 

Hlectrieity produced Irom kinetic energy of moving water i 
itytricyreethoul 
Tectricity can be produced trom solor energy by a device called a 

Jotiphuvat cell 
fowl uel closely associated with petroleum is tunrilic 

The yeneration of electeielty fron the rising. and falling of ocean 
waters is called lated ener 

Part B. Concept Review 
Directions: Determine which of the following statements opply to nuclear fission. nuclear fusion, or both. 

Waite your answers onthe Bank lines to the If ofthe statements 

1. A chain vesetion starts when 2 neutron bombarde a singh 
Uranium 235 isotope that spontaneously splits into twu part 

asiny three neutron 
The waste products a 

_ 3, Hydrogen nucle J ropether ar high temperature 
4 Large amounts of thermal energy are produced 

Assessment 

Enrichment 
Mame Date 

ose 
ge Enrichment Oil from the Arctic 

ll isthe leading source of energy in the and hundreds of running rivers and streams 
United States. It aupplies aboutdd percent of Only half of it buried. The above-ground 
our (otal energy needs, One of pur largest portion snakes along on its supports 3 10 
domestic sources of crude all comes fromthe 4,5 m above the ground. Each support 
{oy rigid iarea of Alaska called the North 
Slojre Under the North Slope’ frozen ground 

afrost lies the Prudhoe Bay Oi 
hc Largest oil deposit ever 

discovered on the North American continent. 
I olds over 22 billion barrels of ail. About 

consists of steel posts with a crossbeam 
between them, The reinforced pipeline reat 
‘on the supports with room to sway from side 
lo side in the event of cartliquakes or 
expansions or contractions caused by 

hhalf of this oil is expected to be recavered by Lie OCG 
current methods of production, The Design ofthe Pipeline 
The Alaskan Pipeine The pipeline wasn't placed above pround 

The Aluakan Pipeline was built to carry the 0 because It was easier (o build that way 
‘oll from Prudhoe fay to the port of Valde Environmental and safety concoms al 
Alaska. The pipeline was completed in 197; played a role. Oil travels through the pupeline 
coat $8 billion, and (ook three years (o tuild. ut about MPC In order to prevent the 
The 1.100 kin pipeline is 1.25 m in diameter. __erTafrost from thaswing, which would make 
Ie has 1.25 em thick walls designed t ‘he pipeline unstable, the pipeline was 
withstand the extreme Alaskan environment elevated. At points where caribou migration 
The pipe is insulated with 10cm of fiberglass routes would have crossed the elevated 

Spaan jenpiaipuy Gunaay 

and jacketed with galvanized steel. It carne pipeline, ithas been buried and refrigerated, 
J,6 million barrels of of! per day, about to leave these routes undisturbed. A series of 
15 percent of the total United States safety valves provides further protection to 
prosluction, the environment. These valves cloxe 

Automatically ifthe oil flove sto 
‘on uphill stretches 1 also possible to shut 
off whole sections of the line iC leaks or spills 
hould occur. 

Above Ground Portions 
On its way from Prudhoe fay to Vales 

the pipeline crosses three mountain range 

1, Look at a map of Alasks. Find Prudhoe Bay and Valdes. What type of terrain does the Alaskan 
Pipeline travelithrought 

2 Many people feared that the Alaskan Pipeline would damage the environment that it passed 
through. What precautions have been taken 10 p ntex1 the environment along its route? 

3. Do you think that all of the planning, work, and cost af building the Alaskan Pipeline wa 
worth the final product—domestic ofl? Explain your answer 

30 Lowry Soaees 

section © Fossil Fuels 
(emtemads—SCR.UAS Te treo al (0 Ser fs prs a ag we 

What You'll Learn, @ Before You Read 
2 vot foul fuel are 
and how they formed Write what you think the energy source is for the heating 

1 haw fossil ues are used system, water heater, and stove in your home 

=") @ Read to Learn 
Locate Information Undertine 
ceyneimaniesion Using Energy iacieree nese Le CE a Energy is used Iermany ways Furnaces use thermal energy 
questions at you find them. {o heat buildings and stoves use it to cook food. Air 

conditioners use electrical energy to move thermal energy 
outdoors. Vehicles use mechanical energy to move people and 
materials 

How Is energy used? 
Remember, the law of conservation of energy says that 

energy’ cannot be created or destroyed. Energy can only trans 
form or change from ane form to another. When you use 
energy; you change it o another form, For example, the 
chemical energy in fuel changes to thermal energy in stoves 
The 
thermal energy heats the food you cook 

Some energy changes are not useful. Bor exanyple, about 
10 percent of the electrical energy that flows through power 
lines changes to thermal energy in the lines. This thermal 

FFowans| energy is the result of friction between the flowing electrons 
6 Rae eceae and the atoms in the wire 
{ng Foldable o help describe How is energy used In the United States? 
east has ceo isa The United States uses more energy than any other country 
Sees Look at the figure at the top of the next page. The first circle 

graph shows energy use in the United States. Energy is used in 
homes for heating and cooling, running appliances, lighting 
Ihuildings, and heating water. Energy used for transportation 
powers cars, trucks, and airplanes. Businesses use chery to 
heat, cool, and light stores and offices. Factories and farms 11 

16-2 CHAPTER 6 foray Save 

tae bate 

eS Chapter Energy Sources 
Test 

|. Testing Concepts 
Directions: Inthe blonk u theft write the eter of he tr x phase that best completes the statement or 
answers the question 

1, The wise andl careful use of energy resources is called 
a. utilization be conservation —& distillation J. bionvas 
Petroletin, natural gas, and coal are the these kinds of 
a. nuclear wastes —b. synthetic fuels «fossil fuels 4. nuclear fuels 
The type of fosuil fuel that forms only from the remains of plants 1 
a. enue oil b. coal < natural gas i. uranium 
Unwanted radioactive proslucts formed during nuclear reactions are called 
a nuclear wastes by nucleurfuels —& nuclear reactors a. fossil fuels 
Devices that use semiconductors to proxduce electricity from solar energy are 
‘a. photometers by flash bulbs © fuel celle d. photovoltaic ells 
Electricity produced by falling water is called 
a. tidal ener © thermodynamic: 
b. hydtoelecteicity . geothermal energy 
Water that flows due (a the gravitational forces among Earth, the Moon, and the Sun 
hhas energy referred to a 
, tidal energy « hydlroslectricity 
bb. geothermal energy sola energy 
The chain reaction in w nuclear reactor 1s controlled by inserting 
1. boron or cadmium rou € uraniuny 
B, acore d, a heat exchanger 
The efficiency of most power plants ts approximately 
a. 65%) b. 35 6.50 109 
Wivich of the following is common to both nuclear fusion and nuclear asic 
The fuel must be in the plasma state 
bb. Temperatures aver one million degrees Celsius are need for the reaction to occur 
&, Matter is converted! into energy 
d. A chain reaction is neededito start the reaction. 
Which of the following is un example of a nonrenewable source of encegy 
@. coal by, wind © the Sun di water 

The most abundant foxsil (vehis 
a, petroleum ty natural ga «wal di, vrantun-238 
Renewable organic matter, such as wood and rice hulls are examples of 
a, bomase fuels be nuclear fuels, fossil fuel 4, fasion product 
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Science Content Background _ 
PTTsa(a) Fossil Fuels 
Y-7> *¢ Making Fossil Fuels 
{ Y Fossil fuels were once living 
—_ organisms that obtained energy 

Aiectle or indirectly from the Sun and can 
therefore be considered a type of solar energy. 
Unlike the direct use of solar energy, burning 
fossil fuels produces carbon dioxide gas and 
other pollutants. 

Kerosene was once the most important 
product from petroleum because of its use in 
kerosene lanterns. Kerosene is now used mainly 
as a fuel for jet engines. 

Generating Electricity 
Whether using fossil fuels, geothermal energy, 
or nuclear power, the generation of electricity 
involves heating water to produce steam to 
turn turbines. Hydropower, wind, and tidal 
energy turn turbines, but water is not heated 
to produce steam. 

Teacher to Teacher 
Erin Peters, 

Lead Science Teacher 

Williamsburg Middle School 

Arlington, VA 

“| ask the students to think of an activity such as doing your 

homework. Trace the energy sources back to the Sun. For 

example, pushing your pencil is mechanical energy, which 

comes from the chemical energy of eating lunch, which 

comes from food, which gets its energy from the Sun.” 

Erin Peters 

484E CHAPTER 16 Energy Sources 

Nuclear Energy 
Using Nuclear Energy 
When nuclear fission and nuclear 
fusion occur, a small amount of 

mass is converted into energy. The connection 
between mass and energy is given by Einstein’s 
famous equation E=mc’. This equation showed 
that a small amount of mass is converted into an 
enormous amount of energy. 

Gamma ray exposure is sometimes com- 
pared to the equivalent exposure in X rays. For 
example, a nuclear weapons worker may have 
had a yearly dose that is equivalent to one chest 
X ray. Compared to X rays or other types of 
nuclear radiation, gamma rays are the most 
energetic. As a result, they penetrate the farthest 
into living tissue and can cause the most biolog- 
ical damage. 

France is the world leader in electrical power 
generation from nuclear fission. Approximately 
three-quarters of France’s electrical energy is 
generated by this process. 

The only approved permanent storage site 
in the United States for radioactive wastes is 
Yucca Mountain in Nevada. Some scientists 
believe this is a good site because it is far from 
major populations, it has low levels of rainfall, 
and the water table is very deep. 



Renewable Energy Sources 
Energy from the Sun 
The materials required to generate 
electricity from solar energy are 

expensive. [he materials to use the Sun’s energy 
for heating are, however, relatively inexpensive. 
Piping and a box with a glass roof are the 
fundamental parts of many solar water heaters. 
Currently about one million homes in the 
United States use solar water heating. Some 
states, such as North Carolina and Arizona, give 
tax incentives for the installation of solar water 
heaters. Passive solar heating of spaces in houses 
is another low-cost way to use the Sun’s energy. 
New houses are increasingly being designed with 
windows facing the south to absorb the Sun’s 
energy in wintertime. Overhangs on the houses 
prevent the Sun’s entry in the summertime. 

Energy from Inside Earth 
You don’t need to live near a volcano to 
use geothermal energy. Heat pumps, in use in 

400,000 United States homes, take advantage of 
fairly constant below-ground temperatures. ‘The 
temperature range in the first ten feet of soil is 
10° to 15.5°C (50° to 60°F). This usually means 

the soil is warmer than the winter air and cooler 
than the summer air. In a heat pump, air either 
gains or loses heat to the ground before entering 
a heating or cooling unit. 

Alternative Fuels 
When animal manure is decomposed by anaer- 

obic fermentation, methane gas is produced. 
This can be collected and used as a source of 

fuel for, among other things, generating elec- 

tricity. Farms with 700 head of cattle can 

produce enough methane to power approxi- 
mately 50 homes. Methane is a greenhouse gas, 

and this process helps prevent additional 

methane from entering the atmosphere. 

Helping You Prepare 

Internet Resources 

For additional content background, visit 

fl.gpescience.com to: 

e access your book online 

e find references to related articles in popular 

science magazines 

e access Web links with related content background 

e access current events with science journal topics 

Print Resources 

Achieving Energy Independence—One Step at a Time, 

by Jeffrey R. Yago, Dunimis Technology, 1999 

Power with Nature: Solar and Wind Energy 

Demystified, by Rex A. Ewing, PixyJack Press, 2003 

Alternative Energy: Facts, Statistics, and Issues, by 

Paula Berinstein, Oryx Press, 2001 

Tomorrow’s Energy: Hydrogen, Fuel Cells, and the 

Prospects for a Cleaner Planet, by Peter Hoffmann, 

MIT Press, 2002 

ewski/Visuals Unlimited 

Bill Banas: 
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Chapter Vocabulary 
fossil fuel, p. +87 
petroleum, p. +89 
nonrenewable resource, p. +93 
nuclear reactor, p. +94 
nuclear waste, p. +98 

renewable resource, p. 501 

photovoltaic cell, p. 501 
hydroelectricity, p. 503 
geothermal energy, p. 505 
biomass, p. 506 

Science Journal Student 
responses will vary. The majority 

of the United States uses fossil 
fuels to generate electrical power, 
but there are areas of the country 

that have other energy sources. 

'7 withimage Bank _ 

PowerPoint" Presentations 

This CD-ROM is an editable 
Microsoft® PowerPoint® 
presentation that includes: 

a pre-made presentation for 
every chapter 
interactive graphics 

animations 

audio clips 
image bank 
all new section and chapter 
questions 

Standardized Test Practice 
transparencies 

Foldables directions 
links to fl.gpescience.com 

Ned" ” 
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That’s a lot of kilowatts! 
Look closely at this photo. Can you identify 

at least three items that require energy to 

operate? The welding torches require energy 

to join the pieces of the car together. The 

robots require energy to assemble the pieces. 

When the car is finished, energy will be 

required to operate the car. 

Science Jourmal — Describe how your day would be 

different if the electric power were off all day. 

Energy People use energy from many different 

sources. Fossil fuels are the primary source 

of energy, but nuclear reactions, solar power, 

hydroelectric power, and geothermal power also 

are used. 

Robot Workers The 1970s energy crisis began a 
major push to automate manufacturing processes 
in the United States. Recent developments in 

robots used in automobile manufacturing can sig- 

nificantly reduce energy needs of a factory and 

thereby reduce environmental pollutants, such as 
carbon dioxide, by as much as 50 percent. 



= aemeitinamemameeiaiiaan LTE EAN RA NASSP NS I OS SA 2 EET ECII RES SUEDE DI NE NETS 

| Preview this chapter's content 
PMniine | and activities at 

FOLDABLES 
Study Organizer 

Energy Sources There are 

many sources of energy. Make 

the following Foldable to help 

you organize information about various types of 

energy sources. 

| STEP 1 | Fold a sheet of paper in half length- 

wise. Make the back edge about 5 cm 

longer than the front edge. 

Ayia Turn the paper so 

bottom. Then fold ] i 

the fold is on the 

it into thirds. 

SY item Unfold and cut only the top layer 

along both folds to make three tabs. 

Summarize As you read this chapter, 

summarize important information about 

each type of energy source under the 

appropriate tab. 

Purpose Use the Launch Lab to 

show students how one form of 

energy can be transformed into 
another form that we can use. 

[L2] GE [AY Kinesthetic 
Preparation ‘Io save time, you may 

want to paint coffee cans and cut 
holes in the lids ahead of time. 

Materials scissors, coffee cans 

with lids, white paint, black 

paint, water, thermometer 

Teaching Strategy Identify a place 
that gets direct sunlight where 
students can leave the cans for 

15 minutes. 

Think Critically 
The temperature change is greater in the 

black can because the color black absorbs 

more energy than the color white. 

Assessment 
Process Ask students to make 

data tables and to record in the 

tables the temperature readings 
for each can every two minutes. 
Use Performance Assessment 

in the Science Classroom, 

p. 109. 

FOLDABLES MUR PALG 
Study Organizer MEU CVA! 

Student preparation materials for 

this Foldable are available in the 

Chapter Fast Fize Resources. 
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moa 

14 Motivate 

rey An editable Microsoft® 
CHALKBOARD } Snegs 
ote PowerPoint’ presenta- 

tion is available on Interactive 

Chalkboard CD-ROM. 

Bellringer 

Section Focus Transparencies 

also are available on the 

Interactive Chalkboard CD-ROM. 

[2] 

C35 For Peat's Sak rie) or Peat’s Sake tm 

Dried pe 
hundreds of years. Given enough time and pressure, peat will form a 
fuel you are probably more familiar with—coal! 

has been used as fuel in many parts of the world for 

1. How might peat be used for fuel? 

2, Peat comes from swampy areas called bogs. What do you think 
peat is composed off 

3. How do people use energy in their everyday lives? 

Reading Preview 

Tie to Prior Knowledge 

Energy Source Ask students to 
name the last time they rode in a 

bus or car. Tell them that the 

energy that made the vehicle 
move came from fossil fuels. In 

this section, they will learn 

about various types of fossil fuels 

that are useful sources of energy. 

Activate Vocabulary Knowledge 

Ask students to identify the ways 
in which the new vocabulary 
words are connected. Allow stu- 

dents to use the text as a resource. 

Have them identify other familiar 

terms that could be connected to 

the vocabulary words. 

486 

What You'll Learn 
Discuss properties and uses of 

Bae fuels. 

Explain how fossil fuels are 

formed. 

Describe how the chemical 

energy in fossil fuels is converted 

into electrical energy. 

Figure 1 Power lines like these 
carry the electrical energy you use 

every day. 

486 CHAPTER 16 Energy Sources 

Also covers SC.H.3.4.5, SC.H.3.4.6 

Fossil Fuels 

Reading Guide 

Why it’s Important 

Fossil fuels are used to generate most 

of the energy you use every day. 

New Vocabulary 

e fossil fuel 

e petroleum 

@ nonrenewable resource 

® Review Vocabulary 
chemical potential energy: the 

energy stored in the chemical bonds 

between atoms in molecules 

Using Energy 
How many different ways have you used energy today? 

Today you might have ridden in a car or bus, or used a hair dryer 

or a toaster. If you did, you used energy. Furnaces and stoves use 

thermal energy to heat buildings and cook food. Air condition- 

ers use electrical energy to move thermal energy outdoors. Cars 

and other vehicles use mechanical energy to carry people and 

materials from one part of the country to another. 

Transforming Energy According to the law of conservation 
of energy, energy cannot be created or destroyed. Energy can 

only be transformed, or converted, from one form to another. 

To use energy means to transform one form of energy to 
another form of energy that can perform a useful function. For 

example, energy is used when the chemical energy 

in fuels is transformed into thermal energy that 
heats your home. 

Sometimes energy is transformed into a form 

that isn’t useful. For example, power lines, like 

those shown in Figure 1, carry electrical energy. 
When electric current flows in power lines, about 

10 percent of the electrical energy is transformed 

into thermal energy. This thermal energy flows into 

the air surrounding the power lines, and can no 
longer be used. 
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Chapter Fast Fie Resources 

‘Transparency Activity, p. 44 

Note-taking Worksheets, pp. 33-35 

Directed Reading for Content Mastery, 

pp. 19-20 

MiniLAB, p. 3 

Enrichment, p. 30 

Reinforcement, p. 27 

Cultural Diversity, p. 45, 49 

Performance Assessment in the Science Classroom, 

p. +8 

Science Inquiry Labs, pp. 3 1- 

Physical Science Critical Thinking/Problem Solving, 
p. 14 



Energy Use in the United 
States More energy is used in 
the United States than in any other _ Residential 

20% country in the world. Figure 2 

shows energy usage in the United 

States. About 20 percent of the 

energy is used in homes for heat- 

ing and cooling, to run appliances, 

and to provide lighting and hot ye 

water. About 27 percent is used for 

transportation powering vehicles 
such as cars, trucks, and aircraft. 
Another 16 percent is used by businesses to heat, cool, and light 
stores, shops, and office buildings. Finally, about 37 percent of this 
energy is used by industry and agriculture to manufacture prod 

ucts and produce food. Figure 2 also shows the main sources of 

the energy used in the United States. Almost 85 percent of the 

energy used in the United States comes from burning petroleum, 

natural gas, and coal. Nuclear power plants provide about eight 

percent of the energy used in the United States. 

Making Fossil Fuels 
In one hour of freeway driving a car might use several gallons 

of gasoline. It may be hard to believe that it took millions of years 
to make the fuels that are used to produce electricity, provide 

heat, and transport people and materials. Figure 4 on the next 
page shows how coal, petroleum, and natural gas are formed by 

the decay of ancient plants and animals. Fuels such 

as petroleum, or oil, natural gas, and coal are called 

fossil fuels because they are formed from the 
decaying remains of ancient plants and animals. 

Concentrated Energy Sources When fossil 
fuels are burned, carbon and hydrogen atoms 
combine with oxygen molecules in the air to form 

carbon dioxide and water molecules. This process 

converts the chemical potential energy that is 

stored in the chemical bonds between atoms to 
heat and light. Compared to other fuels such as 

wood, the chemical energy that is stored in fossil 
fuels is more concentrated. For example, burning 

1 kg of coal releases two to three times as much 

energy as burning | kg of wood. Figure 3 com- 

pares the amount of energy that is produced by 

burning different fossil fuels. 

Energy Usage 

~ Industrial 

37% Petroleum 
39% Nuclear 

8% 

Coal 
23% 

Natural gas 

23% 

Transportation 

27% 

Sources of Energy 

Biomass and others 3% 

Hydroelectric 4% 

Figure 2 These circle graphs 

show where energy is used in the 

United States and sources of this 

energy. 

Figure 3 The bar graph shows the 
amount of energy released by burn- 

ing one gram of four different fuels. 

Determine the ratio of the energy 

content of natural gas to the energy 

content of wood. 

Energy Content of Fuels 

48,000 

36,000 

24,000 

12,000 

Energy content per gram (joules) 

Type of Fuel 
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Differentiated Instruction 

Challenge Ask students to find out how much 

energy is used per person in other developed 

nations, compared with the amount used in the 

United States. Have students make a graph 

showing their results. In most other developed nations, 

about half as much energy is used per person as is used in the 

United States. Logical-Mathematical 

Curriculum Connection 

Language Arts Power outages sometimes occur 

because of severe snowstorms, flooding, or other 

natural disasters. Have each student write a story 

about how he or she would survive an imaginary 

week-long loss of electricity, natural gas, and 
gasoline. Students should describe their daily 

routines and include ideas for alternate sources of 

energy. Linguistic 

~~ Fun Fact 
Fossil fuels currently supply nearly 
90 percent of all the energy 
consumed by the industrially 
developed nations of the world 

Caption Answer 
Figure 3 about 4:1 

Discussion 

Fossil Fuels Are fossil fuels still 
being made today? ‘The physical 
and chemical processes that 
made fossil fuels are still acting 
on decaying organic matter on 
Earth’s crust. However, the rate 

at which new fuel is being made 
is tiny compared with the rate at 
which it is being used. 

Logical-Mathematical 

. Reading Strategy 

K-W-L Chart Have students set 
up a three-column chart. In the 
first column, students will indicate 

what they know about Petroleum, 
Natural Gas, Coal, and Electricity 

Generation. In the second col- 
umn, they will state what they 
want to know about each. Finally, 
after reading, students will state 
what they've learned about the 
topics. 
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GEOGRAPHIC 

Visualizing the 
Formation of Fossil 

Fuels 
Have students examine the 

pictures and read the captions. 

Then ask the following question. 

Why do oil and gas sometimes 

bubble to the surface, while coal 

never does? 

Fossil Fuel Concentrations Divide 
the class into three groups. 

Assign each group a different 
fossil fuel: coal, oil, and natural 
gas. Have students in each group 

research the locations of deposits 
of the fuel and plot the distribu- 
tion on an outline map of the 
world. Display the three maps 
and discuss which parts of the 
world have the largest concen- 
trations of each fossil fuel. [L2] 

Visual-Spatial 

OPEC The Organization — of 

Petroleum Exporting Countries 

(OPEC) is a group of eleven 

f the 

world’s crude oil reserves. ‘They 

countries that OWN MOSst O 

work together to coordinate 

petroleum policy. | Member 

nations are Algeria, Indonesia, 

Iran, Iraq, Kuwait, Libya, 

Nigeria, Qatar, Saudi Arabia, the 

United Arab Emirates, and 

Venezuela. 

‘NATIONAL VISUALIZING 
GEOGRAPHIC THE FORMATION OF FOSSIL FUELS 

Figure 4 

il and natural gas form when organic matter on the ocean floor, gradually 

buried under additional layers of sediment, is chemically changed by heat 

and crushing pressure. The oil and gas may bubble to the surface or become 

_ trapped beneath a dense rock layer. Coal forms when peat—partially decomposed 

vegetation—is compressed by overlying sediments and transformed first into 

lignite (soft brown coal) and then into harder, bituminous coal. These two 

processes are shown below. 

a Sediment 

HOW OIL AND NATURAL GAS ARE FORMED oad 

Layer of sediment 
containing remains 
of dead marine Overlying 
organisms layers of 

sediment 

Old ocean bed - Oil and natural gas 
formed by heat, pressure, 
and chemical reactions 

HOW COAL IS FORMED 

’ New layers of 

Increasing 
pressure and 
temperature 

Peat Bituminous coal 
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Challenge Have students research the discoveries of 

bog mummies that have been made by peat cutters 

in northern Europe where peat is still sometimes 

used as a fuel. Have students write reports on the 

conditions that caused the peat bogs to form and 

Linguistic that also mummified the bodies. |L3 

Layer of rock 



Petroleum 
Millions of gallons of petroleum, or crude oil, are pumped 

every day from wells deep in Earth’s crust. Petroleum is a highly 
flammable liquid formed by decayed ancient organisms, such 
as microscopic plankton and algae. Petroleum is a mixture of 
thousands of chemical compounds. Most of these compounds 
are hydrocarbons, which means their molecules contain only 
carbon atoms and hydrogen atoms. . 

Separating Hydrocarbons The different hydrocarbon 
molecules found in petroleum have different numbers and 
arrangements of carbon and hydrogen atoms. The composition 
and structure of hydrocarbons determines their properties. 

The many different compounds that are found in petroleum 
are separated in a process called fractional distillation. This sep- 

aration occurs in the tall towers of oil-refinery plants. First, 

crude oil is pumped into the bottom of the tower and heated. 
The chemical compounds in the crude oil boil and vaporize 

according to their individual boiling points. Materials with the 

lowest boiling points rise to the top of the tower as vapor and are 

collected. Hydrocarbons with high boiling points, such as 

asphalt and some types of waxes, remain liquid and are drained 
off through the bottom of the tower. 

VEC te What is fractional distillation used for? 

Other Uses for Petroleum Not all of the products obtained 
from petroleum are burned to produce energy. About 15 percent 

of the petroleum-based substances that are used in the United 

States go toward nonfuel uses. Look around at the materials in 

your home or classroom. Do you see any plastics? In addition to 

fuels, plastics and synthetic fabrics are made from the hydrocar- 

bons found in crude petroleum. Also, lubricants such as grease 

and motor oil, as well as the asphalt used in surfacing roads, are 

obtained from petroleum. Some synthetic materials produced 

from petroleum are shown in Figure 5. 

Figure 5 The objects shown here are 
made from chemical compounds found 

in petroleum. 

Identify four objects in your classroom 

that are made from petroleum. 

Designing an Efficient 

Water Heater 

Procedure Tay AWK) HE 
1. 

2 

Analysis 
ile 

. Use the lighted candle to 

. Repeat steps 1 to 3 with an 

. Explain why adding the 

Measure and record the 

mass of a candle. 

Measure 50 mL of water 

into a beaker. Record the 

temperature of the water. 

increase the temperature 

of the water by 10°C. Put 
out the candle and meas- 

ure its mass. 

aluminum foil chimney 

surrounding the candle. 

Compare the mass change 

in the two trials. Which 

heater was more efficient? 

chimney changed the effi- 

ciency of the water heater. 
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Cultural Diversity 

Oil-Rich Countries More than 65 percent of the 

world’s oil reserves are in the Middle East. Have 

students research some of the changes that have 

occurred in these countries since oil was discov- 

ered in them. Possible answer: The economies of these 

countries are now based on income from the sale of oil. They 

have better health care, roads, schools, and other public facil- 

ities than they had before. Linguistic 

Curriculum Connection 

History In 1973, the Arab oil embargo caused an 
energy crisis in the United States that forced 
people to carefully examine their dependence on 
oil. Have groups of students research this topic 
and create computer presentations about related 

major events since that time. Topics might include the 
economic recession caused by the oil crisis or causes of the 

Persian Gulf War. [L3] [f} Interpersonal 

Purpose Students determine 

how heating efficiency can 

be improved. PELL) 
Kinesthetic 

Materials candle, water, foil, 

100-mL beaker, thermometer, 

ring stand and ring, balance, 

wire gauze, graduated cylinder 

Teaching Strategies 

¢ Demonstrate how to set up 
the equipment. Place wire 
gauze between the ring stand 

and the beaker for more even 

heating. 
¢ Encourage students to exper- 

iment with the chimney size, 
shape, and location. Soot on the 
beaker improves the efficiency 
of heating. 

Analysis 

1. The mass changes less when the 
chimney is used. The chimney 
heater was more efficient because 
less of the candle was needed to 
raise the temperature of the water. 

2. The chimney directed the thermal 
energy from the candle to the beaker. 

Assessment 
Oral How would the results dif- 
fer if the temperature of the 
water were increased by 30°C in 
each case? There would be a greater 
change in the candle’s mass, especially 
if the chimney were not used. 

Answer to separate the many different 
compounds found in petroleum 

Caption Answer 
Figure 5 Student answers will vary but 
may include tennis shoes, plastic chairs, 

plastic trash bags, and synthetic fabrics 
such as fleece, polyester, nylon, and rayon. 
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Discussion 
Odorless Gas Natural gas has 

almost no odor. Why might nat- 

ural gas distributors add an 
odorant to the gas? so you can tell if 
there is a gas leak [L2] [RY Logical- 
Mathematical 

Conserving Resources 

Purpose to survey fellow stu- 
dents’ efforts to conserve 
energy, to compile results, and 
to offer energy conservation tips 
and techniques 

Possible Materials copies of 
student-generated survey to pass 
out to fellow students 

Estimated Time 2 class periods or 
2 hours outside of class 

Teaching Strategies 

¢ Students should be divided 
into small groups. Have stu- 
dents write a student survey that 
will ask questions about energy 
conservation, such as “Do you 

turn the lights off when you 
leave the room?” 
¢ Students should compile the 
results of the survey. Students can 
use their math skills to determine 
the percentages of the types of 
responses. 
* Have students prepare a 
brochure to be distributed to 
students in their school present- 
ing their compilation and tips 
and techniques for conserving 
energy. 

For additional inquiry activities, see 
Science Inquiry Lab. 
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Natural Gas 
The chemical processes that produce petroleum as ancient 

organisms decay also produce gaseous compounds called natural 

gas. These compounds rise to the top of the petroleum deposit and 

are trapped there. Natural gas is composed mostly of methane, 

CH,, but it also contains other hydrocarbon gases such as propane, 

G Hy, and butane, C,H,,. Natural gas is burned to provide energy 

for cooking, heating, bee manufacturing. About one fourth of the 

energy consumed in the United States comes from burning natu- 

ral gas. There’s a good chance that your home has a stove, furnace, 

hot-water heater, or clothes drier that uses natural gas. 
Natural gas contains more energy per kilogram than petro- 

leum or coal does. It also burns more cleanly than other fossil 

fuels, produces fewer pollutants, and leaves no residue such as ash. 

Coal 
Coal is a solid fossil fuel that is found in mines underground, 

such as the one shown in Figure 6. In the first half of the twen- 

tieth century, most houses in the United States were heated by 

burning coal. In fact, during this time, coal provided more than 

: half of the energy that was used in the United States. Now, 

Figure 6 Coal mines usually are almost two-thirds of the energy used comes from petroleum 

: and natural gas, and only about one-fourth comes from coal. 

About 90 percent of all the coal that is used in the United States 

is burned by power plants to generate electricity. 

located deep underground. 

| Stage 1 Stage 3 The steam 

| The chemical = : at high pressure 

energy in the Stage 2 The thermal strikes the blades 

fossil fuel is energy heats water of a turbine and 

and produces steam. 

This stage is 90 

causes it to spin. 

This stage is 75 

converted to 

thermal energy 
| as the fuel is percent efficient. percent efficient. 

| burned in the \ 
| boiler. Only \ 
about 60 percent \ 

of the available 

chemical energy 

is converted 

| into thermal 

| energy. 
a 

Fuel 

Cooling 
water 
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Differentiated Instruction 

Challenge Fluidized-bed combustion of coal 
burns coal more efficiently and produces fewer 

pollutants than conventional coal boilers. Have 

students find out more about this technology. 

Teacher 
»*eoeey 

U.S. Coal Reserves The four wits eat! 

reserves in the United States are the Four — 
Corners Region near northern New Mexic xiCO, 
the Powder River Basin i in Montana | and 
Wyoming, the Eastern Interior Region — 
around: Illinois, H and the “Appa ack sant 

lachian @ ES pul CEE, to oa i 

Have students draw a di: agram detailing how this 

process works. [.3] IN J Logical- -Mathematical 



Origin of Coal Coal mines were once the sites of 
ancient swamps. Coal formed from the organic material 
that was deposited as the plants that lived in these 
swamps died. Worldwide, the amount of coal that is 
potentially available is estimated to be 20 to 40 times 
greater than the supply of petroleum. 

Coal also is a complex mixture of hydrocarbons and 
other chemical compounds. Compared to petroleum 
and natural gas, coal contains more impurities, such as 
sulfur and nitrogen compounds. As a result, more pollu- 
tants, such as sulfur dioxide and nitrogen oxides, are 
produced when coal is burned. 

Generating Electricity 
Figure 7 shows that almost 70 percent of the electrical 

energy used in the United States is produced by burning fossil 

fuels. How is the chemical energy contained in fossil fuels con- 
verted to electrical energy in an electric power station? 

The process is shown in Figure 8. In the first stage, fuel is 

burned in a boiler or combustion chamber, and it releases ther- 

mal energy. In the second stage, this thermal energy heats water 

and produces steam under high pressure. In the third stage, the 
steam strikes the blades of a turbine, causing it to spin. The shaft 

of the turbjne is connected to an electric generator. In the fourth 

stage, electric current is produced when the spinning turbine 

shaft rotates magnets inside the generator. In the final stage, the 

electric current is transmitted to homes, schools, and businesses 

through power lines. 

Generator 

\ OX 
ss Transformer SO 

Sources of Electricity 

Nuclear power 
20% 

Natural gas 
aes YOnes 

Petroleum 
Other 0 

3% 

Figure 7 This circle graph 
shows the percentage of electricity 

generated in the United States that 

comes from various energy sources. 

Figure 8 Fossil fuels are burned to 

generate electricity in a power plant. 

Determine which stage in this 

process is the most inefficient. 

r 

| 

spins an electric generator. 

Ninety-five percent of the 

mechanical energy in the 

rotating turbine is converted 

into electrical energy. 

Power lines 

Stage 4 The rotating turbine {7 | Stage 5 Electrical current is 

| transmitted along power lines. 

| Electrical resistance converts 

some of the electrical energy 

to thermal energy. This stage 

is 90 percent efficient. 
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Visual Learning 
Figure 7 Review with students the information 

shown in Figure 7. What are the percentages of 

the three energy sources that are fossil fuels? 

What do they add up to? Coal 51%, natural gas 14%, 

and petroleum 4%. These add up to 69%. Visual- 

Spatial 

Curriculum Connection 
History Electricity has been a major source of 
power in the United States for less than 100 

years. Have students research the early history of 

the use of electricity in the United States. In 1882, 
Edison opened an electric power plant that lit light bulbs. The 
first electric power was direct current. Power plants now pro- 

duce alternating current. |L3 Linguistic 

\Quick Demo 
Coal Formation 

Materials peat; four different 

types of coal such as lignite, sub- 
bituminous, bituminous, and 

anthracite 

Estimated Time 10 minutes 

Procedure Have students exam- 

ine the peat and the different 
types of coal. Have students infer 
how the coal was formed. What 

are the differences in the condi- 

tions that formed the coal? The 

four types of coal are distinguished by 
the pressure that produced them. 
Lignite is produced when rock and soil 
pressed down on buried peat, causing it 

to dry out and harden. Further pressure 
produces subbituminous coal, then 
bituminous coal, and finally anthracite. 

Visual-Spatial 

Discussion 

Power Sources Electricity became 
the major source of power in 

the United States during the 
twentieth century. What were 
the sources of power before 
that? Possible answers include run- 
ning water and steam. 

Logical-Mathematical 

Caption Answer 
Figure 8 stage 1 

a Household Electricity How 
much electricity is used ina 

house? 
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Discussion 
Energy Loss What is the primary 
way in which energy is lost in 

power plants? Energy is lost as heat. 

Activity 
Pollution Diagrams Have students 
draw diagrams showing how 

burning fossil fuels causes pollu- 
tion. Diagrams might illustrate 
smog formed when fossil fuels 

are burned, and the effects of 

ozone near Earth’s surface. 

Students might also draw plants 
using devices that remove the 

pollutants before they can reach 
the air. Visual-Spatial [Ey 

Discussion 

Alternatives What might happen 
when readily available fossil fuels 
are used up? Possible answers: Alter- 
native energy sources will be developed; 
companies will exploit more expensive 

sources of fossil fuels; people’s way of 
life will change because energy will 

become more expensive to use. 
Logical-Mathematical 
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Process 

Chemical to thermal energy 

Conversion of water to steam 

Steam-turning turbine 

Turbine spins electric generator 

Transmission through power lines 

Overall efficiency 

Figure 9 The carbon dioxide 
concentration in Earth’s atmos- 

phere has been measured at Mauna 

Loa in Hawaii. From 1960 to 2000, 

the carbon dioxide concentration 

has increased by about 16 percent. 

Table 1 Efficiency of Fossil Fuel Conversion 

Atmospheric CO, Concentration 

Efficiency of Power 

Plants 
Efficiency (%) When fossil fuels are burned in 

power plants, not all of the chemical 

Be energy stored in the fuels is converted 

90 into electrical energy. In each energy 

transformation, some energy 1s con- 

75 verted into thermal energy that cannot 

be used. As a result, no stage of the 
95 process is 100 percent efficient. 

The efficiency of each stage of the 
90 process in a fossil-fuel burning power 

plant is given in Table 1. The overall effi- 
35 ciency is found by multiplying the effi- 

ciencies together, and is only about 
35 percent. This means that only about 

35 percent of the chemical energy contained in fossil fuels is 
converted into electrical energy by power plants. The other 
65 percent is converted into thermal energy that is transferred to 
the environment. 

The Costs of Using Fossil Fuels 
Although fossil fuels are a useful source of energy for gener- 

ating electricity and providing the power for transportation, 

their use has some undesirable side effects. When petroleum 

products and coal are burned, smoke is given off that contains 

small particles called particulates. These particulates cause 

breathing problems for some people. Burning fossil fuels also 

releases carbon dioxide. Figure 9 shows how the carbon dioxide 

concentration in the atmosphere has increased from 1960 to 

2000. One consequence of increasing the atmospheric carbon 

dioxide concentration could be to cause Earth’s surface temper- 

ature to increase. 

Using Coal The most abundant fossil fuel is 
coal, but coal contains even more impurities 

than oil or natural gas. Many electric power 

plants that burn coal remove some of these pol- 
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lutants before they are released into the atmos- 

phere. Removing sulfur dioxide, for example, 

helps to prevent the formation of compounds 

that might cause acid rain. Mining coal also can 

be dangerous. Miners risk being killed or 
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injured, and some suffer from lung diseases 

caused by breathing coal dust over long periods 
of time. 

Differentiated Instruction 

CHAPTER 16 Energy Sources 

Learning Disabled ‘To help students understand 
the math involved in finding the total efficiency 
of a power plant, discuss a two-step process in 
which the efficiency of the first step is 50 percent 
and the efficiency of the second step is 50 percent. 
Fill a beaker with water. Pour off half (100% x 

50% = 50%). Then pour off half again (50% x 
50% = 25%). 



Nonrenewable Resources 
All fossil fuels are nonrenewable 

resources, which means they are resources 
that cannot be replaced by natural processes 

as quickly as they are used. Therefore, fossil 
fuel reserves are decreasing at the same time 
that population and industrial demands are 

increasing. Figure 10 shows how the pro- 
duction of oil might decline over the next 

50 years as oil reserves are used up. As the 

production of energy from fossil fuels con- 

tinues, the remaining reserves of fossil fuels 
will decrease. Fossil fuels will become more 
difficult to obtain, causing them to become 
more costly in the future. 

Conserving Fossil Fuels 
Even as reserves of fossil fuels decrease and they become 

more costly, the demand for energy continues to increase as the 

Global Oil Production 

Oil production (billions of barrels) 

5 

1930 1950 1970 1990 2010 2030 2050 

Year 

Figure 10 Some predictions 
show that worldwide oil produc- 

tion will peak by 2005 and then 

decline rapidly over the following 

50 years. 

world’s population increases. One way to meet these energy 

demands would be to reduce the use of fossil fuels and obtain 

energy from other sources. 

section, Gi 

Summary 

Using Energy 

® Energy cannot be created or destroyed, but 

can only be transformed from one form to 

another. 

Fossil Fuels 

® Petroleum, natural gas, and coal are fossil 

fuels formed by the decay of ancient plants 

and animals. 

® Petroleum is a mixture of thousands of 

chemical compounds, most of which are 

hydrocarbons. 

®@ About 90 percent of all coal used in the United 

States is burned by power plants to produce 

electricity. 

Generating Electricity 

® Power plants burn fossil fuels to produce 

steam that spins turbines attached to electric 

generators. 

More Section Review fl.gpescience.com 

— 

Pe VEEL 

Self Check 

. Describe the advantages and disadvantages of using 

fossil fuels to generate electricity. 

. Explain how the different chemical compounds in crude 

oil are separated. 

. Describe how fossil fuels are formed. 

. Name three materials that are derived from the chemi- 

cal compounds in petroleum. 

. Think Critically If fossil fuels are still forming, why are 

they considered to be a nonrenewable resource? 

Applying Math 
. Interpreta Graph According to the graph in Figure 9, 

by how many parts per million did the concentration 

of atmospheric carbon dioxide increase from 1960 to 

2000? 

. Use a Table In Table 1, if the efficiency of converting 

chemical to thermal energy was 90 percent, what 

would the overall efficiency be? 
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1. Advantages: Fossil fuels are an 
inexpensive source of energy. They 

are plentiful for the near-term; 
Disadvantages: Fossil fuels may 

— Section a) revielu 

2. They are separated by fractional 4. Possible answers: plastics, grease, 

distillation, in which each com- 

pound vaporizes at its own boiling 5. We are using fossil fuels faster than 

point, rises, and is collected. 

gasoline, asphalt 

they are being replaced. 

cause environmental damage when 3. Fossil fuels are formed when 6. about 50 parts per million 

removed from Earth, when trans- 

ported, and when burned. 

organic matter is chemically 

changed by heat and pressure. 

~~“ . 52 percent 

2 MA.E.1.4.1 

™ Post Reading 

Extended Research 

Scientists predict that the demand 

for fossils fuels will increase while 

supplies continue to decrease. It 

will soon become necessary to 
consider alternative energy sources. 

Have students research alterna- 

tives to fossils fuels. They may 
report findings as a written paper 
or in a poster format. 

.Y INTERVENTION 

Check for Understanding 
Interpersonal Divide the class 

into small groups. Assign each 
group a topic from the section. 
Each group should present the 
main ideas from that section to 
the rest of the class. 

Reteach 

Evaluating Fossil Fuels Organize 
the class into teams of three: 
Have each team consider the 
advantages and disadvantages of 
using petroleum, natural gas, 
and coal. Have the teams com- 
bine their lists and report their 
conclusions. COOP LEARN 

Interpersonal 

™ Assessment 

Process Have students make a 
bulletin board comparing and 
contrasting the ways people 
obtain petroleum and coal. 
Petroleum is a liquid, so it is pumped 
from wells drilled deep into Earth’s crust. 
Coal also comes from underground, but it 
is a solid, so it must be mined. Use 

Performance Assessment in 
the Science Classroom, p. 131. 
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41 Motivate 

MGea| An editable Microsoft® 
CHALKBOARD | ee 
warrees PowerPoint presenta- 

tion is available on Interactive 

Chalkboard CD-ROM. 

Bellringer 

Section Focus Transparencies 

also are available on the 

Interactive Chalkboard CD-ROM. | 

io] GD 

Atomic Core 161 
‘ 

ng nuclear reaction was achieved in 1942 by a 

feamniokecienGsts led by Enrica erm Today nucleacpowenpiants 
use the energy released by nuclear reactions to create electricity. The 

photo below shows the core of a nuclear reactor waiting to be lowered 

into position underwater. 

1, How might nuclear energy be transformed into electrical energy? 

2. How might nuclear power plants reduce pollution from fossil 
fuels? Do you think there are any disadvantages to nuclear power? 

Reading Preview 

Tie to Prior Knowledge 

Nuclear Energy Uses Ask students 
to name ways that nuclear 
energy is used. Possible answers: 
diagnose and treat illnesses, nuclear 

weapons, generate power. 

Predict and Anticipate Have 

students scan the section to find 

the new vocabulary words. 

Suggest that they read figures and 
captions to obtain clues to mean- 

ing. Ask students to anticipate 
how the words may be used in 
future chapters. 
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What oui Learn 

mal energy. 

to produce electricity. 

ble energy source. 

Figure 11 A nuclear power 
plant generates electricity using 

the energy released in nuclear fis- 

sion. Each of the domes contain a 

nuclear reactor. A cooling tower is 

on the left. 

™ Also ¢ covers 5 SC. H. 3.4.6 

Nuclear Energy 

Reading Guide 
@ Explain how a nuclear reactor 

converts nuclear energy to ther- 

@ Describe advantages and disad- 

vantages of using nuclear energy 

® Discuss nuclear fusion as a possi- 

Why It’s Important Review Vocabulary 

Using nuclear energy to produce nuclear fission: the process of split- 

electricity can help reduce the use of _ ting an atomic nucleus into two or 

fossil fuels. However, like all energy | more nuclei with smaller masses 

sources, the use of nuclear energy 

has advantages and disadvantages. New Vocabulary 

e@ nuclear reactor 

@ nuclear waste 

Using Nuclear Energy 
Over the past several decades, electric power plants have been 

developed that generate electricity without burning fossil fuels. 

Some of these power plants, such as the one shown in Figure 11, 

convert nuclear energy to electrical energy. Energy is released 

when the nucleus of an atom breaks apart. In this process, called 

nuclear fission, an extremely small amount of mass is converted 

into an enormous amount of energy. Today almost 20 percent of 

all the electricity produced in the United States comes from 

nuclear power plants. Overall, nuclear power plants produce 

about eight percent of all the energy consumed in the United 

States. In 2003, there were 104 nuclear reactors producing elec- 

tricity at 65 nuclear power plants in the United States. 

Nuclear Reactors 
A nuclear reactor uses the energy from controlled 

nuclear reactions to generate electricity. Although 

nuclear reactors vary in design, all have some parts in 

common, as shown in Figure 12. They contain a fuel 

that can be made to undergo nuclear fission; they con- 

tain control rods that are used to control the nuclear 
reactions; and they have a cooling system that keeps the 

reactor from being damaged by the heat produced. The 

actual fission of the radioactive fuel occurs in a relatively 

small part of the reactor known as the core. 

Chapter Fasr Fite Resources 

‘Transparency Activity, pp. 45, 47-48 

Directed Reading for Content Mastery, p. 20 

‘Transparency Activity, pp. 47-48 

Enrichment, p. 31 

Reinforcement, p. 28 

Earth Science Critical Thinking/Problem Solving, 

p. 2 

Cultural Diversity, p. 59 

Mathematics Skill Activities, p: 47 
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Cooling Heated 
water water 
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Figure 12 The core of a nuclear reactor contains the 

fuel rod bundles. Control rods that absorb neutrons are 

inserted between the fuel rod bundles. Water or another 

coolant is pumped through the core to remove the heat 

produced by the fission reaction. 

Nuclear Fuel Only certain elements have nuclei that can 
undergo fission. Naturally occurring uranium contains an iso- 

tope, U-235, whose nucleus can split apart. As a result, the fuel 

that is used in a nuclear reactor is usually uranium dioxide. 
Naturally Gccurring uranium contains only about 0.7 percent of 

the U-235 isotope. In a reactor, the uranium usually is enriched 

Figure 13 Nuclear fuel pellets 
are stacked together to form fuel 

rods. The fuel rods are bundled 

together, and the bundle is 

so that it contains three percent to five 
percent U-235. 

The Reactor Core The reactor core 
contains uranium dioxide fuel in the 
form of tiny pellets like the ones in 

Figure 13. The pellets are about the size 

of a pencil eraser and are placed end to 

end in a tube. The tubes are then bun- 
dled and covered with a metal alloy, as 
shown in Figure 13. The core of a typi- 

cal reactor contains about a hundred 
thousand kilograms of uranium in 

hundreds of fuel rods. For every kilo- 
gram of uranium that undergoes fission 

in the core, 1 g of matter is converted 

into energy. The energy released by this 

gram of matter is equivalent to the 

energy released by burning more than 

3 million kg of coal. 

covered with a metal alloy. 

Fuel a 

pellets => 

Fuel-rod 

bundle 
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Curriculum Connection Differentiated Instruction 

Visually Impaired Use refillable erasers for mechan- 

ical pencils to symbolize the fuel pellets, allow 

students to feel what the fuel pellets are shaped 

like. A large soda straw can be used to symbolize 

the fuel rods. Students can put the erasers in the 

straw to symbolize packing the fuel rod. 

Social Studies “he use of nuclear reactions in 
commercial power plants to produce electricity 
has been the subject of intense controversy. 
Organize the class into two teams and have them 

debate the issue. Arguments for nuclear power include its 

efficiency and nonreliance on fossil fuels. Arguments against 
nuclear power include safety hazards and disposal of nuclear 

waste. Logical-Mathematical 

Visualize the Text Read the 

sections titled Nuclear Fuel, The 

Reactor Core, and Nuclear Fis- 

sion aloud to students. As you 
read, ask students to close their 

eyes and imagine what is being 
described in the text. After listen- 

ing to the reading, have students 
draw their visualizations. 

Visual Learning 

Figure 12 The distance the control 
rods extend into the reactor core 
controls the reaction. If the con- 
trol rods are inserted completely, 
they absorb too many neutrons 
and the reaction halts. If they are 
removed completely, the reaction 

is uncontained. How do you think 
control rods are programmed to 
respond in an emergency? They 
insert completely to stop the reaction. 

Logical-Mathematical 

Discussion 

Rod-Shaped Why do you think 
the fuel and control used in the 
reactor are rod-shaped? to allow 
the water to flow freely around them and 
provide cooling Visual-Spatial 

‘Ney Quick Demo 
“<2 Nuclear Fuel Pellets 

Materials mini-marshmallows, 

test tubes (larger diameter than 
marshmallows), rubber band 

Estimated Time five minutes 

Procedure Use mini-marshmallows 

to represent the uranium dioxide 

fuel. Use test tubes to represent 
the reactor rods. Put the mini- 

marshmallows into the test tubes. 

Bundle several test tubes together 
with the rubber band to represent 
the bundled fuel rods. 
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Use an Analogy 
Foxes and Rabbits If rabbits live 

and breed in an environment 

rich in rabbit food but in which 

there are no rabbit predators, 
the rabbit population will boom 
very quickly. This is analogous 
to the uncontrolled chain reac- 

tion that can occur in a nuclear 

reactor. The introduction of 

foxes into the rabbit environ- 

ment controls the size of the 

rabbit population just as the 
introduction of control rods 

controls the number of neutrons 

available to participate in the 
nuclear reaction. 

Caption Answer 
Figure 14 The neutrons strike other 
U-235 nuclei, breaking them apart into 
fission products and neutrons, or they are 
absorbed by control rods. 

[™, Reading Check 

Answer a nuclear reaction in which 

the products of one reaction start 

another reaction 

Make a Model 

Reactor Core Have students work 

in pairs to make models of the 
core of a nuclear reactor. Models 

should include some fuel rods, 

some control rods, and a coolant. 

One possible model could use test tubes 
filled with different substances to 
represent the fuel rods and the control 
rods, a test tube rack to represent the 

core, and water as the coolant. 
Kinesthetic 

Uranium-Lead Dating [he ratio of 
amounts of thorium-230 to uranium-234 

has been used to date calcium carbon- 

ate. Rocks are also dated from the fossils 

they contain. 
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that are released in this reaction. 

Uranium-Lead Dating 

Uranium is used to deter- 

mine the age of rocks. As 

uranium decays into lead 

at a constant rate, the age 

of a rock can be found by 

comparing the amount of 

uranium to the amount 

of lead produced. Uranium- 

lead dating is used by sci- 

entists to date rocks as 

old as 4.6 billion years. 

Research other methods 

used to determine the age 

of rocks. 
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Figure 14 When a neutron strikes the nucleus of a 

U-235 atom, the nucleus splits apart into two smaller 

nuclei. In the process two or three neutrons also are 

emitted. The smaller nuclei are called fission products. 

Explain what happens to the neutrons 

Fission product 

FA €& Neutron 

Pape Energy 

@ + © Neutron 

Same Energy 

U-235 “ ® Neutron 
Nucleus 

Fission product 

Nuclear Fission How does the nuclear reaction proceed in 

the reactor core? Neutrons that are produced by the decay of 

U-235 nuclei are absorbed by other U-235 nuclei. When a U-235 

nucleus absorbs a neutron, it splits into two smaller nuclei and 

two or three additional neutrons, as shown in Figure 14. These 

neutrons strike other U-235 nuclei, causing them to release two 

or three more neutrons each when they split apart. 

Because every uranium atom that splits apart releases neu- 

trons that cause other uranium atoms to split apart, this process 

is called a nuclear chain reaction. In the chain reaction involving 

the fission of uranium nuclei, the number of nuclei that are split 

can more than double at each stage of the process. As a result, 

an enormous number of nuclei can be split after only a small 

number of stages. For example, if the number of nuclei involved 

doubles at each stage, after only 50 stages more than a quadrillion 

nuclei might be split. 
Nuclear chain reactions take place in a matter of millisec- 

onds. If the process isn’t controlled, the chain reaction will 

release energy explosively rather than releasing energy at a 

constant rate. 

VS rere What is a nuclear chain reaction? 

Controlling the Chain Reaction To control the chain reac- 
tion, some of the neutrons that are released when U-235 splits 

apart must be prevented from striking other U-235 nuclei. These 

neutrons are absorbed by rods containing boron or cadmium 

that are inserted into the reactor core. Moving these control rods 

deeper into the reactor causes them to absorb more neutrons and 

slow down the chain reaction. Eventually, only one of the neu- 

trons released in the fission of each of the U-235 nuclei strikes 

another U-235 nucleus, and energy is released at a constant rate. 

Visual Learning 

Figure 14 ‘The tremendous energy from the fission 
process shown here is mostly transferred to the 
smaller nuclei and the neutrons, but part of the 

energy is released as gamma radiation. What are 
two ways a chain reaction can be avoided? by intro- 

ducing materials that absorb neutrons and by decreasing 

the amount of U-235 so there aren't enough atoms to con- 
tinue the process [L2] ff) Logical-Mathematical 

Active Reading 

Think-Pair-Share ‘This strategy encourages 
students to think first before discussing their 
ideas or thoughts about a topic. Students are 
asked to respond to a question by writing a 
response. After thinking for a few minutes, | 
partners share responses to the question. 
Finally, ask students to share responses with 
the class. 

1 



Nuclear Power Plants 
Nuclear fission reactors produce electricity in much the same 

way that conventional power plants do. Figure 15 shows how a 
nuclear reactor produces electricity. The thermal energy released 
in nuclear fission is used to heat water and produce steam. This 
steam then is used to drive a turbine that rotates an electric gen- 
erator. To transfer thermal energy from the reactor core to heat 
water and produce steam, the core is immersed ina fluid coolant. 
The coolant absorbs heat from the core and is pumped through a 
heat exchanger. There thermal energy is transferred from the 
coolant and boils water to produce steam. The overall efficiency 

of nuclear power plants is about 35 percent, similar to that of 
fossil fuel power plants. 

The Risks of Nuclear Power 
Producing energy from nuclear fission has advantages. 

Nuclear power plants do not produce the air pollutants that are 

released by fossil-fuel burning power plants. Also, nuclear power 

plants don’t produce carbon dioxide. 

The nuclear generation of electricity also has disadvantages. 

The mining of the uranium can cause environmental damage. 

Water that is used as a coolant in the reactor core must cool before 

Social Stiidiés 

Ukraine The worst nuclear 

accident in history occurred 

at the Chernobyl] nuclear 

power plant in the Ukraine 

in 1986. Many people in the 

area suffered from radiation 

sickness. Use a map or 

atlas to find the location 

of the Ukraine. Write a 

description of the location 

in your Science Journal. 

es 

Ukraine The Ukraine borders eastern 

Europe and is located east of Poland and 

north of Romania. 

Research Have students research 

the Chernobyl accident. Have 
them find out what caused the 

accident and the damages that 
resulted from it. 

that is used as a coolant in 

reactor cores becomes contami- 

| nated with radioactive material. 
it is released into streams and rivers. Otherwise, the excess heat 

could harm fish and other animals and plants in the water. 
This water is not the same 

water that is cooled and re- 

leased into streams and rivers. 

The water that is released into 

the environment does not come 

into direct contact either with 

the reactor core or with the 

| water that cools the reactor 
core. It exchanges heat with the 
contaminated water through a 
heat exchanger. 

Figure 15 A nuclear power 
plant uses the heat produced by 

nuclear fission in its core to pro- 

duce steam. The steam turns an 

electric generator. 

Containment shell 

High-pressure steam 

Turbine 

Generator 

Low-pressure steam 

Reactor core Cooling 

water 
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Science Journal 

Nuclear Power Plants Ask students to identify the 
nuclear power plant located closest to their com- 
munity and write their findings in their Science 
Journals. Have them include the plant’s name and 

location, when it began operation, how much 
electricity it generates, and its operating history. 

Answers will depend on the location of their community. 

Linguistic 
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ough all reactors | have 
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Activity 
Nuclear Waste Disposal Ask stu- 
dents to generate ideas for 

nuclear waste disposal. Remind 
them to consider short-term and 
long-term effects as well as the 
various types of waste. Have stu- 
dents share their ideas in small 
groups and arrive at a class 
consensus about the best methods 
of disposal. Interpersonal 
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Figure 16 An explosion 
occurred at the Chernobyl reactor 

in the Ukraine after graphite con- 

trol rods caught fire. The explosion 

shattered the reactor’s roof. 

Sciencep! iG 
Topic: Storing Nuclear 

Wastes 

Visit fl.gpescience.com for Web 

links to information about storing 

nuclear wastes. 

Activity Obtain a map or sketch 

an outline of the United States. 

Mark the locations of the nuclear 

waste sites that you found. What 

do these locations have in com- 

mon? Why do you think these 

locations were chosen over other 

sites that were closer to the 

nuclear waste generating sites? 
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The Release of Radioactivity One 

of the most serious risks of nuclear 

power is the escape of harmful radiation 

from power plants. The fuel rods contain 

radioactive elements with various half- 

lives. Some of these elements could cause 

damage to living organisms if they were 

released from the reactor core. Nuclear 

reactors have elaborate systems of safe- 

guards, strict safety precautions, and 

highly trained workers in order to pre- 

vent accidents. In spite of this, accidents 

have occurred. 

For example, in 1986 in Chernobyl, 

Ukraine, an accident occurred when a 

reactor core overheated during a safety 
test. Materials in the core caught fire and 

caused a chemical explosion that blew a hole in the reactor, as 

shown in Figure 16. This resulted in the release of radioactive 

materials that were carried by winds and deposited over a large 

area. As a result of the accident, 28 people died of acute radia- 

tion sickness. In the United States, power plants are designed to 

prevent accidents such as the one that occurred at Chernobyl. 

The Disposal of Nuclear Waste 
After about three years, not enough fissionable U-235 is 

left in the fuel pellets in the reactor core to sustain the chain 

reaction. The spent fuel contains radioactive fission products 

in addition to the remaining uranium. These fuel pellets are a 

form of nuclear waste. Nuclear waste is any radioactive by- 

product that results when radioactive materials are used. 

Nuclear wastes are classified as low-level waste and high-level 
waste. 

Low-Level Waste Low-level nuclear wastes usually contain 
a small amount of radioactive material. They usually do not 

contain radioactive materials with long half-lives. Products of 

some medical and industrial processes are low-level wastes, 

including items of clothing used in handling radioactive mate- 

rials. Low-level wastes also include used air filters from nuclear 
power plants and discarded smoke detectors. Low-level wastes 
usually are sealed in containers and buried in trenches 30 m 

deep at special locations. When dilute enough, low-level waste 
sometimes is released into the air or water. 

Differentiated Instruction 

Challenge On March 28, 1979, an accident oc- 
curred at the Three-Mile Island Nuclear Plant 
near Harrisburg, Pennsylvania. Have students find 

out more about this incident and report their find- 
ings to the class. The accident caused a small amount of 

hydrogen gas to escape the containment shell. Emergency 
cooling systems eventually contained the problem, but 
some radiation was released. This accident focused the 
nation’s attention on the potential dangers of nuclear 
reactors. Linguistic 



Discussion 

Nuclear Waste Sites What are some 
problems that must be addressed 
when deciding on a site for 
nuclear waste? Safe transportation 
from other sites, possible terrorist plans for 
theft, political changes on policies and 
funding, proper storage capability to 

prevent the risk of radioactive materials 

from entering the environment 

Logical-Mathematical 

High-Level Waste High-level nuclear waste is 
generated in nuclear power plants and by nuclear 
weapons programs. After spent fuel is removed from 
a reactor, it is stored in a deep pool of water, as 
shown in Figure 17. Many of the radioactive materi- 
als in high-level nuclear waste have short half-lives. 
However, the spent fuel also contains materials that 
will remain radioactive for tens of thousands of 
years. For this reason, the waste must be disposed of 
in extremely durable and stable containers. 

One method proposed for the disposal of high- 
level waste is to seal the waste in ceramic glass, which 
is placed in protective metal-alloy containers. The [y, Reading Check 
containers then are buried hundreds of meters below ground in. : Figure 17 Spent nuclear fuel 
stable rock formations or salt deposits. It is hoped that this will : rods are placed underwater after Answer Low-level nuclear wastes usu- 

keep the material from contaminating the environment for thou- they are removed from the reactor ally contain only a small amount of 

sands of years. ore. The wateraucorbe the tictear radioactive material with short 
: radiation and prevents it from half-lives. High-level nuclear wastes are 

elect Mae aed low-level and : escaping into the environment. usually highly radioactive and contain 
: material with long half-lives. 

Applying Science 
Applying Science ? 

Answers 

1. The cap has to be maintained to 
prevent contaminated soil from 
reaching people. Homes can’t be 
built in this area because all of the 
contaminated soil may not have 
been removed and some contami- 
nation may have reached the 
groundwater. 

2. Advantages: Economic—jobs, 

revenue for the community, tax 
for the state, increase in property 
values; environmental—elimina- 
tion of long-term risks for 
contaminated material, preven- 
tion of the migration of metals 
through the soil, protection of 
the public from contaminated 
land and water; social—improve- 

ment of the aesthetic quality of 
the land, commercial buildings 
can be built. 

Can a’contaminated radioactive site be reclaimed? 
n the early 1900s, with the discovery of radium, extensive mining 

for the element began in the Denver, Colorado, area. Radium is a 

radioactive element that was used to make watch dials and instru- 

ment panels that glowed in the dark. After World War I, the radium 

industry collapsed. The area was left contaminated with 97,000 

tons of radioactive soil and debris containing heavy metals and 

radium, which is now known to cause cancer. The soil was used as 

fill, foundation material, left in place, or mishandled. 

Identifying the Problem 
In the 1980s, one area became known as the Denver Radium Superfund Site and 

was cleaned up by the Environmental Protection Agency. The land then was reclaimed 

by a local commercial establishment. 

Solving the Problem 
1. The contaminated soil was placed in one area and a protective cap was placed over it. 

This area also was restricted from being used for residential homes. Explain why it is 
important for the protective cap to be maintained and why homes could not be built 

in this area. 

2. The advantages of cleaning up this site are economical, environmental, and social. 

Give an example of each. 
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(® LAG DEMONSTRATION 
Purpose to demonstrate how shielding between the source and the counter, and of the gamma radiation decreases with 

decreases radiation levels note the change in intensity. Repeat for additional shielding. 

the beta source using one lead sheet and 
for the gamma source using first one, then Assessment 
two, then three lead sheets. 

Materials alpha, beta, and gamma sources; 

Geiger counter; 3 lead sheets 

Procedure Place the alpha source near the ted 

Geiger counter. Note the intensity meas- Expected Outcome One lead sheet blocks amount of shielding? Increased shielding meant 
ured by the counter. Place a lead sheet the alpha and beta radiation. The intensity __ |ess radiation was measured. 

How were measurements affected by the 
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Caption Answer 
Figure 18 A small amount of mass is 

converted into energy. 

4%. Post Reading 

Debates and Discussions 
Ask students to research the pros 
and cons of using nuclear energy. 
Then, engage the class in a dis- 
cussion of the topic, encouraging 

students to take a position on the 
use of nuclear energy in the 

United States. 

_Y INTERVENTION 

Check for Understanding 
Visual-Spatial Have students draw 
a diagram of atoms undergoing 
nuclear fission’ and nuclear 
fusion. Students should label the 
reactants and products of each 
reaction, as well as the type of 
atom that is undergoing the 
process. 

Reteach 
Nuclear Reactors Have each stu- 
dent make a simple sketch of a 
nuclear reactor, showing the 
major parts of the reactor and 
describing the function of each 
of them. [L2] [f) Visual-Spatial [EJ 

eT i... Le 

(% Assessment 
Content Have students draw dia- 
grams showing a nuclear fission 
chain reaction and how it is 
controlled in nuclear power 
plants. Use PASC, p. 163. 

H-3 nucleus He-4 nucleus 

= os Energy 

H-2 nucleus Neutron 

Figure 18 In nuclear fusion, 

two smaller nuclei join together to 

form a larger nucleus. Energy is 

released in the process. In the reac- 

tion shown here, two isotopes of 

hydrogen come together to form a 

helium nucleus. 

Nuclear Fusion 
The Sun gives off a tremen- 

dous amount of energy through 

a process called thermonuclear 

fusion. Thermonuclear fusion 1s 

the joining together of small 

nuclei at high temperatures, as 

shown in Figure 18. In this 

process, a small amount of mass 
is converted into energy. Fusion 

is the most concentrated energy source known. 

An advantage of producing energy using nuclear fusion is 

that the process uses hydrogen as fuel. Hydrogen is abundant on 

Earth. Another advantage is that the product of the reaction is 

helium. Helium is not radioactive and is chemically nonreactive. 

One disadvantage of fusion is that it occurs only at temper- 

atures of millions of degrees Celsius. Research reactors often 

Identify the source of the energy consume more energy to reach and maintain these temperatures 

released in a fusion reaction. > than they produce. Another problem is how to contain a reac- 

: tion that occurs at such extreme conditions. Until solutions to 

these and other problems are found, the use of nuclear fusion as 

an energy source is not practical. 

-—~section, 1) Teview 

ae Self Check 

Using Nuclear Energy . Explain why a chain reaction occurs when uranium-235 

@ Nuclear power plants produce about eight undergoes fission. 

percent of the energy used each year in the . Describe how the chain reaction in a nuclear reactor is 

United States. controlled. 

Nuclear Power Plants . Compare the advantages and disadvantages of nuclear 

@ Nuclear reactors use the energy released in power plants and those that burn fossil fuels. 

the fission of U-235 to produce electricity. . Describe the advantages and disadvantages of using 

@ The energy released in the fission reaction is nuclear fusion reactions as a source of energy. 
used to make steam. The steam drives a tur- . Think Critically A research project produced 10 g of 

bine that rotates an electric generator. nuclear waste with a short half-life. How would you 

The Risks of Nuclear Energy 

@ Organisms could be damaged if radiation is 

released from the reactor. 

@ Nuclear waste is the radioactive by-product 

produced by using radioactive materials. 

/ @ Nuclear power generation produces high-level 

nuclear wastes. 
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classify this waste, and how would it be disposed of? 

Applying Math 

. Use Percentages Naturally occurring uranium 

contains 0.72 percent of the isotope uranium-235. 

What is the mass of uranium-235 in 2,000 kg of 

naturally-occurring uranium? 

1. Neutrons are produced when 

U-235 undergoes decay. These 
neutrons are absorbed by other 

U-235 neutrons which release 
more neutrons when they decay. 

2. Control rods are used to absorb 
excess neutrons, 
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review 
3. Advantages: Nuclear power plants additional disadvantages of 

do not release air pollutants or car- nuclear power generation. 
bon dioxide; Disadvantages: The 4. Advantages: A small amount of 
mining of uranium can cause envi- mass is converted into a large 
ronmental damage. The possible amount of energy. Hydrogen 
escape of harmful radiation and is an abundant fuel source; 
the disposal of nuclear wastes are Disadvantages: The reaction occurs 

at difficult-to-maintain 

temperatures, The extreme temper- 

atures involved make the reaction 

hard to contain. 

5. Itis a low-level waste that should be 

sealed in an insulated container and 

buried in a repository. 
6. 14.4kg 

Y MA.A.1.4.4 
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PRCREWALIE 

Energy Sources 

What oui Learn 
m™ Analyze the need for alternate 

energy sources. 

m™ Describe alternate methods for 

generating electricity. 

= Compare the advantages and dis- 

advantages of various alternate 

energy sources. 

Energy Options 

Reading Guide 

Why It’s Important 

Alternative energy sources need to 

be explored because the primary 

sources of energy used in the United 

States are nonrenewable. 

The demand for energy continues to increase, but supplies of 

fossil fuels are decreasing. Using more nuclear reactors to pro- 
duce electricity will produce more high-level nuclear waste that 
has to be disposed of safely. As a result, other sources of energy 

that can meet Earth’s increasing energy demands are being 

developed. Some alternative energy sources are considered to be 

renewable resources. A renewable resource is an energy source 
that is replaced nearly as quickly as it is used. 

Energy from the Sun 
The average amount of solar energy that falls on the United 

States in one day is more than the total amount of energy used in 

the United States in one year. Because only about one billionth of 

the Sun’s energy falls on Earth, and because the Sun is expected 
to continue producing energy for several billion years, solar 

energy cannot be used up. Solar energy is a renewable resource. 

Many devices use solar energy for power including solar- 

powered calculators similar to the one in Figure 19. These 

devices use a photovoltaic cell that converts radiant energy 

from the Sun directly into electrical energy. Photovoltaic cells 

also are called solar cells. 

SECTION 3 Renewable Energy Sources 

® Review Vocabulary 
radiant energy: the energy carried 

by an electromagnetic wave 

New Vocabulary 

@ renewable resource 

@ photovoltaic cell 

e hydroelectricity 

@ geothermal energy 

@ biomass 

Figure 19 This calculator uses a 
solar cell to produce the electricity 

it needs to operate. 
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| An editable Microsoft® 

a wl PowerPoint® presenta- 

tion is available on Interactive 

Chalkboard CD-ROM. 

INTERACTIVE. 
‘= 

Bellringer 

Section Focus Transparencies 

also are available on the 

Interactive Chalkboard CD-ROM. 

CELL) 

7 SE SLlOn, 

J) Section Focus Sun Power! 
oS Transparency | 

NASA is developing solar-powered aircraft that have the ability to | 
stay in the air for months at a time! They can be used for studying the 
atmosphere, storms, crop damage, or fires. 

|. What might be a big difficulty for solar-powered aircraft? 
What are the advantages? 
Name some organisms that collect the Sun’s energy. 

3, What other uses of solar power can you name? 

Reading Preview 

Tie to Prior Knowledge 

Alternative Energy Sources Every 

day we turn on lights and ride in 
cars. Ask students what it would 

be like if suddenly our sources of 
fossil fuels ran out. Explain that 
this section describes alternative 
sources of energy. 

Structural Word Analysis Have 

Chapter Fasr Fie Resources 

Transparency Activity, p. 46 

MiniLAB, p. 4 
Enrichment, p. 32 

pp. 21-22 
Directed Reading for Content Mastery, 

Reinforcement, p. 29 

Lab Worksheet, pp. 5-6, 7-8 

Lab Activities, pp. 9-1 2, 13-16 

Home and Community Involvement, p. 42 

Mathematics Skill Activities, p. 31 

students break the new vocabu- 

lary words into parts (prefixes, 

suffixes, and base words) to 

identify meaning. For example, 
geothermal can be broken down 

into the parts geo meaning 

‘earth" and thermal, relating to 

heat. Students should then pre- 
dict word meaning. 
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When sunlight strikes a solar cell, electrons 

are ejected from the electron-rich semi- 

conductor. These electrons can travel ina 

closed circuit back to the electron-poor 

semiconductor. 

Figure 20 Solar 
cells convert radiant 

energy from the Sun 

to electricity. 

Identify two devices 

that use solar cells for 

power. 

Antireflective Sunlight 

coating Use Science Words 
Word Meaning Why are solar 
cells also known as photovoltaic 
cells? Photo - means “light,” and voltaic 
refers to electricity. [L2] [K) Linguistic 

Metal 

contact 
Glass cover 

Current 

A solar cell is made of 

two layers of semicon- 

ductor material. 

Caption Answer 
Figure 20 Possible answers are a calcu- 
lator and a highway sign that displays 

messages using lights. 
“) 

Current 

Metal 

contact 

Electron-poor 

semiconductor 

Electron-rich 

semiconductor 

How Solar Cells Work Solar cells are made of two layers of 
semiconductor materials sandwiched between two layers of con- 

ducting metal, as shown in Figure 20. One layer of semiconduc- 

tor is rich in electrons, while the other layer is electron poor. 

When sunlight strikes the surface of the solar cell, electrons flow 

through an electrical circuit from the electron-rich semiconduc- 

tor to the electron-poor material. This process of converting 

radiant energy from the Sun directly to electrical energy is only 

about 7 percent to 11 percent efficient. 

Purpose Students analyze the 

use of solar energy. [2] PELL) 

Kinesthetic 
Materials piece of cloth, watch 
or clock, water, scissors 

Analysis 

1. the cloth in direct sunlight 
2. The energy absorbed from the Sun 

warms the cloth and makes the 
water evaporate quicker. 

Using Solar Power 

at Home 

Procedure Bea 
1. Cut a piece of cloth into 

two pieces about 10 cm on 

each side. 

2. Wet both pieces and wring 

them out so they are equally 

damp. 

3. Spread the pieces out to dry 

outside. One piece should be 

in sunlight and the other 

should be in shade. 

4. Record the time it takes for 

each piece to dry. 

Using Solar Energy Producing large amounts of electrical 
energy using solar cells is more expensive than producing elec- 

trical energy using fossil fuels. However, in remote areas where 

electric distribution lines are not available, the use of solar cells 
is a practical way of providing electrical power. 

Currently, the most promising solar technologies are those 

that concentrate the solar power into a receiver. One such system 

is called the parabolic trough. The trough focuses the sunlight on 

a tube that contains a heat-absorbing fluid such as synthetic oil 

or liquid salt. The heated fluid is circulated through a boiler 
where it generates steam to turn a turbine, generating electricity. 

The world’s largest concentrating solar power plant is located 

in the Mojave Desert in California. This facility consists of nine 

units that generate over 350 megawatts of power. These nine 

units can generate enough electrical power to meet the needs of 

approximately 500,000 people. These units use natural gas as a 

backup power source for generating electricity at night and on 
cloudy days when solar energy is unavailable. 

Assessment 
Oral Ask students to identify the 
dependent and independent 
variables and the constants in 

this experiment. The dependent 
variable is drying time and the inde- 
pendent variable is location of the cloth. 

Constants include size, type, and initial 
dampness of the cloth. 

Analysis 
1. Which piece of cloth 

received more solar energy? 

2. Explain why the drying time 

for a piece of cloth depends 

on the amount of solar 

energy It 

receives. 
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Visual Learning Differentiated Instruction 
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Figure 20 ‘The semiconductor layers of this solar 

cell form a diode, a device that allows current to 

flow in only one direction. Thin metal strips on 
top of the cell serve as contacts for collecting 

the current. One advantage of solar cells is that 

they have no moving parts. Why does this make 
them attractive for use on satellites in space? Solar 
cells require no maintenance and no fuel. 

Learning Disabled Have students bring in devices 
that use solar cells, such as toys and calculators. 
Show how the devices stop working if the solar cell’s 
light source is blocked. GD jf Visual-Spatial 



Energy from Water 
Just as the expansion of 

steam can turn an electric 
generator, rapidly moving Reservoir 
water can as well. The gravita- 
tional potential energy of the 

water can be increased if the 

water is retained by a high 

dam. This potential energy is 
released when the water flows 

through tunnels near the base 

of the dam. Figure 21 shows 

how the rushing water spins a 

turbine, which rotates the 

shaft of an electric generator 

to produce electricity. Dams 

built for this purpose are 
called hydroelectric dams. 

Using Hydroelectricity Electricity produced from the : in water stored behind the dam is 
energy of moving water is called hydroelectricity. Currently : converted to electrical energy in a 
about 8 percent of the electrical energy used in the United States : hydroelectric power plant. 
is produced by hydroelectric power plants. Hydroelectric power : Diagram the energy conversions 
plants are an efficient way to produce electricity with almost no 

pollution. Because no exchange of heat is involved in producing 

steam to spin a turbine, hydroelectric power plants are almost 

twice as efficient as fossil fuel or nuclear power plants. 

Why are hydroelectric power plants more Figure 22 Fish ladders enable 

efficient than fossil fuel power plants? 

Another advantage is that the bodies of water held 

back by dams can form lakes that can provide water for 

drinking and crop irrigation. These lakes also can be 

used for boating and swimming. Also, after the initial 

cost of building a dam and a power plant, the electric- 

ity is relatively cheap. 

However, artificial dams can disturb the balance of 
natural ecosystems. Some species of fish that live in the 

ocean migrate back to the rivers in which they were 

hatched to breed. This migration can be blocked by dams, 

which causes a decline in the fish population. Fish ladders, 

such as those shown in Figure 22, have been designed to 

enable fish to migrate upstream past some dams. Also, 

some water sources suitable for a hydroelectric power 

plant are located far from the regions needing power. 

Generator 

/ Turbine — 

Figure 21 The potential energy 

that occur as a hydroelectric dam 

produces electrical energy. 

fish to migrate upstream past dams. 
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», Reading Strategy | 

Metacognitive Strategy Have students read 

the sections titled Energy from Water, Energy 

from the Tides, and Harnessing the Wind. As 

students read, ask them to notice where they 

struggle with comprehension. Engage the class 

in a discussion of how, where, and when com- 

prehension breaks down. 

Cultural Diversity 

The Amish and Electricity “Ihe Amish in the United 
States avoid modern technology and focus on a 

simple life based on family, church, and commu- 
nity. Have students find out more about how the 

Amish use technology. Some Amish will use such things 
as telephones and cars without owning them. Some have 
their own electrical generators, but do not tap into public 

power supplies. Linguistic 

Discussion 

Water Use Water is a free and 

renewable resource. Why, then, 

doesn’t it supply more of our 
energy needs? Most sites suitable for 
developing hydroelectric power are 

already in use. Hydroelectric plants can- 
not be built in other locations because 
they disrupt the natural ecosystems or 

the geography of the location does not 
make it practical. Logical- 
Mathematical 

Caption Answer 
Figure 21 The kinetic energy of falling 

water produces mechanical energy 
when it strikes and rotates the turbine. 
The turbine rotates a shaft of an electric 
generator that transforms mechanical 
energy to electrical energy. 

Miscor ons 
Alternative Energy Sources 
Students may think that 
because an alternative energy 

source isn’t economical on a 
large scale that it isn’t useful. 
Explain that many alternative 
energy sources, such as hydro- 
electricity, solar power, and 
wind power, are ideal for use 
on a small scale in rural areas 
or in developing societies. 

[% Reading Check 

Answer Hydroelectric power plants do 

not have a loss of energy converting 
thermal energy to mechanical energy. 
The falling water provides the mechani- 
cal energy required to turn the turbine 
to generate electricity. 
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4 
ned Teacher | 

me dal fnerg y The Annapolis Royal 
i nis plant is located on 
the Bey of Fundy between New 
Brunswick and “Nova Scotia in 

Q nada, which has tides up to. 

17 meters high. These are the 
highest tides in n the world. [L [cs] 
4 aT 1S Upatitc : vl ee a 

aad 

> 

Discussion 
Tide Height Why do some coastal 
areas have higher tides than oth- 
ers? The height of the tide is increased 
by geographical features, such as the 
shapes of bays and inlets and the slope of 
the ocean floor. 

~~ Fun Fact 
Tidal energy is possible only if the 

difference between high and low 
tides is more than 5 m. A higher 
tide difference means the plant can 
produce more electricity at a lower 
cost. A dam is needed to hold back 
the water at high tide. The dam’s 
high construction cost makes it 
cheaper to build tidal plants on 
narrow inlets. 

‘ie Quick Demo 
Windmills 

Materials toy pinwheel 

Estimated Time five minutes 

Procedure Use a toy pinwheel to 
demonstrate how a windmill 
works. Blow gently into the pin- 
wheel forcing it to spin. 
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Figure 23 This tidal energy 

plant at Annapolis Royal, Nova 

Scotia, generates 20 megawatts 

of electric power. 

Figure 24 Wind energy is con- 

verted to electricity as the spinning 

propeller turns a generator. 

Energy from the Tides 
The gravity of the Moon and Sun causes 

bulges in Earth’s oceans. As Earth rotates, the 

two bulges of ocean water move westward. 

Each day, the level of the ocean on a coast rises 

and falls continually. Hydroelectric power can 

be generated by these ocean tides. As the tide 

comes in, the moving water spins a turbine that 

generates electricity. The water is then trapped 

behind a dam. At low tide the water behind the 
dam flows back out to the ocean, spinning the 

turbines and generating electric power. 

Tidal energy is nearly pollution free. The 

efficiency of a tidal power plant is similar to 

that of a conventional hydroelectric power plant. However, only 

a few places on Earth have large enough differences between 

high and low tides for tidal energy to be a useful energy source. 

The only tidal power station in use in North America is at 

Annapolis Royal, Nova Scotia, shown in Figure 23. Tidal energy 

probably will be a limited source of energy in the future. 

Harnessing the Wind 
You might have seen a windmill on a farm or pictures of 

windmills in a book. These windmills use the energy of the wind 

to pump water. Windmills also can use the energy of the wind to 

generate electricity. Wind spins a propeller that is connected to 

an electric generator. Windmill farms, like the one shown in 

Figure 24, may contain several hundred windmills. 

However, only a few places on 

Earth consistently have enough wind 

to rely on wind power to meet 

energy needs. Also, windmills are 

only about 20 percent efficient on 

average. Research is underway to 

improve the design of wind genera- 

tors and increase their efficiency. 

Other disadvantages of wind energy 

are that windmills can be noisy and 

change the appearance of a land- 

scape. Also, they can disrupt the 

migration patterns of some birds. 

However, wind generators do not 

consume any nonrenewable natural 

resources, and they do not pollute 
the atmosphere or water. 

eu 7 18 ‘ 

Teacher 
Tidal Power Plants The world’s first and 
largest tidal power plant began operating in 
1967 at the Rance River in France, with a 
capacity of 240 MW. The Annapolis Royal 
plant in Canada has a 20-MW capacity, and 
the tidal plant near Murmansk in Russia 
has a capacity of 0.4 MW. 
ema TR 

Differentiated Instruction 
English-Language Learners Have students create a 
poster showing different types of renewable 
energy sources. Have students find a real location 
or an example that uses each type of renewable 
energy to generate power. Include these exam- : 
ples on the poster. 

Bee EATS 



Energy from Inside Earth 
cSiINTEGRATE Earth is not completely solid. Heat is gener- 

, ated within Earth by the decay of radioac- 
tive elements. This heat is called geothermal heat. Geothermal 
heat causes the rock beneath Earth’s crust to soften and melt. 
This hot molten rock is called magma. The thermal energy that 
is contained in hot magma is called geothermal energy. 

In some places, Earth’s crust has cracks or thin spots that 
allow magma to rise near the surface. Active volcanoes, for 
example, permit hot gases and magma from deep within Earth 

to escape. Perhaps you have seen a geyser, like Old Faithful in 
Yellowstone National Park, shooting steam and hot water. The 
water that shoots from the geyser is heated by magma close to 

Earth’s surface. In some areas, this hot water can be pumped 
into houses to provide heat. 

What two natural phenomena are caused by 

geothermal heat? 
(% Reading Check 

Geothermal Power Plants 
Geothermal energy also can be 

used to generate electricity, as 

shown in Figure 25. Where ¢ 

magma is close to the surface, 

the surrounding rocks are also 

hot. A well is drilled and water 

is pumped into the ground, 

where it makes contact with the 

hot rock and changes into 

steam. The steam then returns 
to the surface, where it is used 

to rotate turbines that spin elec- 

tric generators. 

The efficiency of geothermal 

power plants is about 16 percent. 

Although geothermal power 

plants can release some gases 

containing sulfur compounds, 

pumping the water created by 

the condensed steam back into 

Earth can help reduce this 

pollution. However, the use of 

geothermal energy is limited to 

areas where magma is relatively 

close to the surface. 

q 
a 

Electricity 
=" 

Cooling tower/Condenser 

Generator 
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Sciencap line 
Topic: Geothermal Energy 

Visit fl.gpescience.com for Web 

links to information about 

geothermal energy. 

Activity Using the information 

that you find, write a paragraph 

describing why geothermal power 

plants are located where they are. 

Figure 25 A geothermal power 
plant converts geothermal energy 

to electrical energy. 

Turbine 
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\ oe Post Reading Differentiated Instruction 

Content 
” Background 

Most sources of geothermal 
energy are in areas with high vol- 
canic activity. Geothermal energy 

is used on a large scale in Japan, 
Iceland, Italy, New Zealand, and 

California. 

Discussion 

Geothermal Energy Is geothermal 
energy renewable? Heat from a par- 
ticular reservoir can be used up faster 
than it can be replaced, so it is not 

renewable. However, radioactive decay 

will provide a constant heat source for 
millions of years. Logical- 
Mathematical 

Use Science Words 

Word Meaning Why is heat from 
Earth called “geothermal”? Geo 

means “Earth,” and thermal means 

“heat.” Linguistic 

(%, Reading Check 

Answer volcanoes and geysers 

Visual Learning 

Figure 25 In a geothermal plant 
such as the one shown here, 

after the steam has turned the 

turbine, the steam is condensed 

and returned to the rock 

through the injection well. Why 
is the water returned to the rock 

formation? to maintain the supply of 
water needed to produce steam 

Logical-Mathematical 

Challenge Have students research and write 
descriptions of the various forces that affect 
wind. They might write about the effects of temperature 

and pressure, surface obstacles, Earth’s rotation, sea breezes, 

and mountain breezes. {L3][h) Logical-Mathematical 

Semantic Feature Analysis Have students 

list renewable energy sources across the top of a 

grid. Along the sides, they should list features the 

energy sources might possess. For example, they 

might list "can be burned to provide heat." ‘To 

analyze the energy sources, students will write 

"+" if the feature is present, and "—"' if it is not. 
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Discussion 

Alternative Fuels Using biomass 
and other alternative fuels 

reduces dependence on foreign 
oil. Why is this desirable? Political 
disagreements could reduce access to 
foreign oil because of strained relations 
with some countries. Logical- 
Mathematical 

‘DAILYINTERVENTION = 
Check for Understanding 
Interpersonal Have the students 
work in small groups. Each 
group should choose one of the 
energy sources discussed in the 
chapter. Have the students 
devise a plan describing how 
their chosen energy source could 
be used in their community. 

Reteach 

Renewable Energy Sources Ask 
students to list the six energy 
sources discussed in this section. 
Once the students have a com- 
plete list, ask them to write a 
sentence about each source, 

describing how it can be used to 
provide energy. 

Ange 

(% Assessment 
Performance Have students work 
in small groups to design and 
create a system for heating 
water using solar power. Use 
PASC? p: Lily: 

Figure 26 Hydrogen may one 

day replace gasoline as a fuel for 

automobiles. Burning hydrogen 

produces water vapor, instead of 

carbon dioxide. 

needs. 

~section 3 

eames 

| Energy Options 

@ The development of alternative energy 

sources can help reduce the use of fossil fuels. 

Solar Energy 

® Photovoltaic cells, or solar cells, convert radiant 

energy from the Sun into electrical energy. 

® Producing large amounts of energy from solar 

cells is more expensive than using fossil fuels. 

Other Renewable Energy Sources 

© Hydroelectric power plants convert the poten- 

tial energy in water to electrical energy. 

® Tidal energy, wind energy, and geothermal 

energy can be converted into electrical energy, 

but are useable only in certain locations. 

® Alternative fuels such as hydrogen could be 

used to power cars, and biomass can be 

burned to provide heat. 

506 CHAPTER 16 Energy Sources 

Alternative Fuels 
The use of fossil fuels would be greatly 

reduced if cars could run on other fuels or 

sources of energy. For example, cars have 

been developed that use electrical energy 

supplied by batteries as a power source. 

Hybrid cars use both electric motors and 

gasoline engines. Hydrogen gas is another 
possible alternative fuel. It produces only 

water vapor when it burns and creates no 
pollution. Figure 26 shows a car that is 

equipped to use hydrogen as fuel. 

Biomass Fuels Could any other mate- 
rials be used to heat water and produce 

electricity like fossil fuels and nuclear fis- 

sion? Biomass can be burned in the presence of oxygen to con- 

vert the stored chemical energy to thermal energy. Biomass is 

renewable organic matter, such as wood, sugarcane fibers, rice 

hulls, and animal manure. Converting biomass is probably the 

oldest use of natural resources for meeting human energy 

Tevieu. 

Self Check 

. Explain the need to develop and use alternative energy 

sources. 

. Describe three ways that solar energy can be used. 

. Explain how the generation of electricity by hydroelec- 

tric, tidal, and wind sources are similar to each other. 

. Explain why geothermal energy is unlikely to become a 

major energy source. 

. Think Critically What single energy source do most 

energy alternatives depend on, either directly or 

indirectly? 

Applying Math 

. Use Percentages A house uses solar cells that gener- 

ate 6.0 kW of electrical power to supply some of its 

energy needs. If the solar panels supply the house 

with 40 percent of the power it needs, how much 

power does the house use? 

More Section Review fl.gpescience.com 

Se Sec ion: ae rFeVIeLU 

1. The use of alternative energy sources 

can cause the use of fossil fuels to be 
reduced. This would make the supply 
of fossil fuels last longer, and reduce 
the emission of pollutants and carbon 

dioxide into the atmosphere. 

2. Possible answers: Let the sun warm 
and light rooms. Use solar panels 
for heating water or air. Use photo- 
voltaic cells to produce electricity. 

3. They are all renewable sources. Each 

of these spins a turbine to rotate 

the shaft of an electric generator. 
4. Itis limited to areas where magma 

is relatively close to the surface. 
5. the Sun 
6. 15 kW 

Be | MA.A.1.4.4 
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Energy from the Sun is absorbed by Earth and 

makes its temperature warmer. In a similar 

way, solar energy also is absorbed by solar col- 

lectors to heat water and buildings. 

© Real-World Problem 
Does the rate at which an object absorbs solar 

energy depend on the color of the object? 

Goals 
@ Demonstrate solar heating. 

@ Compare the effectiveness of heating items 

of different colors. 

@ Graph your results. 

Materials 
small cardboard boxes 

black, white, and colored paper 

tape or glue 

thermometer 

watch with a second hand 

© Procedure 
1. Cover at least three small boxes with colored 

paper. The colors should include black and 

white as well as at least one other color. 

2. Copy the data table into your Science Journal. 

Replace Other co/or with whatever color you 

| = a Wom =n barn) sour lar Heating 
Temperature Due to Different Colors 

Color 2 4 6 8 10 

Black Student answers will vary. 

White 

Other color 

© Conclude and Apply —— 
if 

2. Describe the shapes of the lines on your 

. Explain why the colored boxes heated at 

. Infer Suppose you wanted to heat a tub 

. Explain why you might want to wear a 

min min min min min 

Graph your data using a line graph. 

graph. What color heated up the fastest? 

Which heated up the slowest? 

different rates. 

of water using solar energy. Based on the 

results of this activity, what color would 

you want the tub to be? Explain. 

white or light-colored shirt on a hot, sunny, 

summer day. 

ommunicating 
Your Data 

are using. 

3. Place the three objects on a windowsill or 

other sunny spot and note the starting time. 

4. Measure and record the temperature inside 

Compare your results with those of 

other students in your class. Discuss 

any differences found in your graphs, 

particularly if different colors were used 

by different groups. 

each box at 2-min intervals for at least 10 min. 
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TOO Rectan neo 
Assessment 

Content Have students make cartoons illustrating 

situations in which the color of something ts impor- 

tant to its temperature. For example, dark-colored 

car seats are hotter in summer than those with a 

light color. Use Performance Assessment in the 

Science Classroom, p. 133. 

Have students use a computer graphing program to pre- 

pare their graphs. Encourage them to make their graphs 
as clear as possible so that others can understand the 

results easily. Remind students that a clear presentation of 
data is important to help others benefit from their work. 

Video Lab available for this Lab. 

© Real-World 
Problem ———— 

Purpose Students demonstrate 
how various colors absorb solar 

energy differently and graph the 
results. Kinesthetic 

Process Skills observe, infer, 

compare and contrast, recognize 

cause and effect, communicate, 

make and use tables, make and 

use graphs, interpret data 

Time Required 45 minutes 

© Procedure ——— 

Teaching Strategy Suggest 
students work in pairs to make 
measurements. One student can 

read the thermometer as the 

other student fills in the data 

table. Have students work indi- 

vidually to prepare their graphs. 

Troubleshooting Students 
should cover each box in a way 
that does not allow heat to escape. 

© Conclude and 

ADDIY aaa 
1. Suggest students use a different 

color line for each color of paper. 

2. The lines all sloped upward. Black 
heated the fastest. White heated the 
slowest. 

3. Black absorbs more light energy, 
which makes it heat faster, and 
white absorbs less light energy, 

which makes it heat more slowly. 
4. Because black heats up faster, you 

would want the tub to be black. 
5. You would want to wear a white or 

light-colored shirt because it absorbs 
less light energy and wouldn't heat 
up as quickly. 
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© Real-World 
Problem ———— 

Purpose 

Internet Students will use Inter- 
net sites that can be accessed by 
visiting fl.gpescience.com. ‘They will 
investigate the costs and envi- 
ronmental impacts of different 
energy sources. 

Non-Internet Sources Product in- 
formation publications often have 
comparison data for energy 
sources such as batteries, as well 
as energy efficiency ratings for 
appliances. 

Process Skills gather and organ- 
ize information, evaluate sources 

of information, make and use 

tables, compare and contrast, 
evaluate, infer 

Time Required about three days 

© Make a Plan —— 

Preparation 

Internet Visit fi.gpescience.com to run 

through the steps students will 

follow. 

Non-Internet Sources Collect mag- 
azines and periodicals that list 
efficiencies of energy sources 

and appliances. 

© Follow Your 
Plan — — 

Teaching Strategy Remind stu- 
dents that they should consider 
how different energy sources, 
such as rechargeable batteries 
and disposable batteries, affect 
the environment. 
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Goals 
@ Identify three energy 

sources that people use. 

@ Determine the cost of 

the energy produced by 

each source. 

@ Describe the environ- 

mental impact of each 

source. 

Data Source 
internet Lab 

Visit fl.gpescience.com for 

more information about 

energy sources and for 

data collected by other 

students. 

How much does energy really cost? 
® Real-World Problem- eels 

You know that it costs money to produce energy. Using energy 

also can have an impact on the environment. For example, coal costs 

less than some other fuels. However, combustion is a chemical reac- 

tion that can produce pollutants, and burning coal produces more 

pollution than burning other fossil fuels, such as natural gas. Even 

energy sources, such as hydroelectric power, that don’t produce pollu- 

tion can have an impact on the environment. What are some of the 

environmental impacts of the evergy sources used in the United 

States? How can these environmental impacts be compared to the 

cost of the energy produced? 

© Make a Plan 
1. Research the various sources of energy used in different areas of 

the United States and choose three energy sources to investigate. 

Use the Internet 

2. Research the cost of the consumer of 1 kWh of electrical energy 

generated by energy sources you have choosen. 

3. Determine the effects each of the three energy sources has on 

the environment. 

4. Use your data to create a table show- 

ing the energy sources, and the energy 

cost and environmental impact of each 

energy source. 

Decide how you will evaluate the 

environmental impact of each of your 

energy sources. 

Write a summary describing which of 

your three energy sources is the most 

cost-effective for producing energy. 

Consider the cost of the energy and 

your evaluation of the environmental 

impact in making your decision. Use 

information from your research to 

Support your conclusions. 

make Real-World Connection ‘lo this Lab an 
Inquiry Lab, give the students a more personal 

investment into the problem by connecting it to 
the real world. Divide the students into small 
groups. Each group will start a small imaginary 
manufacturing facility. The facility must be 
powered primarily by some type of renewable 
energy. At least 60 percent of the power for the 

facility must come from an on-site renewable 
energy source. Have students investigate the 
types of energy sources available for their area. 
Students should develop a site plan for their 
facility that includes a site for their renewable 
energy source. This Lab will help students 
develop problem-solving skills, critical-thinking 
skills, and team-building skills. 



© Follow Your Plan 
1. Make sure your teacher approves your plan before you start. 

2. Record your data in your Science Journal. 

© Analyze Your Data 
1. Of the energy sources you investigated, which is the most expensive to use? The 

least expensive? 

2. Which energy source do you think has the most impact on the environment? 

The least impact? 

Environmental Cost per 
Energy Source kWh 

Impacts 

Student answers 

Energy source 2 will vary. 

Energy source 1 

Energy source 3 

© Conclude and Apply ———— 
1. Explain Of the energy sources you investigated, 

which is the least expensive energy source? 

Which is the best choice to use? Why? 

Explain Of the energy sources you investigated, 

how did the environmental impact of using that 

energy source influence your choice of the best 

energy solution? 

3. Evaluate Which data support your decision? 

“ig 

Se 

Find this lab using the link below. 

Post your data in the table provided. 

Compare your data to those of other 

students. 

Internet Lab 

fl.gpescience.com 

LAB 509 

v Assessment 

Process Have students make displays describing 
their findings. Displays should include the items 

that were investigated, students’ hypotheses, 
different energy sources that could be used to 

operate the items, and the cost and environmen- 

tal impact of each energy source. Use 
Performance Assessment in the Science 

Classroom, p. 135. 

ommunicating 

Have students design a rating system to evaluate the 
environmental impact of various energy sources. After 
analyzing each energy source for each criterion, stu- 
dents can make bar graphs representing their results. 

1. 

La 

© Analyze Your 
Data 

Answers may vary. Remind students 
to consider the costs of producing 
energy sources as they evaluate the 
cost of using each source. 
Answers may vary. Students should 
evaluate different environmental 
impacts of energy sources, such as 
water pollution and pollutants 
released into the ground. 

© Conclude and 

Apply 
1. To support their answers, ask stu- 

dents to provide specific facts to 
explain why an energy source is the 
least expensive or the most 
expensive and the best choice. 

. Student responses should describe 

how the chosen energy source 
affects the environment. 

. Information from scientific and 

energy industry sources may provide 
data to support students’ hypotheses. 
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TIME 
Content Background 
Nuclear energy is a complicated 

subject. Images of the devasta- 
tion from atomic explosions and 
sensational accounts of the dan- 

gers of radiation have created 

fear regarding anything labeled 
nuclear. Vhe abstract nature of 

the subject offers little comfort 

to the layman. 
Radiation occurs when an 

unstable atom ejects particles or 

energy from its nucleus in the 
process of becoming stable. 
Fission, the splitting of an atom 

into two smaller atoms, releases 

neutrons. These neutrons col- 

lide with other nuclei, causing 

them to split and emit neutrons. 
This process can cause a chain 
reaction. Nuclear fission reac- 

tions can release high-energy 

electromagnetic radiation 

called gamma rays, which can 
only be blocked by lead or thick 
concrete. 

Discussion 
Drawbacks Are there any draw- 
backs to wind, hydroelectric, or 

tidal power technologies? Possible 
answers: Wind and tide generation are 

variable and restricted to a localized area. 

Hydroelectric power requires building 
dams, which then have an impact on 

wildlife habitats. Wind and hydro power 

use much more land area per kilowatt than 

the other sources of power. 

Investigate the Issue 
Have students research the 

feasibility of power sources not 
discussed in the article such as 

fusion and fuel cells. Discuss 

whether any of these might 
replace currently 

sources. 
available 
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Reacting tx 

SCIENCE 

ISSUES 

THAT AFFECT 

you! 

Nuclear EnergY 
ost people agree that thanks to energy 

sources, we have many things that 

make our quality of life better. Energy 

runs our cars, lights our homes, and powers our 

appliances. What many people don’t agree on 1s 

where that energy should come from. 

Almost all of the world’s electric energy is 

produced by thermal power plants. Most of 

these plants burn fossil fuels—such as coal, oil, 

and natural gas—to produce energy. Nuclear 

energy is produced by fission, which is the split- 

ting of an atom’s nucleus. People in favor of 

nuclear energy argue that, unlike fossil fuels, 

nuclear energy is nonpolluting. 

Opponents counter, though, that the 

poisonous radioactive waste created in nuclear 

reactors qualifies as pollution—and will be lin- 

gering in the ground and water for hundreds of 

thousands of years. 

Supporters of nuclear energy also cite the 

spectacular efficiency of nuclear energy—one 

metric ton of nuclear fuel produces the same 

amount of energy as up to 3 million tons of coal. 

Opponents point out that uranium is in very 

short supply and, like fossil fuels, is likely to run 

out in the next 100 years. 

Opponents worry that as utilities come 

under less government regulation, safety stan- 

dards will be ignored in the interest of profit. 

This could result in more accidents like the one 

that occurred at Chernoby] in the Ukraine. 

There, an explosion in the reactor core released 

radiation over a wide area. 

Supporters counter that it will never be in 

the best interests of those running nuclear plants 

to relax safety standards since those safety stan- 

dards are the best safeguard of workers’ health. 

They cite the overall good safety record of 

nuclear power plants. 

This site at Yucca Mountain, Nevada, is the 

location of a proposed high-level nuclear waste 

storage facility. Here, radioactive materials 

would be buried for tens of thousands of years. 

Debate Form three teams and have each team defend one of 
the views presented here. If you need more information, go to the 

link at the right. “Debrief” after the debate. Did the arguments 

change your understanding of the issues? 
For more information, visit 

fl.gpescience.com 

Debate Have the teams use the knowl- 
edge they gained from the activity and 
investigation above to help them investigate 
the cost per kilowatt of one of the technolo- 

gies discussed. Remind students to keep in 
mind the amount and type of pollution 

caused by each technology and by process- 
ing its fuel. Ask teams for recommendations 
about future energy production. 

Resources for Teachers and Students 

American Nuclear Society, 555 North Kensing- 
ton Avenue, LaGrange Park, Illinois 60526 USA 

Quarks and Sparks: The Story of Nuclear Power 
(Science and Society Series), by J. S. Kidd and Renee 
A. Kidd, New York: Facts on File (1999) 

American Wind Energy Association, 122 C 
Street, NW, Suite 380, Washington, DC 20001 



“Section 1 | Fossil Fuels 

1. Fossil fuels include oil, natural gas,and coal. 

They formed from the buried remains of 

plants and animals. 

2. Fossil fuels can 
be burned to 

supply energy 

for generating 

electricity. 
Petroleum also 

is used to 

make plastics 

and synthetic fabrics. 

3. Fossil fuels are nonrenewable energy 

resources. They can be replaced, but it takes 

millions of years. 

“Section 2 | Nuclear Energy 

1. A nuclear reactor transforms the nuclear 

energy from a controlled nuclear chain 

reaction into electrical energy. 

2. Nuclear wastes must be contained and dis- 

posed of carefully so radiation from nuclear 

decay will not leak into the environment. 

These low-level nuclear wastes are buried to 

protect living organisms. 

Interactive Tutor fl.gpescience.com 

SUG) Study Guid 

3. Nuclear fusion releases energy when two 

nuclei combine. Fusion only occurs at high 

temperatures that are difficult to produce 

in a laboratory. 

“Section 3 Renewable Energy Sources 

1. Alternative energy resources can be used to 

supplement or replace nonrenewable 

energy resources. 

2. Other sources of energy for generating elec- 

tricity include hydroelectricity and solar, 

wind, tidal, and geothermal energy. Each 

source has its advantages and disadvan- 

tages. Also, some of these sources can dam- 

age the environment. 

WwW Although some 

alternative energy 

sources produce 

less pollution than 

fossil fuels do and 

are renewable, their 

use often is limited 

to the regions 

where the energy 

source is available. 

For example, tides 

can be used to generate electricity in 

coastal regions only. 

= It may be possible to use hydrogen as a fuel 

for automobiles and other vehicles. 

Biomass, such as wood and other renewable 

organic matter, has been used as fuel for 

thousands of years. 

EYES Use the Foldable that you made at the begin- 

ning of the chapter to help you review energy sources. 

CHAPTER STUDY GUIDE 511 

chaprer 

Study Guide abi 

Reviewing Main Ideas 

Summary statements can be 
used by students to review the 
major concepts of the chapter. 

Sciencapniine 

Visit fl.gpescience.com 

More Section Review 

Interactive Tutor 

Vocabulary PuzzleMaker 

More Chapter Review 

Standardized Test Practice 

Assessment Transparency 
For additional assessment ques- 
tions, use the Assessment 

Transparency located in the trans- 
parency book. 

Assessment 

Pa EGroupiAge 2 

Percent of Ft 4 Percent of | 
energy i energy — 

Energy, consumed | | Energy — consumed 
in US. i en OCA 

Coal 23% Hydroelectric 3% 

Natural gas 23% Wind less than 1% 

Petroleum 39% Solar less than 1% 

Nuclear 8% Geothermal | less than 1% 

Biomass less than 1% 

The energy sources in Group A are different from the energy sources 

in Group B because the energy sources in Group Bare __. 

A renewable resources C fossil fuels 

B nonrenewable resources D harmful to the environment 

According to the tables, which energy source supplies greater than 
25% of the energy consumed in the U.S.? 

F Coal H Nuclear 

G Hydroelectric ] Petroleum 

3. According to the tables, what percent of the energy used in the U.S. 
comes from fossil fuels? 

A 50% C 85% 
B 60% D 93% 

~ Have students use 
their Foldables to 

review the content of the chapter. 
On the back of the paper, have 
the students write the advantages 
and disadvantages of each type of 
energy source that is listed on the 
Foldable. 

CHAPTER STUDY GUIDE 511 



chapter 

Review: 

sing Vocabulary 

1. photovoltaic cell 

2. Geothermal energy 

Ww 

A uM 

. renewable resource 

. Fossil fuel 

. nonrenewable 

. nuclear waste 

Tat 

512 CHAPTER 16 Energy Sources 

Chaprer, ( 
Sa 

see A scons 

Using Vocabulary | 

nuclear reactor p.494 

nuclear waste p.498 

petroleum p.489 

photovoltaic cell p. 501 

renewable resource p. 50! 

biomass p. 506 

fossil fuel p.487 

geothermal energy p. 50! 

hydroelectricity p.503 

nonrenewable resource 

». 493 

Complete each statement using a term from the 

vocabulary list above. 

1. A(n) 

electricity. 

uses the Sun to generate 

2. makes use of thermal energy 

inside the Earth. 

3. Energy produced by the rise and fall of 

ocean levels is a(n) 

4. includes the following; oil, 

natural gas, and coal. 

5. Fossil fuels are a(n) because 

they are being used up faster than they are 

being made. 

6. A special caution should be taken in 

disposing of 

~~ Checking Concepts 

Choose the word or phrase that best answers 

the question. 

7. Why are fossil fuels considered to be 

nonrenewable resources? 

A) They are no longer being produced. 

B) They are in short supply. 

©) They are not being produced as fast as 

they're being used. 

D) They contain hydrocarbons. 

8. To generate electricity, nuclear power plants 

produce which of the following? 
A) steam ©) plutonium 

B) carbon dioxide — D) water 

512 CHAPTER REVIEW 

5 Review 

10. 

9, What is a major disadvantage of using 

nuclear fusion reactors? 

A) use of hydrogen as fuel 

B) less radioactivity produced 

C) extremely high temperatures required 

D) use of only small nuclei 

How are spent nuclear fuel rods usually 

disposed of? 
A) burying them in a community landfill 

B) storing them in a deep pool of water 

©) burying them at the reactor site 

D) releasing them into the air 

Use the graph below to answer question 11. 

ile 

12. 

13. 

14. 

Sources of Energy 

Biomass and others 3% 

Hydroelectric 4% 

Petroleum ‘ined, 

a 8% 

Coal 

23% 

Natural gas 

23% 

How much energy in the United States 

comes from burning fossil fuels? 

A) 85% C) 65% 

B) 35% D) 25% 

What do hydrocarbons react with when 

fossil fuels are burned? 

A) carbon dioxide ©) oxygen 

B) carbon monoxide D) water 

Which of the following is NOT a source of 

nuclear waste? 

A) products of fission reactors 

B) materials with short half-lives 
C) some medical and industrial products 

D) products of coal-burning power plants 

Which of the following is the source of 

almost all of Earth’s energy resources? 
A) plants C) magma 

B) the Sun D) fossil fuels 

Vocabulary PuzzleMaker fl.gpescience.com 

Use the ExamView® Pro Testmaker CD-ROM to: 

* create multiple versions of tests 

create modified tests with one mouse click for inclusion students 

edit existing questions and add your own questions 

build tests aligned with state standards using built-in State 
Curriculum ‘Tags 

change English tests to Spanish with one mouse click and vice versa 
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19. Infer Suppose new reserves of fossil fuels 

were found and a way to burn these fuels 
15. Copy and complete the table below was developed that did not release pollu- 

describing possible effects of changes in tants and carbon dioxide into the atmos- | 15. See student page. 
the normal operation of a nuclear reactor. phere. Should fossil fuels still be ! 16. See student page. 

conserved? Explain | 

20. Explain why coal is considered a nonrenew- 
Cause Effect able energy source, but biomass, such as 17. Alternative energy resources are not 
The cooling water is Pollution of the wood, is considered a renewable energy widely used because the necessary 
released hot. environment results. source. | technology does not yet exist, is too 
The control rods are More heat is produced 21. Makea table listing two advantages and two expensive, or has limited applicability. 
removed. in the core. disadvantages for each of the following 18. Fossil fuels should be conserved 
The cooling system fails. The reactor core overheats energy sources: fossil fuels, hydroelectric- because they are used to produce 

and meltdown occurs. ity, wind turbines, nuclear fission, solar useful materials, such as plastic. 

cells, and geothermal energy. | 19. These new sources would still be 
nonrenewable energy sources. 
Conserving fossil fuel would make 

22. Convert Units Crude oil is sold on the them last longer. 

world market in units called barrels. A 20. Biomass can be replaced in several 
barrel of crude oil contains 42 gallons. years by replanting. Coal takes mil- 

If 1 gallon is 3.8 liters, how many liters | lions of years to form. 

are there in a barrel of crude oil? | 21. Fossil fuels:inexpensive and plentiful, 
Use the table below to answer question 25. but are nonrenewable and produce 

; a a pollutants. Hydroelectricity: renew- 

able and inexpensive, but can affect 
Coal Mine Metric tons/year | local ecosystems and has limited 

availability. Wind turbines: nonpollut- 
ing and use a renewable energy 

16. Copy and complete this concept map. 

Energy Sources 

can be can be 

nonrenewable renewable 
sources 

which are which are 

Applying Math | 

used faster 

than they are 

replaced 

replaced as 

fast as they are 

used 

North Antelope 6.78 X 10’ energy conversions energy conversions 

Rochelle ; boat 
: | source, but are noisy and have limited 

i i II h | hydroelectric i ‘ ape fossil fuels nuclear fission solar cells geothermal hydroelectricity Black Thunder 6.13 X 10 availability. Nuclear power: nonpollut- 

Chemical t\ (nudear to, (“radiant to \ “thermal to\ /Potential to | ing and inexpensive, but problems 
electrical thermal electrical electrical electrical : : : : ; 

23. Use Percentages Nine of the top coal pro- exist with nuclear waste disposal, and 
ducing mines are located in Wyoming. risks of nuclear accidents. Solar cells : 
Production information on two of the use a renewable resource that is 
mines is in the table above. A total of available everywhere, but inefficient 
about 1.02 < 10° metric tons is pro- and expensive. Geothermal energy: 

inking Critically 

17. Infer why alternative energy resources aren't 
more widely used. duced per year in the United States. uses Earth's heat as a renewable 

What percentage do these two coal | resource and does not produce car- 
18. Infer whether fossil fuels should be con- mines contribute to the total yearly coal bon dioxide, but is inefficient and has 

served if renewable energy sources are production in the U.S.2 limited availability, 

being developed. 

Applying Math } 

Math Standards 

National: 1,5,9 

Florida: MA.1.4.4, MA.B.2.4.2 

9 2 gallons \, 38liters _ 
“1 barrel 1 gallon 

More Chapter Review fl.gpescience.com CHAPTER REVIEW 513 

‘T, Assessment — 

\@iy Reproducible Masters Glencoe Technology 

Chapter Fast File Resources @ Assessment ‘Transparency 
Chapter Review, pp. 37-38 ® ExamView® Pro ‘Testmaker liters. 4¢9)_liters_ 

192.6 barrel 16 barrel 
Chapter ‘Tests, pp. 39-42 1B MindJogger Videoquiz 
Assessment Transparency Activity, p. 49 © interactive Chalkboard 

Glencoe Science Web site 
Chapter Review ‘Test 

Standardized ‘Test Practice 

1.291 10° metric tons/year _ 
1.02 X 10° metric tons/year 

0.127 = 12.7% 

23. 

CHAPTER REVIEW 513 
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Standardized Test Practice 

Answer Sheet An answer sheet 

can be found at fl.gpescience.com. 

Standardized Test Practice Answer Sheet 

("~"Murtiple Choice} 
Q2e000 \@oG 

[Gon 

(~~~ Multiple Choice 

1. D 

2.8 

3.A 

4.A 

5. B 

514 CHAPTER 16 Energy Sources 

¢ Multiple Choice 

Use the graph below to answer questions 1 and 2. 

Sources of Electricity 

Nuclear 

power 

20% 

Coal 
51% Natural gas 

14% 

Hydroelectric 
10) 

Petroleum °° 

Other 4% 

3% 

1. The graph above shows the percentage of 

electricity generated in the United States 

that comes from various energy sources. 

According to the graph, about what per- 

centage comes from fossil fuels? 

A. 51% 

55% 

65% 

69% 99 ® 

2. The graph shows that approximately what 

percentage of electricity comes from nonre- 

newable energy sources? 

A. 97% 

B. 89% 

C. 69% 

D. 55% 

514 STANDARDIZED TEST PRACTICE 

Record your answers on the answer sheet provided by your teacher or on a sheet of paper. 

The assessed Florida Benchmark appears above the question. 

chapter 4h Standardized Test Practice_ 

3. Which of the following is a typical efficiency 

for a solar cell? 

A. 10% 

B. 50% 

C. 75% 

D. 95% 

4. Which of the following forms only from 

ancient plant material, not from ancient 

animal remains? 

A. coal 

B. crude oil 

C. natural gas 

D. petroleum 

Use the table below to answer questions 5 and 6. 

Efficiency of Fossil-fuel Conversion 

Process Efficiency (%) 

Chemical to thermal energy | 60 

| Conversion of water to steam 90 

Steam spins turbine | 75 

Turbine spins electric generator | 95 | 

Transmission through power lines 90 

b SC.B.1.4.7) 
5. The table above shows the efficiency of 

different steps in the conversion of fossil fuels 

to electricity at a power plant. According to 

the table, what is the efficiency for converting 

chemical energy in the fossil fuels to thermal 

energy, and then converting water to steam? 

40% 

ae 
5% 

A. 

B. 54% 

G 

D. 90% 



Standardized 

__lest Practice __ 
chapter 4 [F 

Standardized Test Practice 

sf 
t SC.B.1.47_] 
6. What is the overall efficiency shown in the 

table for converting chemical energy in 
fossil fuels to electricity? 

READ 

INQUIRE (“Short Response) esponse 
SS 

Use the illustration below to answer question 7. 

Reactor core 

Control 
rods 

Cooling Heated 
water water 

Fuel 
rod Steel 

bundles vessel 

Concrete —— 
shield 

7. Describe the purpose of the control rods 

and explain how their placement in the 

reactor affects the nuclear chain reaction. 

8. Fusion is the most concentrated energy 

source known. Why, then, is it not used at 

nuclear plants to make electricity? 

Standardized Test Practice fl.gpescience.com 

Use the illustration below to answer question 9. 

9. The illustration above shows a nuclear 
power plant that generates electricity 

using the energy released in nuclear fission 

of uranium-235. Draw a sketch showing 

this fission process. Describe your sketch 

and explain how the process results in a 

chain reaction. 

10. Describe two advantages and two disad- 

vantages of using fossil fuels as a source of 

energy. 

Test-Taking Tip 

Determine the Information Needed Concentrate on what 

the question is asking about a table, instead of all the 

information in the table. 

Question 5 Read the question carefully to determine which 

rows in the table contain the information needed to answer 

the question. 

STANDARDIZED TEST PRACTICE 515 

esponse 

6. 35 

~~ Short Response __ 

7. to stop or slow the nuclear chain 

reaction by absorbing neutrons 
released during the reaction; 

Moving these control rods deeper 
into the reactor allows them to 

absorb more neutrons and slow 

down the reaction. 

8. Fusion reactions occur only at tem- 

peratures of millions of degrees 
Celsius. Creating and maintaining 

these high temperatures requires 

enormous amounts of energy. 

endge esponse 

9. Use Figure 14 to check students’ 

sketches. 

10. Advantages: relatively inexpensive 

and easy to transport from place to 

place. 

Disadvantages: causes pollution and 

nonrenewable. 

Rubrics 
For more help evaluating 
Short- and Extended-Response 
questions, see the rubric on 

pag: 

STANDARDIZED TEST PRACTICE 515 
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Lab/Features 

Launch Lab: Atmospheric Pressure, 

p.517 
Foldables, p.517 

Section/Objectives Standards 

National State/Local Chapter Opener 

See pp. 16T-17T for 
a Key to Standards. 

Section 1 Earth’s Atmosphere National Content | Florida MiniLAB: Visualizing Convection, 

s ae UCP.1-3, UCP.5, SCA.1.4.4, Integrate Life Science, p.522 

 eseehigrabeaaniiansoiper ecg) coco |.) AEE Ne ; SC.D.1.4.4, Inversion, p. 
include the role of land surface and water. D.2 SCG.143 

3. Describe Earth’s system of water cycling. 

Section 2 Weather National Content. | Florida MiniLAB: Modeling the Coriolis 

@ 1 session CP 1s blocks Standards: Benchmarks: EBirect, Bip 2o 
‘ i UCP.1-3, UCB.5, SC.Di4.A Science Online, p.528 

4. Explain what causes Earth's major wind and ALA? D1D2 

pressure systems. 
5. Describe typical daily weather patterns around 

lows and fronts. 
6. Describe the most important storm systems and 

forms of severe weather. 

B.4, B.6, D.1, D.2 

Section 3 Climate National Content | Florida Science Online, p. 530 
econ GP 1s blocks Standards: Benchmarks: Visualizing Earth’s Biogeophysical 

; UCP.1-3, UCP.5, SC.B.1.4.1 System, p.531 
. Describe what determines climate. ATA B4) BG, SGDu42 

. Explain how latitude, oceans, and other factors est SC.D.1.4.4, 

affect the climate of a region. SC.D2.4.1 
. Classify climate systems. SCF2.43 

. Describe climate distribution over the United SEGA 
States. SCH2.4.1 

National Content | Florida 

Standards: Benchmarks 

UCP.1-5,A.1, A.2, SEGDi-4slps) 4 

DL, DS RAL IES 

Section 4 Earth’s Changing Climates 

@ 3 sessions cP 

11. Explain how climate changes seasonally. 
12. Explain causes of climate change. 

13. Describe how we influence climate. 

14. Describe El Nino's effect on weather. 

Integrate History, p. 536 

Applying Math: Carbon Dioxide 

(CO3) Concentration, p. 537 
SC.E.1.4.1;SC.G.1.4.2,| Lab: Investigating Microclimate, 
3; SCH.1.2.1,.2,.4,.5;| pp.540-541 

SC.H.2.4.1,..2; Science and Language Arts: The 
SC.H.3.4.3, .6 Grapes of Wrath, p. 542 

1.5 blocks 
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Lab Materials 

Launch Lab: glass, thick 
paper or cardboard, water 

Reproducible Resources 

Chapter Fasr Fire Resources 
Foldables Worksheet, p. 17, 
Directed Reading Overview, 

IE) 

Note-taking Worksheets, 
pp. 35-37 

Section Assessment 

Glencoe Exclusive! 

‘Teacher Works = 
All-In-One Planner and Resource Center 

Technology 

teacverWorks includes: 

* Interactive Teacher Edition 

* Lesson Planner with calendar 

* Access to all program 

blacklines 

* Correlations to standards 

* Web links 

MiniLAB: ice cube, 
water, beaker, food coloring 
Lab: 10-mL beaker, 500-mL 
beaker, 1,000-mL beaker, 
food coloring, ladle, long- 
stem dropper, freezer, 
hot plate, thermal mitt, water 

Chapter Fasr Fie Resources 

Transparency Activity, p.46,51-—52 

MiniLAB, p. 3 
Enrichment, p. 31 

Reinforcement, p. 27 
Directed Reading, p. 20 
Lab Worksheets, pp. 5-6 
Lab Activity, pp. 13-16 

Performance 

Applying Math, p.522 
Content 

Section Review, p.522 

® Section Focus Transparency 

® Teaching Transparency 
®) |nteractive Chalkboard 

_ CD-ROM 
® StudentWorks Plus 

Video Lab 

MiniLAB: cardboard, turn- 
table, ruler, pen or pencil 

Chapter Fasr Fie Resources 
Transparency Activity, p.47 

MiniLAB, p.4 

Enrichment, p. 32 

Reinforcement, p. 28 
Directed Reading, p. 20 

Cultural Diversity, pp. 47-48 

Lab Management and Safety, 

p. 61 

Mathematics Skill Activities, 

pp. 41-42 

Portfolio 

Assessment p. 528 

Performance 

Applying Math, p. 528 
Content 

Section Review, p. 528 

4 Section Focus Transparency 
®) Interactive Chalkboard 

CD-ROM 

©) Student Works Plus 

i Materials? 
Ontact Science 

at 1-800-872° ae 
“SCiencekit. com. 

Chapter Fasr Fie Resources 

Transparency Activity, p. 48 

Lab Activity, pp. 9-12 

Enrichment, p. 33 

Reinforcement, p. 29 
Directed Reading, p. 21 

Reading and Writing Skills 

Activities, pp. 3-4 

Performance 

Applying Math, p. 534 
Content 

Section Review, p. 534 

® Section Focus Transparency 

®) |nteractive Chalkboard 

CD-ROM 
©) StudentWorks Plus 

Lab: directional compass, 

thermometer, rain gauge, 
meterstick, small plastic cups 

ASSESSMENT 

vance” 

Chapter Fasr Fite Resources 
Chapter Review, pp. 39-40 

Chapter Fasr Fite Resources 
Transparency Activity, p.49 

Enrichment, p. 34 

Reinforcement, p. 30 

Directed Reading, pp. 21-22 

Lab Worksheets, pp. 7-8 

Performance 

Applying Math, p. 537 
Applying Math, p. 539 
Content 

Section Review, p. 539 

End of Chapter Assessment 

| = MindJogger Videoquiz 

ExamView® Pro Testmaker 

6 Section Focus Transparency 

"Interactive Chalkboard 
CD-ROM 

“8? StucentWorks Plus 

Performance Assessment in the Science 

Classroom (PASC) 

Chapter Test, pp. 41-44 

Standardized Test Practice, pp. 72-75 
' TeacherWorks CD-ROM 

Interactive Chalkboard CD-ROM a ) 

CHAPTER 17 Chapter Organizer 516B 
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oy > a = oe - s 

1 ESatiasty Satellite View of Earth Gat ce 2 ety Sea Breeze tis 3 ET Desert Climate 

“Transparency” 17] Transparency Transparency 

1, What will happen to the sea level 

This is a representation of key blackline | 

masters available in the Teacher Classroom 

Resources. See Resource Manager boxes 

within the chapter for additional information. | 
Valdivia 

Key to Teaching Strategies 

The following designations will help you 
decide which activities are appropriate 
for your students. 

Level 1 activities should be 

appropriate for students with 

learning difficulties. 

Level 2 activities should be within 

the ability range of all students. 

Level 3 activities are designed for SS = SS saree aaa oe = 

above-average students. 

G® ELL activities should be within Hands-on Activities 
the ability range of English 

Language Learners. 

COOP LEARN Cooperative Learning 

activities are designed 

for small group work. 

ary, July). 
©, 14°C) in Beijing. < | 
ing is approximately | 

ure changes most rapidly from month 

Beijing). 
ry more likely to be 

Student Text Lab Worksheet Laboratory Activities 

an Visualizing a Temperature 
B » Inversion SEM Why Maritime Climates Are Mild 

Activity 
Lab Preview ” 

Directions: Aner 

Hands-On Activities Multiple Learning Styles logos, 

as described on page 12T, are 

used throughout to indicate 

strategies that address different 

learning styles. 

Strategy 

Materials 

Procedure 

| P| These strategies represent student 

products that can be placed into 

a best-work portfolio. 

PBL} Problem-Based Learning activities 
apply real-world situations to 
learning. 

516C CHAPTER 17 Weather and Climate 



Resource Manac 
rr peace ta NUNN 

Content Outline 

ate ‘ow 

Kee Weather and Climate 
Worksheet 

Earth’s Atmosphere 

ae iirc Earth's Atmosphere 
Section 1 

A. Sevens sight pereent of the atmosphere Directions: (ice the term or phrase in parentheses that makes each statement comet Directions: Rew the following passage and answer the questions that follow. 
= a The remaining I inchades mostly argon and 1. The source of oxygen in the atmosphere is (volcanic action, photosynthesis) All bodies emit radiation when their temperature is above absalute zera. The higher the 

lemperature af the boxy’, the more radiation that is emitted. When the Sun rive, the radiation, 
(mostly visible light) Is absorbed by the ground, which causes the temperature of the ground to 

3, Temperature inversion ls a permanent characteristic of the (\eopogphere, stratosphere Inresés Athearn oun ening rare alain, cca ues 
to decreaue. The yround’s temperature is ata masimumn When the amount of ifrared radiation 

Trace gasex in the atmosphere include methane, nitrygen oxide, ogone. and All microorganisms undergo (cellular respiration, photosynthesis), 

2 The biolo al pros that contributes oxygen to the atmosphere 4. When snow on the ground mes it [Wesrewses Increases) ut ie temperture emitted is equiil fo the amount of visible light absorbel. The graphe below show a typical ground 
temperature aver u 24-hour period and the amount of salar radiation being abuarbed by the 
wound, The biological provew contri Hes cutlvon dicaidle from the 3. The percent of salar radiation reflextebby art ocean fs (less than, yreater than) the 

percent reflecteal by a levers 
Directlons: Answers the following questions on the lines below 

pusphere exter t loemeners aldove Earths surf 
6. What is the greenhouse effect? 

Individual Needs 2 ‘The atmouphere above 30 kilocoeters ix called th 

Meeting Individual Needs 4. Tempera tiversna occurs when Why do clouds increase nighttime temperature 

3 2 
FE 
= 
= 2 Z 
z 2 jevoperature xs the height The table below shows the average number of daylight hours for the 13th day ofeach month in» 

region located in the continental United States. It alsa shows the average monthly temperature 

What are the three main parts of the global waten eye 

What latent heat 
Construct 3 graph showing lhours of sunlight versus the average lernperature, Hoy would you 
describe the relationship between the two variables! 

What is the cause of the warm gir currents called thermals? 

2. Construct a graph with the months on the horizontal axis On the vertical axis, plot the hours 
of daylight and the temperature 

Why is the amount of daylight greatest in June, but the highest (emperature greatest in Tulyt 

Weather aad mate 

Reading Essentials 

S Weather and Climate 

section © Earth's Atmosphere 
Ars 1CBLLL To Ione eat sent sc aoe | ee Diets Mach he terms in Cl th erin Clu 

Fine pecker Column | Column U What You'll Learn @ Before You Read 
snow photasynthesis «© yhat the atmosphere = 

Composed af 
hod herr you probably look up at the sky. What are you looking for? 

Wsheated What clues docs Earth's atmosphere give about the weather? 
Leas than 1% of atmosphere & oxygen ‘about Earths water 

781K) of atmosphere 2, (roposphere When you are outside and you want to check the weather, 
21'% of atmesphere b, water vapor 

0,039 of atmosphere carbon dioxide 
Lexs that 0,0019% of atmosphere = stratosphere 
bottom 30 km af atmosphere ozone 
Permanent temperature inversion, g nitrogen 

@ Read to Learn 
Highlighting As you read 
Hahah ey Keasancton 9 Atmospheric Composition 
exch parograph. 

Directions: Circle the rerm or phrave in parentheses shut mutes eact statement arrect 

Meeting Individual Needs 8. The source of oxygen in the atnyosphere Is (volcanic action, phiotosynthiesis) You probably never think about the air you breathe Yet 

Tie Heat released ior sbsorbed| when water changes its states (latent. relative) heat FFOUIAGLES} up only 0,03 percent of the atmosphere. Other trace gases 
The currents nf air that rise over relatively warm areus are called|(thermals, drafts) © Compare noxerns(oe include methane, nitrous axide, and ozone 

lowing Foldable to compare What biological processes affect the 
éfimmate ond weather, As you atmosphere? 

16. Earth's early atmosphere contained mostly hydrogen und (helium. nitrogen). ted th chapter ithe uniaue 
15, Clouds are made up of water (vapon droplets) 

Respiration in the cells of organisms produces trace gases, 
17. The temperature of dry land changes (more, less) rapidly than the temperature of ocean the left tab. List the unique ones = Such as water vapor and carbon dioxide. These: gases are 

‘af climate under the sight tab. released into the air, During photosynthesis organisms take 
List things common to bath arbon dioxidle out of the air and release oxygen into it. They 
Lundlr te mideta tas produce nearly all of the atmospheric axyge 

Small organisms also affect the atmosphere One celled 
‘organisms in swamps and soil release nitrogen and methane 
into the air, One-celled organisms in the digestive tracts of 

How did Earth's atmosphere form? 
Earths early atmosphere contained only hydrogen and. 

V7-2- GUAPTERT Weather and Crate 

ute Nowe bute 

Weather and Climate ea Chapter Weather and Climate 
Test DIRECTIONS 

Part A. Vocabulary Review 1. Testing Concepts 
Directions: Use the ues to ln the cossword puzzle 

Directions: Determine whether the Maltzed term makes each statement true ov foe: Ifthe statement is 
Across Down ‘ave, rite true inthe blank f the statement is fase, write in the blank the ferm or terms that make the 

i aiming 1 statement trve 
4, large la 2, from Peru 1, 78 percent of the atinayphere is compased af axygen 

B. temperatur 3, ceani 2 Photosyntheris produces water and carbon dioxide 
» 5, from the Pacific Specific heat isthe energy used to evaporate water or melt «no 

19, Group of su 6, sheltered The centripetal force deflets air to the right in the northern 
Which char hemisphere ai Hh reeath 7, organism 

annual rainfall Maritime air masses can be extremely Hot or extremely col 13. lower atmosphen 
weekly snowfall Air masien interact in 2oriea called weather fmt 13. wind ubiropieal 
sich sei 7. Fruptions from volcanoes increue global temperatures 

Directions: Complete the paragraphs by using the listed terms Some reas may be used more than once 

or i Arvsyed by sunlight in the stratosphee atmosphere cryosphere hydrosphere 
When chloroflooracarens (CE ican vlesphere 

uratosphere, sunlight hreaks 
av as f 

crs pupae Ney Som Glinyate te determined by the interaction of five spheres. The more extreme temperatures and men as shigwtsia tse diagram starve. Which of 1 dete by the int five sph & 

now oF rain the following dewribes hw CFCs dep! 9 by producing oxygen ducing photosynthes 
be Jews lemmperature wariat he creone layer 

Assessment 
pe or the 0 affects the by sulin lenicand 

wast Mall © Cdlorine slows down the cinversion - spewing carbon dioxide and other gatev during volcano eruptions 

From the Sun with oxygen. The 16. ch when 
J. Chlorine breaks down the dane faster solar energy causes liquid water 10 become water vapor 

thn it can be replaced 

ED 
Weathered Cate esther ate 
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____ Science Content Background _ 
Earth’s Atmosphere 
Atmospheric Layers 
Earth’s atmosphere can be divided 
into distinct layers based on 

differences in temperature. The troposphere 
extends from the surface to an altitude of about 
10 km. Temperatures in the troposphere gener- 
ally decrease with height. The stratosphere 
extends from roughly 10 km above the surface 
to 50 km. Temperatures here increase with 
height. The mesosphere is located between 50 
km and 90 km above Earth’s surface. Here, 

temperatures again decrease with altitude. 
Above the mesosphere lies the thermosphere, 
which extends into space. Temperatures in the 

Temperature Variations with Altitude 
120 — 

— ae 
ane 

110 gn 

100 vox ; Thermosphere 

4 

90 { 

80+ ae Mesopause 

E 70; =~ 
= 5 eS Mesosphere 

q 60 
2 
= “sy 
<= 505 Stratopause 

Highest ws 
40 | concentration 

of ozone 

30+ é Stratosphere 

20- 

10k Sc Tropopause 

2 Troposphere 

0 ff 1 Se 1 1 OED a 1 a: el L 4 1 i 

-80 -60 -40 -20 0 20 40 60 80 

Temperature (°C) 

Internet Resources 

For additional content background, visit 

fl.gpescience.comto: 

e access your book online 

e find references to related articles in popular 

science magazines 

e access Web links with related content background 

e access current events with science journal topics 
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thermosphere are high. However, because 

there are so few air molecules present at this 

altitude, the air would not feel warm. 

Weather 

Heat Transfer 
Energy from the Sun powers 
global winds and creates the 

unequal heating of Earth’s surface that results 
in weather. Solar energy is transferred 
throughout the atmosphere in four different 
ways. Radiation involves the transfer of energy 
by electromagnetic radiation, which includes 
visible light. Sunshine is an example of energy 
transfer by radiation. Conduction involves the 
transfer of energy that occurs when molecules 
collide. In this process, the Sun warms the 

ground. Heat from the ground is transferred 
by conduction to the layer of air nearest the 
surface. Convection involves the transfer of 
energy by the flow of a heated substance. In 
the atmosphere, convection plays a role in cre- 
ating global wind patterns, local winds, and 
certain types of severe weather. The Sun’s 
energy is also transferred to the atmosphere by 
latent heat. Solar radiation heats liquid water 
and converts it into vapor. This stored energy 
is released when water vapor condenses as pre- 
cipitation. Water heats and cools slowly. For 
this reason large bodies of water have a moder- 
ating effect on climate. 

Print Resources 

Meteorology Today, Fifth Edition, by C. Donald 

Ahrens, West Publishing Company, 1994 



Climate 

Climatic Data 
Climate normals represent standard 
climatic data for a given location. 

These data might include high and low tempera- 
tures, rainfall amounts, wind speed and direction, 

and air pressure. Often, the normals include daily, 

monthly, and yearly mean values. The mean daily 
temperature, for example, is the average of the 
highest and lowest temperature within a 24-hour 
period. The mean monthly temperature is the 
average of mean daily temperatures over a 30-day 
period. Likewise, the mean yearly temperature is 
the average of mean monthly temperatures over 
12 months. An area’s annual temperature range is 
simply the difference between the mean tempera- 
tures of the warmest and coldest months. 

Earth’s Changing Climates 
Global Warming 
Scientists estimate that Earth’s cli- 
mate may have been as much as 

15°C warmer during much of the planet’s his- 
tory. These warm periods of geologic time were 
interspersed with periods of glaciation, known 
as Ice ages. 

Ice ages occur in cycles lasting millions of 
years. At the peaks, the poles are covered with 
thick ice, glaciers advance into the mid latitudes, 

and sea levels fall. Between glaciations, Earth 
warms, the glaciers retreat, and sea levels rise. 

The last ice age peaked about 18,000 years ago 
when falling sea levels exposed land- bridges 
between England and Europe and between Asia 
and North America that may have allowed 
humans and animals to migrate. 

Helping You Prepare 

Teacher to Teacher 
Tracey L. Smeltzer 

Library Specialist 

Derry Area High School 

Derry, PA 

“After discussing atmospheric pressure, have students specu- 

late about the effects that altitude has on an open carbonated 

beverage. For example, will an opened container remain car- 

bonated longer in Denver, Colorado or Acapulco, Mexico? Ask 

students to support their ideas.” 

Tracey L. Smeltzer 

Currently, Earth is warming again as would 
be expected based on glaciation cycles. However, 
the rate of warming has accelerated over the last 
century, raising concern that human activities, 
such as burning of fossil fuels, may be interfering 
with natural cycles. The term global warming 
refers these concerns. 

‘To what degree human activities have inter- 
fered with natural cycles is unclear. Most scientists 
agree that increased greenhouse gases contribute 
greatly to global warming. However, they cannot 
identify this as the sole cause. The complexity of 
the interactions among Earth’s systems makes it 
difficult to predict the effect of changing any one 
variable. A model must consider the effects of 
warming on ocean currents and levels, cloud for- 
mation, and rainfall distribution, and at the same 

time consider contributions from other sources, 

such as glaciation and volcanoes. Meanwhile, sci- 
entists continue to collect information and discuss 
the problem. 
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chapter 

Chapter Vocabulary * , vi : ather and 

troposphere, p. 519 
. 

Climate 
temperature inversion, p. 519 

ereenhouse effect, p. 520 
latent heat, p. 520 

westerlies, p. 524 
jeustrealips a2) 
subtropical high, p. 525 
weather front, p. 526 
biosphere, p. 529 
continental climate, p. 
maritime climate, p. 53 

lee rain shadow, p. 533 

Sealbneeze. D355 
global warming, p. 538 

El Nino, p. 539 
atNina, ps5 39 

32 

rm UY 

Science Journal ) Student 
observations will vary. hey 
will likely find that short-term 
weather forecasts are more accu- 
rate than long-term forecasts. 

HATERACTIVE 
Flash Flood! 
When cool, dry air meets warm, moist air 

dramatic things can happen. Many desert 

environments are familiar with flash floods 

| CHALKBOARD 
ff 

| with Image Ba
nk __ 

PowerPoint”
 Presentations

 

This CD-ROM is an editable 
Microsoft® PowerPoint® 
presentation that includes: 

a pre-made presentation for 

every chapter 
interactive graphics 

that can result from such an event. Dry river § 

beds can suddenly become raging torrents of j 

water, rocks, and mud. 

Science Journal — In your Science Journal, describe 

some of your observations of severe weather. Hypothesize 

BR AOne what might cause these weather events. 

audio clips 
image bank 
all new section and chapter 
questions 
Standardized ‘lest Practice 
transparencies 

Foldables directions 
links to fl.gpescience.com 

Change and Constancy ‘The state of the atmosphere Stormin the Desert ‘This photo shows a lightning 

is in constant flux, as weather factors such as tem- storm over an Arizona desert. When relative 

perature and pressure vary day by day or hour by humidity is very low, rain can fall from clouds 
hour. Climates may also change; however, these and evaporate before it hits the ground. 

changes usually occur in long-term cycles. However, during a heavy rain, dry gulches of 
arroyos can fill rapidly with raging torrents of 
water and sediment. 
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Purpose Use this Launch Lab to 

introduce students to atmos- 

pheric pressure. [12] 

Materials water, glass, piece of 

thick paper or cardboard 

Teaching Strategy Remind stu- 
dents that air exerts pressure in 

all directions. Have students 

take turns performing the Lab 
at the sink. 

FOLDABLES 
| Study Organizer 

Weather and Climate Make 

the following Foldable to com- 

pare and contrast the character- 

istics of weather and climate. 

| STEP 1) Fold one sheet of paper lengthwise. 

GERD fold into thirds. 

Think Critically 
the pressure of the atmosphere against 

the paper or cardboard 

| STEP 3 | Unfold and draw overlapping ovals. 

Cut the top sheet along the folds. 

J 

GE) Label the ovals as shown. 

eels \ 
Constructing a Venn Diagram As you read 

the chapter, list the characteristics unique to 

weather under the left tab, those unique to cli- 

mate under the right tab, and those elements 

common to both under the middle tab. 

Assessment 
Performance Have students use a 

balloon and a balance to deter- 

mine if air has mass. Students 

can find the mass of a deflated 

balloon. Then they can blow up 
the balloon and find its mass. 

Students should note that the 

increase in mass of the inflated 

balloon corresponds to the mass 
of the air. 

Preview this chapter's content 

Oniine and activities at 

Oye) Dinah Zike 
iis otudy Fold 

Student preparation materials for 

this Foldable are available in the 

Chapter Fasr Fite Resources. 
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An editable Microsoft® 

PowerPoint® presenta- 

tion is available on Interactive 

Chalkboard CD-ROM. 

Bellringer 

Section Focus Transparencies 

also are available on the 

What You'll Learn 
B® Describe the composition of the 

atmosphere. 

= Explain how the atmosphere is 

heated and include the role of 

land surface and water. 

®@ Describe Earth’s system of water 

‘Also covers 5 SC. ALAA, SC.B.1.4.1, SC. C6. 1 43" 

“Earth’s ‘Atmosphere 

Why It’s Important 

Heat and water are essential for life 

on Earth. 

New Vocabulary 

e troposphere 

@ greenhouse effect 

D Review Vocabulary e latent heat 

nucleus: a central point about 

which concentration or accretion 

e temperature inversion 

Interactive Chalkboard CD-ROM. 

PELL) 
cycling. takes place 

Atmospheric Composition 
You probably never think about the air you breathe. Your 

body uses only oxygen, but air is a mixture of gases. Nitrogen 1s 

the largest component with 78 percent and oxygen is next with 

21 percent by volume. Most of the remaining one percent is the 

inactive gas argon and water vapor in varying amounts. The 

small remaining portion is a mixture of trace gases, so called 

because they are present in such small, barely detectable 

amounts. For example, carbon dioxide makes up only about 

0.03 percent, and the other trace gases—methane, nitrous oxide, 

and ozone—together make up less than 0.001 percent of the 

1, At what latitude and longitude is the satellite located? 

2. If you were to draw a circle around the diagram to show the tro 

phere and stratosphere, where would the circles be? 

3, Where is the sun located in this picture? 

Reading Preview 

Tie to Prior Knowledge 

Clouds Have students describe 
different cloud shapes they 
have seen in the sky. ‘Tell stu- 
dents that in this section, they 
will learn how clouds form and 
take the shapes they do. 

Word Map Have students divide 

a sheet of paper into quadrants 
and then write a new vocabulary 
word in the center. In the upper 
left have students write a defini- 

tion in their own words; in the 

upper right have them write an 
example of the term; in the lower 

left have them write a sentence 

using the word; in the lower 

right have them draw a picture 
depicting the word. 

atmosphere. Still, these trace gases are critical for life on Earth. 

ARCs What are the trace gases? 

Figure 1 In northern latitudes, 

carbon dioxide concentration 

increases during summer and 

decreases during winter. 

Comparison of CO, Concentration to 
Time of Year and Latitude 

Biological Processes Living organisms produce trace 
gases, except ozone. Cellular respiration by organisms produces 

water vapor and carbon dioxide (CO,). Photosynthetic organ- 

isms use carbon dioxide and produce almost all the oxygen in 

the atmosphere. Organisms alter atmos- 

pheric CO, concentration at various lati- 

tudes throughout the year, as shown in 

Figure 1. Microorganisms in swamps, 

rice paddies, and soil produce nitrogen 

and methane. The microorganisms in the 

digestive tracts of animals such as ter- 

mites, cows, and sheep produce methane. 

Chapter Fasr Fie Resources 

Directed Reading for Content Mastery, 

pp. 19-20 

Note-taking Worksheets, pp. 35-37 

Transparency Activity, p. 46, 51-52 

MiniLAB, p. 3 
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Enrichment, p. 3 

Reinforcement, p. 2 

Lab Worksheets, pp. 5-6 

Lab Activity, pp. 13-16 

Earth Science Critical Thinking/Problem Solving, p. 13 

Life Science Critical Thinking/Problem Solving, p. 8 



Formation of the Atmosphere Earth’s early atmosphere 
contained mostly hydrogen and helium. These gases were lost 
and were replaced by gases from volcanic eruptions, including 
water vapor and CO,. Oxygen from photosynthetic marine 
organisms accumulated in the atmosphere and intense solar 
radiation converted some of it into ozone. The ozone layer 
shielded Earth from harmful ultraviolet rays. This allowed pho- 
tosynthetic organisms to emerge on land, where they produced 
more oxygen. 

Some scientists think it took millions of years for our 
atmosphere to reach its current state—a delicate equilibrium 
between processes producing and destroying atmospheric 
gases. Unfortunately, human activities might be threatening 
this equilibrium. 

Atmospheric Structure 
Earth’s atmosphere extends more than 1,000 km above Earth’s 

surface. Most of our weather takes place within the troposphere, 
a layer extending 30 km above Earth’s surface. In this layer, as 

shown in Figure 2, temperature normally decreases with height. 

Sometimes, bo er, temperature increases with height. This is 

called a erature inversion. When this happens, the air is 

very stable—it resists the rising motion needed to form clouds or 
to disperse-air pollution. 

The Stratosphere Above the troposphere is the stratosphere, 
which is extremely dry and rich in ozone. Here, temperature 

always increases with height, creating a permanent temperature 

inversion. The place where this tem- 

perature inversion begins is called 

the tropopause. It acts like a lid that 

keeps air in the troposphere from 

Visualizing 

Convection 

Procedure ZOE PI 
1. Place an ice cube in the 

center of a beaker. 

. Add room-temperature 

water until the beaker is 

three-fourths full. 

. Place one drop of food 

coloring on the surface of 

the water. 

4. Observe what happens. 

Analysis 
1. Describe what happened 

to the color. 
2. Explain why this occurred. 

Temperature Change with Height 

rising into the stratosphere. The 

uppermost layers, the mesophere 

and thermosphere, are very low in 

density and do not affect weather. 

Height (km) 

3S 

Figure 2 Temperature decreases 

with height in the troposphere up to 

the tropopause. Above the tropopause, 

temperature increases with height in 
Qt ivi 1 = 

the stratosphere. —1 20 —60 60 

Identify The ozone layer is found in 

which atmospheric layer? 

ee Ozone layer 

Tropopause 

= _ Troposphere = 2 

180 300 400 600 800 

Temperature (°C) 

SECTION 1 Earth’s Atmosphere 519 

Answer gases that are found in very 
small amounts in the atmosphere, 

including carbon dioxide, methane, 

nitrous oxide, and ozone 

Video Lab available. 

Purpose Students will model 
convection. 

Materials water, dropper, food 
coloring, beaker, ice cube 

Preparation If only gel colors 
are available, add a few drops of 
water and mix well before giv- 
ing to students. 

Teaching Strategy Remind stu- 
dents that molecules move 
faster at higher temperatures. 
Hold a lighted candle near one 
of the student’s beakers and ask 
them to observe the effect. 

Analysis 

1. The color should drop to the bottom, 

spread out, and then move up the 
sides of the beaker. 
Movement of the coloring was 

caused by convection. The coloring 
near the ice cooled, became denser, 
and sank. Away from the ice, the 
coloring warmed, became less 

dense, and rose. 

ad 

Assessment 

Oral In their own words, have 

students summarize how air 
temperature changes with height 
in the troposphere and explain 
where convection has the great- 
est effect. In the troposphere, air 
temperature decreases with height. 

Convection is most effective in the lower 
troposphere closer to the surface. 

Caption Answer 
Figure 2 stratosphere 
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Discussion 

The Greenhouse Effect Have stu- 
dents discuss how the greenhouse 
effect received its name. Point out 
that the greenhouse effect works 
much like a greenhouse. Have 
students explain the connection. 
The greenhouse effect traps heat on 
Earth just as a greenhouse traps heat 
within its walls. 

Use Science Words 

Word Meaning Have students use 
dictionaries to look up the 
meaning of the word J/atent. pres- 
ent or potential, but not active Have 
them relate the definition to the 
concept of latent heat. Latent heat 
is stored energy that is present, but not 
yet active, in the atmosphere. [L1] > 

‘fey Quick Demo 
<= Rates of Absorption 

Materials two cake pans, soil, 

water, two thermometers, lamp 

Estimated Time 25 minutes 

Procedure Fill a cake pan with 
water at room temperature. Fill 
the second pan with soil. Have 
students observe while you 
record the temperature of the 
water and soil. Place the lamp 
over the pans. Turn on the lamp 
and let it shine on the pans for 
20 min. Take the temperature of 
the water and soil. Students 
should see that the water heated 
more slowly than the soil. 

Motivated students might expand 
this activity by measuring the 
temperature increases of the two 
materials at intervals and graph- 
ing the results. CELL) 

Caption Answer 
Figure 3 A blanket traps a person's 
body heat, keeping the person warm. 

Visible light 

reflected by 

clouds 

Figure 3 Trace gases absorb 
infrared radiation and are heated. 

These gases then re-emit infrared 

in all directions, sending part of it 

back to Earth’s surface. 

infer How does this compare to 

being covered by a blanket at night? 

» re SSR Te Set 

Heating the Atmosphere 
The energy that heats the atmosphere ultimately comes 

from the Sun. In the stratosphere, solar rays split oxygen 

molecules into single atoms. The oxygen atoms then react 

with other oxygen molecules, forming ozone. Ozone absorbs 

nearly all of the Sun’s ultraviolet radiation. This absorption 

by ozone is why temperature increases with height in the 

stratosphere. 

The remaining solar rays pass to Earth’s surface where they 

are either absorbed or reflected back to the atmosphere. As 

Earth’s surface is heated, it emits long-wave, infrared radiation. 

Trace gases, such as carbon dioxide and water vapor, absorb 

long wavelengths and re-emit some of them back to Earth's 

surface. The term greenhouse effect refers to this re-emission 

of infrared radiation back to Earth’s surface, as shown in 

Figure 3. 

Oxygen and nitrogen absorb little radiation and contribute 

little to atmospheric heating. Although water vapor and trace 

gases make up less than 0.03 percent of the atmosphere, they 

are strong absorbers and heat the atmosphere the most. 

Conduction, convection, and latent heat also contribute to 

heating Earth’s atmosphere. Latent heat is heat energy released 
or absorbed during the phase changes of water, such as evapo- 

rating water or melting snow. It is released to the atmosphere 

when water vapor condenses as clouds. 

A Varied Surface 
Earth’s surface is not uni- 

form and therefore, heats the 
Ultraviolet 
absorbed by atmosphere unevenly. Snow, 

ozone ice, water, vegetation, and 

bare soil reflect different 

amounts of solar radiation 

back to space and heat at dif- 

ferent rates when they absorb 

radiation. For example, dry 

land heats rapidly and emits 

much radiation to the atmos- 

phere. In contrast, water tem- 
perature changes slowly and 

stores heat, releasing it at a 

Infrared emitted 

by atmospheric 

CO, and H,0 

Emitted infrared 

by Earth later time. This uneven pat- 

tern of surface heating gives 

rise to pressure differences 

and wind. 
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Visual Learnin 

Figure 3 Ask students to compare the diagram to 
what they know about greenhouses used for 
growing plants. Ask them about similarities and 
differences. |L2] Gi 

520 CHAPTER 17 Weather and Climate 

Fun Fact 
Weather data are gathered by two different types of 
satellites. A geostationary satellite orbits at the same 
speed as Earth spins, so it remains above a fixed point. 
This allows the satellite to continually study one area. 
A polar-orbiting satellite orbits the poles. With each 
orbit of the satellite, Earth has rotated slightly, allow- 
ing the satellite to monitor different areas. 



Water in the Atmosphere 
Uneven heating has another effect. It produces currents of air 

that carry water vapor aloft and form clouds. Air generally rises 
over warm surfaces and sinks over cold surfaces. Many birds and 
hang gliders soar on these warm currents, called thermals. 

As air rises, it expands and cools. To form clouds, moist air 
must rise high enough to cool to its dew point. At this tempera- 
ture, air is saturated and water vapor condenses to form cloud 
droplets. Small particles in the air, called condensation nuclei, 
trigger this process. When present in high quantities, such as in 
dust or polluted city air, these nuclei can trigger condensation in 
unsaturated air. This is how smog forms. 

(4% Explain how smog forms. 

Precipitation Cloud formation is the first step in the precip- 
itation process. Two basic cloud types are the puffy cumulus 

type and the flat, elongated, stratus type. Cumulus clouds form 

from rising air parcels. If they produce rain, it is usually only 

brief showers. Stratus-type clouds form mainly when layers of 

air rise gently. They usually produce drizzle or long-lasting rain. 

Many in-between forms of clouds exist, depending on how sta- 

ble the air is and how high in the atmosphere the clouds form. 

You can see some of these types in Figure 4. One type you might 

recognize is the cumulonimbus, or thunderhead. This cloud 

forms from unstable air and usually brings intense rain. : Figure 4 Clouds affect atmos- 

Cloud droplets are so small that they might be kept aloft by :  pheric heating by absorbing or 

turbulence or evaporate before reaching Earth. For precipitation : blocking solar radiation and trap- 

to occur, droplets must grow large. Growth can occur when : ping Earth’s radiation. Cloud cover 

droplets collide and combine. This is called warm rain. Droplets : also helps to reduce daytime tem- 

grow faster when they combine with ice crystals high in the : perature and increase nighttime 

atmosphere. This is called cold rain. : temperature. 

Cima High Clouds Height 
12km 

pa (about 40,000 ft) 
_Grrocumulus 

Cirrostratus 

Middle Clouds (Anvil head a Altocumulus ora: envilhead) (about 20,000 ft) 
: Altostratus 

ee 83k 
Low Clouds Clouds with (about 10,000 ft) 

vertical development ———— Cumulonimbus 

1.5km 
Stratus Cumulus © Cumulus (about 5,000 ft) 

: of fair 
Nimbostratus Stratocumulus weather (Ground) 0 
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Differentiated Instruction 

Synthesize and Summarize Have students Hearing Impaired ‘lo help students with hearing 
write summary paragraphs for each of the follow- impairments, be sure to write important points a 

ing topics: Atmospheric Structure, Atmospheric the board when lecturing. Also, use hand gestures 

Heating, and Water in the Atmosphere. Remind explain key concepts. For example, outline the 

students to look for main ideas and supporting process of cloud formation on the board. As you 

points as they read. They then should synthesize discuss rising air, use your hands to show how the 

the information into their own words. air expands. TELL) 

(%, Reading Check 

Answer Smog forms when pollutants 
trigger condensation in air that is not 

fully saturated with water vapor. 

Modeling Atmospheric Composition 

Question How can you use 
liquids to model the comp- 
osition of atmospheric gases? 

Possible Materials 100-mL gradu- 
ated cylinder, beaker, water, veg- 

etable oil, rubbing alcohol, food 

dye 

Estimated Time 20 minutes 

Teaching Strategies 

¢ Students should wear safety 
goggles and clothes aprons. 
¢ Have students use a graduated 
cylinder to measure 78 mL of 
water into a beaker. This will 
represent the percentage of 
nitrogen in the atmosphere. 
They can measure 21 ml of 
vegetable oil to represent oxy- 
gen and pour the oil into the 
flask. 1 mL of an alcohol can be 
poured into the flask to repre- 
sent trace gases. 
¢ Food dye can be used to color 
the water and alcohol. 

For additional inquiry activities, see 
Science Inquiry Lab Manual. 

Activity 
Modeling Raindrops Give each 
pair of students a dropper, water, 
and a long, rectangular, plastic 
container with a lid. Have stu- 

dents prop the lid in the con- 
tainer so that it forms a steep 

slope. Tell them to dribble drops 
of water down the lid making 

sure that the entire lid is used. 

Students should observe that the 

water droplets collide and com- 

bine into bigger drops. Explain 
that this same process occurs in 

the clouds during the formation 

of precipitation. TELL) 
Visual-Spatial 
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Figure 5 Earth’s continual 
cycling of water strongly affects 

weather and climate. 

Plants Pe cathe is ie 

mostly by the relative humidity 
of the atmosphere. The greater 
the relative humidity of the air 
is, the lesser the rate of transpi- 

ration in plants. 

: eading 

Graphic Organizer Peres ae 

of paper with the terms at7osphere, 
troposphere, temperature inversion, 

Plants Transpiration is 

the loss of water through 

pores in the leaves of 
stratosphere, greenhouse effect. Stu- | plants. More than 90 per- Global Water Cycle 

dents should write the relation- cent of the water that ane ‘ 

ships between words as they create enters a plant returns to : Precipitation, runoff, HES and evaporation make up the 

a graphic organizer. For example, the atmosphere through : global water cycle, shown in Figure 5. Plants are an important 

between atmosphere and troposphere the process of transpira- : part of the water cycle. They affect absorption and runoff and 

students might write /ayer: tion. Research how > return water to the air by evaporation from their surfaces. 

Da eat omnes People affect the water cycle in many ways. They use ground- 
ature affect transpiration : Seas Ss ; +f ls. Th ase 

— rates in plants. Share : water for irrigation or pump it from wells. They replace forests 

3s Assess your findings with your : with agricultural fields and pave land to build cities. Many of 

ree class. : these changes have reduced water quality and resources. 

Conserving water resources requires careful planning. 

DAILY INTERVENTION 

Check for Understanding -—~section. aA review 

Visual-Spatial Have — students 
sketch the water cycle. Sketches 
should show evaporation, con- 

densation, and precipitation. [L2] 

saainars Self Check 

| Atmospheric Structure . Describe how temperature of the atmosphere changes 

| @ The stratosphere and the troposphere are two with height and explain why. 

_ lower layers of Earth’s atmosphere. Most . Explain the greenhouse effect. 

PELL) weather takes place in the troposphere. . Explain why small changes in the amount of trace 

Atmospheric Heating gasses are so important in heating Earth’s atmosphere. 

Reteach | © Most solar radiation first heats Earth’s surface, . Identify what must happen before rain can occur. 

Earth’s Atmosphere On the board, | which then heats the atmosphere. . Compare and contrast cumulus and stratus clouds. 
outline the steps in the formation |e Characteristics of the land surface greatly . Think Critically How might changes on Earth’s surface, 
of Earth’s atmosphere, including | influence atmospheric heating. such as deforestation, have an effect on weather? 

original atmosphere; hydrogen 
and helium; gases from volcanic 
eruptions; photosynthesis and 

accumulation of een and for- | © Water is cycled through Earth’s system by pre- 

mation of ozone layer. as SELL) | cipitation, runoff, storage, and evaporation. 

| Water in the Atmosphere ~ Applying M a th S 

. Use Percentages Ifthe southern hemisphere contains 

10 percent land and the northern hemisphere contains 

roughly 40 percent land, what percent of Earth is land? 

} © Cloud formation generally requires moist air, 

rising and cooling, and condensation nuclei. 
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Section 

1. In the stratosphere, temperature 3. Trace gases are stronger absorbers vapor condenses. Stratus clouds are heating of Earth's atmosphere that 
increases with height; in the tropo- than nitrogen and oxygen and heat layered, form slowly, and produce causes differences in air pressure, 
sphere it decreases with height. the atmosphere more. drizzle or slow rain. Cumulus clouds wind, and other weather conditions. 

2. Water vapor, carbon dioxide, and 4, First, the air must be completely sat- are large and puffy, form rapidly, Also, deforestation alters concentra- 
trace gases transmit solar radiation urated. Then the water vapor must and usually produce showers. tiops of atmospheric CO, and water | 
to the surface, but absorb the condense into droplets, usually 6. Changes on Earth’s surface, such as vapor, which are trace gases 
Earth’s infrared radiation, prevent- around condensation nuclei. deforestation, alter the absorption of 7. 25 percent 
ing it from escaping into space. 5. Both types of clouds form as water solar radiation. This leads to uneven : me MA.A.1.4.4 
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Normally temperature decreases with increas- 

ing altitude in the troposphere. Sometimes 

near the ground, a temperature inversion 

occurs and air becomes very stable and resists 

rising. This can result in fog or smog in cities. 

Will a liquid behave in the same manner as the 

atmosphere? 

© Real-World Problem 
How can you visualize what happens during a 

temperature inversion? 

Goals 
@ Make a model that demonstrates a 

temperature inversion. 

m@ Apply what you observe to explain what 

happens in the atmosphere during a 

temperature inversion. 

Materials 
10-mL beaker containing 2—3 mL water 

500-mL beaker containing 250 mL water 

1,000-mL beaker containing 750 mL water 

food coloring ladle 

long-stem dropper thermal mitt 

freezer hot plate 

Safety Precautions 

Paco ra 

© Procedure —— 
1. Chill 750 mL of water in a 1,000-mL beaker 

to near freezing. 

—_ Visualizing a 

Temperature 
Ze Add one to two drops of food coloring to the 

water in the 10-mL beaker and let it stand 

at room temperature. 

. Heat 250 mL of water in the 500-mL beaker 

to near boiling. 

. Hold the ladle at the surface of the chilled 

water. Very slowly pour all the heated water 

into the ladle and allow it to slowly flow out 

of the ladle onto the surface of the chilled 

water. You should have a bottom layer of 

cold water and a top layer of hot water. 

. Use the long-stem dropper to inject a few 

drops of the colored water from step 2 into 

the cold water in the 10-mL beaker. 

© Conclude and Apply —— 

i Describe what happened to the colored 

water. 

. Explain why this happened in terms of the 

temperatures of the water layers. 

. Infer how this is related to temperature 

inversions in the atmosphere. 

Zommunicating
 

Your Data J 
Write a brief paragraph describing your 

experiment and your observations. Include 

a labeled diagram showing the temperature 

layers and explain what happened to the 

colored water. 

LaB 523 

ommunicating 

to friends and family members. 

Ask students to use their paragraphs and 
diagrams to explain temperature inversions 

© Real-World 
Problem ———— 

Purpose Students use a liquid 
to model a temperature inver- 
sion in the atmosphere. 

Process Skills make models, 
observe, predict 

Time required about 30 min- 
utes or one class period 

© Procedure ——— 

Safety Precautions Caution 
students to handle the hot water 
carefully and not to touch the 
hot plate. 

Teaching Strategies 

¢ Chill water before class and 
divide it among student groups. 

¢ Demonstrate the proper way 
to pour the hot water and sug- 
gest that one student hold the 
ladle while another pours. 

© Conclude and 

App) 
1. The colored water remained trapped 

between the layers. 
2. The room-temperature colored 

water floated on the cold water 
because it was less dense and sank 
beneath the hot water because it 
was denser. 

3. The cold water at the bottom is simi- 
lar to the cooler air near the ground 
during a temperature inversion. The 

colored water models a stagnant air 

mass that might hold pollutants. 

™ Assessment | 

Process Ask students to predict 
the effects of rapidly pouring 
more cold water into the con- 
tainer. How might this relate to 
atmospheric conditions? 

LAB 523 



ees An editable Microsoft® 
CHALKBOARD | ei 
“tre, PowerPoint presenta- 

tion is available on Interactive 

Chalkboard CD-ROM. 

Bellringer 

Section Focus Transparencies 

also are available on the 

Interactive Chalkboard CD-ROM. | 

PELL) 

efSEIOn, 

YEE Sea Breeze 
Transparency 

1, How does the temperature of the land compare with the tempera- 

ture of the sea during the night and day? 

2, What happens to the air over land during the day? 

3, What happens to the air over the sea during the day? 

4. What direction does the wind blow aloft and on the surface at night 

and at day? 

je 

Reading Preview 

Tie to Prior Knowledge 

Weather Ask students if they 
watch the weather forecasts on 

television. Ask them how 

accurate they think these fore- 

casts are and why they are 
sometimes incorrect. Ask 

them how weather forecasts 

affect their lives. 

Wreat Vou Learn 
& Explain what causes Earth’s 

major wind and pressure systems. 
@ Describe typical daily weather 

patterns around lows and fronts. 
= Describe the most important 

storm systems and forms of 

severe weather. 

Reading Guide 

Why It’s Important 

Weather affects the health, life, and 

livelihood of everyone on Earth. 

© Review Vocabulary 
gradient: the rate of change of a 

quantity with distance 

New Vocabulary 

e westerlies 

@ jet stream 

e subtropical high 

e@ weather front 

Atmospheric Pressure 
Although you usually are unaware of it, the atmosphere 

presses down on you with a pressure equivalent to one kilogram 

per square centimeter. This pressure is caused by gas molecules 

moving and colliding with each other and any surfaces they 

touch. Because the number of air molecules decreases as altitude 

increases, pressure always decreases with altitude. This is why air 

is said to be thinner in the upper atmosphere. The number of air 

molecules, including oxygen, decreases in proportion to pres- 

Figure 6 In the northern hemi- 

sphere, four major pressure belts 

produce three major wind belts. 

Infer How does pressure affect 

wind direction? 

Polar easterlies Polar high 
Se a Sub-polar low 

ey ae Subtropical 

Northeast — SV See “high 
trades ‘o, oy, Cm 

L L L 

te ee rae Guay 

Southeast ue Oy <> eas NR 
Westerlies 

i 

___ Equatorial 

low 
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sure. This is why jet aircraft cabins are pressurized and why 

climbers can get mountain sickness at altitudes over 3,000 m. 

Global Winds and Pressure Systems Weather patterns 
result from complex global patterns of wind and pressure. 

Figure 6 shows a simplified picture of the Earth’s 

major pressure belts that give rise to major wind 

belts. The most important of these are the 

westerlies—winds that blow from the west in the 
middle latitudes—and the trade winds, which 

blow from the east, in the tropics. 

Two factors produce these global patterns— 

unequal heating between the equator and poles 

and the rotation of Earth. Warm air rising near 

the equator and sinking over the poles creates 

general north-south wind circulation. Earth’s 

rotation produces an east-west deflection of this 

general circulation pattern. 

Structural Word Analysis 

Have students break new 
vocabulary words into word 
parts. Ask them to predict 
meaning by examining the 
word parts. For example, jet 
refers to a high-speed fluid 
stream. Stream implies a steady 
current. From this, students 
could determine that jet stream 
is a high-speed wind current. 
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Chapter Fast Fite Resources 

‘Transparency Activity, p. 47 

MiniLAB, p. 4 

Enrichment, p. 32 

Reinforcement, p. 28 

Directed Reading for Content Mastery, p. 20 

Home and Community Involvement, p. 41 

Cultural Diversity, pp. 47-48 

Lab Management and Safety, p.61 
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Jet Streams Imbedded in these wind systems are fast and 
powerful jet streams that control many weather processes, such 
as storm development. Most important for the United States is 
the polar front jet stream, a wind maximum in the westerlies 
located about 12 km above the surface. Its speeds can exceed 
500 km/h. Major storm tracks follow it as it moves north and 
south with the seasons. 

High and Low Pressure Systems 
The large-scale weather systems that have the most effect on 

the United States are the subpolar lows, westerlies, and the sub- 
tropical highs. Subtropical highs are relatively stable belts of high 

pressure near latitudes of 30°. In contrast, sub-polar lows and the 

westerlies tend to meander as smaller cells of high and low pres- 

sure develop. The lows generally develop from a disturbance in 

the polar front jet and move eastward with the jet stream. 

Specific patterns of weather are associated with high and low 

pressure cells because of the way air flows around them. In the 
northern hemisphere, winds blow counterclockwise around lows 

and clockwise around highs, as shown in Figure 7. In the south- 
ern hemisphere, the directions reverse. Lows are associated with 

rainfall and storms, and highs with calm winds and clear skies. 

& Coriolis Effect Airflow around low or 
“high pressure areas results from the net 

forces acting on the air. First, the pressure gradient pulls the air 

toward low pressure. Then an apparent force, called the Coriolis 

effect, deflects the air to the right in the northern hemisphere. 

When these forces are balanced, air flows perpendicular to lines 

of equal pressure. Near the surface, friction slows air and modi- 

fies its direction, turning it slightly toward low-pressure centers 

and slightly away from high-pressure centers. This causes air to 

rise in the center of lows and to sink in the center of highs. 

Modeling the Coriolis 

Effect 

Procedure 
1. Put a large, round piece 

of cardboard or paper on 

a turnable surface such as 

a turntable. 

2. Hold a ruler just above the 

diameter of the cardboard. 

3. Ask someone to turn the 

surface while you draw a 

line across the turning 

cardboard with your pen 

or pencil against the ruler. 

4. Repeat step 3 but turn the 

surface in the opposite 

direction. 

Analysis 
1. Compare the outlines 

drawn on the cardboard. 

2. Explain how these outlines 

represent 

the Coriolis 

effect. 

bee aie ae ae 

Rising air Sinking air 

Lhe ‘wee a Bie 

ay a 

L H 

~—_—’ Occ 

Figure 7 At Earth’s surface in the 
northern hemisphere, air moves counter- 

clockwise toward low pressure and 

clockwise from high pressure. 

Infer How does air move when it is high 

above Earth’s surface, above each pressure 

system? 
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Visual Learning 

Figure 6 Make sure students understand that winds 

are named for the direction from which they blow. 

Thus, westerlies blow from the west toward the east; 

easterlies blow from the east toward the west. Also, 

point out that the model of global winds is greatly 

simplified. It does not take into account many factors 

that affect wind flow, such as land masses. TELL) 

Caption Answer 
Figure 7 Above a surface high pressure system is an 

atmospheric low. In the northern hemisphere, the air 
moves counterclockwise toward the atmospheric low. It 
moves clockwise away from an atmospheric high. 

Caption Answer 
Figure 6 Wind blows from high pres- 
sure to low pressure. 

Purpose Students will model the 

Coriolis force. 

Materials cardboard, turntable, 

ruler, marker 

Teaching Strategy Advise students 
to first rotate the turntable in a 

counterclockwise direction. In 

doing so, they will model the 
direction of Earth’s rotation 

from the point of view of an 

observer over the north pole. 

Analysis 

1. When the turntable turns counter- 
clockwise, the line curves to the 
right; when the turntable is turned 
clockwise, the line curves to the 

left. 
2. The first line represents the Coriolis 

force in the northern hemisphere; 

the second represents the Coriolis 

force in the southern hemisphere. 

Assessment 

Content Explain that the Coriolis 
force 1S sal ettect, Catiseds Dy 
Earth’s rotation. Ask students the 
following question: How would 
air move across Earth’s surface 
if Earth did not rotate? ina 
straight line 

Content 
vse Background 

The amount of deflection associated with 
the Coriolis force is affected by latitude and 
wind speed. The Coriolis effect is nearly 
nonexistent at the equator. It is strongest 

near the poles. The effect also increases 
with wind speed. Thus, a strong wind 
blowing at a high latitude will exhibit a 
much greater deflection than a weak wind 
blowing at a low latitude. 
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Tornadoes and Hurricanes Two types of violent wind 

storms that differ greatly in their origins and effects are 
@® Post Reading 

Ilustrations Have students Sciencep! 1G tornadoes and hurricanes. Tornadoes are intense, short-lived, 

make illustrations of the follow- Topic: Hurricane Tracking : localized storms in the mid-latitudes. They originate in cumu- 

ing: global wind patterns, fronts, | Visit fl.gpescience.com for Web : lonimbus clouds under special conditions. Typically, tornadoes 

and wind patterns in a severe links to information about : that occur in the United States form when dry air from the 

storm, such as a thunderstorm or hurricanes and hurricane tracking. 1 : Gacerts of Mexico and the southwest overrides warm, moist air 

a hurricane. Students should refer Activity Research six hurricanes. |: from the Gulf of Mexico. This happens frequently in the Great 

to the text and can do research Make a table that lists how each : Plains, the lower midwest, and parts of the south, as shown in 

using library resources. Remind ie es oe poo Gee : Figure 10. In the south, they often accompany hurricanes. 
° p ne. : pte r 

students to label all illustrations. ue eens A twisting, funnel-shaped tornado cloud can move across 

land at a speed of around 50 km/h creating a path 150 m wide 

— Figure 10 Texas, Oklahoma, : and 10 km long. Intense, circular winds in the funnel can reach 

= Assess and Kansas frequently experience : speeds up to 400 km/h. The extreme low pressure at the center 

j tornadoes. > can result in more damage than that from the wind. 

Hurricanes are tropical storms that cover vast 

Fewer than areas and last for days. Those affecting the United 

| States often form as tropical depressions over the 
warm waters of the southern Atlantic off the 
coast of Africa. When winds exceed 118 km/h, the 

storms are called hurricanes. A typical hurricane 

consists of vast cloud bands that spiral inward 

toward the clear center, called the eye. Scientists 

often fly into the eye to study the storm. Western 

Pacific hurricanes are called typhoons. 

' DAILY INTERVENTION 
A 

Check for Understanding 
Kinesthetic Have students use 
their hands to model the move- 
ment of air around low-pressure 
systems and _ high-pressure 
systems. In the northern 
hemisphere, air blows counter- 
clockwise around a low-pressure 
system and clockwise around a 
high-pressure system. |t1] @> © Section. 62a Teview 

Summary : Self ( Check 
Global Wind and Pressure Systems . Explain how Earth’s rotation affects winds. 

Reteach 

Fronts Make a table on the board 

comparing and contrasting the 

characteristics of warm fronts and 

cold fronts. el tee 

© Four major pressure systems produce three . Compare and contrast tornadoes and hurricanes. 

major wind systems in each hemisphere. . Infer the wind directions around a high in the southern 
+ High and Low Pressure Systems hemisphere. 

@ Air flows counterclockwise around lows . Describe common differences between continental air 

and clockwise around highs in the northern masses and maritime air masses. 

hemisphere. . Compare and contrast warm fronts and cold fronts. 

_ © Airrises in the center of lows and sinks in the 6. Think Critically lf the polar front jet stream were to 
center of highs. move southward over the U.S., what other weather 

Weather Fronts and Severe Weather systems are likely to be affected? 

{Sf ES” CORE AT TSG TIET ERT 

T™ Assessment 

Portfolio Have students research 

safety tips for thunderstorms, tor- 
nadoes, or hurricanes. Students 

can use their research to make 

brochures informing the public of 
safety measures to take during 
severe weather events. 

@ Air masses interact at weather fronts. 

® Warm fronts are associated with stratus-type A I soy ) SORE ing M 
clouds and cold fronts with cumulus-type Pplyms ath 
Aton ’ . Use Percentage A tornado watch was issued on 

25 days during one year in a midwest city. What 
® Severe weather includes hurricanes, torna- , 

percent of the year does this represent? 
does, and downbursts. 

528 CHAPTER 17 Weather and Climate More Section Review fl.gpescience.com 

( caeiaeaieiaaamaaeasiamane aaa aE EEEERERERRERREREREEEEEEEEEEe ceed : 
ae : section oe) review 

1. In the northern hemisphere, winds longer duration, cover large areas, relatively moist, and usually exhibit forming cumulus and cumulonimbus 
are deflected counterclockwise and begin in the tropics. less extreme temperature variations. clouds, which can produce brief 
toward low pressure and clockwise 3. counterclockwise 5. Both are zones where air masses showers, 
away from high pressure. 4. Continental air masses originate interact. In warm fronts, cold air 6. Because the major storm track fol- 

rE Tornadoes and hurricanes are storms over land, are relatively dry, and gently pushes warm air above it, lows the polar front jet, it would 
with violent winds. Tornadoes are commonly exhibit extreme temper- bringing layered clouds and light or move southward too 
brief, cover small areas, and occur in ature variations. Maritime air steady rain. In cold fronts, cold air 75251303 0:5 percent 
the mid-latitudes. Hurricanes are of masses originate over oceans, are chaotically pushes warm air upward me MA.A.1.4.4 
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section 

Also covers SC. B.1.41, SC.D.1.4.4, SC. E24. pou 6.1.4.1, SC. H.2. aa 

re) 

cS Climate 

What You'l\ Learn Why It’s Important New Vocabulary 

An editable Microsoft® 

Emma PowerPoint” presenta- 

tion is available on Interactive 

Chalkboard CD-ROM. 
@ Describe what determines Climate affects the way you live. @ biosphere 

climate. @ continental climate Bellringer 
@ Explain how latitude, oceans, and @ maritime climate 

other factors affect the climate of e@ lee rain shadow Section Focus ‘Transparencies 

also are available on the 

Interactive Chalkboard CD-ROM. 

[2] 

Selah: ® Review Vocabulary 
Bm Classify climate systems. boreal: relating to northern regions 

@ Describe climate distribution over 

the United States. 

@ sea breeze 

caciests Desert Climate 
Transparency 

Climate and Weather 
What is the climate where you live? Traditionally, climate 

means the long-term average of weather conditions—wind, : 

temperatufe, precipitation, moisture, and other aspects of : Figure 11 All of the five spheres 

weather. Climate also describes the annual variations of these : shown below interact. Each sphere 
conditions and their extremes. > causes changes in, and is changed 

Averages of data collected monthly over 30 years or longer are: by, the others. | Pea. 

used to define climatic normals. These normals do not describe : Research What does the prefix Hg ® What other kinds of climates exist on Earth 

usual weather conditions of an area, but are only averages of con-_: <tyo- mean? moro oe ee ena 
ditions measured at one local site. For example, the 

conditions in a city might vary from what is meas- 1 

ured at an airport weather station outside the city. t { 

Climate System Climate is best considered as PASS gauss 
part of the whole Earth system. This biogeophys- J: ine 

ical system can be visualized as five spheres that 

interact to create the environments in which we Reading Preview 

live, as shown in Figure 11. The atmosphere Biosphere Cryosphere . 

includes the air around us. The biosphere is Tie to Prior Knowledge 

everything organic, including plants, animals, Climate Characteristics Ask stu- 

and humans. The hydrosphere is liquid water in \ J dents to name types of climates. 

Students might mention terms 
such as mild, rainy, cold, or 

warm. Ask them what aspects of 
weather these terms include. 

Activate Background Know- 

oceans, lakes, rivers, soil, and underground. The 

cryosphere is frozen water in snow, ice, and gla- 

ciers. Finally, the lithosphere is the solid Earth, 

including its soil, rocks, and mantle. 

Hydrosphere <= Lithosphere 

SECTION 3 Climate 529 

ledge Have students preview 

new vocabulary terms. As a class, 

ask them to brainstorm ideas 
Section 3 Resource Manager 

Chapter Fast Fire Resources Directed Reading for Content Mastery, related to each term. Guide 

Ti arency Activity, p. 48 piel students toward a deeper under- 

Tae ee a di d Writing Skills Activitie Nan standing of the terms by asking 
Lab Activity, pp. 9-12 DCCC UN LEILA LN ei) ls clarifying questions. 

Enrichment, p. 33 

Reinforcement, p. 29 

SECTION 3 Climate 529 



Caption Answer 
Figure 11 cold, freezing 

Use an Analogy 
Weather v. Climate ‘Io help stu- 
dents distinguish — between 

weather and climate, tell them 

that weather is like a single test 
scores »lhat score Trepresents 

what a student knows at one 

point in time. Climate is like a 
final grade. It is the average of 
many different factors over a 

longer period of time. 

Make a Model 

Earth's Spheres Form small groups 
of students and have them make 
models showing Earth’s five 
spheres. Students can use plants, 

water, crushed ice, and sand 

to represent the biosphere, 
hydrosphere, cryosphere, and 
lithosphere, respectively. Have 
students set up their models in 
large plastic containers. Then 
place an electric fan near one of 

the models. Turn it on and have 

students observe interactions 
among the spheres. Ask: What 
does the fan or drier represent? 
atmosphere What interactions did 

you observe among Earth’s 
spheres? Students might note that the 
“wind” caused the sand to erode. They 
might see the melting ice cause the water 
level to rise or that wind caused the 
plants to wilt. The breeze of the fan might 
cause waves that erode the sand. Ask 
students about the consequences 
of removing one of the spheres. 
Removing the hydrosphere might affect 
the biosphere. Removing the cryosphere 

might affect the hydrosphere. You 

Sciencepline 
Topic: World Climates 

Visit fl.gpescience.com for Web 

links to data on mean annual 

temperature and rainfall of 

world cities. 

Activity Use a world atlas, 

globe, or large classroom map to 

find a city corresponding to each 

of the eight climate divisions 

shown in Figure 17. 

Figure 12 Lines drawn ona 

weather map that connect points 

of equal temperature are called 

isotherms. 

Infer Why are warmer tempera- 

tures shifted northward in July? 

Sphere Interactions Gases, water, soluble materials, energy, 

and particulates are exchanged among these spheres. Each 

sphere affects all the other spheres. For example, volcanic erup- 

tions transfer gases and particles from the lithosphere to the 

atmosphere. The atmosphere provides and regulates the 

amount of water in the hydrosphere and cryosphere, and pro- 

vides water, carbon, and oxygen for the biosphere. Through 

winds, atmosphere causes erosion, creates soil, and absorbs and 

emits energy from the Sun. When you consider all these com- 

plex interactions, you can see why it’s better to define climate as 

the average weather conditions, their variability and causes, and 

inter-relationships of many individual systems within the global 

Earth system. One example how such systems are inter-related is 

illustrated in Figure 12. 

What causes climate? 
Latitude is the primary factor that determines climate at a 

given location. The amount of radiation received from the Sun 

and the prevailing circulation features depend on latitude. Other 

factors are location near high mountains or on the east or west 

sides of a continent and distance from major bodies of water. 

Causes of Mean Temperature The amount of solar radi- 
ation received and surface temperatures vary greatly from the 

equator to the poles. In the winter, the amount of solar radiation 

varies, because of the low angle at which it strikes Earth. As a 

result, temperatures decrease rapidly with increasing latitude. 

The high reflectance, or albedo, of snow and ice in high latitudes 

adds to this decrease. In summer, temperature decrease is less 

pronounced as sunlight strikes at a higher angle and periods of 

daylight are longer. The temperature patterns over the United 

States illustrate this, as shown in Figure 12. The strong temper- 

ature gradients in winter and spring help to create storms and 

severe weather. 

January 
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might extend the activity by hav- 
ing students observe the model 
over a period of time and note 
changes among the spheres. [L2] [L2| 
TELL, Visual- -Spatial 

Caption Answer 
Figure 12 The northern hemisphere is 
tilted toward the Sun. 

530 CHAPTER 17 Weather and Climate 

Curriculum Connection 

Geography Remind students that latitude is the 
distance in degrees north or south of the equator. 

Longitude is the distance in degrees east or west 

of the prime meridian. Have students use a world 

map or globe to locate the equator, the prime 
meridian, and the latitude and longitude of where 

they live. | a 

Teacher Fv 
Red Tides Scientists have found a 
tion between giant dust clouds f pees 
that deposit dust containing hi gh Hee 

_ iron in waters near Florida and ioaasias ae, 
Increased iron levels ee th 
algae in the water that kills ana 

| of ie animale—the 2 | tide, TI 
s. Besos five 
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Figure 13 

he Namib desert 

illustrates the 

interconnectedness 

of climate, geology, 

plants, and animals. It is 

created by high pressure, 

wind, and cold ocean 

currents along the west 

coast of southern Africa. 

The desert is constantly reshaped by the wind. 

Transverse dunes show that the wind blows in 

one preferred direction. Dunes also begin 

when isolated plants trap sand. However, 

most deserts are not covered with sand 

dunes—they are made of stony pavement left 

behind when wind strips the desert surface. 

Winds and water remove the finer surface 

materials, leaving stones behind. This process 

is called deflation. 

Dense coastal fog forms when the air above cold ocean currents 

interacts with moist desert air. Although deserts may appear to be 

dry, the air above ground contains lots of moisture. Condensation 

from fog produces fog-water, which drips into desert pavement and 

dissolves rocks, forming new sediment. It also forms small pools 

below the stony surface, which support plant growth. Desert plants 

have special adaptations such as a dense, compact form and thick, 

waxy coats. This helps protect them from both heat and animals. 

The Welwitschia plant grows in this barren land by absorb- 

ing fog-water through its elongated leaves. It is a relic of 

millions of years ago and is found only in the Namib. 

GEOGRAPHIC VISUALIZING EARTH’S BIOGEOPHYSICAL SYSTEM 

Transverse dunes 

form perpendicular 

to the wind. 

Star-shaped dunes 

form when winds 

are variable. 

Stone pavement is 

more common ina 

desert than dunes. 

Beetles capture fog-water by basking upside down or 

forming trenches at the bottom of dunes. They also 

survive beneath the leaves of Welwitschia plants where 

temperatures may be 30°C cooler than the surround 

bare ground. 

Challenge Have students research a desert in the 

southwestern United States and make a presenta- 

tion to the class. The presentation should include 

how the desert formed, conditions, and the 

survival mechanisms of plants and animals. During 

the presentation they might ask students to com- 

pare and contrast aspects of this desert with the 

Namib. [2] Linguistics 

NATIONAL 
_] GEOGRAPHIC 

Visualizing Earth’s 
Biogeophysical 
Systems 

Have students examine the 

pictures and read the captions. 

Then ask the following ques- 

tions: Explain why some areas of 

the Namib appear so different 

from others. 

Explain 
why so many deserts might con- 
sist of stony pavement rather 
than sand. 

If coastal 
fog contains so much moisture, 

why don’t more plants exist 
along the coast? 

Ask students to research mecha- 

nisms that help plants and animals 
survive under harsh environmen- 

tal conditions. Ask each student to 

find one example and present it to 
the class along with a photo or 

drawing. The pictures can then be 

erouped on posters, according to 

the conditions—for example, 

aridity; heat, “or ‘cold: 2 

Visual-Spatial 
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Discussion | : Ocean and Land Influence Oceans and ocean currents 

Factors that Influence Climate After : modify the basic climate. Areas with little direct ocean influ- 

students have read about types of > ence are called continental climates and have steep tempera- 

climates, have them summarize > ture gradients. A climate with strong ocean influence is called 

the factors that affect the climate > a maritime climate. Maritime climates are milder—summers 

of San Francisco. San Francisco is are cooler, winters are warmer, and daily temperatures vary 

located near the coast so itis influenced by : less. The continental climate of Peoria, Illinois, and the mar- 

ocean currents. The city also lies in the path : itime climate of San Francisco, California, illustrate the con- 

of the prevailing westerlies. This strength- : trast. Although both are near 40° N latitude, the temperature 

ens the influence of the ocean currents, : difference between the warmest and coldest months is about 

giving San Francisco a strongly developed > 8° Cin San Francisco and 30° C in Peoria. Maritime effects are 

maritime climate. strong enough to keep winters at arctic Spitsbergen, Norway 

at 78° N latitude, warmer than in International Falls, 

Minnesota at 48° N latitude. 

Precipitation Wind and pressure patterns determine precipi- 
tation. Humid climates are associated with low-pressure areas 

in the tropics and the middle latitudes. Rainfall is greater near the 
equator because the trade winds of both hemispheres converge 

there, increasing the rising motion. Arid climates are common 

where high pressure prevails, and aridity is particularly intense in 

the subtropics on the eastern sides of the subtropical highs. 

Superimposed upon this general pattern are differences 

related to location on a continent, as shown for North America in 

Figure 14. The west coast lies east of the subtropical high, which 
brings cold water currents and stable air. This creates the dry cli- 

mates of California and the southwest. The east coast lies west of 

the subtropical high, where southerly winds bring warm, unstable 
air from the Gulf of Mexico that increases precipitation. Air 

masses can also influence the amount of precipitation an area 

receives. When continental polar air masses, which originate in 

the cold, dry artic regions, 

move across the Midwestern 
states in the winter, cold, dry 

weather results. 

Centimeters Another factor affecting 
above 500 —_— precipitation is the prevailing 

G... winds. Because westerlies 

prevail in the middle lati- 

tudes, the maritime influence 

is stronger on the west 

coast. This explains why San 

Francisco has a_ strongly 

developed maritime climate, 

but Boston has a continental 

climate. 

Figure 14 Lines drawn ona 
map that connect points of equal 

precipitation are called isohyets or 

isohyetal lines. 

7 7 Research What does the prefix 

[ , iso- mean? 

Mm ount of | 

Caption Answer ees 
Figure 14 equal 200 

_/ Tropitef Can¢er 
[ 

a if -——_}+— 
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Fun Fact 
The world record for the hottest temperature belongs 

to El Azizia, Libya. In 1922, a temperature of 58°C 

(136°F) was recorded. The world record for the coldest 

temperature is held by Vostok, Antarctica. In 1983, a 
temperature of -89°C (-129°F) was recorded. 

Reading Strategy 

K-W-L Have students make a four-column ta’ 
In the first column, students should list sean te 
perature, ocean/land influence, precipitation, . 
mountain and water influence. In the secc 
column, they should write what they know ab 
each. In the third column, they should list we 
they want to know. After they read, have stude 
record what they learned in the last column. 

532 CHAPTER 17 Weather and Climate 



Influence of Mountains The Rocky Mountains and the Sierra 
Nevada also influence the climate of the west. They act as barriers 
in the wind, blocking weather systems and altering patterns of 
precipitation. When the wind blows perpendicular to one side of 
a mountain range, a lee rain shadow forms on the opposite side, 
as shown in Figure 15. The Great Plains lie in the lee shadow of 

the Rocky Mountains and are relatively dry. 

Influence of Water Coasts and lakeshores can affect regional 
climates in several ways. In winter, lake-effect snow often 

results in regions around the Great Lakes, like those shown in 

Figure 16. As cold, continental air from the north passes over 

warmer lake water, the air mass gains heat and moisture. When 

the air mass reaches the colder land to the south or east of a lake, 

heavy precipitation, in the form of snow, occurs. 

Another example of how coasts affect regional climate is a 
sea breeze. A sea breeze (or lake breeze) blows from the water 

toward the land in the afternoon, when the land is warmer 

than the water. Warm air rises over the land creating low 

pressure that allows cool, dense air to blow from the sea toward 

land. The reverse happens at night when the land is cooler than 

the water. A land breeze occurs when cool, dense air over land 

creates high pressure causing the air to blow from the land 

toward the sea. 

Climate Scale Many small-scale variations are superim- 
posed upon the large-scale climate patterns. Some are regional 

or local and others, termed microclimates, are variations within 

small distances. For example, cities create a condition called the 
heat island effect. Building and pavement materials heat more 

rapidly than bare land. Vehicles and industry produce pollution 

that retains heat. Air rises over a heat island, pulling in air from 

the surrounding countryside. On some clear, calm nights, 

downtown San Francisco can be as much as 8°C warmer than 

the surrounding rural areas. 

Figure 15 The lee rain shadow 
of the Sierra Nevada and Rocky 

Mountains accounts for much of 

the decreased precipitation shown 

in Figure 14. 

Figure 16 People often experi- 

ence similar weather events near 

large bodies of water. Cities east of 

the Great Lakes experience lake- 

effect snow. 
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Differentiated Instruction 

‘ey Quick Demo 
Lee Rain Shadow 

Materials sponge, water, plastic 
folder, large plastic container 

Estimated Time 15 minutes 

Procedure Open the plastic folder 
and turn it upside down within 
the plastic container, so that the 
folder forms a model mountain. 

Dampen the sponge and squeeze 
it as you move the sponge up the 
windward side of the “mountain.” 

Continue to move the sponge, 

now dry, down the leeward side of 

the mountain. Ask students what 

type of climate would be found on 

the leeward side of the mountain. 

dry climate 

Activity 
Microclimates Have students take 
temperature readings in a sunny 

field on the school grounds and in 
the shadow of the school building. 
Have them explain the differences 
in temperature moisture, and 

plant growth. The area in the shadow 
of the school building is a microclimate. Its 
temperatures are generally cooler than 
those in the open field. The area might 
be drier if an overhang shields it 
from rain and might be wetter if 
near a downspout. Plant growth 
might vary, depending on avail- 
able light and moisture. TELL) 

Visual-Spatial 

Learning Disabled Help clarify the connection moisture requirements. When scientists study an 

between vegetation, temperature, and precipitation _area’s climate, they also study the area’s vegetation, 

for students with learning disabilities. Point out among other factors. Vegetation is a visible clue, 

that some plants, such as fir trees, can withstand indicating the temperature and precipitation 

cold temperatures. Other plants, such as cacti, amounts for an area. [1] 

thrive in warm climates. Plants also have different 
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Caption Answer 
Figure 17 temperature and moisture 

Visual Learning 

Figure 17 Have students use the 
map to describe the characteris- 
ties “of their” area's. climate. 
Answers will vary depending upon stu- 

dents’ location. 

4 Post Reading 

Reflection Ask students to re- 
spond to the following prompt in 
their Science Journals: Describe 

the climate in the reigon in which 

you live or ina place you've visited. 
Using the knowledge gained from 
reading the text, try to determine 

influences affecting climate in your 
area of choice. 

' DAILY INTERVENTION 

Check for Understanding 
Visual-Spatial Display a globe. 
Ask students which area receives 

the most direct sunlight. equator 

Ask students to describe how 
temperature changes with lati- 
tude. Temperature decreases with dis- 
tance from the equator. 

Reteach 

Climate Factors Have students 

work in pairs to quiz one another 
on the factors that influence 

climate. TELL) 

5 rrr ee | Assessment 

Performance Have students work 
in small groups to design a plan to 
help reduce the heat-island effect 
in an urban area. Encourage stu- 

dents to research real solutions 
used by several different cities. 
Potential solutions include plant- 
ing more trees along streets, 
enlarging parks, and painting 
rooftops white—most rooftops 
are dark-colored and absorb heat. 

GBP PBL Linguistic 

Fr 

Cold eae, $ 
ANE yf Aes hy 

Cold boreal 
Dry winter evergreen forest 

Warm 

F Arid 

tundra — 

~~ grassland 

id ‘Eubigited 6 
| feciduc us forest 

Figure 17 Climate zone influ- 

ences the types of vegetation that 

will grow there. 

infer What are two major factors 

that characterize climate types? 

[~~section (ee) 
Summary 

| Climate and Weather 

© Climate is the net result of interactions 

involving all aspects of the biogeophysical 

system called Earth. 

| What causes climate? 

| @ The main causes of climate are the 

distribution of solar radiation and the 

location of pressure and wind systems. 

® Oceans, land masses, mountains, and large 

lakes also affect climate. 

Types of Climates 
Geographer Glenn Trewartha and meteorologist Lyle 

Horn designed a system to classify climates, shown in Figure 17. 

It has three major divisions—cold or boreal, arid and semi-arid, 

and climates with adequate heat and precipitation. The last 

includes temperate, subtropical, and tropical climates. These 

divisions are closely correlated with vegetation. 

CRATES 

FEVIELU 

Self Check 

. Explain why a climatic normal does not tell you exactly 

called Earth. 

what to expect where you live. 

. Identify the five elements of the biogeophysical system 

. Explain the association between climate and latitude. 

climates. 

. Compare and contrast continental and maritime 

. Think Critically Would you expect the daily tempera- 

ture range to be greater in a maritime climate ora 

continental climate? Explain. 

® Climates are classified on the basis of 

temperature and moisture availability. 

® Prevailing high pressure or the rain shadow of 

mountains can produce dry climates. 

Types of climate 

® Climates can be classified into three major 

divisions. 
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Applying Math 

. Calculate Range The coolest average summer tem- 

perature in the United States is 2°C at Barrow, Alaska, 

and the warmest is 37°C at Death Valley, California. 

Calculate the range of average summer temperatures 

in the United States. 

More Section Review fl.gpescience.com 

ce section o® 
. A climatic normal is an average of 

conditions over a 30-year period. It 

does not predict what to expect on 

any specific day. 
atmosphere, hydrosphere, litho- 

sphere, cryosphere, and biosphere 
. Latitude is a major factor that deter- 

mines climate because it governs the 
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revielu 

amount of solar radiation received. 

Both are types of climate that depend 
on location. Maritime climates have a 

strong ocean influence and usually 
have a narrow range of tempera- 

tures. Continental climates have little 

or no ocean influence and experience 

extreme temperature differences 

between winter and summer. 
5. The daily temperature range would - 

be greater in a continental climate 
because the maritime effect would 
lessen daily differences. 

6,35 @ 

me MA.E.1.4.2 



“SC.H2.4. 2, SC.H.3.4.3, SC.H.3.4.6 

arth’s Changing Climates 

Why It’s Important 

Changing climates affect all life 

on Earth. 

What Nou\ Learn 
m Explain how climate changes 

seasonally. 

= Explain causes of climate change. 

2 Review Vocabulary 

trace: a minute, barely detectable 

amount present 

m Describe how we influence climate. New Vocabulary 
m Explain El Nino’s effect on weather. e global warming 

e EI Nino e LaNina 

Seasonal Changes 
Seasonal changes occur as Earth completes a revolution 

around the Sun. The hemisphere tilted toward the Sun experi- 

ences summer while the hemisphere tilted away from the Sun 

experiences winter. During the summer, a hemisphere receives 

more intense solar radiation and temperatures rise. During 
winter, the intensity and amount of solar radiation decreases 

and temperatures drop. Seasonal changes are magnified in the 

mid-latitudes by the temperature contrast between land and 

oceans. The oceans are generally colder than land in the sum- 

mer, but warmer than land in the winter. 

Figure 18 The last glacial max- 

imum was 18,000 years ago when 

Earth’s temperature was 6°C cooler 

than present. 

Long-term Changes 
Cycles of glaciations, called ice ages, represent long-term 

climatic change. The peak of the last ice age was 18,000—22,000 

years ago when global was about 6°C cooler than pres- D 

ent. Glaciers covered much of the middle and high 

latitudes, as shown in Figure 18A. Deserts expanded in 

the tropics and rainforests all but disappeared. 

However, by 5,000 years ago, most of the glacial ice 

had melted, rainforests returned, and grasslands spread 

into low latitude deserts. World climate reached its cur- 

Temperature Changes for 
Last 18,000 Years 

5 | oe 7 Medieval climatic’ 
olocene optimum 

| maximum 

2 
vu 
i=)) 
— 

ts Sts es 
rent pattern only about 3,000 years ago, but even since : 

then, large variations have occurred. In the Medieval a . Pe 
. = : ; o Sal i la | 

period, parts of the northern hemisphere were warm 3 -3| (aun 

and much of the North Atlantic was free of ice, enabling a Dryas 

the Vikings to sail to Greenland and establish colonies. ar TEMA Oe 

A few centuries later, a cooler period called the Little Ice Thousands of years 

Age occurred, as shown in Figure 18B. 
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4 Motivate 

INTERACTIVE | An editable Microsoft® 

==, PowerPoint® presenta- 

tion e Aap on Interactive 

Chalkboard CD-ROM. 

PowerPoint” Pre 

Bellringer 

Section Focus Transparencies 

also are available on the 

Interactive Chalkboard CD-ROM. 

[2] GD 

1, What will happen to the sea level if glaciers melt? 

2. What would cause the yolume of solid ice on Earth to increase? 

3. What is a reason that glaciers, snow, and icecaps can be said to 
decrease average temperatures of Earth? 

of Reading Preview 

Tie to Prior Knowledge 

Climate Change Ask students 
what climate change they experi- 
ence yearly. If they mention sea- 
sonal changes tell them that 
seasons are short-term climate 
changes, but climate changes can 
take place over a few years to a 
few million years. 

Chapter Fasr Fie Resources 

Transparency Activity, p. +9 

Lab Worksheets, pp. 7-8 

Enrichment, p. 34 p. 18 

Reinforcement, p. 30 

Directed Reading for Content Mastery, 

pp. 21-22 

pp. 48-49 

Reading and Writing Skills Activities, pp. 19-20 

Physical Science Critical Thinking/Problem Solving, 

Performance Assessment in the Science Classroom, 

Set the Purpose Refer to the 

new vocabulary terms and ask 
students to set a purpose for 
reading the text by forming a 
question related to the word. 
For the term global warming, 

students might set this purpose: 
What influences global warm- 
ing? What influences global 
warming? As they read, students 
should record the answers to 
their questions. 
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CS) Quick Demo 
<i’ Seasons 

Materials unshaded lamp, globe 

Procedure Place a lamp on a desk 
in front of the classroom and turn 

it on. Tilt a globe toward a wall, 

then circle the lamp, spinning the 
globe but keeping it tilted toward 
the wall. Students should observe 

that different areas of the globe 
directly face the Sun during 

Earth’s revolution. Ask: What 

season is it in the northern hemi- 

sphere when that hemisphere is 
tilted toward the Sun? summer [L2| 

GP jf) Visual-Spatial 

Discussion 
Ask students to explain why it is 
difficult for scientists to deter- 
mine which factor is causing a 
specific climate change. Climate is 
the net result of different factors acting on 
different times scales. 

Dinosaur Extinction !n 1980, Luis 

Alvarez published his discovery of the 
rare earth element iridium, found in a 

thin layer of clay in Italy. Iridium is 
common in meteoroids, comets, and 

asteroids. Further studies showed that 

iridium had been deposited about the 

time that dinosaurs became extinct. 

Caption Answer 
Figure 19 Trees absorb CO, and release 
0, into the atmosphere. 

Visual Learning 

Figure 19 Have students trace 

the path of a carbon atom 
through the carbon cycle. Have 
them begin with photosynthesis 
in a producer. GD Visual- 
Spatial 

Dinosaur Extinction 

The impact of a large 

asteroid 65 million years 

ago on Mexico's Yucatan 

peninsula may have 

caused the extinction 

of dinosaurs and other 

species. The dust from 

such an impact would 

have caused months of 

darkness and drastically 

lowered temperatures. 

Animals like dinosaurs 

that needed large sup- 

plies of food would have 

suffered most. Research 

what evidence scientists 

have for such an impact 

and report your findings 

to your class. 

Causes of Climate Change Numerous factors influence 

climate and act on diverse time scales. Over millions of years, 

factors such as mountain building and continental movement 

are important. Over years and decades, ocean currents, temper- 

atures, and snow and ice cover play a big role. Climate is the net 

result of all factors on all timescales. 
Variations in the receipt of solar radiation are important on 

a scale of hundreds to thousands of years. Changes related to 

Earth’s orbit are the most important factors, producing changes 

that determine the rhythmic cycles of glaciation. These include 

changes in the tilt of Earth’s axis of rotation, the shape of its 

orbit, and the timing of the seasons with respect to distance 

from the Sun. The tilt, for example, is now 23.5°, but has varied 

between 21.5° and 24.5°. These changes alter the amount and 

distribution of solar radiation that reaches Earth. 
Sunspots similarly affect the amount of radiation received by 

Earth. During one period from 1645 to 1715 sunspot activity 

was very low. This period is correlated with long winters and 

extreme cold temperatures in Western Europe, known as the 

Little Ice Age. Sunspots are important on historical time scales. 

Volcanoes also play a role on this scale. They spew out vast 

amounts of dust that can block sunlight for years. For example, 

the eruption of Mt. Tambora in Indonesia in 1815 created the 

cold weather conditions that gave 1816 the name “The Year 

Without a Summer.’ 

The Human Factor 
Human activities, such as the burning of fossil fuels, manufac- 

turing processes, deforestation, draining of wetlands, and intensive 

agriculture, have influenced Earth’s atmosphere significantly. These 

activities modify the surface heating and the water and carbon 

cycles. They also increase the atmospheric concentrations of trace 

gases, dust and air pollution. 

Figure 19 When organisms die 
and decay, some carbon is stored 

as humus in the soil and some is 

released back to the atmosphere as 

carbon dioxide. 

Describe how trees affect levels of 

carbon dioxide and oxygen in the 

atmosphere. 

Fossil Fuel 
Burning 

Carbon in 

Atmosphere X 
Deforestation 

Carbon in Organisms 

Carbon in Rock 
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Differentiated Instruction v, 

Behaviorally Disordered Help keep students with 
behavioral disorders engage in classroom activi- 

ties by assigning them small tasks. For example, 
students can take turns reading the text aloud and 
summarize the causes of climate change. They 

can also outline important points on the board as 
you lecture, or help distribute hand-outs. 
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io AcveneaGnG 

Cause-and-Effect Chart This strategy is used to 
focus on cause-effect relationships. Have stu- 
dents write Global Warming in the center. To 
the left, write the apparent causes of the topic. 
On the right, have students record the effects. 

iD] 



The Carbon Cycle The carbon cycle, as shown in Figure 19, 
follows the exchange of carbon among the ocean, land, and 
atmosphere. Carbon is the basis of all organic matter. The changes 
in the carbon cycle are particularly important both meteorologi- 
cally and ecologically. The carbon cycle is affected in two ways by 
deforestation and loss of vegetation—less carbon dioxide is 
absorbed from the atmosphere during photosynthesis, and decay- 
ing and burning wood adds carbon dioxide to the atmosphere. 

Reading Strategy | 

Dialogue Have students create a 
written dialogue between them- 

selves and a family member. In 

the conversation, the student 

should explain how carbon cycles 
between the living and nonliving 
world and the effect of human 
activities on this cycle. Applying Math BeGuers 

CARBON DIOXIDE (CO,) CONCENTRATION Concentration of CO, in the atmosphere has 
increased at a constant rate of about 4.2 percent per decade over at least the last 
30 years. Assuming this rate remains constant, you can predict its concentration 
in the future by using the following formula: 

CO, (year + 10) = CO, (year) + CO, (year) X rate of CO, increase 

| IDENTIFY | known values and unknown values 

Identify the known values: 

The concentration of CO, in 2000 
Mauna Loa, Hawaii 

was 369 ppm 2 380 = $= ~ 

a . 2 370 
Rate of CO, increase between 1990 = 360 | ntl 

and 2000 was 4.2 percent Ses, itl 
. c 

Identify the unknown value: = 340. iil 
: 4 _ @ 

What will be the concentration of = 330) pit 

carbon dioxide in 2010? o 320 | fait 
o eae — ; 

T Year 

| SOLVE | the problem 

Substitute the known values into the equation: 

Math Standards 

National: 1, 2,9 

Florida: MA.E.1.4.2 

Concentration in 2010 = 369 ppm + 369 X 0.042 

Concentration in 2010 = 384.5 

| CHECK | your answer 

Multiply 369 < .042 and subtract from 384.5 to get the value in 2000. Answers to 

Practice Problems 
1. 400.7 ppm 

2. 378.6 ppm 
Practice Problems 

1. Use the same method to find carbon dioxide concentration in 2020. 

2. Assuming that conservation efforts reduce the rate of carbon dioxide increase to 

2.6 percent per decade, predict the concentration in 2010? 

For more practice problems, go to page 879 and visit Math Practice at fl.gpescience.com. 
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TAB DEMONSTRATION 

Purpose to demonstrate that burning fossil 

fuels releases carbon dioxide into the air 

Materials balloons, tire pump, car, twist ties, 

straws, funnel, test tubes, water, bromthymol 

blue, dropper 

Preparation Using a funnel, fill one balloon 

with car exhaust. Fill the second using a tire 

pump. Seal both with twist ties. 

Procedure Add 10 drops of bromthymol blue, 
which turns yellow in the presence of carbon 
dioxide, to each test tube. Drop a straw into 
each test tube. Test the contents of each bal- 
loon by placing its open end over one of the 
straws and carefully releasing the twist tie. 

Expected Outcome The exhaust fumes cause 
the solution to turn yellow. 

Assessment 

How might levels of carbon dioxide in the 

atmosphere be reduced? By reducing emissions 
from vehicles 
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_ Teacher 
| ~ Environmental Splution® ariel city 
jin Mexico having the most air 
_ pollution is the capital, Mexico 

City. Many of the city’s four 
million vehicles do not contain 
modern emission controls. In 
| response, the government has 

_ provided incentives to industry 
| and private citizens, promoting | 

the manufacture and use of 
| cleaner vehicles. For example, 

since 1991, new cars are now 
equipped with emission controls. 

| Residents in urban areas either 
- must equip their vehicles with 
catalytic converters or be banned 
from driving one day each week. 

ey 

Visual Learning 

Figure 20 Have students identify 
trends they observe in the 
images of the ozone layer. The 
concentration of ozone has decreased 
dramatically since 1979. 

Caption Answer 
Figure 20 Ozone shields Earth from 

ultraviolet radiation. 

Activity 
Deforestation Have students de- 

sign and carry out experiments to 

determine how deforestation 

affects soil erosion. They can 
compare rates of erosion in two 

different containers. One con- 

tainer could hold both plants and 

soil. The second container could 

hold soil only. 

Fun Fact 
Scientists have determined the his- 
torical concentrations of atmospheric 

carbon dioxide by analyzing samples 

of air that can be accurately dated. 
These include air bubbles in ice layers 
and air trapped in hollow buttons on 
military uniforms and in sealed bot- 
tles of vintage wines. 

Figure 20 The concentration of 

ozone over Antarctic has dramati- 

cally decreased between 1979 and 

2003. Concentrations in the hole 

are about eighty percent lower than 

what would be there naturally. 

Explain why scientists are con- 

cerned about decreasing concentra- 

tion of ozone in the stratosphere. 

Oct. 1979 

Oct. 2003 

Total Ozone (Dobson Units) 

Trace Gases Today’s atmosphere contains on average about 

380 ppm of carbon dioxide. This is an increase of 66 ppm, or 21 

percent, since measurements began in 1957. This level is far 

greater still than at the beginning of the nineteenth century, 

when levels were stable at 280 ppm. Human activities have also 

increased the concentration of other trace gases—methane by 

more than 100 percent, nitrous oxide by about 10 percent. All of 

these gases are important in heating the atmosphere. 

Global Warming Global warming is an increase in the aver- 

age global temperature of Earth. Global temperatures have 

increased over the last century by about 1°C. This may seem 

small, but the entire global temperature increase since the last 

ice age is only 6°C. Our understanding of global warming 1s 

incomplete, but evidence strongly suggests that the increase in 

trace gases is an important component. 

The Ozone Hole As early as the 1970s, scientists were con- 
cerned that synthetic chemical compounds could destroy 

atmospheric ozone. They worried about exhaust from super- 

sonic aircraft and chlorine and fluorine compounds, such as the 

CFCs (chlorofluorocarbons) used in refrigeration, aerosol 

sprays, and other processes. Since ultraviolet radiation breaks 

down DNA, less protection from solar ultraviolet radiation 

potentially could affect the quality of life on Earth. In 1985, 

British scientists found a hole in the ozone layer over Antarctica. 

The change in the ozone layer between 1979 and 2003 is 

shown in Figure 20. When study of the air in this hole showed 

that it was largely man-made, an international agreement was 

made to limit the use of CFCs. Recent studies indicate that actions 

taken as a result of the agreement are having an effect on levels of 
chlorine in the atmosphere, which are decreasing each year. 

The Land Surface Humans change the land surface by 
draining swamps, plowing fields, and building cities. Extensive 

studies have suggested that these processes might affect local or 

regional climate, but the issue is still controversial. The climate 
of cities is different than the climate of the surrounding coun- 
tryside. Effects on larger scales are not as clear. 

One concern is desertification. Desertification is the end 
product of many types of changes that make once-productive 

land unusable. Human activities such as overgrazing 

of livestock, deforestation, and irrigation of crops 

may contribute to the process of desertification in 
some areas of the world. 
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Cultural Diversity 
Adapting to Extremes You have seen how plants and 
animals can adapt to extreme climatic conditions. 
Humans use ingenuity and available materials to 
build shelters. Many Inuits build long- and short- 
term shelters from blocks of snow. Snow is a good 
insulation against frigid arctic temperatures. 

tures are a threat, people once cooled their homes 
naturally using wind towers. These tall structures 
had openings in all directions and internal, diago- 
nal walls. Breezes were captured, forced downward 
and channeled through certain rooms that were 
used in summer. 

Around the Persian Gulf where summer tempera- 
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El Nino and La Nina 
El Nifo is a climatic event that involves the atmosphere and 

oceans. Normally, the trade winds blow warm surface water 
westward toward a low pressure area in the western Pacific. The 
warm surface water is replaced by cold, nutrient-rich water that 
is upwelled from below the surface. When the tradewinds 
weaken, surface pressure patterns break down and the flow of 
warm water is reversed. Nutrient-rich cold water is no longer 
upwelled and warm, nutrient-poor water remains at the surface. 

Fewer fish and other marine life can be supported by the 

nutrient-poor water. Rainfall in the western Pacific decreases, 

where as heavy rain and flooding can occur on the normally dry 

coast of Peru. El Nino can dramatically alter global weather pat- 
terns. For example, a strong El Nino can lead to flooding and 

mudslides in California, as shown in Figure 21, and droughts in 

India, Australia, and parts of Africa. 

The opposite of El Nino is La Nina, which occurs when 

tradewinds in the Pacific are unusually strong and equatorial 

oceanic surface temperatures are colder than normal. La Nina 

can cause drought in the southern United States and excess rain- 

fall in the northwest. 

© Section a 

Summary 

Seasonal Changes 

® The tilt of Earth’s axis changes the amount of 

solar radiation received by the northern and 

rFevVieLu 

Self Check 

. Identify ways that humans may be affecting climate. 

Figure 21 Parts of the Pacific 
Coast Highway in California have 

been disrupted by erosion and 

mudslides caused by El Nifo. 

. Explain why the contrast between land and water 

changes with the seasons. 

southern hemispheres throughout the year, 

causing the seasons. 

Long-term Climate Changes 

® Cycles of glaciation occur on the scale of tens 

of thousands of years. 

® Sunspots and volcanoes influence climate on 

shorter timescales. 

The Human Factor 

® Human activities have increased the 

concentration of trace gases and decreased 

stratospheric ozone. 

El Nino and La Nina 

® EI Nino is a warming of the Pacific Ocean with 

worldwide effects. La Nifa is the opposite of 

EI Nino. 

More Section Review fl.gpescience.com 

. Explain why it is difficult to identify any single cause of 

an observed climate change. 

. Think Critically What can be done to stop global 

warming? What can you do to help? 

Applying Math 

. Use Percentages The eruption of Mount Pinatubo in 

1991 put large amounts of dust into the atmosphere. 

Scientists say this decreased the average global tem- 

perature about 0.8 percent during the next year. How 

would this affect an area with an average temperature 

of 25°C before the eruption? 

. Calculate Areas of the southeastern United States may 

receive 15 percent of their rain during hurricanes. If 

average rainfall for this area ranges from 100—200 cm, 

how much of this might be from hurricanes? 
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Post Reading 

Debate and Discuss Have stu- 

dents research the following topics 

in preparation for a class discus- 
sion/debate: causes of global 

warming, human influence on 

climate, and causes of the ozone 

hole. Encourage them to make a 
case that argues for specific causes 

and effects. 

DAILY INTERVENTION 

Check for Understanding 
Linguistic Ask students to describe 
the connection between the 

greenhouse effect and global 
warming. The greenhouse effect is a 
natural process wherein certain gases trap 
heat from the Sun. Global warming is a rise 
in Earth’s overall surface temperature pos- 

sibly caused by an increase in greenhouse 
gases. [L2| 

Reteach 

Climate Change Draw an oval on 
the board. Inside the oval write 

Climate Change. Under this oval, 

draw two more ovals. In the first 

oval, write Caused by Natural 

Processes. In the second oval, write 

Caused by Human Activities. Use 

lines to connect the second row of 

ovals to the center oval. Draw a 

third row of ovals, connected to 

the second row. With student 

input, fill in the ovals with exam- 
ples of different types of climate 
change. [11] @ Visual-Spatial 

(Ww Recaee oe 
% Assessment 

ne tae ne age aan a Cee a 

secrion 

1. Answers include burning fossil fuels, 

deforestation, paving land, draining 
swamps, and releasing chemicals 

that damage the ozone layer. 
2. Water absorbs heat slowly but 

retains heat longer than land. Oceans 

are generally warmer than land in 
winter, but cooler in summer. 

3. Because climate depends on many 
factors that operate on different 
time scales, it is hard to determine 

4. Answers might include reduce 
emissions of trace gases, conserve 
electricity, enact stronger antipol- 
lution laws, plant more forests, 

review 

6. 15-30 cm 

and develop alternate energy 

sources. 
5. lower average temperature by 

which is most important. 0.2°C 

pe | MA.A.1.4.4, MA.B.1.4.2 

Oral ‘Tell students that scientists 

disagree on the causes and effects 
of global warming. Have stu- 

dents conduct further research 

on the topic and then debate 

what the U.S. government 

should be doing about global 
warming. Visual-Spatial 

SECTION 4 Earth’s Changing Climate 539 



Design Your Own 

© Real-World Investigating Microclimate 

Problem ——— 

Goals ® Real World Problem . — 

@ Investigate how envi- While we can talk about global climate or regional climate, we also 

ronmental variables can discuss climate on the scale of a few meters. We call climate at 

respond to various this scale a microclimate. For example, because cold, heavy air drains 

microclimates. downhill, valley fog sometimes forms in moist, low-lying areas. 

Along the California coast, coastal fog collects on the needles of 

redwood trees, drips to the ground, and is absorbed by the tree’s 

shallow root system. This microclimate helps the coastal redwoods 

survive, nestled in the fog belt along the California coast. In this lab, 

you will investigate local differences in microclimate. 

Purpose Students will identify 
a microclimate and investigate 

how conditions there differ from 

the surroundings and determine 
how this affects life forms or 

Oe cereite. Possible Materials 
directional compass 

thermometer 

rain gauge 

meter stick 

small plastic cups r 

*graduated cylinder >) Forma Hy p othesis 

*Alternate materials Choose an aspect of climate, such as precipitation, light, or tempera- 

ture. Form a hypothesis to explain how this aspect influences local 

environments. Predict how these factors will vary in response to dif- 

Ca Kk ferences in your microclimate variable. 

Process Skills observe, meas- 

ure, form and test hypotheses, 
make a graph, evaluate, infer, 

predict 

Time Required 10-15 minutes 

a day for one or two weeks 

Materials thermometer, rain 

gauge, meter stick or metric 

ruler, magnifying glass, camera 

Safety Precautions 

Alternate Materials small plas- 
tic cups, graduated cylinder 

© Forma 
Hypothesis —— 

Possible Hypotheses 

Encourage students to look for 
small areas that appear different 
either in plant growth or pres- 
ence of snow, ice, or water. 

After students have identified a 
possible microclimate, have them 
select one variable to study. 
Moisture enhances plant growth, 
so areas with more precipitation 
might have more vegetation. 
Sunlight also encourages plant 
growth, but some plants require 

less light than others, so vegeta- 

tion may vary in size and variety. 
540 CHAPTER17 Weather and Climate 

‘Temperature may be a factor 
also. Sheltered areas protect : 
against freezing temperatures Possible Procedure Encourage students to 

Teaching Strategy © Test Your Hypothesis 
° Help students choose variables appropriate for 

the season. 
and winds. Shade from buildings take Measurements at various distances to define 

a gs ae : LS Chak cgnt Te | © Make sure “ x Watt 1 Hort: a affects temperature, and this can the boundaries of their microclimate. Measure ae ae ae the variable is measurable with 

cause snow to last longer or have conditions over several days at about five sites. the tools available. 
positive and negative effects on * Help students choose appropriate sites and 
life forms. Air temperature at decide when and where to make measurements. 
ground level differs from that at 
higher elevations. 

340 CHAPTER 17 Weather and Climate 



© Test Your Hypothesis 
Make a Plan 

1. Decide what microclimate factor you will investigate, and what envi- 
ronmental factor you will monitor for effects. 

= How will you measure the selected microclimate variable? What 
equipment will you need? How often will you make measurements? 

Choose sites for making measurements. Will these sites vary in micro- 
climate? Is the environmental variable you chose present in these places? 

Decide how you will measure your environmental variable. What equipment 

will you need? How often will you make measurements? Should the microcli- 

mate measurement happen at the same time? 

w . 

uw Prepare a data table to record your measurements. Will you record the time of the 

measurements? Should you record the weather at the time of measurements? 

Before you begin, list the steps of your procedure. Include all materials needed for 

each step. Does your procedure give you the data necessary to test your hypothesis? 

4s 

Follow Your Plan 

1. Be sure that your teacher approves your plan before you start. 

2. Carry out your experiment as planned. Be sure to record all data in the appropri- 

ate places. Follow all appropriate safety precautions. 

w Record all observations and data in your Science Journal. 

© Analyze Your Data 
1. Make a graph of your data. Put the microclimate variable on the y-axis, and 

the environmental variable on the x-axis. 

2. Discuss any trends you see in the data based on your graph. 

3. Infer any effects that the weather had on microclimate variables. How did this 

affect your environmental variable? 

© Conclude and Apply ——— 
1. Discuss your predicted environmental response 

to microclimate. Did your results support your 

hypothesis? 

2. Predict how changes in global climate would 

affect the microclimate and response variables 

that you studied. 

Compare your results with the data of 

other students who measured the same 

microclimate variable. Present the 

combined data to the class. For more help, 

refer to the Science Skills Handbook. 

LAB 541 

Ui Alternativedn 

A Controlled Microclimate To extend this lab, have 

students confirm their observations and conclu- 

sions in a controlled system. For example, they 

might compare growth of two or three plants. Be 

sure that they modify only one selected variable, 

such as moisture, light, or temperature while 

keeping other variables constant. [i3| 

ommunicating 
aa Your Data 

Help students to present their results clearly, using draw- 
ings and graphs where possible, so that they can explain 
them to students who studied different microclimates. 

Troubleshooting If no changes 
are observed in the first few days, 
encourage students to modify 
their plans and choose a different 
area or different variables. 

Expected Outcome Varying 
amounts of shade, warmth, and 

precipitation will have measura- 
ble impacts on snow cover, plant 
growth, and evaporation rates at 
different sites. 

© Analyze Your 
Data : 

Answers to questions will vary. 
Accept all reasonable answers. 

© Conclude and 

Apply 
Conclusions will vary. Be sure 
that the results are clearly 
expressed using diagrams and 
graphs where possible. 

‘T? Assessment — ssessment 

Content Have students find other 

sites similar to those they inves- 
tigated. Ask them to predict the 
microclimate in these sites based 
on their original observations. 
Use Performance Assessment 

in the Science Classroom, 

p. 89. 

LAB 541 



Understanding 
Literature 
The dust bowl was a tragic 
period for southern plains states 
in the 1930s. Ask students what 
other events took place during 
the 1930s. Possible answers: the Great 
Depression, Roosevelt's New Deal, and 

the rise of Nazi Germany 

Respond to the Reading 

1. It buries them in dust, damages 
leaves, stalks, and roots, and blocks 
essential sunlight. 

2. Dust storms have a number of causes, 
including over-farming and grazing, 
erosion, removing trees, and drought. 

3. Linking Science and Reading [he 
effects of different types of severe 
weather can be similar. Crops are dam- 
aged, trees and homes are damaged or 

destroyed, and lives are disrupted. 

Toe Dust Storms 
= With no 

moisture to hing rain, the wind 
picks up fine soil particles that 
often remain suspended in air. 
This irritates eyes and makes 
breathing difficult. The  sus- 
pended dust also produces sunset 
colors. The particle content of 
the air is high enough to filter out 
all the blue light. What remains 
are the longer wavelengths of yel- 
low, orange, and red. 

542 CHAPTER 17 Weather and Climate 

In The Grapes of 

Wrath, Steinbeck tells 
the story of the fictional 
Joad family, who lived in 
Oklahoma in the 1930s. 
Like thousands of families 
living in the drought- 
stricken dust bowl of the 
central United States, the 

Joads were tenant farmers who lost their farm. Such 
families piled their belongings into rickety trucks and 

migrated to California seeking work as fruit pickers. 
Although the drought alone caused much 

hardship, it was gigantic dust storms that finally 
destroyed their crops. Steinbeck describes such a 

storm in the following words: 

“The wind grew stronger, whisked under 
stones, carried up straws and old leaves, and even 

little clods, marking its course as it sailed across 

the fields. The air and the sky darkened and 
through them the sun shone redly, and there was a 
raw sting in the air. During a night the wind 
raced faster over the land, dug cunningly among 

the rootlets of the corn, and the corn fought the 
wind with its weakened leaves until the roots were 
freed by the prying wind and then each stalk set- 
tled wearily sideways toward the earth and 
pointed the direction of the wind.” 

When the storm finally ended, the buildings, 

fences, and trees were blanketed with thick layers of 
dust—a grim reminder of how the Joads lives had 
been changed forever. 

542 CHAPTER 17 Weather and Climate 

The Grapes of Wrath 
by John Steinbeck 

Ria eh “i 0 Se nis- 

x ical events a aS ne pira fone Whe Res 
“of fiction combines historical events o1 

~ characters with fic enalpioe ant 
_ it become: ahis rical novel. \ 
“historical + ction can aid the 
~ understanding how people actuz 
~ enced ani nimportant time in history 
yepejet ha id role kt i 

Respond to the Reading 

1. How does the dust storm affect the 

crops? 

2. What might cause such a dust storm? 

3. Linking Science and Reading Write a 

paragraph describing the effects of a 

hurricane or tornado. 

The dust bowl 

resulted from inter- 

actions benieen natural elements, such as 

climate, plants, and soil, and human elements, 

such as farming practices and economics. 

When the dust bowl occurred, vegetation was 

already sparse. This reduced friction and 

allowed the wind to gain speed. With no mois- 

ture to bind soil particles together, the soil 

eroded. Dust from these storms was carried up 

to 3,000 km away from its original source. The 

dust storms were a type of squall that some- 

times bring rain to these semi-arid plains. 

Resources for Teachers and Students 

Out of the Dust, by Karen Hesse, Scholastic Press, 

Survival in the Storm, The Dust Bowl Diary of Grace 

Edwards, by Katelan Janke, Scholastic Press, 2002. 
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chapter 

eviewing Main ideas 

“Section 1 | Earth’s Atmosphere 

Earth’s atmosphere is 78 percent nitrogen, 
21 percent oxygen, one percent argon, and 

includes small amounts of trace gases. 

. The stratosphere is the upper layer of the 

atmosphere where temperature always 

increases with height. The troposphere is 
the lower layer where most weather 
occurs. 

The troposphere is heated primarily by 

Earth’s surface after it absorbs radiation 

from the Sun. 

. Land absorbs and emits heat efficiently, but 

water resists temperature change. 

- Clouds form when warm air carrying 

water vapor rises until it is cool enough 

to condense. 

“Section 2 | Weather 

f Major pressure belts J TRae 
; JIE 

and wind belts are > sn 
caus C me caused by unequal ers 

heating between the : it a 

equator and the poles Eo: bape iene 
° s H H 

and modifications Woeoaer 

— resulting from Earth’s : 

rotation. 

. Specific weather patterns are associated 

with high and low pressure cells. 

. Air masses are large blocks of air with simi- 

lar properties of moisture and temperature 

throughout. They interact in zones called 

weather fronts. 

Severe weather includes thunderstorms, 

downbursts, tornadoes, and hurricanes. 

Interactive Tutor fl.gpescience.com 

. Increased concentrations 

. El Nino and La Nina 

Section 3 | Climate 

1. Climate refers to the mean weather condi- 

tions and their annual variations in an area. 

. Climate is part of an Earth system that 

includes the atmosphere, biosphere, 

hydrosphere, cryosphere, and lithosphere. 

. Latitude is the most important factor in 

determining climate. 

. Continents, mountains, and oceans influ- 

ence climate on a large scale, and small- 

scale variations are termed microclimates. 

Section 4 Earth’s Changing Climates 

1. Long-term changes include cycles of 
glaciation. Causes of climate change include 

changes in Earth’s orbit, solar activity, volcan- 
ism, and human intervention. 

. Global warming has been documented. The 
reasons for it are complex and not fully 

understood. 

of trace gases and dam- 

age to the ozone layer are 
probably caused by 

human activities. 

affect ocean currents and 
coastal winds, causing 

serious droughts and 

flooding in some areas. 

POLY TTY Use the Foldable that you made at the begin- 

ning of this chapter to review what you have learned about 

weather and climate. 

CHAPTER STUDY GUIDE 543 

chapter 

Study Guide 47 

Reviewing Main Ideas 

Summary statements can be 
used by students to review the 
major concepts of the chapter. 

Sciencep |i 

Visit fl.gpescience.com 

More Section Review 

Interactive Tutor 

Vocabulary PuzzleMaker 

More Chapter Review 

Standardized Test Practice 

Assessment Transparency 
For additional assessment ques- 
tions, use the Assessment 

Transparency located in the trans- 
parency book. 

Assessment 

Wcase Weather and Climate 
© Transparency 

Directions: Referring to the graph below, circle the term in parenthesis that makes 

each statement true. 

Beijing Valdivia 

Z = = 

se 

JFMAMJJASOND 

1. The warmest month in Valdivia is (January, July), 
2. In April the average temperature is (18°C, 14°C) in Beijing. 

3, The average annual temperature in Beijing is approximately 

(12°C, 20°C). 

4, The average annual temperature in Valdivia is approximately 

(12°C, 5°C), 

5. If the temperature is 24°C, the temperature in degrees Fahrenheit 

is (75, -8). 

6. Valdivia is located in the (southern, northern) hemisphere, 

7. The city where the temperature changes most rapidly from month 

to month is (Valdivia, Beijing), 

8. The city where the milder temperature is (Valdivia, Beijing). 

9. Judging from the temperature alone, the city more likely to be 

near an ocean is (Valdivia, Beijing). 

~ lave students use 

FOLDABLES their Foldables to 

review weather and climate. 

CHAPTER STUDY GUIDE 543 



chaprer 

REVIEW 

sing Vocabulary 

1. weather fronts 

2. maritime climate 

3. latent heat 

4. troposphere 

5. El Nino/La Nina 

6. westerlies 

7. jet streams 

8. lee rain shadow 

9. temperature inversion 

10. greenhouse effect 

|—~“Checking Concepts 
11. A 15. B 

12. A 16. A 

1Sae 17. D 

14. C 18. C 

Interpreting Graphics 

19. Accept reasonable diagrams show- 
ing subpolar lows and subtropical 
highs with westerlies in between 

the lows and highs. Trade winds 
blow from northeast in the north- 
ern hemisphere and southeast in 

the southern hemisphere. 

20. Continental climates have little or 
no ocean influence and experience 
extreme temperature differences 
between winter and summer. 
Maritime climates have a strong 
ocean influence and usually have a 
narrow range of temperatures. 

21. Cities at latitudes 41 and 45 have 
maritime climates; that at 72 and 
40 have continental climates. 

~~ Thinking Critically 

22. The continental U.S. has extreme 

temperatures of cold and warm air 

masses and the availability of mois- 
ture from tropical oceans. 

23. Because ozone filters out harmful 

ultraviolet radiation, loss of ozone 

exposes us to this danger. 

544 CHAPTER REVIEW 

chaprer AVL Review 

4 SC.D.1.4.1, SC.D.1.4.3, $C.D.1.4.4, ‘$C.0.2.4.1 

sing Vocabulary 

biosphere p.529 maritime climate p.532 

continental climate p.532  seabreeze p.533 

EI Nino p.539 subtropical high p.5 

temperature inversion global warming p.538 

p.520 p.519 greenhouse effect 

jet stream p.525 troposphere p.519 

La Nina p.539 weather front p. 52¢ 

latent heat p.520 westerlies p.524 

lee rain shadow p. 533 

Match the correct vocabulary word(s) with each 

definition given below. 

1. area of interaction between air masses 

2. climate with a strong ocean influence 

3. energy used to evaporate water 

4. layer of the atmosphere where most 

weather occurs 

5. global weather event(s) that involve 

oceans and the atmosphere 

6. most important of three major wind belts 

7. fast, powerful air current that affects many 

weather processes 

8. area of reduced precipitation on one side 

of a mountain range 

9. a region of very stable air that resists rising 

needed to form clouds and dispel pollution 

10. warming of the atmosphere involving heat 

absorption by trace gases 

Choose the word or phrase that best answers the 
question. 

11. Which has great ranges in temperature 

and little ocean influence? 
A) continental climate 

B) El Nino 

@evayNina 

D) maritime climate 

544 CHAPTER REVIEW 

12. 

13: 

Which is the percent of solar radiation 

reflected from the surface? 

A) albedo 

B) Coriolis effect 

© greenhouse effect 
D) urban heat island 

Which is the most important factor in 

determining climate at a given location? 

A) altitude C) latitude 
B) continents D) mountains 

Use the illustration below to answer question 14. 

14. 

15. 

16. 

17. 

18. 

Which influence on regional climate is 

shown above? 

A) continental location 

B) lake effect 

©) lee rain shadow 

D) maritime location 

Which triggers droplet formation in clouds? 

A) evaporation ©) ozone 

B) dust D) thermals 

What type of weather is most closely 
associated with a warm front? 

A) drizzle or steady rain 

B) downbursts or windshear 

C) hurricanes or tornadoes 

D) thunderstorms 

Which is a trace gas 

A) argon 

B) nitrogen 

C) oxygen 

D) ozone 

Which surface reflects solar radiation 

the most? 

A) bare soil 

B) forest 

©) snow fields 

D) ocean 

Vocabulary PuzzleMaker fl.gpescience.com 

Use the ExamView® Pro Test Bank CD-ROM to: 
create multiple versions of tests 

create modified tests with one mouse click for inclusion students 

edit existing questions and add your own questions 

build tests aligned with state standards using built-in State 
Curriculum Tags 

change English tests to Spanish with one mouse click and vice versa 



19. Illustrate Earth’s major pressure belts 
and wind belts, with labels showing the 
westerlies and the trade winds. 

20. Makea table comparing characteristics of 
continental and maritime climates. 

Use the data in the following table to answer 
question 21. 

City Temperatures 

Cities at Average July Average January 

DegreesN Temperature Temperature 

Latitude (°C) (°0) 

72 20 —45 

4] 21 9 

45 29 ==2 

40 31 io 

21. Identify Based on the data in the table above, 

identify the latitudes of the cities that 

have maritime and continental climates. 

~~ Thinking Critically” 

22. Explain why the continental United States is 

prone to severe weather, such as tornadoes 

and hurricanes. 

23. Infer why scientists are so concerned about 

finding a hole in the ozone layer over 

Antarctica. 

24. Forma hypothesis about how we might deter- 

mine whether human activities have 

played a role in global warming. 

25. Identify some ways that plants and animals 

might adapt to changing climate patterns. 

Hint: Think of how organisms adapt to 

extreme conditions. 

More Chapter Review fl.gpescience.com 

chapter 
ca — 

Use the illustration below to answer question 26. 

Day 

ae NS 

Sea breeze J 

nce Sas Lee tate 

26. Explain why a sea breeze blows toward the 

land in the afternoon, and a land breeze 

blows toward the water in the evening. 

27. \nfer how global warming might increase 

the frequency of severe weather, such as 
hurricanes. 

28. Describe the carbon cycle and explain how 

human activities might interfere with it. 

29. Explain how water droplets form in clouds 

and the conditions needed to make them 

fall as some form of precipitation. 

30. Identify some of the ways that human activi- 

ties have interfered with the water cycle and 

describe some results of these activities. 

31. Explain how El Nino affects global weather 

patterns. 

Applying Math — 

32. Convert Units The high temperature of a 

summer day in the United States might 

be 81°F. What would this temperature 

be in France where they use Celsius 

temperatures? Hint: Use the formula 

8G (OP 32) x 5/9. 

. Compare Ratios City A had 175 cloudy 

days in 2004. In 2004, 56 percent 
of city B’s days were cloudy. Which 

city had more cloudy days? Show the 
calculations you did to find your 

answer. 

CHAPTER REVIEW 545 

Tip Review _ 

[&% Assessment 
\@7 Reproducible Masters 
Chapter Fast File Resources 

Chapter Review, pp. 39-40 
Ghapter ests; pp: 41—+4+ 

Assessment Transparency Activity, p. 53 

Glencoe Science Web site 
Chapter Review ‘Test 
Standardized ‘Test Practice 

Glencoe Technology 

@ Assessment ‘Transparency 
® ExamView® Pro Testmaker 
(5 MindJogger Videoquiz 
} Interactive Chalkboard 

chapter 

Review 

24. 

25. 

26. 

27. 

28. 

29. 

30. 

31. 

Applying Math 

Hypotheses may involve correlating 

human activities as global tempera- 
ture increases, for example, increases 

in irrigation, industrialization, and 
grazing animals or decreases in for- 
est cover caused by deforestation 

Students may mention that plants 
adapt to dry conditions by having 
small leaves or waxy coatings on 
their leaves. Also, plants and animals 
may become dormant during dry 
periods and begin growth only when 
moisture is available. 

Cooler, denser air over water blows 

toward land during the day pushing 
up warmer, less dense air. A land 
breeze occurs during the evening 
when cooler, denser air over land 

flows toward warmer, less dense air 

over water. 

Because hurricanes arise over warm 

tropical waters, global warming 
would make hurricanes more likely 
over wider areas. 

Carbon is exchanged among three 
major areas, the ocean, land, and 
atmosphere. The major ways humans 

interfere with it are by deforestation 
and burning fossil fuels. 

Water droplets form when cloud 

temperature drops to the dew point. 
Moisture condenses around fine par- 
ticles called condensation nuclei. 

Answers should include draining 
swamps, paving land, irrigation using 

well water, replacing forests with 
agricultural fields. 

Heavy rain and flooding can occur 
on the normally dry coast of Peru. 
Rainfall in the western Pacific 
decreases. A strong El Nino can lead 
to flooding and mudslides in 
California and droughts in India, 

Australia, and parts of Africa. 

Math Standards 

National: 1,4,9 

Florida: MA.B.1.4.2, MA.B.2.4.1 

32. 

33. 

HIG 

City B;0.56 X 365 days = 204 days 

CHAPTER REVIEW 545 
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Standardized Test Practice 

Answer Sheet An answer sheet 

can be found at fl.gpescience.com. 

Standardized Test Practice Answer Sheet 

Q@eo000 @2oe8 

(Multiple Choice 

1. C 5. B 

256 6. B 

3. D 7.D 

4.D 8.A 

chapter 

ultiple Choice 

1. Which makes up most of Earth’s atmosphere? .W 

A. carbon dioxide 

B. carbon monoxide 

C. nitrogen 

D. oxygen 

Use the figure below to answer question 2. 

Comparison of CO, Concentration to 

Time of Year and Latitude 

2. Which is used by photosynthetic organisms 

to produce almost all of Earth’s atmos- 
pheric oxygen? 

A. carbon monoxide 

B. carbon dioxide 

Cc. methane 

D. nitrogen 

3. Which accumulated in the stratosphere 

over millions of years and shielded Earth 
from ultraviolet rays from the Sun? 

A. argon 

B. nitrogen 

C. oxygen 

D - OZONE 

546 STANDARDIZED TEST PRACTICE 

Record your answers on the answer sheet provided by your teacher or on a sheet of paper. 

The assessed Florida Benchmark appears above the question. 

> Standardized Test Practice 

4. Which type of air mass would most likely 

be moist and warm? 

A. continental polar 

B. continental tropical 

C. maritime polar 

D. maritime tropical 

5. Which is a series of windy gusts formed 

when a downdraft hits Earth’s surface with 

particularly strong force? 

A. hail 

B. squall 

C. thunderstorm 

D. tornado 

Use the diagram below to answer question 6. 

6. Which is caused by absorption of long 

wavelength radiation by trace gases? 

A. condensation 

B. greenhouse effect 

C. latent heat 

D . precipitation 

546 STANDARDIZED TEST PRACTICE 



Standardized 

Test Practice chapter Fi 

Standardized Test Practice 

Use the table below to answer question 7. 

Land Surface Albedo 

Bare soil 25 

Snow 90 

Desert 50 

Dense forest 10 

7. Over which surface is the least amount of 

solar radiation absorbed? 

A. bare soil 

B. dense forest 

C. desert 

D. SNOW 

8. Which are fast, powerful flows of wind 

imbedded in global wind systems? 

A. jet streams 

B. sea breezes 

C. subtropical highs 

D. westerlies 

BY” GriddedResponse | 

9. If the average concentration of carbon diox- 

ide in Earth’s atmosphere at the beginning 

of the nineteenth century was 280 ppm and 

it presently is 380 ppm, what percentage of 

today’s concentration existed at the begin- 

ning of the nineteenth century? 

|_Test-Taking Tip _| ) 

Review Never leave any answer blank. 

Standardized Test Practice fl.gpescience.com 

READ 
INQUIRE INQUIRE ort Response 
——— 

b S6.0.1.43 ] 
10. Describe the major differences between 

the conditions that existed 18,000 years 

ago from the conditions of the present. 

Include descriptions of the climatic, geo- 

logical, and biological conditions. 

b SC.0.2.4.1 
11. Explain how the stratospheric ozone layer 

is formed. Also explain its importance in 

regard to the quality of life on Earth. 

12. What causes uneven patterns of heating 

on Earth’s surface? 

13. Which factors cause climate? 

~~ Extended Response 

Use diagram below to answer question 14. 

Warm air 

Cold air tag 
: a ite 

14. PARTA What are weather fronts? 

PARTB How do air masses interact at a 

cold front? 

STANDARDIZED TEST PRACTICE 547 

ri esponse 

9, 73.7% 

© Short Response —__ 

10. Climate was colder 18,000 years 

ago. Glaciers covered much of the 

middle and high latitudes and 
deserts expanded into the tropics. 
Rainforests were much smaller. 

11. Oxygen from photosynthetic organ- 
isms accumulates in the atmos- 

phere. Intense solar radiation 

converts some of it to ozone. Since 

ultraviolet radiation breaks down 

DNA, intense ultraviolet radiation 

from the Sun could be harmful to 

life on Earth. Stratospheric ozone 

shields Earth from ultraviolet radia- 

tion. 

12. Dry land heats more rapidly than 

water. This, along with the different 
amounts of radiation that are 

reflected from different surfaces 

causes an uneven pattern of surface 

heating. 

13. Latitude on Earth determines the 

amount of radiation Earth gets from 
the Sun and sets up prevailing air and 

water circulation. Other factors 

include distance from major bodies of 
water and the location of mountain 

ranges on a continent. 

¢~ Extended Response 

14. Part A: Weather fronts are zones in 

which air masses interact. 

Part B: Ina cold front, a cold air 
mass pushes the warm air mass 

upward in a random and chaotic 

fashion forming cumulus clouds. This 
often produces showers and thunder- 

storms. 

Rubrics 
For more help evaluating 
Short- and Extended-Response 
questions, see the rubrics on 

pas L 
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Unit Contents 

1 Composition of Matter 

2 Properties of Matter 

1 Structure of the Atom 

2 Masses of Atoms 

3 The Periodic Table 

1 Minerals 

2 Igneous Rocks 

3 Sedimentary Rocks 

4 Metamorphic Rocks and the 
Rock Cycle 

1 Weathering and Soil 

2 Shaping the Landscape 

3 Groundwater 

4 Geologic Time 

is a 
} Juest : : 

—~ —_ motivating and chal- 

lenging investigation of the 

chemistry of noble gases and how 
they are used in colorful neon 

signs and glowing sculptures. 

Students will research how the 

noble gases are inserted into bent 
tubing and made to glow. As a 

culminating activity, students 

will design a “blueprint” of their 

own neon sign, its components, 

colors, shape, size, and use. 
PROJECT | Study Skills 

ma] Discussion Several students are assigned to research each group on the 
periodic table or each collection of elements that belong together. After 
reading silently about the elements, the students take turns asking ques- 

tions or making comments about the material until they have answers to the following questions: 
How reactive are the elements in each group? What evidence do the students use to discuss this? 
What properties do the elements share? Whole-class discussion follows. 
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y 1860, scientists knew of about 60 elements. However, they had 

yet to clearly organize their knowledge. A Russian scientist named 
Dmitri Mendeleev changed that. Mendeleev loved to play solitaire, a 
type of card game in which playing cards are arranged into patterns 
according to their properties. One day, Mendeleev decided to make a 
set of cards on which he wrote the names and properties of the known 
elements. Then he began to arrange the cards into rows. The result 
was a table in which certain chemical properties could be seen to occur 
periodically—that is, to occur in a repeating pattern. In 1869, 
Mendeleev published his periodic table (seen here in a more advanced 
version). He left blank spaces in the table where the pattern seemed to 
call for elements that were not yet known. Over the next several 
decades, other scientists refined the table, and new elements were 

_ added. Modern periodic tables—like the one probably hanging in your 
Kr Ss . dassroom—still follow the basic pattern laid out by Mendeleev. 

Visit unit projects at to find project ideas and resources; 

Projects include: 

* History Discover the diverse uses of lasers. Compile a class spider map of 

laser use in different professions. 

» Technology Investigate core sampling, its use, and costs as you prepare a 

multimedia advertisement for research geologists. 

* Model Design and construct a review game to include questions, answers, 

directions, playing pieces, and a creative box. 

Art of Neon is an investigation of the noble gases and how they 

are inserted into glass tubes to be used in art and signage. 
est 

NATIONAL How Are Playing Cards & the Periodic Table Connected? 

GEOGRAPHIC e Remind students that Mendeleev left blank 

e Tape a deck of cards sequentially on poster spaces in his periodic table where elements 

board. Ask students how all the cards 1n a seemed to be missing. Randomly remove 

row (period) are alike, and how all the several cards and ask students to identity 

cards in a column (family or group) are the properties of the cards that belong in 

alike. the empty spaces. Have them justify their 

answers and relate them to the empty 

spaces on Mendeleev’s periodic table. 

Career Working in small 

groups, have students explore 

the diverse use of lasers in a 

variety of careers—medical, 

military, police, educational, or 

artistic light and sound shows. 
Students should investigate how 

electrical engineers are design- 
ing new equipment for each 
field to help technicians be 
more precise and efficient. As a 
class, design a spider map for 
lasers and compile each group’s 
information into one large infor- 
mative display. 

Technology Have students re- 

search the technology and use of 
core sampling by geologists. 
Information should include the 
mechanics of the actual drilling 
equipment, range of possible 
drilling depth, reasons a core 

sample might be useful in a vari- 
ety of geological areas, and cost of 
equipment and drilling process. 
Students may then design a multi- 
media advertisement, as if selling 

drilling equipment to research 
geologists. 

Model Ask students to design an 
entertaining and engaging game 

that will review concepts pre- 

sented in this unit, giving them 

an opportunity to apply their new 

knowledge. Ideas might include 

card games, board games, trivia 

cards, dice, spinners, and game 

pieces, as well as complete direc- 
tions, questions and answers, and 

a colorful intriguing container. 

Additional Resources Visit unit 

projects at fl.gpescience.com for 

more information, resources, 

and assessment rubrics. 
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chapter — 

Section/Objectives 

Chapter Opener 

(qt Organiz ey 

Standards 

National 

See pp. 161-171 fora 

Key to Standards. 

State/Local 

Lab/Features 

Launch Lab: Demonstrate the 

Distillation of Water, p.551 Video Lak 
Foldables, p.551 

Section 1 Composition of Matter National Content | Florida Visualizing Elements, p. 553 
Ooo ceccions Standards: Benchmarks: MiniLAB: Classifying Materials, p.555 

Pa) UCP.1-3, UCP.5, SEAM AD Science Online, p.557 
1.5 blocks (Neh WoL Be) Lab: Comparing Pure Substances 

1. Define substances and mixtures. and Mixtures, p. 559 
2. Identify elements and compounds. 

3. Compare and contrast solutions, colloids, and 

Suspensions. 

Section 2 Properties of Matter National Content Florida Integrate Environment, p. 561 

j tandaras: Benchmarks: int : Separating Ink, p. 

cp UEP UCR 2 UGP.3))*SE Bal A-2 Integrate History, p.564 

2 blocks B22; B.3, B.6 SC.D.1.4.4 Integrate Earth Science, p.565 

4. Identify substances using physical properties. 

5. Compare and contrast physical and chemical 

changes. 

6. Identify chemical changes. 
7. Determine how the law of conservation of mass 

applies to chemical changes. 

550A CHAPTER 18 Classification of Matter 

Applying Math: The Law of Conservatiort 

of Mass, p.565 

Science Online, p. 566 

Lab: Measuring the Conservation of 

Mass, pp. 568-569 

Science Stats: Intriguing Elements, 
p.570 



Launch Lab: hot plate, ice, 

200-mL beaker, water, blue 

food dye, evaporating dish, 

Chapter Fasr Fite Resources 

Foldables Worksheet, p. 17 

Directed Reading Overview, 

ENCo, ; 

OY NA 
Mi. 

ASSESSMENT 

Glencoe Exclusive! 

Bleacher Works = 
Lab Materials Reproducible Resources Section Assessment 

All-In-One Planner and Resource Center 

Technology 

TeacverWorks includes: 

* Interactive Teacher Edition 

« Lesson Planner with calendar 

heat-resistant gloves, p.19 % cw * Access to all program blacklines 
graduated cylinder, white Note-taking Worksheets, VantP * Correlations to standards 

paper pp. 31-32 * Web links 

Video Lab 
a 

MiniLAB: Science Journal 
Lab: salt, iron fillings, 
pepper water,sugar water, 
graduated cylinder, 

250-mL beakers, magnet, 

balance, funnel, filter paper, 
magnifying lens 

Chapter Fasr Fie Resources 

Transparency Activity, p. 42 

MiniLAB, p. 3 

Enrichment, p. 29 

Reinforcement, p. 27 

Lab Worksheet, pp. 5-6 

Transparency Activity, pp. 45-46 

Directed Reading, p. 20 

Lab Activity, pp. 9-12 

Cultural Diversity, p. 67 

Physical Science Critical 
Thinking/Problem Solving, 

p.9 

Portfolio 

Science Journal, p.554 
Performance 

MiniLAB, p.555 

Applying Math, p.558 

Content 

Section Review, p. 558 

Lab: antacid tablet, 

empty plastic bottle, 

balloon, beacker, spatula, 

water, balance, mortar, 

pestle, funnel 

Need Materials? 
Contact Scien i ce Kit at 1-800-828-7777 or www.sciencekit.com, 

ASSESSMENT 

Chapter Fasr Fite Resources 
Chapter Review, pp. 34-35 

Chapter Tests, pp. 36-38 

Standardized Test Practice, pp. 76-79 

Chapter Fasr Fie Resources 

Transparency Activity, p.43 

MiniLAB, p. 4 

Enrichment, p. 30 

Reinforcement, p. 28 

Lab Worksheet, pp. 7-8 

Directed Reading, pp. 21, 22 

Lab Activity, pp. 13-16 

Home and Community 

Involvement, p. 43 

Mathematics Skill Activities, p.9 

Portfolio 

Science Journal, p.564 

Performance 

MiniLAB, p. 562 

Applying Math, p. 566 

Applying Math, p. 567 

Content 

Section Review, p. 567 

End of Chapter Assessment 

{D MindJogger Videoquiz 
D Virtual Labs CD-ROM 
® ExamView® Pro Testmaker 

D TeacherWorks CD-ROM 

D Interactive Chalkboard CD-ROM 

oF) 

CHAPTER 18 Chapter Organizer 

& Section Focus Transparency 

& Teaching Transparency 
®) Virtual Labs CD-ROM 
®) Interactive Chalkboard 

CD-ROM 
&  StudentWorks Plus 

® Section Focus Transparency 
®) Interactive Chalkboard 

CD-ROM 
®) StudentWorks Plus 

Performance Assessment in the Science 

Classroom (PASC) 
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This is a representation of key blackline 

masters available in the Teacher Classroom 

Resources. See Resource Manager boxes 

within the chapter for additional information. 

Key to Teaching Strategies 

The following designations will help you 
decide which activities are appropriate 
for your students. 

Level 1 activities should be 
appropriate for students with 

learning difficulties. 

Level 2 activities should be within 

the ability range of all students. 

Level 3 activities are designed for 

above-average students. 

seto 
9 

Se All that Glitters 

Assessment 

[Sues Classification of Matter 

Directions: Carefully review the graph and answer the following questions. 

Elements Dissolved in Seawater 

Ca=Calcium Mg = Magnesium 
Ci= Chlorine Na = Sodium 
KePolassium $= Sultur 

Chapter 

| 18 | 

Teaching 

aSETIoy 
ee to2ching Substances and Mixtures 
i Transparency 

@® ELL activities should be within 

the ability range of English 
Language Learners. 

COOP LEARN Cooperative Learning 

activities are designed 
for small group work. 

Multiple Learning Styles logos, 
as described on page 12T, are 

used throughout to indicate 

strategies that address different 

learning styles. 

P| These strategies represent student 

products that can be placed into 

a best-work portfolio. 

PBL} Problem-Based Learning activities 

apply real-world situations to 
learning. 

=e yg\ Design Your Own Logo 
WA B Measuring the Conservation of Mass 

Lab Preview 
Directions: Answer these questions befor 

Real World Probl 

Form a Hypothesis 
i Test Your Hypothesis 

Make Plan 

Activity 

Strategy 

Materials Tag 7 KO 

Procedure 
1. Place the 24 

Hands-On Activities 
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Content Outline i Enrichment 

bate 

Classification of Matter 
sheet 

Section 1 Composition of Matter 

ss ‘ 
Classification of Matter 

Directions: Match the terms in Column I with the definitions in Column J Write the letter of he correct ferm in 
the blank atthe let, 

Column | Column tt 
4 Tyndall effevt Directions: se the odhotomous hy below to lossy the following types of mater 

nly throughout the siisture 

- - 
J supstance 

that san bbe physically separated misture 

Meeting individual Needs 

: 

ator 
1 Whe Tyndall effet whieh diferent materials cap be 

cenilly distinguishest 
Meeting Individual Needs Meeting Individual Needs 

solution 
“ A. haivogencous mixture v 4 amall they 

alles snot Ive seen anil il tle to the button. homogeneous miature 

Section2 Properties of Matter oe (“ 
Dicections: flim the tate below withthe element below that mathe its description 

gold lead titanium 
ameridum aluminum tungsten 

12, Highest mettin 
: sells : hot catfec 

14 and lightweight wnilk 
(15. Hos a high density 

a 

Composition of Matter Ghenten _ 
section © Composi 

Directions: Derersnine whether the jalicw nukes exch statement true or false If the my 
Lerten ts true, write te in Ifthe statement rs false, were ite Wband: the teem 

erm that mae the statement What You'll Learn 
1. A material made up of ty or more substances that can bs © whut u. You breathe matter, si 

ated by physical methous is a composition . at words would yc 
in which the atoms oft ens are different kinds of matter 

x1 proportion i 

4, A mixture where the particles are so small they cann 
seen with a ‘ofr anil will not settle to the bottom of 
the mistuve is called a suspension 

(ure in sehicl the separate components can Ive eaily 
red ig called a homogeneous mixture @ Read to Learn 

Directions: stato thc term in Colon If with the lesripaione in Column I, Write the letter of the one Pure Substances 
term in the Wark at 

Meeting Individual Needs 
int that looked like a real jpainting’ 

fata id you to find out? The 

ic in between 4 solution and a suspension 
atoms joined! together to form one particle Naan obefcnieat 

B, Poisnous gas associated with sal clement r a ype of matter that is alway 
rials. A sub 9, scattering of Night a. awons see aerate 

10, The result of bininy two clement ©. molecule might recognize are helium, aluminum, water and salt 
UW, Tere ate appracimately 100 such particles £ clilorine What are elements? 

J, aime, ch sodium, g. colloid All substances are made of atome A substance is an element 
1, and titanium all belong, {Fallthe atoms in the substance are the same, The graphite in 

rencil is ari element. The copper coating on most pennies 
nt, too, In graphite, all are carbon atoms. Jn, 

1. Explain Why on metal under the cop 

oratories You may r 
the figure on the next page 

Conga of Mater 18-2 GUPTERTS (Lnuernin el Mann 

Assessment 

Classification of Matter & 
DIRECTIONS 

tie Part A, Vocabulary Review 1. Testing Concepts 
Directlons: Ue the cues btw to complete the crossword purse Directions: Devermine wth 

nk the st 
T | 

te | 
fim] | 

| Aifferences in physical ? 
. . ss states that tlie mass of all 

sist reach Hanyge equals the mss ofall the 
alter the change 

A fruit salad ie ah 14 

= DDintlation can separate divolvet substances through physio — eg 
Down hange g 

2 
| joid, or sold yuk | 

| NOT hon 

wil fle © air pollaion 

lon | 

[coon 4 
Dhysicsl Science with Earth Science 

(asa fatter (Qbhath tate 
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nvanertotnimaenantnomnetrereit 

Composition of Matter 

Pure Substances 
Matter can be divided into mix- 
tures and pure substances. Pure 

substances can be described as either elements 
or chemical compounds. Mixtures can be either 
heterogeneous or homogeneous. Homogeneous 
mixtures are usually called solutions and have a 
constant composition. Heterogeneous mixtures 

have regions with visibly different composi- 
tions. Homogeneous liquid mixtures tend to be 
transparent, whereas heterogeneous liquid mix- 
tures are often cloudy and separate on standing. 

Elements 
At this time there are at least 111 known ele- 
ments. All the compounds found on Earth are 
formed when atoms of two or more different 
elements combine, creating new materials with 
new properties. 

» section Properties of Matter 

Physical Properties 
The characteristics, or properties, 

=f? ~— that are used to describe matter 
can be classified in several ways. Physical prop- 
erties are those that can be determined without 
changing the chemical composition of the 

Internet Resources 

For additional content background, visit 

fl.gpescience.com to: 

e access your book online 

e find references to related articles in popular 

science magazines 

e access Web links with related content background 

e access current events with science journal topics 

CHAPTER 18 Classification of Matter 

3 Classification of Matter 

Science Content Background 
sample, whereas chemical properties are those 
that do involve a chemical change in the sample. 
Intensive properties are those that have values 
that do not depend on the size of the sample. 
Extensive properties do depend on the size of 
the sample. Density, the intensive property that 
relates mass to volume, is an important and use- 
ful physical property. Knowing the density of a 
substance can be very useful, because it is often 
easier to measure the volume of a liquid than 
its mass. 

Conservation of Mass 
The law of conservation of matter states that 

matter is not created or destroyed but only con- 
verted from one form into another. Thus in a 

chemical reaction, the amount of matter before 

the reaction is the same as after the reaction. 

This is equally true for phase changes. Although 
a material may turn from a solid to a liquid to a 
gas, the amount of matter is conserved. 

Print Resources 

Chemistry, The Molecular Nature of Matter and 

Change, Martin S. Silberberg, McGraw-Hill, 2003 

Chemistry, Steve S. Zumdahl, Susan A. Zumdahl, 

Houghton Mifflin Company, 2003 



Students may think that... 

Matter is not conserved in physical or chemical 

changes. 

Perceptions are often more dominant than 

logic, and for students it may look as though 
matter simply vanishes when it turns into an 
invisible gas. When wood burns in a fire, it is 
obvious that only ashes remain, but it is not 
obvious what has happened to the bulk of the 
wood. For these reasons, students may not rec- 
ognize the conservation of matter in physical or 
chemical changes. 

Activity 
Prior to class fill small plastic soda bottles two- 
thirds full of water, cap the bottles, and freeze. 

On the day of the activity, provide each 
group of students with one frozen bottle and a 
paper towel. Then ask students in each group to 

e dry the outside of the bottle and find its mass. 

¢ predict what the mass of the bottle will be 
when the water melts. 

¢ leave the bottles overnight so that the water 

inside them melts. 

u Prepare 
a 

Light rays 

Demonstration 
Present. Pregure 1 to stu= Lid with 

dents. Tell them that the sca 
mass of the jar with Wick 
everything in it is 500 g. Oxygen- 
Suppose the magnifying wah a0 
glass is used to light the candle, which 
then burns in the oxygen-enriched air for 
about one minute before going out. Ask stu- 
dents to describe any changes that have 
occurred in the jar. Is the mass of the jar and 
everything in it now less than, the same as, or 
greater than 500 g? The mass is still 500 g. 

Kinesthetic 

On the next day, have students dry the out- 
side of the bottles and find their masses. 

Make a table on the board with columns 
labeled Mass of Bottle with Frozen Water and Mass 
of Bottle with Liquid Water and a row for each 
group. Ask a member of each group to fill in the 
data for that group. With the class, analyze the 
data in the table. Discuss why the masses stayed 
the same. Help students realize that the bottles 
were closed so no mass was added to or sub- 
tracted from them. Visual-Spatial, Kinesthetic, 

Interpersonal 

Assess 

After completing the chapter, see Identifying 
Misconceptions in the Study Guide at the end 
of the chapter. 
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chapter 

compound, p. 554+ * 
heterogeneous mixture, p. 555 

homogeneous mixture, p. 556 

solution, p. 556 

colloid, p. 556 
Tyndall effect, p. 

suspension, p. 55 

physical property, p. 560 

physical change, p. 562 
distillation, p. 563 
chemical property, p. 563 

chemical change, p. 564 
law of conservation of 
mass, p. 567 # 

¥% FCAT Vocabulary 

ii op 

8 

Science Journal) The physi- 
cal changes are the wet paint 
becoming a solid when dried and 
the evaporation of the solvent. 

INTERACTIVE | | 
CHALKBOARD [f - eke oe 

with Image Bank ie ! chapter preview The Art of Mixtures 

PowerPoint" Presentations sections 
| AX Wh ainting, an artist can skillfully mix 

aa ; : 1. Composition of Matter ie PS He 8 REE ae eae ae ie 
This CD-ROM is an editable ab Conaaaa ire colors to achieve a certain shade, or the artis 

Microsoft® PowerPoint® Siahctances nad Mixtures can show several individual pigments in a 

presentation that includes: single brushstroke. Paint undergoes physical 
* a pre-made presentation for and chemical changes with time that can make 

every chapter the artist’s work endure. 

* interactive graphics 

® animations | 
* audio clips 
* image bank 

Properties of Matter 

Lab Measuring the 

Conservation of Mass 

Virtual Lab How can Science Jourma! Describe the physical changes that 

molecular models be built? take place as the paint dries. 

* all new section and chapter 550 ot & 

questions re 

* Standardized Test Practice | H 
* transparencies Theme Connection 
® Foldables directions one ; 4 ; 
“iF on ap directions | Stability and Change Matter can undergo physical — Paints Although the solid colors look homoge- 

inks to fl. ; = a ae e 2 
SP ERG eecon yi and chemical changes. The stability of a sub- neous, pigments are in a solvent or water-based 

Ne stance affects how and when it will change. solution to form a mixture called a suspension. 

Larger particles will settle out, while smaller parti- 
cles remain in suspension and form a colloid. As 
paint dries, physical changes and chemical reactions 
occur, making the final properties of paint 

different from its original state. 
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> mL of 
ale lf 

beaker and add 

20 drops of blue 
food coloring 

2. Place the beaker 

arve the liq 

| write a paragraph e 
liquid came from 

FOLDABLES 
| Study Organizer 

ensure that you understand the content by 

defining the vocabulary terms from this chapter. 

Define As you read the chapter, define each 

term and list examples of each under the 

appropriate tab. 

MPniine 

Classification of Matter Make 

the following Foldable to 

Turn lengthwise, 

with the fold on 

top, and fold into 

thirds. 

Fold a sheet of paper 

vertically from side 

to side. Make the 

front edge about 

1.25 cm shorter than 

the back edge. 

Unfold and cut only the top layer 

along both folds to make three tabs. 

= 
Label the tabs Elements, Compounds, 

and Mixtures as shown. 

Elements = Mixtures 

\ 

Preview this chapter's content 

and activities at 

Video Lab available for this Lab. 

Purpose Use this Launch Lab to 

demonstrate for students how 
water can be distilled and purified. 

Preparation Set up a hotplate 
and acquire ice for each group. 

Materials 200-mL beaker, water, 

food dye, 100-mL graduated 

cylinder, evaporating dish, ice, 
tongs, white paper, and a hot- 

plate for each group 

Teaching Strategy Jo extend this 

activity, stage a contest to deter- 
mine who can design an 

experiment that produces the 
maximum distillation rate. 

Think Critically 
Water droplets from the steam rising 

from the boiling water will condense on 

the evaporating dish. The water will be 

colorless. The distillation process will 

separate the water from the food dye. 

Assessment 
Content Have each group imag- 
ine they are marooned on a 
tropical island without supplies. 
Ask them what island materials 

or materials they are wearing 
they could use to construct an 
apparatus for distilling water. The 
lens of a pair of glasses could magnify 

sunlight on dried grass to produce a fire. 

Empty coconut shells could replace 

beakers and large tropical leaves could 

replace the evaporating dish. 

FOLDABLES 
Study Organizer 

Dinah Zike 
Study Fold 

Student preparation materials for 

this Foldable are available in the 

Chapter Fast Fite Resources. 
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Motivate 

An editable Microsoft® 

PowerPoint® presenta- 

tion is available on Interactive 

Chalkboard CD-ROM. 

Bellringer 

Section Focus Transparencies 

also are available on the 

Interactive 

2] GS 

Chapter 1 eats Brilliant Sunset 
“Transparency 

Why do some sunsets have such rich, vibrant colors? The color of 

the sunset depends on the way in which particles in the air scatter 

light. If the air is relatively free of particles, then the sunset will tend 

to look yellow. If there are a lot of particles in the air the result will 

be a sunset of fiery reds and oranges. 

1. What are some components of air? 

2. Why might air be referred to as a mixture? 

3. Do you think air pollution can affect how we see the sky? Explain. 

Reading Preview 

Tie to Prior Knowledge 

Ice Cream Sodas Ask students to 

describe the types of substances 

in an ice cream soda. Tell stu- 

dents that whipped cream is a 

colloid—a heterogeneous mix- 

ture in which the particles are 

very small. 2] 

Activate Vocabulary Knowl- 

edge Have students compare 

the vocabulary list to the words 
in Figure 6. Explain that each 
oval in Figure 6 represents a 
type of matter. Subgroups of 
matter are 
ovals. 

in the connected 

What can they infer 
about the vocabulary words by 
reading the graphic organizer? 

552 

Chalkboard CD-ROM. 

What You'N\ Learn 
@ Define substances and mixtures. 

identify elements and 

compounds. 

Compare and contrast solutions, 

colloids, and suspensions. 

Figure 1 All the atoms 

of an element are alike. 

Mercury 

Oxygen 

Composition of Matter 

Reading Guide 

Why It’s Important 

You will have a better knowledge 

of your world when you understand 

the concepts of elements and 

compounds. 

# FCAT Vocabulary 

New Vocabulary 

e substance 

e element 

#% compound 
@ heterogeneous mixture 

e@ homogeneous mixture 

e solution 

e colloid 

e Tyndall effect 

@ suspension 

© Review Vocabulary 
property: characteristic or 

essential quality 

Pure Substances 
Have you ever seen a photo hanging on a wall that looked just 

like a real painting? Did you have to touch it to find out? If so, the 

rough or smooth surface told you whether it was a painting or a 

photo. Every material has its own properties. The properties of 

materials can be used to classify them into general categories. 

Every material is made of a pure substance or a mixture of 

substances. A pure substance is a type of matter with a fixed 

composition. A substance can be either an element or a com- 

pound. Some substances you might recognize are helium, alu- 

minum, water, and salt. 

Elements All substances are built from atoms. If all the atoms 

in a substance have the same identity, that substance is an 

element. The graphite in your pencil point and the copper coat- 

ing of most pennies are examples of elements. In graphite, all a 

atoms are carbon atoms, and in a copper sample, all the atoms 

are copper atoms. The metal substance beneath the copper in a 

penny is another element—zinc. About 90 elements are found 

on Earth. More than 20 others have been made in laboratories, 

but most of these are unstable and exist only for short periods 

of time. Some elements you might recognize are shown in 

Figure 1. Some less-common elements and their properties are 
shown in Figure 2. 
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Chapter Fasr Fite Resources 

‘Transparency Activity, pp. 42, 45-46 

Directed Reading for Content Mastery, 
pp. 19520 

Note-taking Worksheets, pp. 31-32 

MiniLAB, p. 3 
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Section 1 Resource Manager 

Lab Activity, pp. 9-12 

Lab Worksheet, pp. 5-6 

Physical Science Critical Thinking/Problem 

Solving, p. 

Cultural Diversity, p. 67 



E NATIONAL ye NATIONAL 
GEOGRAPHIC VISUALIZING ELEMENTS f » GEOGRAPHIC 

Figure 2 

yellow metal used to make jewelry. “a Ni 4 Have students examine the 

However, it is also an element that y : in pictures and read the captions. 

is used in more unexpected ways, such as in ‘ a E Fil y Then ask the following questions. 

spacecraft parts. On the other hand, some : 

less-common elements, such as americium 
(am uh REE see um), are used in everyday ' 
objects. Some elements and their uses are ( - A TUNGSTEN Although 
shown here. cus whe ge tungsten can be com- 

= bined with steel to form 
avery durable metal, Why is it important to drape 

in its pure form it is soft the trunk of your body during X 

A ALUMINUM Aluminum — enough to be stretched rays? 

is an excellent reflector of to form the filament of a 

heat. Here, an aluminum lightbulb. Tungsten has - 

plastic laminate isusedto — the highest melting 

retain the body heat of a point of any metal. 

newborn baby. 

If rst set me ~ i S } | 7 Visualizing Elements 

Why is pure tungsten used for 

the filaments of light bulbs? 

Can you think of other ways 

that the reflective properties of 

aluminum are used? 

“ Why would the Sojourner 

A TITANIUM (tie TAY nee um) Parts of the Ee .. <¥ Rover need to reflect infrared 

exterior of the Guggenheim Museum in Bilbao, “ : Z “oe radiation? 

Spain, are made of titanium panels. Strong Kee i 
and lightweight, titanium is also used for ee he hi ‘ > es [2] Visual-Spatial 

body implants. : ; 

Smoke Detectors Have students 

A. GOLD Gold’s resistance to corrosion and its ability research and find out why ameri- 
to reflect infrared radiation make it an excellent coating cium is used in smoke detectors. 

for space vehicles. The electronic box on the six-wheel 

Sojourner Rover, above, part of NASA’s Pathfinder 1997 

mission to Mars, is coated with gold. 

Have the students report their 

findings to the class. |L2 

Linguistic, Intrapersonal 

<@ AMERICIUM Named after 
America, where it was first 

: | __ produced, americium is a com- 

A LEAD Because lead has a high density, it is Wij) ponent of this smoke detector. 

a good barrier to radiation. Dentists drape lead SS 4! It is a radioactive metal that 

aprons on patients before taking X rays of the a must be handled with care to 

patient's teeth to reduce radiation exposure. avoid contact. 
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Challenge Have students find out why titanium 

is used for body implants and why it is used in 

aircraft landing gear. ‘The students should report 

their findings to their class. [3 
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Discussion 
Two Liquids Describe for stu- 
dents two liquids. Tell them that 
both liquids contain only hydro- 
gen and oxygen, and both liquids 
are transparent and colorless. 

How can the two liquids have 
different identities? They have dif- 
ferent combinations of atoms. One liquid 

is water, H)0; the other is hydrogen 
peroxide, H0). 

Logical-Mathematical 

Definition of Compounds Students — 
may think that elements made — 
from more than one atom, such 

as Glo, Hb, Se, or Pa, are com- 

pounds. However, compounds 
must be made from combina- 

tions of different elements. 

Use an Analogy 
Pedal Power In pedal-powered 
vehicles, the ratio of one frame 

to one wheel makes a unicycle. 
One frame to two wheels forms a 

bicycle, One frame to three 
wheels produces a tricycle. 
Similarly, one carbon to one 
atom of oxygen makes carbon 

monoxide. One carbon to two 

oxygen atoms is carbon dioxide. 
These compounds do not have 

the same properties. 

(% Reading Check 

Answer Compounds contain two or 
more different elements. 

554 

\ 

Figure 3 Chlorine gas and 
sodium metal combine dramati- 

cally in the ratio of one to one to 

form sodium chloride. 

Figure 4 The number of 
mixtures that can be created 

by combining substances is 

unlimited. 

Science Journal 

Elements and Compounds Ask students to list in 

their Science Journals all the elements and 

chemical compounds they can think of without 
looking them up. Have them look up the chemi- 
cal symbols for the elements and the chemical 

ee Se” 

4 

Sodium chloride 

Compounds When two or more different elements combine, 

the substance formed is called a compound. A compound is a 

pure substance in which the atoms of two or more elements are 

combined in a fixed proportion. For example, water 1s a com- 

pound in which two atoms of the element hydrogen combine 

with one atom of the element oxygen. Chalk contains calcium, 

carbon, and oxygen in the proportion of one atom each of 

calcium and carbon to three atoms of oxygen. 

Can you imagine yourself putting something 

made from a silvery metal and a greenish-yellow, 

poisonous gas on your food? You might have 

shaken some on your food today—table salt is a 

chemical compound that fits this description. 

Even though it looks like white crystals and adds 
flavor to food, its components—sodium and 

aa chlorine—are neither white nor salty, as shown 

in Figure 3. Like salt, other compounds usually 

look different from the elements in them. 

How are elements and 

compounds related? 

F Zi ‘ 

Molecules A particle consisting of two or more atoms that 
are bonded together is called a molecule. Oxygen in the air, as 

an example, is a diatomic (two-atom) molecule. A molecule is 

a basic unit of a molecular compound. The simple sugars 

you eat; the proteins in your body; and the wool and cotton 

fibers in your clothes all consist of molecules formed from 

bonded atoms. 

Mixtures 
Are pizza and a soft drink one 

of your favorite lunches? If so, you 

enjoy two foods that are classified 

as mixtures, but two different 
kinds of mixtures. A mixture, 

such as the pizza or soft drink 

shown in Figure 4, is a material 

made up of two or more sub- 

stances that can be easily sepa- 
rated by physical means. 

554 CHAPTER 18 Classification of Matter 

Differentiated Instruction 
English-Language Learners Provide physical exam- 
ples of various elements, compounds, and 
mixtures, and have them labeled to aid the 
students in developing their vocabulary. 

formulas for the compounds. Have them write 

the formulas next to the names of the substances. 

.2|} GD BAIN Linguistic 
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Heterogeneous Mixtures Unlike compounds, mixtures do 
not always contain the same proportions of the substances that 
make them up. For example, a pizza chef doesn’t measure pre- 
cisely how much of each topping is sprinkled on a pizza. You 
easily can see most of the toppings on a pizza. A mixture in 
which different materials can be distinguished easily is called a 
heterogeneous (he tuh ruh JEE nee us) mixture. Granite, con- 
crete, and dry soup mixes are other heterogeneous mixtures you 
can recognize. 

Classifying Materials 

Procedure 
1. In your Science Journal, 

create a data table with 

four columns and 11 rows. 

Label the columns 

Elements, Compounds, 

Mixtures, and Explanation. 

2. Choose ten items in your 

home and classify each as 

an element, a compound, or 

a mixture. List them in your 

table in the appropriate 

columns. 

3. In the Explanation column, 

explain why you classified 

the items as you did. 

You might be wearing another heterogeneous mixture— 

clothing made of a permanent-press fabric like the one shown 

in Figure 5A. Such a fabric contains fibers of two materials— 

polyester and cotton. The amounts of polyester and cotton can 

vary from one article of clothing to another, as shown by the 

label. Though you might not be able to distinguish the two 

fibers just by looking at them, you probably could if you used a 

microscope, as shown in Figure 5B. 

Most of the substances you come in contact with every day 

are heterogeneous mixtures. Some components are easy to see, 
such as the ingredients in pizza, but others are not. In fact, a 

component you see can be a mixture itself. For example, the 

cheese in pizza is also a mixture, but you cannot see the individ- 

ual components. Cheese contains many compounds, such as 

milk proteins, butterfat, colorings, and other food additives. 

Analysis 
1. How many elements did 

you find? 

2. Which column has 

the greatest number of 

items? Is this the 

same for all 

students? 

Figure 5 Heterogeneous 
mixtures can be hard to detect. 

ALGODON 
% POLESTER 

A) You can’t tell at a glance 

that this fabric is a mixture of 

cotton and polyester. 

Cotton fiber 

Polyester fiber 

She \ |B | With a microscope, 

: however, the difference 

between the two fibers is 

clear; the polyester fiber is 

perfectly smooth, and the 

cotton is rough. 

Magnification: 600» 
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Reading Strategy Teacher Pee 

Phases Heterogeneous mixtures contain 
more than one phase. A phase is a region 
with uniform properties that has a boundary — 
between itself and other areas of uniform 
properties. For example, the structure, heat 

capacity, and density of floating ice vary from _ 
AGS liquid water in which it is floating. = 
_ de SESS eee 

Graphic Organizer ell students to copy 

Figure 6 in their notes, leaving some space to 

add more information and examples of each 

type of matter. They will use the graphic 

organizer as a way of making notes as they read 

the section. Have them look for the missing 

vocabulary words colloid and suspension and add 

them in the correct locations. 

Purpose Students learn to dis- 

tinguish between elements, 

mixtures, and compounds. 

Materials Science Journal, pen 
or pencil 

Teaching Strategies 

Have a class discussion on the 
items that students classified. 

Have students classify the mix- 
tures as either heterogeneous or 
homogeneous. 

Analysis 

1. Student responses will vary. 
2. Student responses will vary. 

Assessment 

Content Have students work in 
groups of two or three to develop 
a picture book that explains the 
difference between elements, 

compounds, and mixtures. Use 
Performance Assessment in 

the Science Classroom, p. 169 

Home B 

V ° 

es Modeling How can 
molecular models be built? 

ol the atoms ane 
b 
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Discussion 
Homogeneous Mixtures Remind 
students that the components of 
a homogeneous mixture are 
blended evenly throughout the 
mixture. Tell students that an 

alloy can be a solid homoge- 
neous mixture of metals. How 

can two solid metals mix homo- 

geneously? The metals are melted, 
mixed as liquids, and then allowed to 

become solid again. Logical- 
Mathematical, Visual-Spatial 

Activity 
Bag Project Bring four bags to 
class. Using large lettering, label 
the bags Element, Compound, 
Homogeneous, and Heterogeneous. 
Have students bring objects 

from home and place each one in 
the proper bag. After a week, 
empty the bags and discuss their 
contents and their classifications 
with the class. TELL) 

Kinesthetic 

Visual Learning 

Figure 7 Bring to class some alu- 
minum foil, cereal with raisins, 

and liquid made from powdered, 
flavored drink mix dissolved in 

water. Have students classify 
these materials using the chart 
shown in Figure 7. Aluminum foil is 
an element; raisin cereal is a heteroge- 
neous mixture; powdered, flavored drink 
mix dissolved in water is a homogeneous 

mixture. {L2] [K Visual-Spatial, 
Kinesthetic 

(% Reading Check 

Answer a homogeneous mixture 

Homogeneous Mixtures Remember that soft drink you 

like with your pizza? Some soft drinks contain water, sugar, fla- 

voring, coloring, and carbon-dioxide gas. 

Soft drinks in sealed bottles are examples of homogeneous mix- 

tures. A homogeneous (hoh muh JEE nee us) mixture contains 

two or more gaseous, liquid, or solid substances blended evenly 

throughout. However, a soft drink in which you can see bubbles of 

carbon-dioxide gas and ice cubes is a heterogeneous mixture. 

Vinegar is another homogeneous mixture. It appears to be 

clear, even though it is made up of particles of acetic acid mixed 

with water. Another name for a homogeneous mixture such as 
vinegar and a bottled soft drink is a solution. A solution is a 

homogeneous mixture of particles so small that they cannot be 

seen with a microscope and will never settle to the bottom of 

their container. Solutions remain constantly and uniformly 

mixed. The differences between substances and mixtures are 

summarized in Figure 6. 

(402 What kind of mixture is a solution? 

Colloids Milk is an example of a specific kind of mixture 
called a colloid. Like a heterogeneous mixture, milk contains 

water, fats, and proteins in varying proportions. Like a solu- 

tion, its components won't settle when it is left standing. A 
colloid (KAH loyd) is a type of mixture with particles that are 

larger than those in solutions but not heavy enough to settle out. 

The word colloid comes from a Greek word for glue. The first col- 

loids studied were in gela- 

tin, a source of some types 

of glue. 

Paint is an example of a 

liquid with suspended col- 

loid particles. Gases and 

solids can contain colloidal 
particles, too. For example, 

fog consists of particles of 

liquid water suspended in 

air, and smoke contains 
solids suspended in air. 

Matter 

Has mass and takes 

up space 

Mixture 
Composition is 

variable 

Substance 
Composition is 

definite 

Compound 
Two or more 

kinds of atoms 

Heterogeneous 
Unevenly 
mixed 

Element 

One kind 

of atom 

Homogeneous 
Evenly mixed; 

a solution 

Figure 6 All matter can be 

divided into substances and 

mixtures. 

556 CHAPTER 18 Classification of Matter 

Curriculum Connection 
Math Have students express the particle diameter 
given for solutions (0.000,000,001 m) in expo- 

nential notation. 1X 10°? m ‘Then, ask them to 

calculate how many particles it would take to eo 
across one cm. 1 X 10°?m X (100.cm/1 m)= 1X 107 
cm/particle, then 1 cm (1 particle/1 X 10~’ cm)= 1 X 10” 
or 10,000,000 particles Logical-Mathematical 

556 CHAPTER 18 Classification of Matter 



Use Science Words 

Word Meaning Have students find 
out the names of colloids in 

which liquids contain liquids, 
liquids contain solids, and gases 
contain liquids or solids. Colloids 
of liquids in liquids are emulsions, col- 
loids of solids in liquids are sols (once 
cooled, they are called gels), colloids of 

liquids or solids in gases are called 
aerosols. Linguistic 

~~ Fun Fact 
The Tyndall effect is named after 

Figure 7 Fogisa col- 
loid composed of water 

droplets suspended 

in air. 

The light from the 

headlights is scattered 

by the fog. 

The same colloid allows you to see 

the sunlight as it streams through 

the trees. 

Detecting Colloids One way to distinguish a colloid from a 
solution is by its appearance. Fog appears white because its par- 
ticles are large enough to scatter light as shown in Figure 7. 

Sometimes it is not so obvious that a liquid is a colloid. For 

example, some shampoos and gelatins are colloids called gels 

that appear almost clear. You can tell for certain if a liquid is a 

colloid by passing a beam of light through it, as shown in 

lrish scientist John Tyndall, who 
first described the effect in the 
mid-1800s. 

Sciencapnline | ‘Vey Quick Demo 
Figure 8. A light beam cannot be seen as it passes through a : | Topic: John Tyndall <Y Tyndall Effect 
oe ocd can be seen readily as it passes through a colloid. : ita pater ere ase Materials flashlight, clear drink- 

ae Q ~ _ . -lec + ¢ : Inks to information abou e . : This occurs because the particles in the colloid are large enough So Ce ce Nn Ba Im ing glass, water, milk 
to scatter light, but those in the solution are not. This scattering : y Estimated Tine: (caren 
of light by colloidal particles is called the Tyndall effect. : | Activity Prepare a book cover ; 

Ree > || describing the various activities of Procedure Bring a small bright 
'y, Reading Check How can you distinguish : | John Tyndall. flashlight close to a clear drinking 

a colloid from a solution? : glass containing water. Have stu- 

dents observe the light on the wall 
as it passes through the water. 
Then add a couple drops of milk 
to the water and shine the light 
again. Ask students to name the 
light-scattering effect that they 
see. the Tyndall effect 

(% Reading Check 

Answer Pass abeam of light through it 
Figure Sober neste lyase and check for the Tyndall effect. 
effect, a light beam is scattered by 

the colloid suspension on the right, 

but it passes invisibly through the 

solution on the left. 
Post Reading 

Paired Learning In their own 
SECTION 1 Composition of Matter 557 words have students explain to 

each other how the Tynnall Effect 

pmummaas  e ee e ° H . can be used to determine if some- 

v Active Rea ing Differentiated Instruction thing is a colloid or solution. Have 

them summerize the similarities 

and differences between these 

two types of matter that cause the 

effect. Encourage students to 
look back into the text if they can- 
not remember the details. 

Learning Journal ‘This strategy encourages stu- Challenge Ask students to determine the connec- 

dents to interact with the reading, allowing tion between beautiful red sunsets and suspensions. 

personal responses. The left column entries The atmosphere around Earth has many suspended particles that 

can be research notes, lectures notes, or vocab- scatter light. The more of these particles the light passes through, 

ulary terms. The right column entries are the the redder the light appears. During a sunset, the Sun is low in 

student’s response to, interpretation of, ques- the sky, so we see its light through a large number of scattering 

tions about, or analysis of the left column particles. Sunsets are particularly beautiful in years in which vol- 

entries. Linguistic, Visual-Spatial canic eruptions take place. Logical Mathematical 
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Content 

Background 
NTEG 

\ Soe Z i ‘ip reall |) 
"Table 1 Comparing Solutions, Colloids, 

and Suspensions 
Another type suspension is found 

ee eee ae Description Solutions Colloids Suspensions 
water has an opaque appearance 

caused by suspended soil and rock Settle upon a ne yes 

particles that eventually settle out. standing? 

Ask students what size the parti- 

cles in meltwater must be. greater Separate using no no yes 

than 100 nm filter paper? 

i icle si 0.1-1 nm 1—-1,000 nm >1,000 nm 
Caption Answer Particle size 

Figure 9 10 km Scatter light? no yes yes 

= Assess ae ON 42 | Suspensions Some mixtures are neither solutions nor colloids. 

One example is muddy pond water. If pond water stands long 

se = : enough, some mud particles will fall to the bottom, and the water 

DAILY INTERVENTION ae Ee SES : clears. Pond water is a suspension, which is a heterogeneous mix- 

: ture containing a liquid in which visible particles settle. Table 1 

Check for Understanding Figure 9 The mud deposited by summarizes the properties of different types of mixtures. 

Kinesthetic Place red food the Mississippi River is thought to 

coloring, sand, milk, water, be more than 10,000 m thick. : ies River deltas are large scale examples of how 

vinegar, and a clear drinking Calculate in kilometers how thick =: Sg.” mae a suspension settles. Rivers flow swiftly 

glass on a table. Allow students the mud in the Mississippi River is. : through narrow channels, picking up soil and debris along the 

to mix these various substances : way. As a river widens, it flows more slowly. Suspended particles 

in the order they choose. Have : settle and form a delta at the mouth, as shown in Figure 9. 

students write down observa- 

tions and explain what qualities 
the mixtures exhibit after each 

addition of a new substance. (2) 
Self Check Linguistic, Visual-Spatial Summary 

Pure Substances 1. Describe How is a compound similar to a homoge- 

Reteach © An element is a substance in which all atoms pes: Wires How is it different? 
have the same identity. 2. Distinguish between a substance and a mixture. Give 

Compounds Place some NaCl © A compound is a substance that has two or two examples of each. 
and sand im a clear container 
and stir them together. Next, 
place some NaCl and water in 
a clear beaker, and) sur them 
together. Ask the class whether 
a new compound was formed 
in either process. no [L2| 

Visual-Spatial 

more elements combined in a fixed proportion. 3. Describe the differences between colloids and 

suspensions. 

4. Think Critically Why do the words “Shake well before 

using” indicate that a fruit juice is a suspension? 

Mixtures 

@ A heterogeneous mixture is a mixture in which 

different materials can be distinguished easily. 

© A homogeneous mixture contains two or 

more gaseous, liquid, or solid substances that 

are blended evenly throughout. . 

~ Applying Math 

5. Use Numbers A polyester fabric is a mixture of 90 per- 

cent cotton and 10 percent polyester. If the fabric has a 

mass of 500 g, what is the mass of cotton in the fabric? @ Mixtures can be heterogeneous, homoge- 

neous, colloids, or suspensions. 
ee a 7 = 

‘'T% Assessment 558 CHAPTER 18 Classification of Matter More Section Review fl.gpescience.com 

Oral Burn a small sample of se — ——~ la. 
paper, and ask students to iden- ee oe section 
tify any elements, compounds, Teview 
ec eee Gee ae aie 1. Both compounds and homogeneous 2. A substance must be either an particles in suspensions. 
Maca are so eA se mixtures are made of more than element or a compound. Mixtures 4, Materials in suspensions settle out. 
Paciaecints anaes ec: ou one element and are homogeneous. can be made from combinations of 5. 450g 

Visually Fane eet However, compounds must be compounds or elements. ~~ MAA341 
Seat tienen ! made from elements in an exact 3. Colloids do not settle out; suspen- "ae 

) ratio and involve chemical bonds sions eventually do settle out. 
between the elements in them. Particles in colloids are smaller than 
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Everything you see that is made of matter is 
either a pure substance or a mixture. Some 

things, such as iron nails and aluminum foil, 

are elements; others, such as water and salt, 

are compounds. Steel, lemonade, concrete, 

and a bowl of fruit are all examples of 

mixtures. 

© Real-World Problem 
How do the properties of different pure 

substances and mixtures compare? 

Goals 
@ Classify matter. 

@ Calculate density. 

@ Compare the properties of elements, com- 

pounds, and mixtures. 

Materials 
salt magnet 

iron filings balance 

pepper water funnel 

filter paper 

magnifying lens 

Sugar water 

graduated cylinder 

250-mL beakers (5) 

Safety Precautions 

co a EE 

® Procedure 
1. Copy the data table into your Science 

Journal. 

2. Determine the color of each sample. 

Record all data in your table. 

3. Classify the materials as an element, 

compound, or mixture. 

Comparing Pure Substances and Mixtures 
Properties Table 

Matter Magnetic 
Substance gat ; 

Classification Attraction 
Density 

4. Determine if each sample has a magnetic 

attraction. 

5. Determine the mass of a 10 mL sample of 

each material. Calculate the density of each 

sample. 

6. Try to separate the particles of the 

pepper/water mixture and the sugar water. 

7. Infer if the different particles of each 

sample can be separated by using physical 

properties. 

© Conclude and Apply — 
1. Describe the separation methods of the 

mixture samples. 

2. Infer how you can identify a substance as 

an element. 

3. Calculate the density of each material. 

PF ommunicating 
ma Your Data 

Identify experiinental errors that might 

have occurred during the collection of 

your data. 

LaB 559 

™, Assessment 

Content Have students test other matter samples 

such as concrete, copper wire, sugar, dry soup mix, 

and lemonade mix. Use PASC, p. 97 

ommunicating 
meme Your Data 

As a class, discuss reasons for any differences in 
students’ results. Es) egret -Mathematical 

© Real-World 
Problem ———— 

Purpose Students will identify 
samples of elements, compounds, 
and mixtures. 

Process Skills observe, meas- 
ure, use data tables, compare and 
contrast, infer 

Time Required 45 minutes 

© Procedure ——— 

Alternate Materials copper 
wire, aluminum foil, sugar, pepper, 
lemonade, soil/water mixture 

Safety Precautions Have stu- 
dents wear safety goggles. Warn 
students that hot and cold glasses 
appear the same. 

Teaching Strategies Prepare 
the five samples of matter in small 
beakers before the activity. 

Troubleshooting Be certain all 
the sugar dissolves in the water 
samples by using hot tap water 
and only 1-2 g of sugar. 

© Conclude and 

Apply 
1. The salt and iron filings are easily 

separated by using a magnet to 
attract the filings, and the pepper is 
easily filtered out of the water. 
Students will not be able to separate 
the sugar from the solution. 

2. All elements are listed on the peri- 
odic table of the elements. 

3. iron filings —1.94 g/mL 
table salt—1.32 g/mL 
sugar water—1.0 g/mL 

pepper in water—1.0 g/mL 
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wey covers est D.1.4.4 

axa - @ Properties of Matter 
ee - ® 

@iteeaemme An editable Microsoft . ° 
ore : Reading Guide 

<a PowerPoint® presenta- 3 FCAT Vocabulary PowerPoint™ Present 

tion is available on Interactive 

Chalkboard CD-ROM. What You'll Learn Why It’s Important New Vocabulary 

@ Identify substances using Understanding chemical and physical _e physical property 

j physical properties. properties can help you use materials @ physical change 

Bellinger Compare and contrast physical properly. e distillation 

i : ar ‘ and chemical changes. ; e chemical property 

pic cas een pie co identify chemical changes. D Review Vocabulary e chemical change 

also are available on the Determine how the law of state of matter: one of three % law of conservation of mass 

Interactive Chalkboard CD-ROM. conservation of mass applies physical forms of matter: solid, 
TELL) to chemical changes. liquid, or gas 

Physical P ties 
eandingina fiver swirling water in a apan. Panning was a common 

Bsus capes 016 roms vastus of sand a eres You can stretch a rubber band, but you can’t stretch a piece 
: of string very much, if at all. You can bend a piece of wire, but 

you can’t easily bend a matchstick. In each case, the materials 

change shape, but the identity of the substances—rubber, string, 

wire, and wood—does not change. The abilities to stretch and 

bend are physical properties. Any characteristic of a material 

that you can observe without changing the identity of the sub- 

stances that make up the material is a physical property. 

Examples of other physical properties are color, shape, size, den- 

sity, melting point, and boiling point. What physical properties 

can you use to describe the items in Figure 10? 

century gold miner, you may think of someone 

1. What properties of gold allow it to be separated from sand and 

gravel by panning? 

2. How does gold change from the time it is collected to the time it is 

ready to sell? 

Appearance How would you describe a tennis ball? You 

Figure 10 Appearance is the > could begin by describing its shape, color, and state of mat- 
most obvious physical property. > ter. You might describe the tennis ball as a brightly colored, 

: : Describe the appearance of : hollow sphere. You can measure some physical properties, 

Reading Preview these items. : too. For instance, you could measure the diameter of the 

. f > ball. What physical property of the ball is measured wi 
Tie to Prior Knowledge eae Dont ane aah aes ; aan ee 

alance? 
Visiting Places Ask students to 
describe, without naming it, a 
place that they have visited. As 
others try to determine the 
site, remind students that 

any description, whether of 
matter or of a place, requires 
careful attention to important 560 CHAPTER 18 Classification of Matter 
properties. [L4] Visual-Spatial 

To describe a soft drink in a cup, you could start by calling it 

a liquid with a brown color. You could measure its volume and 

temperature. Each of these characteristics is a physical property 
of that soft drink. 

Content-Specific Words Have 

students use the text to find the 

meaning of the new vocabulary 
terms. Ask them to create 

cartoons that describe each of 
the words. For physical change 
they may draw a girl with 
straight hair; for chemical 
change they may draw brown 
hair to blond hair. 

Section 2 Resource Manager | 

Chapter Fasr Fite Resources 

‘Transparency Activity, p. 43 
Lab Worksheet, pp. 7-8 

Home and Community Involvement, p. 43 

Mathematics Skill Activities, p. 9 

Physical Science Critical Thinking/Problem Solving, 

p. 10 

Directed Reading for Content Mastery, 

pp: 21722 

Lab Activity, pp. 13-16 

MiniLAB, p. 4 
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Figure 11 The best 

Way to separate sub- 

stances depends on their 

physical properties. Size 

is the property used to 

separate poppy seeds 

from sunflower seeds in 

this example. 

Behavior Some physical properties describe the behavior of a 
material or a substance. As you might recall, objects that contain 
iron, such as a safety pin, are attracted by a magnet. Attraction to 
a magnet (magnetism) is a physical property of the substance 
iron. Every substance has a specific combination of physical 
properties that make it useful for certain tasks. Some metals, such 
as copper, can be drawn out into wires. Others, such as gold, can 

be pounded into sheets as thin as 0.1 micrometers (um), about 
4-millionths of an inch. This property of gold makes it useful for : 
decorating picture frames and other objects. Gold that has been Magnetism easily separates iron 
beaten or flattened in this way is called gold leaf. : from sand. 

Think again about your soft drink. If you spill it, the drink: 

will spread out over the table or floor. If you knock over a jar of 

molasses, however, it does not flow as easily. The ability to flow 
is a physical property of liquids. 

Using Physical Properties to Separate Removing the 
seeds from a watermelon can be easily done based on the phys- 

ical properties of the seeds compared to the rest of the fruit. 

Figure 11 shows a mixture of poppy seeds and sunflower seeds. 

You can identify the two kinds of seeds by differences in color, 

shape, and size. By sifting the mixture, you could separate the 
i : i de : Recycling and Physical 

poppy seeds from the sunflower seeds quickly because their sizes : Properties Recycling con- 

differ. serves natural resources. In 

Now look at the mixture of iron filings and sand shown in > some large recycling proj- 

Figure 11. You probably wouldn't be able to sift out the iron fil- : ects, aluminum metal must 
ings because they are similar in size to the sand particles. What: be separated from scrap 

; j iron. What physical proper- 
you could do is pass a magnet through the mixture. The magnet : gee ori nea ae eEnatiG 

will attract only the iron filings and pull them from the sand. : be used to separate them? 

This is an example of how a physical property, such as magnetic 

attraction, can be used to separate substances in a mixture. 

Something like this is done to separate iron for recycling. 

rv, Reading Check What physical properties could be used 
to separate two different substances? 
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Differentiated Instruction 

Challenge ‘Tell students that viscosity isa measure Learning Disabled Bring a magnet and some iron 

of a fluid’s resistance to flow. Have students filings to class. Prepare a mixture of the iron 

contact a service station or an auto parts store _ filings and sugar. Ask students how they know the 

and ask about viscosity ratings of motor oils. mixture is not the result of a chemical change, 

Higher viscosity oils have more resistance to flow and are used and how the mixture can be separated. The mixture 

in warm weather, while lower viscosity motor oils flow more _ !00ks like the components from which it was made; add water 
easily and are used in cold temperatures to dissolve the sugar but not the iron, or use a magnet to 

; ATM sthematical separate the iron from the sugar particles. [t1] 
cal-Mathematica ; A. 18 : 

Kinesthetic, Visual-Spatial 

Text Question Answer 
size, shape, color, surface, density, mass 

Text Question Answer 

Mass could be measured with a balance. 

Caption Answer 
Figure 10 The ball is spherical, fuzzy, 
all one color, and has a curved line on it. 

The rock is rough, has many colors, has 

several dark straight lines, and has an 
irregular shape. 

SE OCIS EORTC 

‘INTEGRATE ™ 

Environment ») 

Recycling and Physical Properties 
Since metallic iron is magnetic and 
metallic aluminum is not, strong mag- 
nets could attract iron from a mixture of 
iron and aluminum. 

‘te’ Quick Demo 
<< Chemical Change 

Materials beaker, candle, 

matches 

Estimated Time 4 minutes 

Procedure Hold the bottom of 
a glass beaker directly over a 
burning candle for a few min- 
utes. What clues indicate that a 

chemical change has taken 
place? Carbon deposits begin to form 
on the outside of the beaker caused by 
the breakdown of the hydrocarbon can- 
dle wax. Carbon is released from its 
bonds with other carbon and hydrogen 
atoms. Visual-Spatial, 
Kinesthetic 

(%, Reading Check 

Answer color, shape, size, magnetism 
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Check 
Answer No, the identity of the ele- 
ment or compound remains the same. 

Purpose Students will use 

physical change to separate the 
colors in black ink. TELL) 

COOP LEARN 
Materials black marker (not per- 

manent), coffee filter or filter 

paper, water, plate, eyedropper, 
Science Journal, pen or pencil 

Teaching Strategies 

Have students use different 

brands of black markers and 

black felt-tip pens. 

Remind students to handle the 

coffee filter as little as possible. 
The oil from their fingers will 
distort the results. (QJ) E:3 

Analysis 

physical change 

Assessment 

Oral Ask students what colors 

were mixed together to make the 
black ink. Answers will vary based on 

the ink used. Use Performance 

Assessment in the Science 

Classroom, p. 89 

Caption Answer 
Figure 12 state of matter 

change is chemical or physical 

stirring rod 

i Procedure Add water to the beaker until it 
_ is half full. Add a crystal of potassium per- 
nee — 

Separating Ink 

Procedure Tad E'd 
1. Cut a circle out of a clean, 

white coffee filter with 

a 9-cm diameter. Draw a 

spot using a nonperma- 

nent black marker in the 

center of the filter. 

2. Place the filter on a plate. 

Using a dropper, place ten 

drops of water on the spot. 

Analysis 
Make a labeled drawing of 

your results in your Science 

Journal. What type of change 

did you observe? Explain. 

Figure 12 Heating iron raises 
its energy level and changes its 

color. These energy changes are 

physical changes because the 

substance is still iron. 

Define When liquid water 

becomes a solid, what type of 

physical change occurs? 

Physical Changes 
If you break a piece of chewing gum, you change some of its 

physical properties—its size and shape. However, you do not 

change the identity of the materials that make up the gum. 

The Identity Remains the Same When a substance 

freezes, boils, evaporates, or condenses, it undergoes physical 

changes. A change in size, shape, or state of matter is called a 

physical change. Such a change might involve energy changes, 

but the kind of substance—the identity of the element or com- 

pound—does not change. Because all substances have distinct 

properties, such as densities, specific heats, and boiling and melt- 

ing points, which are constant, these properties can be used to 

help identify them when a particular mixture contains substances 

that are not yet identified. 

rom ] n that a new y, Reading Chec Does a change in state mea e 
substance has formed? Explain. 

Iron is a substance that can change states if it absorbs or releases 

enough energy; at high temperatures, it melts. However, in both the 

solid and liquid state, iron has physical properties that identify it as 

iron. Color changes can accompany a physical change, too. For 

example, when iron is heated, it first glows red. Then, if it is heated 

to a higher temperature, it turns white, as shown in Figure 12. 

Using Physical Change to Separate A cool drink of 
water is something most people take for granted, but in some 

parts of the world, drinkable water is scarce. Not enough drink- 

able water can be obtained from wells. Many such areas that lie 

close to the ocean obtain drinking water by using the physical 

properties of water to separate it from the salt. One separation 

method, which uses the property of boiling point, is distillation. 

Purpose to determine whether an observed 

Materials water, potassium permanganate, 
sodium hydrogen sulfite, 250-mL beaker, 

PEA 
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until the solution becomes colorless. 

Expected Outcome ‘The addition of sodium 

hydrogen sulfite to potassium perman- ple to colorless indicated that new substances were 
ganate in water will cause a change in color. _ being formed. 

manganate to the water. Add 1 g ofsodium Assessment 

hydrogen sulfite to the solution and stir Is dissolving a chemical or physical change? 
physical change What evidence of a chemical 
change did you see? The change in color from put- 



Distillation The process used for sepa- 
rating substances in a mixture by evapo- 
rating a liquid and recondensing its 

vapor is distillation. It usually is done in 

the laboratory using an apparatus simi- 

lar to that shown in Figure 13. The liq- 

uid vaporizes and condenses, leaving the 

solid material behind. 
Two liquids having different boiling —— Distilling i 

points can be separated in a similar way. flask with — 
The mixture is heated slowly until it begins ected | (Pure liquid 
to boil. Vapors of the liquid with the lowest Cooling 
boiling point form first and are condensed water in wes 
and collected. Then, the temperature is a 
increased until the second liquid boils, con- a 
denses, and is collected. Distillation is used : one 
often in industry. Natural oils suchas intl oO E22. | 
are distilled. 

Chemical Properties and Changes 
You probably have seen warnings on cans of paint thinners 

and lighter fluids for charcoal grills that say these liquids are 

flammable (FLA muh buhl). The tendency of a substance to 

burn, or its flammability, is an example of a chemical property. 

Burning produces a new substance during a chemical change. A 

chemical property is a characteristic of a substance that indi- 

cates whether it can undergo a certain chemical change. Many 

substances used around the home, such as lighter fluids, are 

flammable. Knowing which ones are flammable helps you to use 

them safely. 
A less-dramatic chemical change can affect some medicines. 

Look at Figure 14. You probably have seen bottles like this in a 

pharmacy. Many medicines are stored in dark bottles because 

they contain compounds that can change chemically if they are 

exposed to light. 

——— Thermometer Cooling 

ve water out nn 

ye Condenser 

Figure 13 Distillation can 
easily separate liquids from solids 

dissolved in them. The liquid 

is heated until it vaporizes and 

moves up the column. Then, as it 

touches the water-cooled surface 

of the condenser, it becomes 

liquid again. 

Figure 14 The brown color of 
these bottles tells you that these 

vitamins may react to light. 

Reaction to light is a chemical 

property. 

a 
> « 

° 
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Visual Learning 

Figure 14 Review with students the distillation 

process, and ask a volunteer to trace the path 

of water through the apparatus shown in the fig- 

ure. Explain that the distillate moves through 

the inner portion of the condenser, while cold 

water, which helps cool the distillate, runs 

through the outer portion. [L2| [J Visual-Spatial 

Curriculum Connection 

History Compounds called nitrates played a 
major role in the history of Chile. Have students 
find out what chemical property makes nitrates 
important and what role they played in Chile. 
Nitrates are one component of explosives. Nitrates were 
Chile’s largest export in the late 1800s, giving the country 
money for economic development. The nitrate market 
collapsed during World War |, when chemists discovered a 
way to synthesize nitrates. Linguistic 

Make a Model 

Magnetism and Iron ‘Turn a shoe- 
box lid upside down and place 
iron filings and sand in the lid. 
Place a bar magnet underneath 

the lid and move it around while 

holding it against the bottom of 
the lid. Observe how the iron 
filings are both attracted and 
repulsed by the magnet depend- 
ing upon the position of magnet. 
Visual-Spatial 

Activity 
Element Properties Ask students to 
pick a chemical element and use 
an encyclopedia or Internet 
source to make a list of its proper- 
ties. Have them then divide the 
list into chemical and physical 
properties. [2] TELL) 

Linguistic 

Discussion 

Flammability What is involved in 
determining the flammability of 
a substance? Some of the factors 
used to determine flammability 
are temperature, vapor concen- 
tration, and ability to sustain 
combustion. Air is usually con- 
sidered the oxidant in these 
measurements. 

Air, or oxygen, is not the only oxidant 
required for a substance to burn, 

there are also substances that will 

burn in fluorine gas. 

Reading Strategy 

Fix-Up Strategy Read aloud to 

students the text on distillation 
while interjecting questions about 
how you make sense of text as you 

read. Show students how to use the 
related illustration, Figure 13, to 
help unlock the text. Then, have 
students find their own difficult 
passages and practice close reading 
with a partner. 
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Alchemy Even though most 
people connect alchemy with 
the middle ages, alchemy 
started many years before that. 
References to alchemy can be 
found in Chinese, Egyptian, 
and Arabian histories. 
Research Have students select 
and research a culture that has 
played a role in alchemy. Have 
students present their findings. 

(Y, Reading Check 

Answer a change of one substance to 
another 

Caption Answer 
Figure 15 formation of bubbles or 
solids, heat, cooling 

Oxidation and Food 

Purpose to demonstrate chemi- 

cal reactions in common foods 

Possible Materials potato, lemon 

juice, peach, pear, apple, bowls (2) 

Teaching Strategies 

* Cut the potato, peach, pear, 
and apple in half. Dip the 
exposed inner surface of one of 
the food items in the lemon 

juice, then place in bowl. 
¢ Place the other half in another 

bowl and allow both items to sit 

for 30 minutes. Encourage stu- 

dents to explain the reactions 

that occurred and allow them to 

explore other questions that 
arise, Kinesthetic, Visual- 
Spatial 

For additional inquiry activities, see 
Science Inquiry Lab Manual. 

Alchemy In the Middle 

Ages, alchemy was an 

early form of chemistry 

devoted to the study 

of changing baser metals 

into gold and also to find- 

ing the elixir of perpetual 

youth. Based on what we 

know now about the 

properties of metals 

and biology, it is easy 

to understand why this 

field of study is no longer 

practiced. 

Figure 15 The solid forming 
from two liquids is another sign 

place. 

has taken place. 

that a chemical reaction has taken 

Identify clues that show a reaction 

Detecting Chemical Changes 
If you leave a pan of chili cooking unattended on the stove 

for too long, your nose soon tells you that something is wrong. 

Instead of a spicy aroma, you detect an unpleasant smell that 

alerts you that something is burning. This burnt odor is a clue 

that a new substance has formed. 

The Identity Changes The smell of rotten eggs and the for- 
mation of rust on bikes or car fenders are signs that chemical 

changes have taken place. A change of one substance to another 

is a chemical change. The foaming of an antacid tablet in a glass 

of water and the smell in the air after a thunderstorm are other 

signs of new substances being produced. In some chemical 

changes, a rapid release of energy—detected as change of heat, 

light, and/or sound production—is a clue that changes are 

occurring. 

(die What is a chemical change? 

A clue such as heat, cooling, or the formation of bubbles or 

solids in a liquid is a helpful indicator that a chemical reaction is 

taking place. However, the only sure proof is that a new substance 

is produced. Consider the following example. The heat, light, and 

sound produced when hydrogen gas combines with oxygen in a 

rocket engine are clear evidence that a chemical reaction has 

taken place. But no clues announce the reaction that takes place 

when iron combines with oxygen to form rust because the reac- 

tion takes place so slowly. The only clue that iron has changed 

into a new substance is the presence of rust. Burning and rusting 
are chemical changes because new substances form. You some- 

times can follow the progress of a chemical reaction visually. For 

example, you can see lead nitrate forming in Figure 15. 
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Science Journal 

Chemical Changes in Daily Life Have students keep 
a log of chemical changes they encounter in a 
24-hour period. The logs should describe each 
change and list clues that helped students conclude 
that the change was chemical. Answers could include: 
respiration —oxygen used, carbon dioxide released; combusting 
gasoline—carbon dioxide produced, heat released; cooking— 
an egg becomes white and solid. | P | 

Linguistic, Visual-Spatial 
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Using Chemical Change to Separate You might separate 
substances using a chemical change when cleaning tarnished sil- 
ver. Tarnish is a chemical reaction between silver metal and sulfur 
compounds in the air that results in silver sulfide. It can be 
changed back into silver with a chemical reaction. This chemical 
reversal back to silver takes place when the tarnished item is 
placed in a warm water bath with baking soda and aluminum foil. 
You don't usually separate substances using chemical changes in 
the home. In industry and chemical laboratories, however, this 

kind of separation is common. For example, many metals are sep- 
arated from their ores and then purified using chemical changes. 

Weathering—Chemical 

or Physical Change? 
The forces of nature continuously shape Earth’s surface. 

Rocks split, deep canyons are carved out, sand dunes shift, and 

curious limestone formations decorate caves. Do you think 

these changes, often referred to as weathering, are physical or 
chemical? The answer is both. Geologists, who use the same cri- 

teria that you have learned in this chapter, say that some weath- 

ering changes are physical and some are chemical. 

Physical Large rocks can split when water seeps into small 

cracks, freezes, and expands. However, the smaller pieces of 

newly exposed rock still have the same properties as the original 

sample. This is a physical change. Streams can cut through softer 

rock, forming canyons, and can smooth and sculpt harder rock, 

as shown on the left in Figure 16. In each case, the stream carries 

rock particles far downstream before depositing them. Because 

the particles are unchanged, the change is a physical one. 

Both chemical and physical changes 

shaped the famous White Cliffs of Flowing water shaped and smoothed 

these rocks in a physical process. Dover lining the English Channel. 

Chemical Reactions and 

Lightning In a thunder- 

storm, light and sound tell 

you that changes have 

occurred. The pungent 

smells of ozone indicates 

that a chemical reaction 

also took place. Lightning 

converts oxygen gas, O,, 

into ozone, O,. Ozone is 

unstable and soon breaks 

up, forming oxygen again. 

Figure 16 Weathering can 
involve physical or chemical 

change. 
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Chemical Reactions and Lightning 
Ask students why the sound of 

thunder indicates a _ physical 
change rather than a chemical 
change. To produce thunder, air mole- 

cules are driven closer together, then 

spread apart, setting up a sound wave. 
the air molecules are not chemically 

changed in this process. 
Logical-Mathematical 

Career Meteorologists are scien- 
tists who study the earth’s climate. 
They do more than just forecast 
the weather. Meteorologists are 
responsible for researching and 
analyzing weather patterns, air 
pollution, and global warming 
trends. They can work for the 
governmant, universities, or for 

private industries. 

Quick Demo 
Physical and Chemical 
Changes 

Materials chalk, file, dilute hyd- 

rochloric acid 

Estimated Time five minutes 

Safety Precautions TS Fa wav 

F.4 PI 
WARNING: Wear goggles, gloves, 

and an apron. Avoid direct contact 

with the acid. 

Procedure A piece of chalk can 
be used to show the physical and 
chemical changes discussed in 
the text. Have students observe 

the chalk and note its size, 

appearance, and color. Next, file 
the chalk to show bits of it 

breaking away and reducing its 
size and form. This illustrates 

physical changes such as those 

produced by wind, geological 
movements, or cracking. Now 

take the same chalk, and place it Cultural Diversity 

Chinese Chemistry ‘The Chinese used chemical 

reactions to separate silver from lead and other 

impurities. In a process known as cupellation, 

they used high temperatures and blasts of air to 
oxidize the lead and other impurities, leaving 

pure silver behind. 

in dilute hydrochloric acid. A 
noticeable gas-producing reac- 
tion ensues. This is a chemical 
change that produces new prod- 
ucts, including carbon dioxide 
gas. GD jh Visual-Spatial, 
Kinesthetic 
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Chemical In other cases, the change is chemical. For example, 

st . solid calcium carbonate, a compound that mostly makes up 

Science! ||/12 : limestone, does not dissolve easily in water. However, when the 

Topic: Caves : water is even slightly acidic, as it is when it contains some dis- 

Visit fl.gpescience.com for Web : solved carbon dioxide, calcium carbonate reacts. It changes into 

SS UMETRLL Te he : a new substance, calcium hydrogen carbonate, which does dis- 

Matter Conservation Students | mes : solve in water. This change in limestone is a chemical change 

inay think that matter 1s not) Activity Describe the formation because the identity of the calcium carbonate changes. The 

conserved in physical or chemi- | pipe SEC Ce > White Cliffs of Dover, shown on the right in Figure 16, are made 

cal changes. Refer to page F at | Se eda c eo wince > of limestone and undergo such chemical changes, as well as 

the beginning of this chapter Be ee emeraeiaten ates physical changes. A similar chemical change produces caves and 
- ae een : result of a physical and/or chemical pny 8 ! MS : 

for teaching strategies that process. the icicle-shaped rock formations that often are found in them. 

address this misconception. 

Applying Math BeaGiucie 

(%, Reading Check 

Answer The mass of all substances 
present before a chemical change 
equals the mass of all the substances 

remaining after the change. 

THE LAW OF CONSERVATION OF MASS When a chemical reaction takes place, the total mass of 

reactants equals the total mass of products. If 18 g of hydrogen reacts completely with 633 g of 

chlorine, how many grams of HCl are formed? H, + Cl, > 2HCl] 

| IDENTIFY | known values and the unknown value 

Identify the known values: 

mass of H, = 18 g 

Applying Math 

Math Standards 

National: 1, 2,9 

Florida: MA.A.3.41 

mass of Cl, = 633 g 

mass of reactants = mass of products 

Identify the unknown value: 

mass of HCl 2g 

| SOLVE | the problem 

Solve for the mass of HCl. 

Teaching Strategy 
Have students count the atoms of each 

type of element. The number is the same 
on both sides of the equation. The total 
number of atoms of reactants will equal 

the total number of atoms of products. In 
the example, there are a total of four 

atoms: two hydrogens on each side. |L2 

Logical-Mathematical 

Substitute the known values. 

| CHECK | the answer 

Does your answer seem reasonable? Check your answer by subtracting the mass of H, from the 

mass of HCl. Do you obtain the mass of the Cl,? If so, the answer is correct. 

Practice Problems 

Answers to 
Practice Problems 
1. (24g CH, + 96 g0) = 

(66g CO) + xg H,0) 

120g = 669 + xgH,0 

120g — 66g = 54gH,0 

2. (54g Al + 409.2 g ZnCl.) = 
(196.2 gZn + xg AIC) 

463.2g = 196.29 + xg AlCl; 

463.2g = 196.29 + 267g AlCl 

1. In the following reaction, 24 g of CH, (methane) reacts completely with 96 g of O, to 

form 66 g of CO,. How many grams of H,O are formed? CH, + 20, > CO, + 2H,O 

2. In the following equation, 54.0 g of Al reacts completely with 409.2 g of ZnCl, to form 
196.2 g of Zn metal. How many grams of AICI, are formed? 2Al + 3ZnCl, > 3Zn + 2AlCl, 

For more practice problems go to page 879, and visit Math Practice at fl.gpescience.com. 
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Teacher G0 
' Changing Limestone The weathering of Cooperative Learning Working in small 
_ Dover’s white cliffs involves the break- groups, have students create a chart with the 
~ down of limestone into soluble compounds, headings Grand Canyon, Sinkholes, Sand Beaches, 
The formation of stalactites in caves and Rock Formations. Have them list physical and 
involves the precipitation of limestone chemical changes that contributed to the forma- 
from water solutions. Thus, the formation tion of each. Encourage students to find pictures 

_ of stalactites is the reverse of the weathering or interesting facts to add to their charts. 
of the cliffs of Dover. , 

seit orbit rte iy 8 nec rg 
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The Conservation of Mass 
Wood is combustible, or burnable. As you just 

learned, this is a chemical property. Suppose you burn 
a large log in a fireplace, as shown in Figure 17, until 
nothing is left but a small pile of ashes. Smoke, heat, 
gas, and light are given off, and the changes in the 
appearance of the log confirm that a chemical change 
took place. You might think that matter was lost dur- 
ing this change because the pile of ashes looks much 
smaller than the log did. In fact, the mass of the ashes 
is less than that of the log. Suppose that you could 
collect all the oxygen in the air that was combined 
with the log during the burning and all the smoke, heat, light, 
and gases that escaped from the burning log and measure their 

masses, too. Then you would find that no mass was lost after all. 

Not only is no mass lost during burning, mass is not gained 

or lost during any chemical change. In other words, matter is 

neither created nor destroyed during a chemical change. 

itis over, only ashes will remain. 

Yet you know that no mass is lost 

in a chemical reaction. 

Explain why this is so. 

According to the law of conservation of mass, the mass of all 

substances that are present before a chemical change equals the 

mass of all the substances that remain after the change. 

Explain what is meant by the law of 
conservation of mass. 

section. 4) 

Summary 

Physical Properties 

® You can observe physical properties without 

changing the identity of a substance. 

Physical Changes 

® Change in the size, shape, or state of matter is 

a physical change. 

Chemical Properties and Changes 

© A chemical property is a characteristic of a 

substance that indicates whether it can 

undergo a certain chemical change. 

® A change of one substance to another is a 

chemical change. 

® Many metals are separated from their ores 

and purified using chemical changes. 

More Section Review fl.gpescience.com 

review 
Self Check 

. Explain why evaporation of water is a physical change 

and not a chemical change. 

. List four physical properties you could use to describe 

a liquid. 

. Describe why flammability is a chemical property 

rather than a physical property. 

. Explain how the law of conservation of mass applies to 

chemical changes. 

. Think Critically How might you demonstrate the law 

of conservation of mass for melting ice and distilling 

water? 

Applying Math 

. Calculate In the following equation, 417.96 g of Bi 

(bismuth) reacts completely with 200 g of F (fluorine). 

How many grams of BiF, (bismuth fluoride) are 

formed? 2 Bi + 3 F, —> 2 BiF, 
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Figure 17 This reaction appears 

to be destroying these logs. When 

TC ne tg ate GE Oe | 

section review 

Caption Answer 
Figure 17 Some of the log’s compo- 
nents combine with oxygen to form 
gases, 

ae 

3 Assess 

DAILY INTERVENTION 

Check for Understanding 
Kinesthetic Have a student light 

a match and allow it to burn. 

Also, place an ice cube in a glass 

container and allow it to melt. 

Have students explain what type 
of changes took place with each 
item and describe the final prop- 

erties of each. [L2] |) Visual-Spatial 

Reteach 

Mass Place a small, open vial of 
dilute silver nitrate solution 
carefully inside a large flask con- 
taining a dilute solution of 
sodium chloride. Determine the 
mass of the entire assembly. 
Then tip the flask to intention- 
ally spill the contents of the 
small vial. A white precipitate 
will quickly form. Re-mass the 
assembly. Ask students what law 
is demonstrated when the two 
masses are in agreement. law of 
conservation of mass [L2] > 

| Visual- Vales Kinesthetic 

'T, Assessment 

Oral Display several similar but 
slightly different candles. Have a 
student describe each candle 

using a minimum number of 

physical properties. Other stu- 
dents must identify the candle 
from its physical properties. 
Use Performance Assessment 

in the Science Classroom, 

p. 99. i 
Find the mass of the liquid water, 

boil it and collect the condensed 
vapor and any solids. Find the mass 
of the condensed vapor and solids. 

changed into new substances. 5. Let the ice melt on a balance, and . 617.96 g 

4. The mass of all substances present 

before a chemical change equals the 
mass of all the substances remain- 

ing after the change. 

1. The makeup of the water units is 

unchanged. 
2. color, odor, volume, temperature 

3. Because the original materials are 

show that the balance doesn’t move. See 
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© Real-World 
Problem 

Purpose Students will design 
an experiment to observe the law 
of conservation of mass. 

Process Skills observe, meas- 

ure, use and make data tables, 

collect and organize data, com- 

municate, form hypotheses, infer 

Time Required 45 minutes 

© Procedure - 

Possible Materials Different 
brands of antacid tablets and dif- 

ferent sized plastic drink bottles 
can be used. 

Safety Precautions Caution 
students never to eat or drink 
anything during science class. 

© Forma 
Hypothesis 

Possible Hypothesis Students 
should hypothesize that the mass 
of the reactants should be 
approximately equal to the mass 
of the products. 

© Test Your 
Hypothesis ——— 

Possible Procedures Students 
can use a mortar and pestle to 
grind the antacid tablets. The 
powdered tablet is placed into a 
dry balloon. Sudents should 
measure the mass of the balloon 

bottle with water before and after 

the reaction. The balloon should 

be fitted over the mouth of the 

bottle. The powder will be 
poured into the bottle, then gen- 

tly swirled. ; 

Goals 
@ Measure the total 

mass of water and 

antacid tablets before 

and after the tablets 

are dissolved in the 

water. 

Compare the total 

mass of water and 

tablets before and after 

the tablets are dissolved 

in the water. 

Infer whether or not 

the law of conservation 

of mass applies to 

antacid tablets dissolv- 

ing in water 

Possible Materials 
antacid tablets 

empty plastic drink bottle 

balloon 

beaker 

water 

Spatula 

balance 

mortar 

pestle 

funne! 

Safety Precautions 

oe | a 
Do not eat the antacid 

tablet. 

= 

Design Your Own 

Measuring the Conservation of Mass 

® Real-World Problem 
Have you ever watched burning logs in a fireplace? If you have, you 

might have noticed many large logs being burned in the hearth 

during an evening. At the end of the night, nothing more than a 

pile of ash remains. In this lab, your group will design an experiment 

to demonstrate the law of conservation of mass. Is the mass of 

antacid tablets conserved after they are dissolved? 

© Forma Hypothesis 
Based on your understanding of mass conservation, form a hypothesis 

that predicts the total mass of antacid tablets and water before and 

after the tablets are dissolved. 

© Test Your Hypothesis —————_ 

Make a Plan 

1. As a group, agree upon and write the hypothesis statement. 

2. Decide upon any safety equipment you need or safety procedures 

you need to devise to ensure the safety of your group during the 

experiment. 

Open and Closed Systems ‘Io make this Lab into 
an Inquiry Lab, have students compare the ini- 

tial and final masses of an open system and 
closed system. They can create a closed system 
by following the procedure they devised during 
their lab, and they can create an open system by 
placing the powder directly into the bottle and 
leaving the container open. 

568 CHAPTER 18 Classification of Matter 

Students can also research the chemical reactions 
involved when antacids are used to neutralize 
excess stomach acid. Citric acid (C6H8O7) and 
sodium bicarbonate (NaHCO3) are the main 
ingredients in antacid tablets. When the tablets 
are dropped into water with dissolved H+ ions, a 
chemical reaction occurs to produce water and — 
carbon dioxide. 



Teaching Strategies 

¢ Explain that the mass of the 
system before the reaction will 
probably not be exactly the 
same as the mass after the 
reaction due to some form of 
experimental error. There is 
always some margin of error 
during an experiment. 

3. Plan an experiment to test your hypothesis. List 

the steps of your experiment. 

4. List the materials you need to test your 

hypothesis. 

5. Have one group member reread your entire 

experiment aloud to the group to make certain 

you have all the necessary materials and that 

your experimental steps can be easily followed. 

Troubleshooting One student 
needs to stretch the balloon’s 
opening while a second student 
scoops the powdered tablet into 

© Follow Your Plan 
1. Make sure your teacher approves your plan. 

2. Copy the data table into your Science Journal to = | the balloon. Make certain the 

record measurements. ~ || plastic bottle and attached bal- 

3. While doing the experiment, write your Trial Mass Before Mass After S | loon will fit on your classroom 

observations, and complete the data table in Number Reaction Reaction = || balances. 

your Science Journal. 

Expected Outcome Although 
>) Analyze Your Data ke | the initial mass and final mass of 

; the substances may not be iden- 
1. Describe the effects of the chemical reaction tical, the mass of the reactants 

between the antacid powder and the water. should be nearly equal to the 

2. Compare the total mass of the substances before the -a2| mass of the products. A small 
reaction to their mass after the reaction. || amount of mass will probably be 

3. Graph the mass of the substances before and after the | lost due to experimental error. 

reaction using a bar graph. 

4. Explain if your data supported your hypothesis. © Analyze Your 
Data 

© Conclude and Apply | 
1. Identify possible experimental errors in your = || 1. The water will fizz vigorously, and 

experiment design. the balloon will partially inflate with 

released carbon dioxide. 
2. Results will vary depending upon the 

measurements collected by each 

2. Infer how mass might have been lost or added 

between the initial and final weighing of the 

substances. 
group. 

3. Infer what the expected mass of the sub- Compare the data your group collected ae 3. Graphs will vary. 
stances should be after the chemical reaction with the data collected by the other groups : : 4. Answers will vary. 

occurred. and discuss possible reasons for differences 
Error Analysis Discuss with stu- 
dents possible errors in their data. 
Students might make inaccurate 

LAB 569 measurements, or gases produced 
: during the reaction might escape. 

in the data 

Pee Rt ge 

, Assessment 
Content Have students write and act out a skit 
demonstrating the law of conservation of mass at 

work during a chemical reaction such as paper 

burning or the joining of two elements to form a 

compound. Use PASC, p. 147. 

ommunicating 
ma Your Data 

© Conclude and 

Apply 
1. Answers may vary. 

2. Answers may vary. 

3. Answers may vary. 

Encourage students to create data tables and bar 
graphs electronically. 

LAB 569 
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Content Background 
Scientists constantly attempt to 

create or discover new elements. 
Recently discovered elements do 
not exist in nature but have been 
synthesized by bombarding 
existing elements with high- 
speed particles. The element 

seaborgium was synthesized by 
bombarding the element cali- 
fornium by highly accelerated 
oxygen nuclet. 

Discussion 
Oxygen The element oxygen 

makes up 46 percent of Earth’s 
crust, yet it makes up only 21 

percent of Earth’s atmosphere. 

Most oxygen is contained in 

compounds. For example, sand 
is silicon dioxide, SiQ>. 

Activity 
Changing Elements Unless an 

element is radioactive and its 

nucleus changes, each atom 

remains the same element. 

However, elements change form 

and location. Provide students 

with the following statements. 
Have them draw an illustration 

that uses arrows and the state- 

ments to show how the element 

nitrogen is cycled on Earth. 
Statements: 

¢ Plants obtain nitrogen from 

the soil. 

¢ Bacteria on certain plants 

change atmospheric nitrogen 

to a useful form. 

¢ Animals eat plants. 

¢ Animals and plants die and 

decompose. 

[.2] [) Visual-Spatial, Logical- 
Mathematical 

Intriguing Elements “A 
Did you know... I\ 

... Silver-white cobalt, which usually is combined with 

other elements in nature, is used to create rich paint pigments. | 

It can be used to form powerful magnets, treat cancer patients, | 

build jet engines, and prevent disease in sheep. 

... Gold is the most ductile 
(stretchable) of all the elements. 

Just 29 g of gold—about ten 

wedding bands—can be pulled 

into a wire 100 km long. That’s 

long enough to 

stretch from 

Toledo, Ohio, 

to Detroit, 

Michigan, 

and beyond. 

Percent of Elements in the Human Body 

18% 

a om 
: Oxygen Carbon Hydrogen Nitrogen Other 

Element 

... Zinc makes chewing gum 
taste better. Up to 0.3 mg of zinc acetate 
can be added per 1000 mg of chewing gum 

to provide a tart, zingy flavor. 

Applying Math 

1. Zine acetate is approximately 35 percent zinc. How many grams 

of chewing gum would be needed to provide a total of 10.0 mg of zinc? 

2. If you wanted to produce a gold wire with the same diameter as 

mentioned in the example above, how many grams would be needed 

to make a wire one meter in length? 

3. Table sugar has the chemical formula C,2H..0),,. If you were going to 

build a scale model of sucrose (table sugar) and you had 36 model 

carbon atoms, how many of each of the others (hydrogen and oxy- 

gen) would you need to build an accurate, complete sucrose model? 

570 CHAPTER 18 Classification of Matter 

Teaching Strategies 

Applying Math 

¢ Review ratios with students to determine the 

* Review with students how to set up a propor- scale factor, 3. 

tion. Remind students that 1,000 mg equals |g. Answers 

* Discuss with students that they need to con- 4, about 33 g 
vert meters to kilomters or kilomters to 2, 0.00029 g 
meters in order to set up a proportion to 3, H66 atoms: 0-—33 atoms 
solve. Y MA.A.3.4.1, 

5370 ~=CHAPTER 18 Classification of Matter 



Chapter i _Study Guide 

e 

Section 1 Composition of Matter 

iB Elements and compounds are substances. 

A mixture is composed of two or more sub- 
stances. 

You can distinguish between the different 

materials in a heterogeneous mixture using 

either your unaided eye 
. Chemical properties 

“Section 2. | Properties of Matter 

1. Physical properties are characteristics of 

materials that you can observe without 
changing the identities of the 

substances. 

indicate what chemical 

chapter 

Study Guide 13 

Summary statements can be 
used by students to review the 
major concepts of the chapter. 

Sciencapiine 
or a microscope. oS | changes substances can Visit fl.gpescience.com 

3. Colloids and suspensions sonnet % undergo. Many More Section Review 
are two types of hetero- ~ RC medicines are . 

; Interactive Tutor 
geneous mixtures. The 

particles in a suspension 

will settle eventually. 

Particles of a colloid will SS sqaure acne 

not. Milk is an example 

of a colloid. 

Ina homogeneous mix- 

ture, the particles are dis- 

tributed evenly and are 

not visible, even when 

using a microscope. Homogeneous mixtures 

can be composed of solids, liquids, or gases. 

A solution is another name for a homoge- 

neous mixture that remains constantly and 

uniformly mixed. 

Best if Sold by Above Date 

Shake Well for Best Taste 

This is a clear indication that this mixture 

is a Suspension. 

Interactive Tutor fl.gpescience.com 

stored in dark 

bottles because 

they react with 

light. 

In physical changes, the identities of 
substances remain unchanged. 

. In chemical changes, the identities of sub- 

stances change: new substances are formed. 
A visible chemical change takes place when 

rust is cleaned with bleach. 

. The law of conservation of mass states 

that during any chemical change, matter 

is neither created nor destroyed. 

OTT TEEY Use the Foldable that you made at the begin- 

ning of the chapter to help you review the classification of 

matter. 

CHAPTER STUDY GUIDE 571 

7 
jentifying Misconceptions 

Vocabulary PuzzleMaker 

More Chapter Review 

Standardized Test Practice 

Assessment Transparency 
For additional assessment ques- 
tions, use the Assessment 

Transparency located in the trans- 
parency book. 

Assessment 

., . ch. 
ecuciee Classification of Matter a 

> Transparency 18 | 

Directions: Carefully review the graph and answer the following questions. 

Elements Dissolved in Seawater 

Ca=Calcium Mg = Magnesium 
Cl = Chlorine Na = Sodium 
K=Potassium $= Sulfur 

|. According to this information, which element makes up greater 

than 50 % of the elements dissolved in seawater? 

A Sodium B Sulfur © Magnesium D Chlorine 

2. Which element is found dissolved in seawater about twice as much 

as magnesium? 
F Calcium G Sodium H Sulfur ) Potassium 

3. A compound is a substance made of the combined atoms of two or 

more different elements. According to this definition, which of 

these is a compound? 
A Ca B Mgs cc D Na 

‘Gassification of Matter, 

= Have students use 

FOLDABLES their Foldables to 

review the content of the chapter. 

Materials photograph of a sealed terrarium that where the plant gets enough light, and then 

contains a plant, an animal, and food for the measure the mass again. What is the terrar- 

ium’s mass? Visual-Spatial animal 

Procedure Show students the photograph. Expected Outcome Students should realize that | 

Explain that the terrarium is completely sealed. the mass of the terrarium would stay the same 

Suppose we measure the mass of this terrarium because it is a closed system. 

today, leave it for three months in a place 

CHAPTER STUDY GUIDE 571 



eas 7 : 

Review 

~. Using Vocabulary | 

1. compounds 

2. suspension 

3. physical change 

4. law of conservation of mass 

5. heterogeneous mixture 

6. elements 

7. physical change 

(“Checking Concepts | 

18. See student page. 

19. See student page. 

572 CHAPTER REVIEW 

chapter Gf ) Review | 

chemical change p.564 %* law of conservation of 

chemical property p.563 mass p.567 

colloid p.55¢ physical change p. 562 

% compound p.554 physical property p.560 

distillation 9.563 solution p.556 

element p.552 substance p.55z 

heterogeneous mixture suspension p. 558 

p.555 Tyndall effect p.557 

homogeneous mixture 

p.556 

# FCAT Vocabulary : 

Complete each sentence with the correct 

vocabulary word or words. 

1. Substances formed from atoms of two or 

more elements are called 

2. A(n) is a heterogeneous mixture 

in which visible particles settle. 

3. Freezing, boiling, and evaporation are all 

examples of 

4. According to the , Matter is 
neither created nor destroyed during a 

chemical change. 

5. A mixture in which different materials are 

easily identified is 

6. Compounds are made from different atoms 

of two or more 

7. Distillation is a process that can separate 

two liquids using 

GE 
Choose the word or phrase that best answers 
the question. 

8. Bending a copper wire is an example of 
what property? 

A) chemical ©) element 

B) conservation D) physical 

572 CHAPTER REVIEW 

9 . Which is NOT an element? 

A) carbon C) oxygen 

B) hydrogen D) water 

10. Which is an example of a chemical 

change? 
A) boiling ©) evaporation 

B) burning D) melting 

11. What is gelatin? 
A) colloid ©) substance 

B) compound D) suspension 

12. Which is an example of a visible sunbeam? 

A) an element Q a compound 

Le 

14. 

15. 

16. 

We 

B) a solution D) the Tyndall effect 

How would you classify the color of a rose? 

A) chemical change 

B) chemical property 

©) physical change 

D) physical property 

How would you describe the process of 

evaporating water from seawater? 

A) chemical change 

B) chemical property 

©) physical change 

D) physical property 

Which is a substance? 

A) colloid ©) mixture 

B) element D) solution 

Which property can be used to help 

identify an unknown substance? 

A) specific heat C) temperature 

B) combustion D) Tyndall effect 

Which statement about the law of 

conservation of mass is TRUE? 
A) Mass is created only. 

B) Mass is created and destroyed. 

©) Mass is destroyed only. 

D) Mass is neither created nor destroyed. 

Vocabulary PuzzleMaker fl.gpescience.com | 

Curriculum ‘Tags 

Use the ExamView® Pro Testmaker CD-ROM to: 
* create multiple versions of tests 

* create modified tests with one mouse click for inclusion students 
* edit existing questions and add your own questions 
° build tests aligned with state standards using built-in State 

¢ change English tests to Spanish with one mouse click and vice versa 



18. Copy and complete the concept map 
below about matter. 

can bea Constr), bea 

can be a(n) can be a(n) can be can be 

homogeneous 

anexampleis anexampleis an example is an example is 

Use the table below to answer question 19. 

Common Colloids 

Colloid Example 

Solid in a liquid Gelatin 

Solid in a gas 

Gas ina solid 

Solid ina liquid 

Liquid in a gas 

| 19. Identify how different colloids can involve 

different states. For example, gelatin is 

formed from solid particles in a liquid. 

Complete the table using these colloids: 

smoke, marshmallow, fog, and paint. 

Thinking Critically 

20. Compare and contrast elements and com- 

pounds. Give two examples of each. 

21. Explain Carbon and the gases hydrogen 

and oxygen combine to form sugar. How 

do you know sugar is a compound? 

More Chapter Review fl.gpescience.com 

Re chapter a 

22. Use a nail rusting in air to explain the law 

of conservation of mass. 

23. Use Variables, Constants, and Controls Marcos 

took a 100-cm? sample of a suspension, 

shook it well, and poured equal amounts 

into four different test tubes. He placed one 

test tube in a rack, one in hot water, one in 

warm water, and the fourth in ice water, He 

then observed the time it took for each sus- 

pension to settle. What was the variable in 

the experiment? What was one constant? 

Concept Map Make a network tree to show 

types of liquid mixtures. Include these 

terms: homogeneous mixtures, heterogeneous 

mixtures, solutions, colloids, and suspensions. 

Applying Math | 

Use the graph below to answer question 25. 

Percent of Elements in the Human Body 

18% 
0, 

|. ae 5% 
are, 

0 
Oxygen Carbon Hydrogen Nitrogen Other 

Element 
Lo 

25. Use Proportions If you had 50 atoms of 

hydrogen, how many atoms each of 

oxygen, carbon, and nitrogen would you 

need to have the elements in the same 

proportion as they are in your body? 

26. Use Numbers In the following equation, 

243.5 g of Sb (antimony) reacts com- 

pletely with 1000 g of I, (iodine) to form 

1004.9 g of SbI, (antimony triiodide). 
How many grams of I, were consumed 
im the reacuionm 2.Sb 1 3 L)—> 2 sbl 

CHAPTER REVIEW 573 

view 
chapter 

Review Te 

20. Elements and compounds are made 
from atoms. An element has all the 
same atoms whereas a compound 
is made of atoms of two or more 

elements. Accept all reasonable 
examples of elements and com- 
pounds. 

21. It can’t be separated by physical 
means; it looks different from the 
elements that make it up. 

22. The combined mass of the oxygen 
and the iron before the reaction is 
equal to the mass of the rust after 
the reaction. 

23. The variable was temperature. One 
constant was the amount of sus- 

pension put into each tube. 

24. Mixtures include homogeneous 

mixtures, which are solutions, and 
heterogeneous mixtures, which 
include colloids or suspensions. 

Applying Math | 
Math Standards 
National: 2, 6, 9 

Florida: MA.A.3.4.1, MA.E.1.4.1 

Answers to 
Practice Problems 
25. approximately 325 atoms of oxy- 

gen, 90 atoms of carbon, and 15 
atoms of nitrogen 

26. 238.69. 

(Ti Assessment — 
\@y Reproducible Masters 
Chapter Fast File Resources 

Chapter Review, pp. 35-36 

Giapter lestsy pp. 10 
Assessment ‘Transparency Activity, p. +7 

Glencoe Science Web site 
Chapter Review Test 
Standardized ‘Test Practice 

Glencoe Technology 

& Assessment ‘Transparency 
® ExamView® Pro Testmaker 
[O MindJogger Videoquiz 
(® Interactive Chalkboard 

573 CHAPTER REVIEW 



chapter 7s 8 Standardized Test Practice ae 
Standardized Test Practice 

Record your answers on the answer sheet provided by your teacher or on a sheet of paper. 

\ The assessed Florida Benchmark appears above the question. 

ASE aree see spect Use the graph below to answer question 3. 
can be found at fl.gpescience.com. ultiple Choice ; . 

Elements in Earth’s Crust 

SC.A.2.4.2 ¢ 00 
Sey - 2 40 

1. CaCO, is an example of which type of oe | 
Aiyeetalle ° material? z 70 | 

A. colloid = 10 
& 0 ke Boo i i 

B. compound O Si Al Fe Ca Na K Mg Others 

Elements 
c. element 

D. mixture 3. Which element makes up 8 percent of 

Earth’s crust? 

Use the graph to answer question 2. A. aluminum 

Elements in the Universe Henne Bion 

6.3% =e 
A C. oxygen 

Other D. silicon 
elements 

0.2% HL: : soe : fs 4. Which element has the physical property of 

¢ Multiple Choice ‘“ magnetism? 

1. B 4.8 fiydrogen A. calcium 

2G 5. A 93.5% B. iron 

3. A 6. D C. oxygen 

D. sodium 
SC.B.1.4.2 

riagea hesponse 5. Which statement best decribes the law of 

conservation of mass? 
7. 54 2. What percentage do the elements hydrogen cate : x 

8. 33.38 and helium account for in the universe? A. The mass of the products is always 
ACen greater than the mass of the materials 

. perce A ; 

that react in a chemical change. 
B. 99.9 percent as : 

E B. The mass of the products is always less 

C. 99°83 percent than the mass of the materials that react 

D. 98 percent in a chemical change. 

c. A certain mass of material must be 

present for a reaction to occur. 

D. Matter is neither lost nor gained during 

a chemical change. 

574 STANDARDIZED TEST PRACTICE 

574 STANDARDIZED TEST PRACTICE 



6. The most plentiful element in the universe 
readily burns in air. What is this chemical 
property called? 

A. flammability 

B. ductility 

C. density 

D . boiling point 

EA _Gridded Response] 

7. In the following reaction, 24 g of CH, 

(methane) react completely with 96 ¢ ol O; 

to form 66 g of CO,. How many grams of 
H,O are formed? 

8. A reaction of 22.85 g of sodium hydroxide 

(NaOH) with 20.82 g of hydrogen chloride 

(HCl) gives off 10.29 g of water (H,O). 
What mass of sodium ch loride (NaCl) is 

formed in this reaction? 

noua Short Response _ 
————| 
EXPLAIN 

Use the illustration below to answer questions 9. 

eo ee epee 

9. What physical properties could be used to 

identify these minerals? 

Standardized Test Practice fl.gpescience.com 

standa rdized 

10. You are given a mixture of iron filings, 

sand, and salt. Describe how to separate 

this mixture. 

Extended Response _ 

11. Describe how a compound is a combina- 

tion of elements in a fixed proportion. 

Give two examples. 

Use the illustration below to answer question 12. 

12. Design an experiment that shows that this 

type of chemical change is governed by 

the law of conservation of mass. 

|_Test-Taking Tip _| Ti 

Directions and Instructions Listen carefully to the 

instructions from your teacher. Read the directions and each 

question carefully. 

STANDARDIZED TEST PRACTICE 575 

(Short Response 
9. Physical properties of these minerals 

include color, shape, magnetism, 
density, melting point, and boiling 
point. 

10. Add water to the mixture. Stir until 
all the salt is dissolved, then pour 
the water/salt solution off of the 
sand/iron mixture. Use a magnet 
to separate the iron and sand. 

chapter 4 

Standardized Test Practice 

xtende esponse 

11. By definition, a compound is a sub- 

stance made from two or more 
elements. All compounds are fixed 
in the proportions of that com- 
pound. If the ratio of the elements 
changes, then a new compound is 
formed. Examples are: water, car- 
bon dioxide, salt, and sugar. Accept 
answers that students may provide 
as long as they are compounds. 

12. The experiment should include 
these components: Design an 
enclosure to trap all solid and gas 
products of the reaction. With the 
enclosure covering the reactants, 
measure the total mass (enclosure 
plus all reactants to be burned.) 
With enclosure in place, start the 
reaction. Once burning is complete, 
measure the total mass again. The 
initial and final masses will be 
equal. 

Rubrics 
For more help evaluating 
Short- and Extended-Response 
questions, see the rubrics on 
p. LOT. 

STANDARDIZED TEST PRACTICE 575 



Section/Objectives 

Chapter Opener 

Standards 

National State/Local 

See pp. 161-17 fora 

Key to Standards. 

Labs/Features 

Launch Lab: Inferring What You Can't 

Observe, p.577 Video Lab 
Foldables, p.577 

576A CHAPTER 19 Properties of Atoms and the Periodic Table 

Section 1 Structure of the Atom National Content | Florida Science Online, p.579 

@  2sessions Standards: Benchmarks MiniLAB: Modeling an Aluminum 

= UCP.1-3, UCP.5, SCE24.6, Atom, p. 581 
CP 1 block AA A.2, Bi2, Bo, SCH T4D Visualizing the Atomic Model, 

1. Identify the names and symbols of common B.6,G.3 SC.H.1.4.3 p.582 
elements. 

2. Identify quarks as subatomic particles of 

matter. 
3. Describe the electron cloud model of the atom. 

4. Explain how electrons are arranged in an atom. 

Section 2 Masses of Atoms National Content | Florida Integrate Life Science, p.586 

@ 3 sessions Standards: Benchmarks: Applying Science, p. 586 

rr UCP.1-3, UCP.5, SC.D.1.4.6 

<P 1.5 blocks A.1, A.2,B.2,B.5, 
5. Compute the atomic mass and mass number B.6,G.3 

of an atom. 

6. Identify the components of isotopes. 

7. Interpret the average atomic mass of an 
element. 

Section 3 The Periodic Table National Content | Florida MiniLAB: Organizing a Personal 

@ 3 sessions Standards: Benchmarks: Periodic Table, p. 589 
= UCP.1-3, UCB.5, S@AGAl Integrate Career, p.592 

&P 1.5 blocks Al, A2;B:2,B:5; SGA145 Science Online, p.593 

8. Explain the composition of the periodic table. B.6 G3 SC.A.2.4.1 Science Online, p.595 
9. Use the periodic table to obtain information. SC.A.2.4.5 Lab: A Periodic Table of Foods, 

10. Explain what the terms metal, nonmetal, and prog? 
metalloid mean. Lab: What's in a name?, 

pp. 598-599 

Science and History: A Chilling Story, 
p.600 



Lab Materials 

Launch Lab: chalk, eraser, 

thimble, bottle, washer, 

envelope 

Reproducible Resources 

Chapter Fasr Fite Resources 

Foldables Worksheet, p. 17 

Directed Reading Overview, 

p.19 

Note-taking Worksheets, 

pp. 33-35 

Glencoe Exclusive! 

J eacher Works = 
All-In-One Planner and Resource Center 

Technology 

‘eacverWorks includes: 

* Interactive Teacher Edition 

* Lesson Planner with calendar 

* Access to all program blacklines 

* Correlations to standards 

* Web links 

. Video Lab 

MiniLAB: 13 3-cm circles cut 
from orange paper, 14 3-cm 

circles cut from blue paper, 

red paper, hole punch 

Chapter Fasr Fie Resources 

Transparency Activity, p. 44 

MiniLAB, p. 3 

Enrichment, p. 30 

Reinforcement, p. 27 

Directed Reading, p. 20 

Transparency Activity, 

pp. 47-48 

Reading and Writing Skill 
Activities, p. 43 

Portfolio 

Check for Understanding, p. 583 

Performance 

MiniLab, p. 581 

Applying Math, p. 583 

Content 

Section Review, p. 583 

Section Focus Transparency 

Teaching Transparency 

Interactive Chalkboard 

CD-ROM 

®&) StudentWorks Plus 

Qa a 

Need Materig]s2 
Contact Scie i nce Kit at 1-800-828-7777 or www.sciencekit.com, 

Chapter Fasr Fite Resources 

Transparency Activity, p.45 

Enrichment, p. 31 

Reinforcement, p. 28 

Directed Reading, p. 20 

Lab Activity, pp. 9-12 

Mathematics Skill Activities, p. 7 

Science Inquiry Labs, pp. 49-50 

Portfolio 

Check for Understanding, p. 587 

Performance 

Applying Science, p. 586 

Content 

Section Review, p. 587 

& Section Focus Transparency 

©) Interactive Chalkboard 
CD-ROM 

*) StudentWorks Plus 

MiniLAB: feather, penny, 
container of water, pencil, 

dime, strand of hair, con- 

tainer of milk, container 

of orange juice, container of 

soda, square of cotton cloth, 

nickel, crayon, quarter, golf 

ball, sheet of paper, baseball, 

marble, leaf, and paper clip 

Lab: 11 < 17 paper, 

12- or 18-inch ruler, colored 

pencils or markers 

Chapter Fasr Fite Resources 
Chapter Review, pp. 37-38 
Chapter Tests, pp. 39-42 

Standardized Test Practice, pp. 80-83 

Chapter Fasr Fie Resources 

Transparency Activity, p.46 

MiniLAB, p. 4 
Enrichment, p. 32 

Reinforcement, p. 29 

Directed Reading, pp. 21-22 

Lab Worksheet, pp. 5-6, 7-8 

Lab Activity, pp. 13-15 

Reading and Writing Skill 

Activities, p.47 

Home and Community 

Involvement, p. 25 

Portfolio 

Differentiated Instruction, p.592 

Assessment, p. 599 

Performance 

MiniLab, p. 589 

Applying Math, p. 596 

Content 

Section Review, p. 596 

End of Chapter Assessment 

MindJogger Videoquiz 
D Virtual Labs CD-ROM 
(D ExamView® Pro Testmaker 

(D TeacherWorks CD-ROM 

(® Interactive Chalkboard CD-ROM 
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& Section Focus Transparency 

Virtual Labs CD-ROM 

Interactive Chalkboard 

CD-ROM 

®&) StudentWorks Plus 

& 

Performance Assessment in the Science 

Classroom (PASC) 
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This is a representation of key blackline 

masters available in the Teacher Classroom 

Resources. See Resource Manager boxes 

within the chapter for additional information. 

Key to Teaching Strategies 

The following designations will help you 
decide which activities are appropriate 

for your students. 

Level 1 activities should be 
appropriate for students with 

learning difficulties. 

Level 2 activities should be within 

the ability range of all students. 

Level 3 activities are designed for 

above-average students. 

@® ELL activities should be within 
the ability range of English 
Language Learners. 

COOP LEARN Cooperative Learning 

activities are designed 

for small group work. 

Multiple Learning Styles logos, 

as described on page 12T, are 

used throughout to indicate 

strategies that address different 
learning styles. 

P| These strategies represent student 

products that can be placed into 

a best-work portfolio. 

[PBL Problem-Based Learning activities 
apply real-world situations to 

learning. 

Transparencies 

Section Focus 

Directions: 

| Element | number | number 
f ( Gusaiatia 

[eae Properties of Atoms 
Eiism and the Periodic Table 

able and answer tions 

|Magnesium| 12 | 24 

| 40 

Strontium 

| Barium 

LOWEST atomic 

he HIGHEST melting 

Tae ¥ 
LAB) A Periodic Table of Foods 

Lab Preview 

a 

EieBiets ©) Op Eroperties of Atoms and the Periodic table 

Laboratory Activities 

CQ ELSIme Chemical Activity 
Activities 

Strategy 

Materials 7 GO B23 VEC 

Procedure 

576€ CHAPTER 19 Properties of Atoms and the Periodic Table 

Hands-On Activities 



Content Outline Enrichment 
_ bate om 

Properties of Atoms and the 
SSS Periodic Table 

Section) Structure of the Atom 

aan 
yor BS 

Structure of the Atom The Building Blocks of Matter 

Directions: Answer the flowing questions on the line provide periments (ovolving the high-ypccdcoliion 
iW/How ts tha ehemfeal symbol nfaniclemént deur (aedt heavy nuclear particles such ay protons and neutvons, are 

A are abbreviated in ssentific shorthand—unually the frst etter or two of the 
element's name was taken from a novel. Quarks are classified into six “flayur: 

anil \op, The flavors are not related to any physical characteristic & mnalest ps innply used as classifications. Unlike protons anu electrons, which catry whole charges o 
n have quarks carry fractional charges. The following table liste some information about quarks, 

Quarks 
Name | Symbol | Chorge | Masa Name 

= ie | = 

1. Use the library to find the name of the author and novel (rum which the word “yuark” w 

‘Meeting Individual Needs 

i E 
= by : z | : 
? 5 z - 
H i = & 

y scientists use models to ston 

hy has the atonvic model changed! aver tin 

7, Why is the current atom J the “Flectron Cloud Model™ 
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Column | Column th asosakavoaatnantl 3. Paton and neutrons ure of triplets 0 tks. Ue the information in the 
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9 euren: negatively charged particle a neutron 
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12, quark positively charged center of un ato) 
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Study Guide 
| 

a 0 ae 

Overview 
Properties of Atoms and the BTU Structure of the Atom ne iter 

Periodic Table beens - cfc ed punts bes shad or osc 4. say Dap western 

Directions: Match the terme on Column 11 with the definitions in Column 1. Write the letter of the — 
jee in the Mank ut tee 

What You'll Learn @ Before You Read 
Column t Column I 1 the names and rymbo ih - 

1, Device use tn study tesehs lel by subatomic perticles 0, Rutherford fot uibatome part such as $25,08 instead of twenty-five dollars and eight c 
Device usa tr cause high-speed collions b. quark shown Sz Seiten ae 

2 3, Discovered the ator € electron cloud model f 

Ss 5, Discovered the atornic nucleus Bohr 
= z 6. Smallest piece of matter that has the properties Thompson 
z of the element = @ Read to Learn 
2 7. 

Create a Quiz As you rea! 
Z 7. Particles that make up neutrons and protons g. particle accelerator {Ns ection nite quiz que Scientific Shorthand 
3 K. Discovered that electrons in utoms travel in orbits with: bubble chamber ep aol kat D h k De bbrevi f 

iiferent energy levels Answer your qulz questo Jong words of the names of auates? Scientists also do this. In 
oi Gtetlpsespialiteceretatont enoedia fact, scientists have developed their own sharthand, a way 10 

shorten long, complicated names. 
10, Substance with identical 36m Al. Ne,and Ag are all chemical symbols for different 

elements, A chemical symbol is shorthand for the name of an 
Directions: Foriatch ef efits part sree nates Uoscribe the eerrecrigm og ullion, Ha we element. Chemical symbols make writing names of element 
Ld, ‘easier, Chemnical symbols are either one capital letter ora 

Te apital letter plus one or two lawercate Keters. The table shows 
Name of Model Correction or Addition that was Made to the Model the chemical symbols for some elements. For some elements, 

sito ‘ the symbol isthe first letter of the element's name. For exam ts L (aes ple, Cis for car ther elements, the symbol isthe fir 
[Tompson Oca letter plus another letter from its name. Calcium is Ca 
[ raerto Information abe 

Sots 
Bement Symbol ment Symbol 
Gold lu Mitogen 
Hydrogen Ho Oxygen 0 
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Mercury Hg Sodium Ma 
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| Chapter Properties of Atoms and Properties of Atoms and 
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jp Properties of Atoms and the Periodic Table 

Science Content Background 
Structure of the Atom in 1927 by Werner Heisenberg (1901-1976), 

Models—Tools for Scientists described in the Heisenberg Uncertainty 

In 1926, Austrian physicist Erwin Principle, that it is impossible to know precisely 
Gonrouinee! (1887-1961) proposed both an electron’s position and momentum at a 

the quantum mechanical model of the atom. — 8!VN_ UME. Since that time, the location of 
The model was based on the wavelike proper- electrons in an atom has been described as an 

; - ae is a volume of ties of the electron. Electrons were no longer electron cloud. An electron cloud is a 
yace where an electron with a certain amount seen as small particles moving around the — *P#° 

nucleus in a defined path. In fact, it was shown of energy is most likely to be found. 

Masses of Atoms 

Teacher to Teacher Isotopes 
Petrolia Moss, Teacher Isotopes are atoms of the same ele- 
North Heights Junior High ment with different numbers of 
Texarkana, AR neutrons. Many isotopes, such as carbon-14, 

occur naturally, and scientists have succeeded in 
“Multicolored modeling clay is an inexpensive and reusable producing many artificial isotopes. Isotopes that 
material for middle school students to use to visualize science are radioactive are called radioisotopes. Among 
concepts. Students use their creativity to make ‘atoms’ that other applications, radioisotopes are used as 

have touchable protons, neutrons, and electrons.” tracers in medicine, geology, and biology 

Petrolia Moss research and are used to measure the thickness 
of materials in industry. 

1 2 

H He 
1.01 4.00 

3 4 5 6 

Li || Be Bi] C|lN || O]| F {Il Ne 
6.94 9.01 10.8 12.0 16.0 19.0 

N foe) io} — io} 

7 o N i=} i) 
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90 Pa | ry | Np 98 : a 102 103 
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colorcode= light metals -brittle metals -ductile metals - -non-metals -noble gases -lanthanides: -actinides 

= = wn = =x = N = = fee} 

x 

"1 a 13 im 15 16 17 18 
Na Mg P S Cl || Ar 
23.0 24 31.0 32.1 35.5 40.0 

19 20 21 22 23 Fee Pit 26 29 33 34 35 36 
K || Cal] Se || Ti V ree Pit Fe C oO Cu As || Se || Br || Kr 
39,1 40,1 45.0 47.9 50.9 52.0 54.9 "55.8 58.9 N : 63.5 74.9 79,0 79.9 83.8 

37 38 39 40 a io 47 51 52 53 54 
Rb || Sr Y || Zr || Nb Mito ia c Rk Rh Pd / al Te I Xe 
85.5 87.6 88.9 91.2 92.9 95,9 98 101 Pc 10. 122 128 127 131 

55 56 57 72 73 ww | 83 84 85 86 
Cs || Ba |} La || Hf || Ta wy | ee 0s one At || Rn 
133 137 139 178 181 184 186 190 Ir Pt 197 209 210 210 222 

i 
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The Periodic Table 

Organizing the Elements 
In 1817, the German chemist 
Johann Dobereiner found that he 

could arrange many elements into groups that 
he called triads. He noticed for example that 
lithium, sodium, and potassium react vigorously 

with water. Similar regularities were uncovered 
for calcium, strontium, and barium, and for flu- 

orine, chlorine, and bromine. 

Dobereiner’s early work laid the ground- 
work for other chemists as they searched for an 
organizing principle by which to classify ele- 
ments. In 1863, English chemist John Newlands 

proposed that when the known elements were 
arranged according to atomic mass, similarities 
in chemical properties occurred with every 
eighth element. He called this regularity the law 
of octaves. This regularity was also noticed by 
Dmitri Mendeleev. Mendeleev arranged the ele- 
ments into a periodic table, which he published 
in 1869. 

The modern periodic table didn’t come into 
being until a Dutch physicist, Anton van den 
Broek, proposed that the elements should be 
arranged according to nuclear charge rather 
than atomic mass. Henry Mosely confirmed this 
hypothesis through studies of the X-ray spectra 
of a series of elements that had consecutive posi- 
tions on the table. The change to ordering by 
atomic number resulted in the reversal of the 
positions of a few elements. 

The Atom and the Periodic Table 
The period in which an element appears in the 

periodic table indicates how many main elec- 

tron energy levels that are in that atom. For 

example, oxygen is in the second period, so the 

oxygen atom has two main energy levels. ‘The 

group number (for main group elements) indi- 

cates how many electrons are in the outermost 

Helping You Prepare _ 

Chapter content resources - 

Internet Resources 

For additional content background, visit 

fl.gpescience.com to: 

e access your book online 

e find references to related articles in popular 

science magazines 

e access Web links with related content background 

e access current events with science journal topics 

Print Resources 

Essential Elements: Atoms, Quarks, and the Periodic 

Table, by Matt Tweed, Walker and Company, 2003 

Conceptual Chemistry: Understanding Our World of 

Atoms and Molecules, Second Edition, by John 

Suchocki, Pearson Benjamin Cummins, 2003 

Fizz, Bubble, and Flash: Element Explorations and Atom 

Adventures (Williamson Kids Can! Series), by Anita 

Brandolini, Ph.D., Williamson Publishing, 2003 

energy level. Oxygen has six outer or valence 
electrons, so oxygen is in Group 6A. It is these 
outermost electrons that determine how an 
atom reacts. 

For every principle quantum number 
(period or horizontal row), there are sublevels 
designated by letters, such as s, p, d, and f- In the 
sublevels, electron pairs are found in orbitals. 
There is a maximum of one s orbital, three p 
orbitals, five d orbitals, and seven f orbitals in an 
energy level. As you move across any period of 
the table, Groups 1 and 2 are filling s orbitals 
with two electrons. Groups 13-18 are filling p 
orbitals with six electrons. In periods 4 through 
7, the transition elements, Groups 2-12, are fill- 

ing five d orbitals with ten electrons. ‘The inner 

transition elements, located below the periodic 
table, are filling the 4f and 5f orbitals with 14 
electrons. 
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Chapter Vocabulary 
atom, p. 579 

mucleus.p. 9/9 
proton, p. 579 

neutron, p. 579 

electrom, p. 577 
quark, p. 579 

electron cloud, p. 583 
atomic number, p. 585 * 

mass number, p. 585 * 

isotope, p. 586 * 

average atomic mass, p. 587 

periodic table, p. 588 
group, p. 592 
electron dot diagram, p. 594 
period, p. 595 

¥# FCAT Vocabulary 

Science Journal Student 
responses will vary, but may 
include information about 
the components that make 
up atoms or the methods of 
studying atoms. 

INTERACTIVE 
CHALKBOARD §f 

with Image Bank = 

“PowerPoint : Presentations 

This CD-ROM is an editable 
Microsoft® PowerPoint® 
presentation that includes: 

a pre-made presentation for 
every chapter | 
interactive graphics 
animations 

audio clips 
image bank 
all new section and chapter 
questions 

Standardized ‘Test Practice 
transparencies 

Foldables directions 

links to fl.gpescience.com 

i | 
r 

(chapter previews — : Atoms Compose All 

Things, Great and Small 
Everything in this photo and the universe is 

composed of tiny particles called atoms. 

You will learn about atoms and their com- 

ponents: protons, neutrons, electrons, and 

quarks. 

Science Jourmal — In your Science Journal, write a few 

paragraphs about what you know about atoms. 

Scale and Structure The underlying small-scale 
structure of atoms determines the properties of 

elements and their positions on the periodic table 
of elements. 

576 CHAPTER 19 Properties of Atoms and the Periodic Table 

Atoms It is important for students to understand 
that all things are composed of atoms. Some stu- 

dents may not realize that even substances found 
in space are composed of atoms. In fact, stars like 
the Sun produce energy through the fusion of 
hydrogen to helium. Heavier elements are formed 
through fusion processes too. 



| Preview this chapter's content 

Grline and activities at 

|FoLDABLES| 

saiaienieneseiemeteneiinieeinitienenie idceiecaiccinia ara e coe nee e ee 

Atoms You have probably 

studied atoms before. Make the 

following Foldable to help iden- 

tify what you already know, what you want to 

know, and what you learn about atoms. 

Ayi3 gai Fold a sheet of 

paper vertically from 

side to side. Make 

the front edge about 

1.25 cm shorter than 

the back edge. 

Ayia Turn lengthwise 

and fold into thirds. 

Study Organizer 

| STEP 3 | Unfold and cut only the top layer 

along both folds to make three tabs. 

GEEZ) Label each tab as shown. 

Like to 

know? 
Leamed? 

Identify Questions Before you read the chap- 

ter, write what you already know about atoms 

under the left tab of your Foldable, and write 

questions about what you’d like to know under 

the center tab. After you read the chapter, list 

what you learned under the right tab. 

{€D Video Lab available for this Lab. 

Purpose Use the Launch Lab to 

show students how to use infer- 

ence to describe something they 
cannot see. 2] 1 Kinesthetic 

Preparation Obtain several items, 

such as chalk, eraser, thimble, 

bottle cap, or washer. 

Materials envelopes, chalk, eraser, 

thimble, bottle cap, washer. 

Teaching Strategy Suggest that 
students: 

° lay a piece of thin paper over 
the sealed envelope and rub the 
side of a pencil over the items. 
¢ hold the envelope up to a 
bright light to see an outline of 
the items. 
¢ shake the envelope from side 
to side to see whether the items 
are flat or round. 

Think Critically 
Answers will vary depending on the 

assortment of items. The clues students 

find should be used in their conclusions. 

Assessment 
Oral Ask students whether they 
have ever attempted to guess the 
contents of a wrapped gift. Have 

them explain how they used 
inference to get clues. Finally, 
ask them to explain how their 
gift-guessing might be similar to 
the reasoning used by atomic 

scientists to determine atomic 

structure. Use Performance 

Assessment in the Science 

Classroom, p. 89. 

eyhsy Dinah Zike 
Rtcirting study Fold 

Student preparation materials for 

this Foldable are available in the 

Chapter Fast Fite Resources. 

CHAPTER 19 Properties of Atoms and the Periodic Table 577 



= 
Miiema@) An editable Microsoft® 
CHALKBOARD, as 
treme. PowerPoint presenta- 

tion is available on Interactive 

Chalkboard CD-ROM. 

Bellringer 

Section Focus Transparencies 

also are available on the 

Interactive Chalkboard CD-ROM. 

[L2] 

ctr hmv 

| as Subatomic Collision phpter 
“Transparency 19 | 

An individual atom is so small that it would take 50 million of 

them lined up in a row to equal one centimeter! Atoms, however, can 

be divided into component parts and, amazingly, some of these parts 

have particles that are tinier yet. Below is an image created by these 
subatomic particles taken by a device called a bubble chamber 

1, Why do you think scientists have only recently discovered these 

subatomic particles? 

2. What might scientists learn by breaking apart atomic nuclei? 

Properties of Atoars and the Peri Table 

Reading Preview 

Tie to Prior Knowledge 

Brainstorm Names Have students 
brainstorm a list of the names of 

elements that they know without 
referring to a periodic table. 

Record the list on the board or 

on chart paper. Make sure that 
things like brass or steel, which 

are mixtures of elements, are not 

accepted. [L2| 

Activate Vocabulary Knowledge 

Ask students to discuss with a 
partner the following question: 

What is the smallest piece of 
matter that makes up an ele- 
ment? Atom Point out Figure 6, 
the most current atomic model. 
Have them locate the vocabulary 
words in Figure 6 and predict 
where the other words may fit. 

arranged in an atom. are all alike 

“AlsO covers 5 SCH.1.42, SC.H.1.4.3 

Oy Structure of th the Atom | q 

What You'll Learn Why It’s Important New Vocabulary 

m Identify the names and symbols Everything that you see, touch, and e@atom 

of common elements. breathe is composed of tiny atoms. @ nucleus 

Reading Guide 

m Identify quarks as subatomic par- @ proton 

ticles of matter. e@ neutron 

® Describe the electron cloud - i e electron 

model of the atom. © Review Vocabulary @ quark 

= Explain how electrons are element: substance with atoms that e electron cloud 

Scientific Shorthand 
Do you have a nickname? Do you use abbreviations for long 

words or the names of states? Scientists also do this. In fact, sci- 

entists have developed their own shorthand for dealing with 

long, complicated names. 
Do the letters C, Al, Ne, and Ag mean anything to you? Each 

letter or pair of letters is a chemical symbol, which is a short or 

abbreviated way to write the name of an element. Chemical sym- 

bols, such as those in Table 1, consist of one capital letter or a 

capital letter plus one or two lowercase letters. For some ele- 

| Table 1 Symbols of Some Elements 

Element Symbol Element Symbol 

Aluminum Al Iron Fe 

Calcium (a Mercury Hg 

Carbon C Nitrogen N 

Chlorine a Oxygen 0 

Gold Au Potassium K 

Hydrogen H Sodium Na 

ments, the symbol is the first letter of the ele- 

ment’s name. For other elements, the symbol is 

the first letter of the name plus another letter 

from its name. Some symbols are derived from 

Latin. For instance, argentum is Latin for “silver.” 

Elements have been named in a variety of ways. 

Some elements are named to honor scientists, for 

places, or for their properties. Other elements are 

named using rules established by an international 
committee. Regardless of the origin of the names, 

scientists derived this international system for 

convenience. It is much easier to write H for 

hydrogen, O for oxygen, and H,O for dihydrogen 

oxide (water) than to write out the names. 

Because scientists worldwide use this system, 

everyone understands what the symbols mean. 
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Section 1 Resource Manager 

Chapter FasT Fite Resources MiniLAB, p. 3 
‘Transparency Activity, pp. 44, 47-48 

Directed Reading for Content Mastery, 
pp. 19-20 

Note-taking Worksheets, pp. 33-35 

Enrichment, p. 30 

’ 
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Reinforcement, p. 27 

Reading and Writing Skill Activities, p. 43 

Physical Science Critical Thinking/Problem Solving, 
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Quarks 
Electron Nenton mee 

| 
gous (No charge) 

a © 

Quarks 

Nucleus 

Atom 

Atomic Components 
An element is matter that is composed of one type of atom, 

which is the smallest piece of matter that still retains the prop- 
erty of the element. For example, the element silver is com- 
posed of only silver atoms, and the element hydrogen is 

composed of only hydrogen atoms. Atoms are composed of 

particles called protons, neutrons, and electrons, as shown in 

Figure 1. Protons and neutrons are found in a small, positively- 
charged center of the atom called the nucleus, which is sur- 
rounded by a cloud containing electrons. Protons are particles 
with an electrical charge of 1+. Neutrons are neutral particles 
that do not have an electrical charge. Electrons are particles 
with an electrical charge of 1—. Atoms of different elements 
differ in the number of protons they contain. 

What are the particles that make up the atom 
and where are they located? 

Quarks: Even Smaller Particles 
Are the protons, electrons, and neutrons that make 

up atoms the smallest particles that exist? Scientists hypothesize 
that electrons are not composed of smaller particles and 

are one of the most basic types of particles. Protons and neu- 

trons, however, are made up of smaller particles called quarks. 

So far, scientists have confirmed the existence of six uniquely 

different quarks. Scientists theorize that an arrangement of 

three quarks held together with the strong nuclear force pro- 

duces a proton. Another arrangement of three quarks produces 

a neutron. The search for the composition of protons and neu- 

trons is an ongoing effort. 

Proton © 

(1+ charge) 

Figure 1 The nucleus of the atom 
* contains protons and neutrons that 

> are composed of quarks. The proton 

has a positive charge and the neu- 

: tron has no charge. A cloud of neg- 

: atively charged electrons surrounds 

> the nucleus of the atom. 
: Explain how atoms of different ele- 
: ments differ. 

SciencepNline 
Topic: Particle Research 
Visit fl.gpescience.com for Web 

links to information about particle 

research at Fermi National 

Accelerator Laboratory. 

Activity Write a paragraph 

describing the information that 

you found at the site. 

SECTION 1 Structure of the Atom 579 

en Reading Strategy 

Illustrations As they read, have students write 

their own definitions of the vocabulary words based 

on the information found in the text. Ask them 

to begin a drawing of an atom using Figure 6 as a 
starting point. Tell them to add more detail as 

they read. Ask them to label all the parts using 

the vocabulary words. 
gram. 

Differentiated Instruction 

English-Language Learners Have students use col- 

ored pencils to draw a diagram of an atom of the 
element lithium. Students should draw the correct 

numbers of protons, neutrons, and electrons. 

Students should color code the components and 

provide a key to their diagram. Have students use 

3 protons, 4 neutrons, and 3 electrons in their dia- 

mec 
SECTION 1 Structure of the Atom 

2 Teach 

Caption Answer 
Figure 1 by the number of protons they 
contain 

Use Science Words 

Word Usage Have students com- 

pare and contrast the use of the 
word nucleus in biology and in 

physical science. In biology, nuceus 
refers to the cellular organelle where 
control of cell functions originates. It is in 
the interior of the cell, but not necessar- 
ily at the center. In physical science, the 
nucleus is also a sort of control area 
because the number of protons found in 
the nucleus determines the identity of 
the atom. The nucleus of an atom, how- 
ever, is located at the center of the atom. 

Linguistic 

Answer Particles that make up atoms 

include protons and neutrons, which are 

located in the nucleus, and electrons, 
which are located in a cloud surrounding 
the nucleus. 

Make a Model 

Nesting Dolls Obtain a set of 
nesting dolls and place them in 
the front of the room. Ask stu- 
dents what they think is inside. 
After they respond, open the 
largest figure and reveal the 
smaller one. Continue this until 

you reach the last doll. How are 
the dolls similar to the search 
for smaller nuclear particles? 

Scientists thought several times that 

they had found the smallest particles, 

but each time they found even smaller 
particles. Now scientists would say that 
the last doll is like a quark. 

Visual-Spatial 

Discussion 
Quarks Why are scientists having 
trouble determining the compo- 
sition of protons and neutrons? 
Until recently, technology was not 

available to determine the existence of 
quarks. Subatomic particles are difficult 
to study because of their size. 

579 



Use an Analogy 
Snow Tracks People walking in 
snow or skiing down a mountain 

leave their tracks behind. If there 

were no snow, tracks of activity 
would be much more difficult to 

see. When detecting quarks or 
other atomic particles, scientists 
create an environment that helps 

them see the tracks the moving 

particles leave behind. In a cloud 

chamber, a dense cloud con- 

denses to an even denser track 

when a particle passes through. 
Just as skiers leave a different 

track than do snowboarders, an 

electron moving through the 
dense cloud leaves a different 

track than does a proton. |L2 

Caption Answer 
Figure 2 to accelerate the particles so 
they will have enough energy to break 
each other apart when they collide 

¢S) Quick Demo 
’ Gathering Evidence 

Materials one large sheet of 
poster board, various types of 
markers and pens, tape, magni- 
fying lens 

Estimated Time 10 minutes 

Procedure Display a large poster 
in front of the class on which you 
have made several curved lines 
using different markers and 
pens. Lape the markers and pens 
to the poster board and provide a 
magnifying lens. Ask students to 
match the pen with the appro- 
priate line by examining the pen 
tip with the lens. Next, ask what 
other method they could use to 
identify the lines. Make comparison 
marks with each pen or marker. ‘Tell 
students that nuclear scientists 
use both predictions and match- 
ing techniques. 

Figure 2 The Tevatron isa 

huge machine. The aerial photo- 

graph of Fermi National 

Accelerator Laboratory shows 

the circular outline of the 

Tevatron particle accelerator. 

The close-up photograph of the 

Tevatron gives you a better view 

of the tunnel. 

Infer Why is such a long tunnel 

needed? 

Finding Quarks To study quarks, scientists accelerate charged 

particles to tremendous speeds and then force them to collide 

with—or smash into—protons. This collision causes the proton 

to break apart. The Fermi National Accelerator Laboratory, a 

research laboratory in Batavia, Illinois, houses a machine that 

can generate the forces that are required to make protons collide. 
Figure 3 Bubble chambers can 
be used by scientists to study the 

tracks left by subatomic particles. 
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This machine, the Tevatron, shown in Figure 2, is approximately 

6.4 km in circumference. Electric and magnetic fields are used to 

accelerate, focus, and make the fast-moving particles collide. 
The particles that result from the collision 

can be detected by various collection devises. 

Often, scientists use multiple collection 

devices to collect the greatest possible amount 
of information about the particles created in 

a collision. Just as police investigators can 

reconstruct traffic accidents from tire marks 

and other clues at the scene, scientists are able 

to examine and gather information about the 

particles, as shown in Figure 3. Scientists use 

inferences to identify the subatomic particles 

and to discover information about each parti- 

cle’s inner structure. 

The Sixth Quark Finding evidence for the 
existence of quarks was not an easy task. 

Scientists found five quarks and hypothesized 

that a sixth quark existed. However, it took a 

team of nearly 450 scientists from around the 

world several years to find the sixth quark. 

The tracks of the sixth quark were hard to 

detect because only about one-billionth of a 

percent of the proton collisions performed 

showed the presence of a sixth quark, typi- 
cally referred to as the top quark. 

Teacher 
| Cloud Chambers The first cloud chambers visible vapor trails when X rays passed 
' were developed near the beginning of the through. This led to more sophisticated bub- 
' 1900s by C.T-R. Wilson, a Scottish physicist. ble chambers for detailed study of the vapor 
__ He was trying to reproduce weather condi- trails formed as beta and alpha particles 
_ tons in a closed chamber. Supersaturated passed through the supersaturated vapor. 
_ vapor formed in the chamber and formed 
oem A TAREE TE LAG SE RT a 
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Models—Tools for Scientists 
Scientists and engineers use models to represent things that 

are difficult to visualize or picture in the mind. You might have 
seen models of buildings, the solar system, or airplanes. These 
are scaled-down models. Scaled-down models allow you to see 
either something too large to see all at once or something that 
has not been built yet. Scaled-up models are often used to visu- 
alize things that are too small to see. To give you an idea of how 
small the atom is, it would take about 24,400 atoms stacked one 
on top of the other to equal the thickness of a sheet of alu- 
minum foil. To study the atom, scientists have developed scaled- 

up models that they can use to visualize how the atom is 

constructed. For the model to be useful, it must support all of 

the information that is known about matter and the behavior of 

atoms. As more information about the atom is collected, scien- 

tists change their models to include the new information. 

™%, Reading Check Explain how models can simplify science. 

The Changing Atomic Model You know now that all mat- 
ter is composed of atoms, but this was not always known. 

Around 400 B.c., Democritus proposed the idea that atoms 

make up all substances. However, another famous Greek 

philosopher, Aristotle, disputed Democritus’s theory and pro- 

posed that matter is uniform throughout and is not composed 
of smaller particles. Aristotle’s incorrect theory was accepted for 

about 2000 years. In the 1800s, John Dalton, an English scientist, 

was able to offer proof that atoms exist. 

Dalton’s model of the atom, a solid sphere shown in Figure 4, 

was an early model of the atom. As you can see in Figure 5, the 

model has changed somewhat over time. Dalton’s moderniza- 

tion of Aristotle’s idea of the atom provided a physical explana- 

tion for chemical reactions. Scientists could then express these 

reactions in quantitative terms using chemical symbols and 

equations. 

Modeling ; an 

Aluminum Atom 

Procedure 
1. Arrange thirteen 3-cm 

circles cut from orange 

paper and fourteen 3-cm 

circles cut from blue paper 

on a flat surface to repre- 

sent the nucleus of an 

atom. Each orange circle 

represents one proton, and 
each blue circle represents 

one neutron. 
. Position two holes 

punched from red paper 

about 20 cm from your 
nucleus. 

. Position eight punched 

holes about 40 cm from 
your nucleus. 

. Position three punched 

holes about 60 cm from 

your nucleus. 

Analysis 
. How many protons, neu- 

trons, and electrons does 

an aluminum atom have? 

Explain how your circles 

model an aluminum atom. 

. Explain why your model 

does not accurately 

represent the true size 

and distances in an 

aluminum atom. 

Figure 4 John Dalton’s atomic 
model was a simple sphere. 
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Purpose to make a model show- 

ing the particles in an atom 

Materials blue, orange, and red 

paper, metric ruler, hole punch 

Teaching Strategy ‘Io save time, 
prepare the circles and the 
punched holes ahead of time. 

Analysis 

1. 13 protons, 14 neutrons, and 13 

electrons 
Like an aluminum atom, the model 
has 13 protons and 14 neutrons. It 
also has three energy levels with 2 
electrons in the first level, 8 in the 
second, and 3 in the third. 
In reality, protons and neutrons are 
more than 1,800 times larger than 
electrons. This activity does not 
attempt to model subatomic parti- 
cle radii nor their exact locations 
in the cloud. It is merely modeling 
the grouping that occurs within 
the cloud. 

2 

Ww 

Assessment 

Process Have students use their 

materials to make models of 
atoms of as many different ele- 
ments as they can. Ask them to 
make lists of the atoms they 
made, and draw a quick sketch 
of each one. Use Performance 

Assessment in the Science 

Classroom, p. 97. 

(y, Reading Check: 

Answer Models are less expensive to 

build than the actual item and they allow 

the study of things that are difficult to 
visualize or duplicate. 

Differentiated Instruction 

Challenge Have students research models that are 

used in other fields such as architecture, aero- 

space, or the automotive industry. Have students 

bring in a model of their choice and make a pres- 

entation to the class on how the models are used 

by scientists and engineers in their selected 

field. 

Visual Learning 

Figure 4 ‘lell students that the wooden sphere 
atom models that Dalton constructed are on dis- 
play in the Science Museum in London. Many of 
his contemporaries ridiculed his idea of atoms 

simply on the basis that atoms could not be seen 

and, therefore, did not exist. What are some other 

things that exist but can’t be seen? Possible answers: 

electromagnetic waves, air [L2] [RY Visual-Spatial 
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Visualizing The 

Atomic Model 
Have students examine the pic- 

tures and read the captions. Then 

ask the following questions. 

What significant changes oc- 

curred in the atomic model 

between Figure 5A and Figure 
SB? Scientists found that the atom was 

not “uncuttable” but was composed of pos- 

itive and negative particles. 

What significant changes oc- 

atomic model 

between Figure 5B and Figure 
5C? Scientists found that the mass of the 

atom was concentrated in the center 

instead of throughout the atom and that 

electrons orbit the nucleus. 

curred in the 

What significant changes oc- 
curred in the model 

between Figure 5C and Figure 
5D? Scientists found that the orbits of 

the electrons are not random but are at 

fixed distances from the nucleus. 

Scientists also found that the nucleus is 

composed of protons and neutrons. 

atomic 

Activity 

Rutherford Report Have students 

research and_ find 

Rutherford discovered that the 

mass of the atom is concentrated 

primarily in the center of the 
atom. Ask students to write brief 

out how 

reports in their Science Journals 

describing Rutherford’s experi- 
ment. Linguistic 
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Figure 5 

he ancient Greek philosopher Democritus proposed that 

elements consist of tiny, solid particles that cannot be subdi- 

vided (A). He called these particles atomos, meaning “uncut- 

table.” This concept of the atom’s structure remained largely 

unchallenged until the 1900s, when researchers began to discover 

through experiments that atoms are composed of still smaller 

particles. In the early 1900s, a number of models for atomic 

structure were proposed (B-D). The currently accepted model ® 

evolved from these ideas and the work of many other scientists. 

BY HOM M )4 English physicist Joseph 

John Thomson inferred from his experiments that ‘G) 

atoms contain small, negatively charged particles. He 

thought these “electrons” (in red) were evenly embed- 

ded throughout a positively charged sphere, much 

like chocolate chips in a ball of cookie dough. 

‘Another British 

physicist, Ernest Rutherford, proposed that 

almost all the mass of an atom—and all its posi- 

tive charges—is concentrated in a central 

atomic nucleus surrounded by electrons. 

.  D) BOHR MODEL, 1913 Danish physicist Niels Bohr 
hypothesized that electrons travel in fixed orbits © 

around the atoms nucleus. James Chadwick, a student 
of Rutherford, concluded that the nucleus contains 

positive protons and neutral neutrons. 

[ According 

to the currently accepted model of atomic struc- 

ture, electrons do not follow fixed orbits but tend . 

to occur more frequently in certain areas around 

the nucleus at any given time. 
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The Electron Cloud Model By 1926, 
scientists had developed the electron cloud 
model of the atom that is in use today. An 
electron cloud is the area around the 
nucleus of an atom where its electrons are 
most likely found. The electron cloud is 
100,000 times larger than the diameter of 

the nucleus. In contrast, each electron 
in the cloud is much smaller than a single 

proton. : 

Because an electron’s mass is small and the 
electron is moving so quickly around the 

nucleus, it is impossible to describe its exact 

location in an atom. Picture the spokes on a 
moving bicycle wheel. They are moving so 

quickly that you can’t pinpoint any single 

spoke. All you see is a blur that contains all of 

the spokes somewhere within it. In the same 

way, an electron cloud is a blur containing all of the electrons of 

the atom somewhere within it. Figure 6 illustrates what the 

electron cloud might look like. 

“section (4) 

Summary 

Scientific Shorthand 

® Scientists use chemical symbols as shorthand 

when writing the names of elements. 

Atomic Components 

@ Atoms are composed of small particles that 

have known charges. 

@ Atoms of different elements differ in the 

number of protons they contain. 

| Quarks: Even Smaller Particles 

@ So far, scientists have confirmed the existence 

of six different quarks. 

Models: Tools for Scientists 

® Models are used by scientists to simplify the 

study of concepts and things. 

@ The current atomic model is an accumulation 

of over 200 years of knowledge. 

® The electron cloud model is the current 

atomic model. 

More Section Review fl.gpescience.com 

Electron 

cloud 

Nucleus 

Figure 6 The electrons are 
located in an electron cloud sur- 

rounding the nucleus of the atom. 

reVIGL 

Self Check 

. List the chemical symbols for the elements carbon, alu- 

minum, hydrogen, oxygen, and sodium. 

. Identify the names, charges, and locations of three 

kinds of particles that make up an atom. 

. Identify the smallest particle of matter. How were 

these particles discovered? 

. Describe the electron cloud model of the atom. 

5. Think Critically Explain how a rotating electric fan 

might be used to model the atom. Explain how the 

rotating fan is unlike an atom. 

Applying Math 

. Use Numbers The mass of a proton is estimated to 

be 1.6726 X 104g, and the mass of an electron is 
estimated to be 9.1093 < 107° g. How many times 
larger is the mass of a proton than the mass of an 

electron? 

. Calculate What is the difference between the mass of 

a proton and the mass of an electron? 
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Post Reading | 

Metacognition Working in 

groups, have students devise a 
metacognitive method to help 
them remember and more fully 
understand the charges and loca- 
tions of the subatomic particles 
neutron, proton, and electron. 

Have groups report any analo- 
gies, word associations, or study 
strategies they created to remem- 
ber the terms and the structure of 
an atom. 

DAILY INTERVENTION 

Check for Understanding 
Linguistic Have students write a 
narrative describing the changes 
in the atomic model through 
time. [.2) 

Reteach 

Demonstrating Atoms Place some 
sesame seeds inside a balloon 

and carefully (do not breathe in 
any seeds) inflate and tie off the 
balloon. As you shake the balloon, 
ask students how this model 
could represent electrons in an 
atom. The seeds are small compared to 
the balloon, they are constantly moving, 
their locations are difficult to predict. 

Ask students how this model 

does not parallel the electrons in 
an atom. The balloon has a specific 
boundary beyond which the seeds can- 

not move. Electrons can move away from 

atoms. Visual-Spatial 

Te Rais neeme nae 
T™, Assessment 

1. GC Al; H; 0; Na 

2. proton, +1, nucleus; neutron, 0, 

nucleus; electron, —1, electron cloud 

3. quark; by accelerating protons and 

force that they broke apart 
4. This model says electrons are most 

: section q 

likely to be found in a cloud sur- 

rounding the nucleus; it is 100,000 

times larger than the diameter of 

the nucleus. 

making them collide with somuch 5. The blades on a rotating fan appear 

as a smooth metal surface around 
the center hub. The probability area 

revieLu 

6. 1,836 times larger 

Teno 0 
* MA.A.3.4.1 

for electrons in an atom also presents 

a solid appearance. The fan blades 
are different from electrons because 
they are much larger and, when the 
fan stops, can easily be seen. 

Oral ‘Tell students that a funda- 

mental particle is one that 
cannot be divided into other 

particles. Ask whether protons, 

neutrons, or electrons are fun- 

damental particles. Electrons are 
fundamental particles. Protons and neu- 

trons are not. Use Performance 

Assessment in the Science 

Classroom, p. 89. 
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4 Motivate 

| An editable Microsoft® 

sean PowerPoint® presenta- 

tion is available on Interactive 

Chalkboard CD-ROM. 

Bellringer 

Section Focus Transparencies 

also are available on the 

Interactive Chalkboard CD-ROM. | 

ia] GD 

> Section Focus Carbon Cat 
“Transparency 

How old are these mummified cats found in an Egyptian tomb? 
Carbon-14 holds the answer. Carbon-14 is a radioactive form of 

carbon, an element found in every sy ling thing. By measuring how 
much carbon-14 remains in these cats, scientists can tell approxi- 

mately how many years ago thee cats were buried. 

1. Carbon-14 decays over time. What does decay mean? 

2. Why do you think carbon is used by scientists to date objects such § 

as mummies, bones, and cloth wrappings? 

3. Is it possible to use carbon-14 dating on things that were nev 

alive? Why or why not? 

Properties of Atoms and the Periodic Table 

‘ul Reading Preview 

Tie to Prior Knowledge 

Mass, Volume, and Weight Ask stu- 
dents to explain the differences 
among mass, weight, and volume. 
Mass is the amount of matter in an object, 

weight is a measure of the force of gravity 

on an object, and volume is the amount of 

space the object occupies. 

SQ3R This five step preview 
strategy helps promote active 

reading. Have students first 

Survey the section, focusing on 

headings. Students should deve- 

lop Questions about key concepts. 
Next, have students Read the 

section, keeping their questions in 

mind. Last, have students Recite 
the vocabulary words and Review 
their definitions. 

What 
= Compute the atomic mass and 

mass number of an atom. 

identify the components of 

You'll Learn 

isotopes. 

Interpret the average atomic 

mass of an element. 

Table 2 Subatomic 

Particle Masses 

Particle 

Proton 

Neutron 

Electron 

Mass (g) 

1.6726 X 10~ 24 

1.6749 X 10-24 

9.1093 x 10 28 

Reading Guide 
# FCAT Vocabulary 

New Vocabulary 

# atomic number 

# mass number 

% isotope 

@ average atomic mass 

Why It’s Important 

Some elements naturally exist in 

more than one form—radioactive 

and nonradioactive. 

® Review Vocabulary 
mass: amount of matter in an object 

Atomic Mass 
The nucleus contains most of the mass of an atom because 

protons and neutrons are far more massive than electrons. The 

mass of a proton is about the same as that of a neutron— 

approximately 1.6726 X 10 4 g, as shown in Table 2. The mass 

of each is approximately 1,836 times greater than the mass of an 

electron. An electron’s mass is so small that it is considered neg- 

ligible when finding the mass of an atom. 

If you were asked to estimate the height of your school 

building, you probably wouldn't give an answer in kilometers. 

The number would be too cumbersome to use. Considering 

the scale of the building, you would more likely give the height 

in a smaller unit, meters. When thinking about the small 

masses of atoms, scientists found that even grams were not 

small enough to use for measurement. Scientists need a unit 

that results in more manageable numbers. The unit of meas- 

urement used for atomic particles is the atomic mass unit 

(amu). The mass of a proton or a neutron is almost equal to 

1 amu. This is not coincidence: the unit was defined that way. 

The atomic mass unit is defined as one-twelfth the mass of a 

carbon atom containing six protons and six neutrons. 

Remember that the mass of the carbon atom is contained 

almost entirely in the mass of the protons and neutrons that 

are located in the nucleus. Therefore, each of the 12 particles 

in the nucleus must have a mass nearly equal to 1 amu. 

[% Reading Check | Where is the majority of the mass of an 
atom located? 
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Chapter FAST Fie Resources 

‘Transparency Activity, p. 45 

Directed Reading for Content Mastery, p. 20 

Lab Activity, pp. 9-12 
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Reinforcement, p. 28 

Enrichment, p. 31 

Mathematics Skill Activities, p. 7 

Science Inquiry Labs, pp. 49-50 



Table 3 Mass Numbers of Some Atoms 

q Element Symbol Atomic Protons Neutrons ass Avetage F Number Number = Atomic Mass* 

Boron B 5 5 6 11 10.81 amu 

Carbon C 6 6 6 12 12.01 amu 

Oxygen 0 8 8 8 16 16.00 amu 

Sodium Na 11 11 12 23 22.99 amu 

Copper Cu 29 29 34 63 63.55 amu 

*The atomic mass units are rounded to two decimal places. 

Protons Identify an Element You learned earlier that 
atoms of different elements are different because they have dif- 
ferent numbers of protons. In fact, the number of protons tells 
you what type of atom you have and vice versa. For example, 

every carbon atom has six protons. Also, all atoms with six 

protons are carbon atoms. Atoms with eight protons are oxy- 
gen atoms. The number of protons in an atom is equal to a 

number called the atomic number. The atomic number of car- 

bon is 6. Therefore, if you are given any one of the following— 
the name of the element, the number of protons in the 

element, or the atomic number of the element—you can deter- 
mine the other two. 

v, Reading Chec Which element is an atom with six protons in 
the nucleus? 

Mass Number The mass number of an atom is the sum of 
the number of protons and the number of neutrons in the 

nucleus of the atom. Look at Table 3 to see that this is true. 

If you know the mass number and the atomic number of an 

atom, you can calculate the number of neutrons. The number of 

neutrons is equal to the atomic number subtracted from the 

mass number. 

number of neutrons = mass number — atomic number 

Atoms of the same element with different numbers of neu- 

trons can have different properties. For example, carbon with a 

mass number equal to 12, or carbon-12, is the most common 

form of carbon. Carbon-14 is present on Earth in much smaller 

quantities. Carbon-14 is radioactive, while carbon-12 1s not. 
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Differentiated Instruction 

Visually Impaired If Table 3 is difficult for some 
to read, use one type of object, such as small 

corks, to represent protons and another type, 

such as rubber stoppers, to represent neutrons. 

Have students assemble the right numbers of 

protons and neutrons for the atoms listed in 

Table 3. [2] 

Answer in the nucleus 

Answer carbon 

Discussion 

Atom Charge How many elec- 

trons are found in a neutral atom 

of carbon? six What would the 

charge be on the carbon atom 

if it lost four electrons? Explain. 
+ 4° The atom now has 4 more protons 

than electrons. How does neutron 

count affect atomic charge? It has 

no effect. 

Quick Demo 

Modeling Atoms 

Materials modeling clay (three 
different colors) 

Estimated Time 20 minutes 

Procedure Create models of the 
atoms in Table 3 using three dif- 
ferent colors of modeling clay. 
Use small balls from two of the 
colors to create the protons and 
neutrons in the nucleus. Use 
the third color to represent the 
electrons. 

Discussion 

Atom Numbers Have students de- 
termine the number of neutrons, 

protons, and electrons in neon 

—20, potassium 39; and gold 
—197. Ne: 10 protons, 10 neutrons, 

10 electrons; K: 19 protons, 20 neu- 

trons, 19 electrons; Au: 79 protons, 118 

neutrons, 79 electrons 

Logical-Mathematical 

Activity 
Element Game Have students play 
the element game in pairs. One 
student should write down the 

name of an element on a piece of 
paper. This student gives the 
other student a hint about the 

name of the element. The student 

keeps giving hints until the other 

student guesses the element. 
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Protons v. Neutrons Students 

may think that since many of 

the lighter elements have the 
Salne number of protons as 

neutrons, all elements have this | 

property. Remind them that | 

this is not true. Large atoms | 
have more neutrons than pro- 
tons because neutrons play a 
role in stabilizing the repulsive 
forces between the protons in 
the nucleus. 

Carbon Dating Archaeologists are 
most interested in carbon-13 and 
carbon-14 because these isotopes are 

radioactive. The longer a once-living 
organism has been dead, the less 
radioactive it will be per gram of 
carbon. This gives archaeologists a way 

to determine the approximate age of 
once-living organisms. 

(%, Reading Check 

Answer 146 neutrons 

Applying Science 

Answers 

1. 48,800 million years; 
97,600 million years 

2. 8,920 million years; lead-206 

Reading Strategy 

Clarify Text Have students read 

the text about Atomic Mass. 

Ask: Are any of the concepts 
unclear? Write student concerns 

or misconceptions on the board. 
Model ways of clarifying the 
text, such as referring to Table 3 
and using supporting — facts. 
Encourage students who under- 
stand the concepts to explain 
them in their own words. 
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"LiFESCEHCED » 
Carbon Dating Living 

organisms on Earth con- 

tain carbon. Carbon-12 

makes up 99 percent of 

this carbon. Carbon-13 and 

carbon-14 make up the 

other one percent. Which 

isotopes are archaeolo- 

gists most interested in 

when they determine the 

age of carbon-containing 

remains? Explain your 

answer in your Science 

Journal. 

A“ can be used to meas- 

ure the age of bones or rock 

formations that are millions of 

years old. The time it takes for 

half of the radioactive atoms in 

a piece of rock or bone to change 

into another element is called 

its half-life. Scientists use the 

half-lives of radioactive isotopes 

to measure geologic time. 

identifying the Problem 

Solving the Problem 

the atoms to change? 
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Isotopes 
Not all the atoms of an element have the same number of 

neutrons. Atoms of the same element that have different num- 

bers of neutrons are called isotopes. Suppose you have a sample 

of the element boron. Naturally occurring atoms of boron have 

mass numbers of 10 or 11. How many neutrons are in a boron 

atom? It depends upon the isotope of boron to which you are 

referring. Obtain the number of protons in boron from the peri- 

odic table. Then use the formula on the previous page to calcu- 

late the number of neutrons in each boron isotope. You can 

determine that boron can have five or six neutrons. 

Uranium-238 has 92 protons. How many 
neutrons does it have? 

Applying Science 

How can radioactive isotopes help tell time? 

Half-Lives of Radioactive Isotopes 

Radioactive Changes to This Half-Life 

Element Element 

Uranium-238 lead-206 

Potassium-40 argon-40, calcium-40 

Rubidium-87 

Carbon-14 

4,460 million years 

1,260 million years 

strontium-87 48,800 million years 

nitrogen-14 5,715 years 

The table above lists the half-lives of some radioactive isotopes and into 

which elements they change. For example, it would take 5,715 years for half of the 

carbon-14 atoms in a rock to change into atoms of nitrogen-14. After another 

5,715 years, half of the remaining carbon-14 atoms will change, and so on. You can 

use these radioactive clocks to measure different periods of time. 

1. How many years would it take half of the rubidium-87 atoms in a piece of rock 
to change into strontium-87? How many years would it take for 75 percent of 

. After a long period, only 25 percent of the atoms in a rock remained uranium- 
238. How many years old would you predict the rock to be? The other 75 percent 
of the atoms are now which radioactive element? 

Visual Learning 

Figure 7 Have students draw diagrams in their 

Science Journals of the nuclei of carbon-12, 

carbon-13, and carbon-14. Carbon-12 has 6 protons 

and 6 neutrons, carbon-13 has 6 protons and 7 neutrons, and 

carbon-14 has 6 protons and 8 neutrons. Visual- 
Spatial 
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Differentiated Instruction 

Challenge Have students research radioactive 
isotopes that are used in medicine. Have students 
give a presentation to the class about the types of 
isotopes used and what they are used for. 



Identifying Isotopes Models of two isotopes 
of boron are shown in Figure 7. Because the 
numbers of neutrons in the isotopes are differ- 
ent, the mass numbers are also different. You use 
the name of the element followed by the mass 
number of the isotope to identify each isotope: 
boron-10 and boron-11. Because most elements 
have more than one isotope, each element has an 

average atomic mass. The average atomic mass 
of an element is the weighted-average mass of 
the mixture of its isotopes. For example, four out 

of five atoms of boron are boron-11, and one out 
of five is boron-10. To find the weighted-average, 
or the average atomic mass of boron, you would 

use the following equation: 

- 
~ 
2) 
(11 amu) + 

Ui |e 
(10 amu) = 10.8 amu 

Boron-10 

Nucleus 

Boron-11 

7 5 Electrons 

5 Electrons LA & 

5 Protons 

5 Neutrons 

5 Protons 

6 Neutrons 

Nucleus 

Figure 7 Boron-10 and 
boron-11 are two isotopes of 

boron. These two isotopes differ 

by one neutron. 

Explain why these atoms are 

The average atomic mass of the element boron is 10.8 amu. 

Note that the average atomic mass of boron is close to the mass 

of its most abundant isotope, boron-11. 

Section Teview 
Summary 

Atomic Mass 

@ The nucleus contains most of the mass of an 

atom. 

@ The masses of a proton and neutron are 

approximately equal. 

@ The mass of an electron is considered negligi- 

ble when finding the mass of an atom. 

@ The unit of measurement for atomic particles 

is the atomic mass unit (amu). 

®@ The carbon-12 isotope was used to define the 

atomic mass unit. 

Seif Check 

. Identify the mass number and atomic number of a 

chlorine atom that has 17 protons and 18 neutrons. 

. Explain how the isotopes of an element are alike and 

how are they different. 

. Explain why the atomic mass of an element is an aver- 

age mass. 

. Explain how you would calculate the number of neu- 

trons in potassium-40. 

. Think Critically Chlorine has an average atomic mass 

of 35.45 amu. The two naturally occurring isotopes of 

chlorine are chlorine-35 and chlorine-37. Why does this 

indicate that most chlorine atoms contain 18 neutrons? 
® The number of protons identifies an element. 

Isotopes 

@ Atoms of the same element with different 

numbers of neutrons are called isotopes. 

® The average atomic mass of an element is 

the weighted-average mass of the mixture 

of isotopes. 

More Section Review fl.gpescience.com 

Applying Math 

. Use Numbers If a hydrogen atom has two neutrons 

and one proton, what is its mass number? 

. Use Tables Use the information in Table 2 to find the 

mass in kilograms of each subatomic particle. 
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isotopes. 
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é section oe) 

1. Mass number = 35; atomic 

number = 17 
2. Isotopes have the same number of 

protons but different numbers of 
neutrons. 4 

3. Elements have several isotopes with 
different numbers of neutrons, and 

revielu 

thus different masses. The average 

atomic mass is the weighted aver- 
age of the masses of the element's 

isotopes. 
Mass number — atomic number = 
number of neutrons = 40 — 19 

= 21 

5. The average of 35.45 lies closer to 
the 35 mass number than to the 37 

mass number. 

6. 3 

7. proton = 1.6726 X 10 7’kg 
neutron = 1.6749 X 10 7’kg 

electron = 9.1093 X 10 *'kg 
Be MA.A.3.4.1 

™. Post Reading 

Ask Questions Have students 

review the list of questions gen- 
erated during the SQ3R activity. 
Now that students have read 
about atomic mass and isotopes, 

have volunteers provide answers 
to the questions. Ask if students 
have new questions. 

Caption Answer 
Figure 7 These atoms are isotopes 
because they have the same number 
of protons, but differ in the number of 
neutrons. 

DAILY INTERVENTION 

Check for Understanding 
Visual-Spatial Have students use 
colored pencils to draw the elec- 
tron cloud model for lithium. 

Students should include the 

correct number of protons and 
electrons. Tell students to in- 

clude four neutrons in their 

drawing. [t2] [J 

Reteach 

Weighted Averages Have students 
calculate the weighted average of 
student quiz scores if the follow- 
ing results were obtained: 5 
students scored 80%; 19 students 

scored 90%. 
5 19 (57 X 80) + (54 X 90) = 88 

Logical-Mathematical 

Ce Fe 
™ Assessment 

Oral Place a small plastic con- 
tainer on a table. Have students 
count as you place colored mar- 
bles, representing protons, into 

the bowl. When you stop, ask 
them to identify the element. 
Then ask them to predict the 
number of neutrons needed for a 
particular isotope of that ele- 
ment. Use PASC, p. 89. 
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An editable Microsoft® 

presenta- 

INTERACTIVE 
CHALICBOARD : 

tal a, PowerPoint® 

tion is available on Interactive 

Chalkboard CD-ROM. 

Bellringer 

Section Focus Transparencies 

also are available on the 

Interactive Chalkboard CD-ROM. 

io] GD 

e word uranium, you might think of nuclear 

power. Uranium, though, was used in the 19th century by European 

glassmakers to create what was called uranium glass. This interesting 
glass had a yellowish-green color and glows under certain lighting 
conditions. 

1, Of what materials is glass usually made? 
2. Why do you think the uranium glass glows? 
3. Why might prolonged work with such glass be dangerous? 

Properties of coms and the Periodic Table 

Reading Preview 

Tie to Prior Knowledge 

Repeating Patterns Students are 

already familiar with the 
repeating pattern of the days of 
the week. Point out that just as 

a calendar illustrates the peri- 
odic pattern of the days of the 
week, the periodic table illus- 

trates the periodic patterns of 
the chemical properties of 
chemical elements. [L2] 

Facets of Meaning Ask stu- 

dents why their class sessions 

are called periods. Tell them 

Periodical is a name for a maga- 

zine that is published weekly or 
at regular intervals. Then tell 
them they will learn about a 
similar pattern that led to the 
table io elements being named 
the periodic table. 

Pace 

What You'll Learn 

periodic table. 

information. 

nonmetal, and metalloid mea 

Figure 8 Mendeleev discovered 

that the elements have a periodic 

pattern in their chemical 

properties. 

(Glin a Gt 

= Explain the composition of the 

m Use the periodic table to obtain 

covers SC.A.1.4.1, SC.A.1.4.5 

The Periodic Table 

Why It’s Important 

The periodic table is an organized 

list of the elements that compose all 

living and nonliving things known to 

exist in the universe. 

= Explain what the terms metal, 

n. 

Reading Guide 

® Review Vocabulary 

chemical property: any characteristic 

of a substance that indicates whether 

it can undergo a certain chemical 

change 

New Vocabulary 

@ periodic table 

@ group 
e electron dot diagram 

@ period 

Organizing the Elements 
On a clear evening, you can see one of the various phases of 

the Moon. Each month, the Moon seems to grow larger, then 

smaller, in a repeating pattern. This type of change is periodic. 

Periodic means “repeated in a pattern.” The days of the week are 

periodic because they repeat themselves every seven days. The 

calendar is a periodic table of days and months. 
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In the late 1800s, Dmitri Mendeleev, 
a Russian chemist, searched for a way to 

organize the elements. When _ he 

arranged all the elements known at that 

time in order of increasing atomic 

masses, he discovered a pattern. Figure 8 

shows Mendeleev’s early periodic chart. 

Chemical properties found in lighter 

elements could be shown to repeat 

in heavier elements. Because the pattern 

repeated, it was considered to be 

Today, this arrangement is 

called the periodic table of elements. In 

the periodic table, the elements are 

arranged by increasing atomic number 

and by changes in physical and chemical 
properties. 

periodic. 

Chapter FasT FILE Resources 

‘Transparency Activity, p. 46 

MiniLAB, p. 4 

Lab Activity, pp. 13-15 

Directed Reading for Content Mastery, 

pp. 21-22 
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Enrichment, p32 

Reinforcement, p. 29 

Lab Worksheet, pp. 5-6, 7-8 

Reading and Writing Skill Activities, p. 47 

Home and Community Involvement, p. 25 

Cultural Diversity, p. 59 



Table 4 Mendeleev’s Predictions 

Predicted Properties Actual Properties 
of Ekasilicon (Es) of Germanium (Ge) 

Existence Predicted: 1871 Actual Discovery: 1886 

Atomic mass = 72 Atomic mass = 72.61 

High melting point Melting point = 938°C 

Density = 5.5 g/cm? Density = 5.323 g/cm? Organizing a Personal 

Periodic Table 
Dark gray metal 

Procedure 
Gray metal 

Density of Es0,, = 4.7 g/cm} Density of GeO, = 4.23 g/cm? 

Mendeleev’s Predictions Mendeleev had to leave blank 

spaces in his periodic table to keep the elements properly lined 

up according to their chemical properties. He looked at the 

properties and atomic masses of the elements surrounding these 

blank spaces. From this information, he was able to predict the 

properties and the mass numbers of new elements that had not 

yet been discovered. Table 4 shows Mendeleev’s predicted prop- 
erties for germanium, which he called ekasilicon. His predic- 

1. Collect as many of the fol- 

. Organize these items into 

lowing items as you can 
find: feather, penny, con- 

tainer of water, pencil, 

dime, strand of hair, con- 
tainer of milk, container 

of orange juice, square of 

cotton cloth, nickel, 

crayon, quarter, con- 
tainer of soda, golf ball, 
sheet of paper, baseball, 

marble, leaf, paper clip. 

several columns based on 

their similarities to create 

your own periodic table. 

tions proved to be accurate. Scientists later discovered these 

missing elements and found that their properties were 

extremely close to what Mendeleev had predicted. 
Analysis 

(47-2 How did Mendeleev organize his periodic table? 1. Explain the system you 
used to group your items. 

2. Were there any items on 

the list that did not fit into 
any of your columns? 

3. Infer how your activity 

modeled Mendeleev’s 
work in developing the 

periodic table of 

the elements. 

Improving the Periodic Table Although Mendeleev’s 
arrangement of elements was successful, it did need some changes. 

On Mendeleev’s table, the atomic mass gradually increased from 
left to right. If you look at the modern periodic table, shown in 

Table 5, you will see several examples, such as cobalt and nickel, in 

which the mass decreases from left to right. You also might notice 

that the atomic number always increases from left to right. In 1913, 

the work of Henry G. J. Moseley, a young English scientist, led to 

the arrangement of elements based on their increasing atomic 

numbers instead of an arrangement based on atomic masses. This 

new arrangement seemed to correct the problems that had 

occurred in the old table. The current periodic table uses Moseley’s 

arrangement of the elements. 

(47-74 How is the modern periodic table arranged? 
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Br ms Teacher fA 
ON Mendeleer' Pr dictions Mendeleev predicted _ later Gre 

| i ion to ekasilicon. — unsuc 
ctions ¢ ae oo 

ee yhich were eis, Sanskrit for the 

Purpose Students classify objects 

that are very different. 

Logical-Mathematical 

Materials a variety of objects 
that can be sorted into several 

categories 

Teaching Strategy A wide variety 
of objects will force the students 
to work harder to find common 

traits. 

Analysis 

1. Answers will vary but possible 
groups include metal objects, coins, 

organic items, spheres, liquids, 
and writing implements. 

2. Answers will vary. 
3. Just as Mendeleev searched for 

similarities and repeating patterns 

among the elements, students 
searched for commonalities among 
the objects to place them in groups. 

Assessment 

Performance Provide students 

with an assortment of bolts, 

screws, and nails. Have them 

build another periodic table 
using these items. Use Per- 
formance Assessment in the 

Science Classroom, p. 121. 

Tome 

(’, Reading Check 

Answer He arranged the elements by 
increasing atomic mass and aligned 
them in columns based on chemical and 
physical properties. 

Answer by atomic number 
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Quick Demo 

Singing the Elements 

Materials compact disc, record, 
or tape of An Evening Wasted 

with Tom Lehrer, compact disc 
player, record player, or tape 
player 

Estimated Time 10 minutes 

Procedure Play the fourth song, 

The Elements. The song’s lyrics, 
which are set to a Gilbert and 

Sullivan tune, contain the names 

of the chemical elements. Make 

a list of puns related to the 
names or symbols of the ele- 

ments. Ask students to come up 
with the correct elements. Some 

examples include policeman, 
copper; smelliest element, Pu; 

foolish prisoner, silicon. 

7 _ Teacher — ies 

Nonmetallic ‘The elements have _ 
_an increasing nonmetallic char- — 

: acteristic as you read from left * 
to right across the table. Along 2 
the stair-step line are metal- — 
_loids, which have properties of \ 

3 

both metals and nonme sic 

ERR eee kT 

Activity 

Atomic Mass Chart Have students 
list the elements in the first six 
periods that would be out of 
sequence if the chart were 
arranged by atomic mass. Ar and 
K, Co and Ni, Te and | Logical- 
Mathematical 

° P 
Visual Learnin 
Periodic Table Which element 

has an average mass greater 

than 75 but less than 79? selenium 

Is is possible to have more than 
one element that could fit that 

restriction? No; based on average 
masses, there are no missing atomic 

numbers from 33 to 34 to 35. 

Table 5 Periodic Table of the Elements 

‘lear 

: 

i _ Element 

omic number 

1} 2 Symbol 

Atomic mass 

Columns of elements are called groups. Elements in 

the same group have similar chemical properties. 

3 4 

Potassium Calcium Scandium 

19 20 21 
4 pa Deeeng ae J e. 

39.098 40.078 

Rubidium Strontium Yttrium 

ei 38 39 

5 Rb Sr CI 

85.468 87.62 

Cesium Barium Lanthanum 

5 56 yi 6 5 

Cs Ba La O 

132.905 137.327 138.906 

Francium Radium Actinium Rutherfordium 

7/ 87 88 89 104 

Fr Ra Ac a) Rf 

| (223) (226) (227) (261) 

State of 

matter 

| The first three symbols tell you the state 

_ of matter of the element at room 
| temperature. The fourth symbol 

_ identifies elements that are not present 

_ in significant amounts on Earth. Useful 

_ amounts are made synthetically. 

Iron Cobalt 

26 27 8 
58.933 

Chromium Manganese 

25 7a 
54.938 

Vanadium 

23) 24 

Vv O Cr CO) 

50.942 51.996 

Niobium Molybdenum | Technetium Ruthenium Rhodium 

4 42 43 (e) 44 45 J 

Nb Mo Tc Ru Rh 

(98) 101.07 102.906 

Tantalum Tungsten Rhenium Osmium Iridium 

73 a 75 O 76 i2t 77 im 

Ta Re Os Ir 

180.948 186.207 192.217 

Dubnium Seaborgium Bohrium Hassium Meitnerium 

105 106r 75 ORY s ) 108 ©) 109 3) 

Db Sg Bh ~ Hs ~ Mt 
(262) (266) (264) (277) (268) 

| Rows of elements are called 
| periods. Atomic number 
_ increases across a period. 

Lanthanide 

| The arrow shows where these Se ites 

elements would fit into the 

periodic table. They are moved 

to the bottom of the table to Actinide 

| save space. series 
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Cerium Promethium Samarium 

58 61 q EO 62 

Ce Sm 0 

140.116 140.908 : (145) 150.36 

Uranium Neptunium Plutonium 

90 FJ 1S 92 ce 94 
Th Pa a U ) Np © Pu © 

232.038 231.036 238.029 (237) (244) 

Thorium Protactinium 

Differentiated Instruction 

Challenge ‘The chemical symbols for the follow- 
ing elements are not abbreviations of their 

English names. Have students use reference 
books to determine the symbols for the follow- 

ing elements and the names upon which the 
symbols are based: copper (Cu, cuprum); gold (Au, 

590 CHAPTER 19 Properties of Atoms and the Periodic Table 

aurum); iron (Fe, ferrum); lead (Pb, plumbum); tin (Sn, 
stannum); mercury (Hg, hydrargyrum); silver (Ag, 
argentum); sodium (Na, natrium); potassium (K, 
kalium); antimony (Sb, stibium); tungsten (W, wol- 
fram). Have students present their research 
results to their class. Linguistic 



Science |i 
Metal Topic: Periodic Table 

Updates 
Metalloid Visit fl.gpescience.com for 18 

updates to the periodic table. ADisadvantage Mendeleev did 
not have the advantage of 
knowing atomic structure 
when he made his periodic | 
chart. Electrons were not dis- 
covered until the late 1890s. 
His chart was based on mass 
and properties of the elements. 

| The color of an element's block 

tells you if the elementis a 

; metal, nonmetal, or metalloid. | 

Use an Analogy 
Orderly Classification Remind stu- 
dents that orderly classification 
allows them to enter a music store 

eh ipa is) and quickly find a desired selec- 

| 740 . | tion without examining every CD 

ese in the store. The periodic table 
| | gives chemists the same advantage 

when they are looking for ele- 
ments with particular properties. 

Gallium 

31 

Ga a 

69.723 

Cadmium 

48 

Cd 

112.411 

In 

114.818 

Platinum Thallium Bismuth 

78 81 83 
Pt [D Tl Bi 

195.078 204.383 : 208.980 

Hydrogen, by its electron arrange- 
ment, is part of Group 1. However, 
because it has only one electron in 

an energy level that can hold two 
electrons, it has its own unique set 

of properties. 

Terbium Thulium Lutetium 

65 69 71 el 7. il i) 
158.925 168.934 “| 174.967 

Mendelevium Nobelium Lawrencium 

101 (°) 102 (c) 103 (°) 

Md No Lr 

(259) (262) 
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(LAB! DEMONSTRATION 
Purpose to choose a criterion for arranging — with gel drops and put it aside. from diluted to concentrated or the opposite. 

items Procedure Mix the order of the cups and dis- 
| | Assessment 

Materials 5 clear plastic cups, water, blue play them. Have students place the cups in 
How does this activity demonstrate the 
thinking Mendeleev used for his chart? He 

Preparation Add an equal amount of water made a sequence of chemical elements based on 

to each cup. Add 1 drop of food coloring to _ place it in its proper location. their properties and could tell where new discoveries 

cup 1, 2 drops to cup 2,and soon. Make one Expected Outcome The sequence may be _ fitin. 

food coloring a sequence. Display the solution made with 

ee drops of food coloring and ask them to 
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Research Physicist The amount 
of energy an electron contains deter- 
mines its behavior. Physicists can 
apply this knowledge to the fields of 
nuclear energy, electronics, optics, and 
communications. 

Research Have students research 

who employs research physicists 
and what the future job outlook 

statistics are for this career. 

Visual Learning 

Figure 9 Point out to students 
that this diagram is not intended 

to represent relative sizes of the 
electrons, atom, or nucleus. 

i Reading Strategy 2 

Think-Aloud Choose a challeng- 

ings piece. 0) text, such as 

Electron Dot Diagrams, and 

read it aloud while interjecting 
questions and strategies to aid 
comprehension. Show students 
how to use related figures to 
help with comprehension. Then 
have students find their own dif- 
ficult passages and practice close 
reading with a partner. 

Caption Answer 
Figure 9 number of electrons in the 
outer energy level 

'S INTEGRATE =. 

> Career 

Research Physicist The 

study of nuclear interac- 

tions is shared by chemists 

and physicists. Research 

physicists use their knowl- 

edge of the physical laws 

of nature to explain the 

behavior of the atom and 

its composition. Explain in 

your Science Journal why 

physicists would study the 

amount of energy that elec- 

trons contain. 

Figure 9 Energy levels in atoms 

can be represented by a flight of 

stairs. Each stair step away from the 

nucleus represents an increase in 

the amount of energy within the 

electrons. 

Explain what determines the chemi- 

cal properties of an element. 

Energy 
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The Atom and the Periodic Table 

Objects often are sorted or classified according to the prop- 

erties they have in common. This also is done in the periodic 

table. The vertical columns in the periodic table are called 

groups, or families, and are numbered | through 18. Elements 

in each group have similar properties. For example, in Group 11, 

copper, silver, and gold have similar properties. Each is a shiny 

metal and a good conductor of electricity and heat. What is 

responsible for the similar properties? To answer this question, 

look at the structure of the atom. 

Electron Cloud Structure You have learned about the 
number and location of protons and neutrons in an atom. But 

where are the electrons located? How many are there? In a neu- 

tral atom, the number of electrons is equal to the number of 

protons. Therefore, a carbon atom, with an atomic number of 6, 

has six protons and six electrons. These electrons are located in 

the electron cloud surrounding the nucleus. 

Scientists have found that electrons within the electron 

cloud have different amounts of energy. Scientists model the 

energy differences of the electrons by placing the electrons in 

energy levels, as in Figure 9. Energy levels nearer the nucleus 

have lower energy than those levels that are farther away. 

Electrons fill these energy levels from the inner levels (closer to 

the nucleus) to the outer levels (farther from the nucleus). 

Elements that are in the same group have the same number 

of electrons in their outer energy levels. It is the number of elec- 

trons in the outer energy level that determines the chemical 

properties of an element. It is important to understand the link 

between the location on the periodic table, chemical properties, 

and the structure of the atom. 

Differentiated Instruction 

Challenge Each energy level contains sublevels, 
which in turn contain atomic orbitals. Have stu- 

dents find out more about the distribution of 

electrons in sublevels and atomic orbitals. Have 

students make a chart showing the information 

found about sublevels. The first energy level has only one 
sublevel, while the second level has two sublevels, and the third 
has three. The first sublevel in any level contains one s orbital, 

’ 
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which can contain up to two electrons, The second sublevel in any 
level contains three p orbitals. Each p orbital can contain up to two 
electrons, so this sublevel can contain a maximum of six electrons, 
The third sublevel contains five d orbitals, each of which can con- 
tain up to two electrons, so this sublevel can contain up to ten 
electrons. The fourth sublevel contains seven f orbitals, each of 
which can contain up to two electrons, so this sublevel can con- 
tain up to fourteen electrons. Linguistic [J 



Energy Levels Energy levels are named using the numbers 
one to seven. The maximum number of electrons that can be 
contained in each of the first four levels is shown in Figure 9. 
For example, energy level one can contain a maximum of two 
electrons. Energy level two can contain a maximum of eight 
electrons. Notice that energy levels three and four contain sev- 
eral electrons. A complete and stable outer energy level will con- 
tain eight electrons. In elements in periods three and higher, 
additional electrons can be added to inner energy levels, 
although the outer energy level contains only eight electrons. 

Rows on the Table Remember that an atomic number 

found on the periodic table is equal to the number of electrons 

in an atom. Look at Figure 10. The first row has hydrogen with 

one electron and helium with two electrons both in energy 

level one. Because energy level one is the outermost level con- 

taining an electron, hydrogen has one outer electron. Helium 

has two outer electrons. Recall from Figure 9 that energy level 

one can hold only two electrons. Therefore, helium has a full or 

complete outer energy level. 

The second row begins with lithium, which has three elec- 

trons, two in energy level one and one in energy level two. 

Lithium has one outer electron. Lithium is followed by beryl- 

lium, with two outer electrons, boron with three, and so on until 

you reach neon, with eight outer electrons. Again, looking at 

Figure 9, energy level two can hold only eight electrons. 

Therefore, neon has a complete outer energy level. Do you 

notice how the row in the periodic table ends when an outer 

energy level is filled? In the third row of elements, the electrons 

begin filling energy level three. The row ends with argon, which 

has a full outer energy level of eight electrons. 

How many electrons are needed to fill the outer 
energy level of sulfur? 

Lithium Beryllium 

3 - 

Li Be 

Aluminum 

13 

Al 

Sodium |Magnesium 

11 12 

Na Mg 

Sciencay! INC 
Topic: Atomic Energy Level 

Structure 

Visit fl.gpescience.com for Web 

links to information about the 

structure of atomic energy levels. 

Activity Draw a diagram that 

details how the energy levels are 

structured. 

Figure 10 One proton and one 
electron are added to each ele- 

ment as you go across a period in 

the periodic table. 

Explain what the elements in the 

last column share in relation to their 

outer energy levels. 
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Fun Fact 
The maximum number of electrons 

ina level is 2n?, where nis the 

level number. For example, when 

n = 3 there canbe a maximum 

of 2(37) = 18 electrons. 

Discussion 

Row Questions In which row do 

you find the metalloid germa- 
nium? fourth row Which row 

contains the fewest elements? first 

row Which row probably contains 
the largest atoms on the periodic 

Curriculum Connection 

Music In music, the syllables do, re, mz, fa, sol, la, 

ti, do give the pitches of the diatonic scale. Have 

students find out how this scale is similar to the 

periodic table. The scale do, re, mi, fa, sol, la, ti, do can be 

related to Li, Be, B, C, N, 0, F, and Na in the periodic table. Na 

repeats the properties of Li just as the second do is one octave 

higher than the first do. Auditory-Musical 

Differentiated Instruction 

Learning Disabled Obtain samples of several 
elements, such as tin, copper, sulfur, silver, and 

aluminum. Have students examine and record 

the characteristics of each element. ‘They should 

look for such properties as color, hardness, 

texture, and brittleness. They can play a game in 

which one student lists the characteristics and 

another identifies the element. |L1 
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table? seventh row 

Visual-Spatial 

7 Lanthenides and Actinides Stu- 

dents may be confused by the ; 
depiction of the last two rows 

| of the periodic table below the — 
| rest of the table. These two | 

1 rows, called the lanthanides 

| and actinides, respectively, are 
| shown below to allow the table _ 

to be displayed in a manner that | 
| is easy to read. 

Caption Answer 
Figure 10 Each element in the last 
column has a full outer-energy level. 

'y, Reading Check 

Answer two additional electrons 
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Activity 
Energy Levels With a periodic 
table prominently displayed, or 
while students look at the one in 

the text, select various elements 

by name and atomic number. 

Have students determine the 

correct number of outer level 

electrons and write the dot dia- 

gram on the board. Do not use 

the elements from Groups 3-12 
for this activity. These groups, 
called the transition elements, 

have their new electrons added 

to a lower energy level. 

Visual-Spatial 

Use an Analogy 
Wearing a Hat Remind students 
that when atoms gain or lose 
electrons, they become charged, 
negatively if they gain electrons 
and positively if they lose elec- 
trons, but the atoms retain their 

identity because the number of 
protons in the nucleus remains 
the same. This is analogous to the 
way a person can wear a hat and 
easily take it off without losing 
his or her identity. 

Fun Fact 
The elements in Group 18, known as 

the noble gases, had no recognized 

compounds until 1962 when xenon 

and fluorine were combined. Since 
then, other noble gas compounds 
have been formed. As recently as 

2000, argon was found to combine. 
These are rare cases. In nature, 

noble gases are found uncombined. 

Answer All members of a group have 

the same number of electrons in their 
outer energy level. 

Caption Answer 

Figure 11 determines the chemical 
properties of an element 
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Figure 11 The elements in 
Group 1 have one electron in their 

outer energy level. This electron 

dot diagram represents that one 

electron. 

Explain why the outer electrons of 

an element are important. 

Figure 12 Electron dot dia- 
grams show the electrons in an 

element's outer energy level. 

a: 
The electron dot diagram for. 

Group 17 consists of three sets 

of paired dots and one single dot. 

594 CHAPTER 19 Properties of Atoms and the Periodic Table 

Electron Dot Diagrams Did you notice that hydrogen, 

lithium, and sodium each have one electron in their outer 

energy levels? Elements that are in the same group have the same 

number of electrons in their outer energy levels. These outer 

electrons are so important in determining the chemical proper- 

ties of an element that a special way to represent them has been 

developed. American chemist G. N. Lewis created this method 

while teaching a college chemistry class. An electron dot 

diagram uses the symbol of the element and dots to represent 

the electrons in the outer energy level. Figure 11 shows the elec- 

tron dot diagram for Group | elements. The electron configura- 

tion of an atom determines how that atom reacts with other 

atoms. Electron dot diagrams also are used to show how the 

electrons in the outer energy levels are bonded when elements 

combine to form compounds. 

Same Group, Similar Properties The elements in Group 
17, the halogens, have electron dot diagrams similar to chlorine, 

shown in Figure 12. All halogens have seven electrons in their 

outer energy levels. Because all of the members of a group on 

the periodic table have the same number of electrons in their 

outer energy levels, group members will undergo chemical reac- 

tions in similar ways. 

A common property of the halogens is the ability to form 

compounds readily with elements in Group 1. Group 1 elements 

each have only one electron in their outer energy levels. 

Figure 12 shows an example of a compound formed by one such 

reaction. The Group 1 element, sodium, reacts easily with the 

Group 17 element, chlorine. The result is the compound sodium 

chloride, or NaCl, ordinary table salt. 

Not all elements will combine readily with other elements. 

The elements in Group 18 have complete outer energy levels. 

This special configuration makes Group 18 elements relatively 

unreactive. You will learn more about why and how bonds form 

between elements in later chapters. 

Why do elements in a group undergo similar 
chemical reactions? 

+ ee — ee 

Na} {:Cl: :Ne: 

Sodium combines with chlorine to Neon, a member of Group 18, has a 

give each element a complete outer _full outer energy level. Neon has 
energy level in the resulting com- eight electrons in its outer energy 
pound. level, making it unreactive. 

Jigsaw In this collaborative learning technique, 

individuals become experts on a portion of a text 
and share their expertise with a small eroup, 

called their home group. Everyone shares 
responsibility for learning the assigned reading. 
Assign each person in each home group an 

expert number. Have students gather into the 
expert groups that correspond to the numbers 

they were assigned. Have them read, discuss, 
and master chapter concepts and determine how 
best to teach them to their home groups. Have 
students return to their home groups and share 
the content they learned in their expert groups. 
Have students use this strategy to help them 
learn about the characteristics of elements and 
how they are grouped on the periodic table. 



Regions on the Periodic Table 
The periodic table has several regions with specific names. 

The horizontal rows of elements on the periodic table are called 
periods. The elements increase by one proton and one electron 
as you go from left to right in a period. 

All of the elements in the blue squares in Figure 13 are met- 
als. Iron, zinc, and copper are examples of metals. Most metals 
exist as solids at room temperature. They are shiny, can be 

drawn into wires, can be pounded into sheets, and are good con- 

ductors of heat and electricity. 

Those elements on the right side of the periodic table, in yel- 

low, are classified as nonmetals. Oxygen, bromine, and carbon 
are examples of nonmetals. Most nonmetals are gases, are brit- 

tle, and are poor conductors of heat and electricity at room tem- 

perature. The elements in green are metalloids or semimetals. 
They have some properties of both metals and nonmetals. 

Boron and silicon are examples of metalloids. 

ry, Reading Check What are the properties of the elements located 
on the left side of the periodic table? 

A Growing Family Scientists around the world are continu- 

ing their research into the synthesis of elements. In 1994, scien- 

tists at the Heavy-lon Research Laboratory in Darmstadt, 

Germany, discovered element 111. As of 1998, only one isotope 

of element 111 had been found. This isotope had a life span of 

0.002 s. In 1996, element 112 was discovered at the same labora- 

tory. As of 1998, only one isotope of element 112 had been 
found. The life span of this isotope was 0.00048 s. Both of these 

elements are produced in the laboratory by joining smaller 

atoms into a single atom. The search for elements with higher 

atomic numbers continues. 

Scientists think they have syn- 

thesized elements 114 and 116. 

However, the discovery of 

these elements has not yet 

Metalloids 

Sciencap ine 
Topic: New Elements 

Visit fl.gpescience.com for Web 

links to information about newly 

synthesized elements. 

Activity Write an article 

explaining how several new ele- 

ments were synthesized and who 

synthesized them. 

been confirmed. 

Figure 13 Metalloids are located 

aac 
| | 

| 
along the green stair-step line. 

Metals are located to the left of the a 

metalloids. Nonmetals are located \f 

to the right of the metalloids. ‘eis cs 
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Science Journal Have students work in pairs as 

they review the history of the periodic table. In 

their own words, have them respond to this 

prompt: What characteristics of the elements led to 

the periodic table being named periodic? Have stu- 

dents discuss their responses with different partner. 

Science Journal 

New Elements Have students research and identify 
the newest synthesized element. Have them write 
in their Science Journals the element’s name, 

atomic number, isotope, half- 
element was discovered. 

life, and where the 

[12] [) Linguistic 

SECTION 3 The Periodic Table 

(™% Reading Check 

Answer The elements on the left side of 
the table are metals, which are solids at 
room temperature, shiny, and good con- 
ductors of heat and electricity. Hydrogen 
is an exception to these properties. 

r Virtual Labs 
a Periodic Table How is the 
structure of an atom related to 

its position on the periodic table? 

Periodic Table of the Hements 

i a SE i a he Se 
6 el A 1A a 
aii (it OA a i 

+ i i a ad hn 

Purpose to explore compounds 
that may form between elements 

Possible Materials index cards or 

paper and markers 

Estimated Time one class session 

Teaching Strategies 

¢ Students make cards with 
electron dot diagrams for ele- 
ments in Groups 1-2 and 13-17. 
¢ Students will need more than 
one card for some elements. 
¢ Students can predict com- 
pounds that will form between 
the elements using electron dot 
diagrams. 
¢ Have students make a list of 
the compounds that may form. 

For additional inquiry activities, see 

Science Inquiry Labs. 
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SUE in the Universe 
Using the technology that is available 

* today, scientists are finding the same ele- 

ments Genenont the universe. They have been able to study 

only a small portion of the universe because it Is so vast. Many 

scientists believe that hydrogen and helium are the building 

blocks of other elements. Atoms join together within stars to 

produce elements with atomic numbers greater than | or 2, the 

atomic numbers of hydrogen and helium. Exploding stars, or 

supernovas, shown in Figure 14, give scientists evidence to 

support this theory. When stars reach the supernova stage, 

which is characterized by a massive explosion, a mixture of ele- 

ments, including the heavy elements such as iron, are flung 

into the galaxy. Many scientists believe that supernovas have 

spread the elements that are found throughout the universe. 

Some of these elements are found only in trace amounts in 

Earth’s crust as a result of uranium decay. Others have been 

found only in stars. 

ITEGHA Content 
Fa “ > Background 

A star in Earth’s galaxy explodes as a 
supernova about once a century. 
The most famous supernova of this 
galaxy occurred in 1084. The explo- 
sion was so powerful that it could be 
seen during the day and its bright- 
ness lasted for weeks. 

DAILY INTERVENTION 
Figure 14 Scientists think that 

some elements are found in nature Check for Understanding 
Visual-Spatial Have students draw a 
generic dot diagram for elements 
in Groups 1, 2, and 13-18. [L2] 

only within stars. 

Reteach 
Classifying Elements Using a 
poster-sized periodic table, point 
to various elements and ask stu- 
dents to identify the group 
number and period number of 
each element and classify it as a 
metal, nonmetal, or metalloid. 

Visual-Spatial 

section review 

Summary | Self Check 

Organizing the Elements . Identify Use the periodic table to find the name, 

atomic number, and average atomic mass of the @ Mendeleev organized the elements using 
following elements: N, Ca, Kr, and W. increasing atomic mass and chemical and 

physical properties. . List the period and group in which each of these 

elements is found: nitrogen, sodium, iodine, and 

mercury. 
@ Mendeleev left blank spaces in his table to 

allow for elements that were yet undiscovered. 
. Classify each of these elements as a metal, a nonmetal, 

or a metalloid and give the full name of each: K, Si, Ba, 

and S. 

. Think Critically The Mendeleev and Mosely periodic 

| The Atom and the Periodic Table tables have gaps for the as-then-undiscovered elements. 

@ The vertical columns in the periodic table are Why do you think the table used by Mosely was more 
known as groups or families. Elements in a accurate at predicting where new elements would be 

group have similar properties. placed? 

© Electrons within the electron cloud have dif- Applying Math i 

ferent amounts of energy. 

® Moseley corrected the problems in the periodic 

table by arranging the elements in order of 

increasing atomic number. 

™, Assessment 

Performance Gather pens and 
pencils from the class and have 
students suggest ways to group 
them that place similar ones 
together. Then have students 
arrange the pens and pencils by 
approximate mass in a pencil- 

pen periodic table. Give students 
a new pen or pencil and ask 
them to decide where to place it 
in the table. How is this similar 
to Mendeleev’s activities? He 
arranged chemical elements by mass 

and by properties and could predict 
and classify new elements. Use 
PASG, p. 121. L2| 

. MakeaGraph Construct a circle graph showing 
Regions of the Periodic Table the percentage of elements classified as metals, 

| @ The periodic table is divided into these regions: metalloids, and nonmetals. Use markers or colored 
periods, metals, nonmetals, and metalloids. pencils to distinguish clearly between each section 

on the graph. Record your calculations in your 
® Scientists around the world continue to try to : 

Science Journal. 
synthesize new elements. 

596 CHAPTER 19 Properties of Atoms and the Periodic Table 

3 

More Section Review fl.gpescience.com 

review 

1. N, nitrogen, 7,14.007; Ca ,calcium; 3. K, potassium, metal; Si, silicon, Therefore, if the gap were between 
20, 40.078; Kr, krypton, 36, 83.798; metalloid; Ba, barium, metal; S, two elements differing by two pro- 
W, tungsten, 74, 183.84 sulfur, nonmetal tons, only one element could fit. 

2. nitrogen, period 2, Group 15; 4. One could not be certain that the 5. The graph should indicate that 
sodium, period 3, Group 1; iodine, gaps in Mendeleev’s table would be about 79% of the elements are 
period 5, Group 17; mercury, period filled by only one element. metals; about 7% are metalloids, 
6, Group 12 However, Moseley’s table was and about 14% are nonmetals. 

arranged by number of protons. ~~ MAE141 
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© Real-World Problem- 
Mendeleev’s task of organizing a collection of 

loosely related items probably seemed daunt- 

ing at first. How will using your favorite foods 

to create your own periodic table be similar to 

the task that Mendeleev had? 

Goals 
@ Organize 20 of your favorite foods into a 

periodic table of foods. 

@ Analyze and evaluate your periodic table 

for similar characteristics among groups or 

family members on your table. 

@ Infer where new foods added to your table 

would be placed. 

Materials 
11 X 17-in paper 

12- or 18-in ruler 

colored pencils or markers 

© Procedure 
1. List 20 of your favorite foods and drinks. 

2. Describe basic characteristics of each of 

your food and drink items. For example, you 

might describe the primary ingredient, 

nutritional value, taste, and color of each 2 

item. You also could identify the food group 

of each item such as fruits/vegetables, 3 

grains, dairy products, meat, and sweets. 

3. Create a data table to organize the infor- 

mation that you collect. 

4. Using your data table, construct a periodic 

table of foods on your sheet of paper. 

Determine which characteristics you will use to 

group your items. Create families (columns) of 

food and drink items that share similar charac- 

teristics on your table. 

= A Periodic Table of FC)Cds 

For example, potato chips, pretzels, and 

cheese-flavored crackers could be combined 

into a family of salty tasting foods. Create as 

many groups as you need. You do not need 

to have the same number of items in every 

family. 

© Conclude and Apply —— 
iy Evaluate the characteristics you used to 

make the groups on your periodic table. Do 

the characteristics of each group adequately 

describe all the family members? Do the 

characteristics of each group distinguish its 

family members from the family members 

of the other groups? 

. Analyze the reasons why some items did 

not fit easily into a group. 

. Infer why chemists have not created a peri- 

odic table of compounds. 

Construct a bulletin board of the periodic 

tables of foods created by the class. 

Compare and contrast the tables. 

LAB 597 

Process Have students repeat the activity using 

only unprocessed foods. Does this make it easier 

or more difficult to divide foods into families? 

Use Performance Assessment in the Science 

Classroom, p. 121. 

ommunicating 
eee Your Data 

Students may want to use a spreadsheet program to 

determine the layout of the class periodic table of foods 

for the bulletin board. 

© Real-World 
Problem 

Purpose Students create a peri- 
odic table to organize foods. {L2] 

Logical-Mathematical 

Process Skills classify, compare 
and contrast, sequence, make 
and use tables 

@® Procedure 

Time Required 30 minutes 

Teaching Strategies Have ref- 
erences available from which 

students can find the nutritional 

content of foods, such as fruits, 

that have no labels. 

© Conclude and 

Apply 
1. Answers will vary, but food items 

containing several major ingredients 
such as pizza or ice cream cones often 
present classification problems. 

2. Individual foods such as mangos 
or tuna are easily grouped into the 

major food groups, but when food 
ingredients are combined into items 
such as cakes or soups, classification 

becomes difficult. 
3. There are about 114 elements, many 

with common characteristics. There 
are millions of compounds, which 
makes a table of compounds 
impractical to construct and apply. 



® Real-World 
Problem Seen 

Internet Students use Internet 

sites that can be accessed at 

fl.gpescience.com. Students can post 

their findings on the site and get 
information from other schools 

around the country. 

Non-Internet Sources In its 
entry for an element, an encyclo- 

pedia often will give the history 
of the discovery and naming of 
that element. Find books about 

the history of science, including 

biographies of famous scientists 
and descriptions of important 
discoveries and inventions. 

Time Required about two days 

© Make a Plan —— 

Preparation 

Internet ‘To run through the steps 
that the students will follow, visit 
fl.gpescience.com. 

Non-Internet Sources Bring to class 
books on the history of chemistry 
and the history of science that 
describe how elements were dis- 
covered and named. 

598 

What's in a name? 
® Real-World Problem ete re 

, Goals 

Is : m@ Research the names The symbols used for different elements sometimes are easy to figure 

Sale and symbols of various out. After all, it makes sense for the symbol for carbon to be C and the 

i elements. symbol for nitrogen to be N. However, some symbols aren't as easy to 

Mar @ Study the methods figure out. For example, the element silver has the symbol Ag. This 
ioe that are used to name 

elements and how they 

have changed through 

time. 

symbol comes from the Latin word for si/ver, argentum. How are sym- 

bols and names chosen for elements? 

© Makea Plan 
See @ Organize your data by ; 
Seg making your own peri- 1. Make a list of particular elements you wish to study. 

ae odic table. 2. Identify the symbols for these elements. 

5 se @ Study the history of 3. Research the discovery of these elements. Do their names match 

ee: certain elements and their symbols? Were they named after a property of the element, 

a their discoveries. a person, their place of discovery, or a system of nomenclature? 

ae @ Create a table of your What was that system? 
ee findings and communi- 

on cate them to other 
aaa : students. 
pose 

Psy Data Source 

oe Internet Lab 
sae Visit fl.gpescience.com for 

> aie more information about 

is _ naming elements, ele- 

aS ments’ symbols, and the Cs. E 
=<. discovery of new ele- < 

; ae ments, and for data col- WAS Ny 

Pa lected by other students. She 

iy 
, PRR 

Ae 

Ag 

BLM ei 65 ae 
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Real-World Connection ‘Io make this Lab an Inquiry 
Lab, give the students more personal investment 

into the problem by connecting it to the real 

be used by scientists world wide. After students 
have devised their system, have them compare 
and contrast their system to the system devised by 
the International Union of Pure and Applied 
Chemistry. 

world. ‘Tell the students that they must devise a 

system for naming new elements that are discov- 

ered. Have them devise a naming system that can 

CHAPTER 19 Properties of Atoms and the Periodic Table 

a tS 



© Follow Your Plan——— 
1, Make sure your teacher approves your 

plan before you start. 

2. Visit the Web site provided for links to 

different sites about elements, their his- 

tory, and how they were named. 

3. Research these elements. 

4. Carefully record your data in your Science 

Journal. 

© Analyze Your Data— 
1. Record in your Science Journal how the symbols for your elements were cho- 

sen. What were your elements named after? 

2. Construct an element key that includes the research information that you 

found for your elements. 

3. Make a chart of your class’s findings. Sort the chart by year of discovery for each 

element. 

4. How are the names and symbols for newly discovered elements chosen? 

Make a chart that shows how the newly discovered elements will 

be named. 

© Conclude and Apply ——— 
1. Compare your findings to those of your class- 

mates. Did anyone’s data differ for the same 

element? Were all the elements in the periodic 

table covered? 

2. Explain the system that is used to name the 

newly discovered elements today. 

3. Explain Some elements were assigned sym- 

bols based on their name in another language. 

Do these examples occur for elements discov- 

ered today or long ago? 

Find this lab using the link below. Post your 

data in the table provided. Compare your 

data to those of other students. 

Internet Lab 

fl.gpescience.com 

LAB 599 

ommunicating 
ma Your Data 

Students can build an interactive periodic table of the 

elements. Have them use the computer and a Web page 
development program to display the periodic table. 

Suggest they design the table so that when an element 

is clicked, the computer will display information about 

the origin of the name and symbol for that element. 

™ Assessment 

Portfolio Ask students to prepare written reports 
of their findings about the way elements were 
named hundreds of years ago and the way they are 
named today. Have them include in their reports 
their original hypotheses and discussions of how 
the information they found proved or disproved 
their hypotheses. Use Performance Assessment 
in the Science Classroom, p. 157. 

© Follow Your 
Plan — 

Teaching Strategies 

* Suggest that students include 
in their lists of elements to 
study some elements discov- 
ered long ago and some 
elements discovered more 
recently. 

Suggest that each student 
study at least ten elements. 

¢ Have books on Greek and 

Roman mythology available so 
students can learn more about 

the characters from these 

myths for whom some of the 
elements are named. 

© Analyze Your 
Data 

1. Students should report how the 

names and symbols of the elements 
were determined. 

2. The student's element key should 
resemble the element key on the 
periodic table. 

3. Answers will vary. 
4. Different scientific organizations 

have created naming recommenda- 
tions for newly discovered elements. 

© Conclude and 

Apply 
1. Student data for the same element 

should not differ. Have students 
write their names next to the ele- 
ments they researched to see if all 
the elements were investigated. 

2. The International Union of Pure and 
Applied Chemistry has specific recom- 

mendations for giving names and 
symbols to newly-discovered elements. 

3. elements discovered long ago 

LAB 599 



TIME 
Content Background 
Air trapped in ice cores contains 

traces of whatever the lower 

atmosphere contained at the time 
the ice formed. Large increases in 

the concentration of sulfates indi- 

cate volcanic activity. Changes in 

types of pollen provide clues to 
general trends in temperature. 

Discussion 

Finding Clues Why do we know 
more about what caused the 

Greenland colony to vanish 
today than the people who dis- 
covered the colonists missing? 
Possible answer: The scientific knowl- 
edge and technology to extract and 

analyze ice cores did not exist until 

recently. |L2 

Historical Significance 
Climate change is not a relic of 
the past, but a continuing cycli- 

cal process. Obtain for the class a 
cross sectional slab of tree trunk 
or a large photo of one. The tree 
should be approximately three 
feet in diameter. Make sure you 
know where the tree grew and 
when. Have students determine 
how long the tree lived by count- 
ing the rings and then determine 
where and when it lived. With 
this knowledge, students can 

research local temperatures over 
the lifespan of the tree and plot 
them using small flags on pins 
placed at the appropriate rings. 
Discuss with students the rela- 
tion between ring size and 
temperature. Discuss any anom- 
alous variations in ring size and 

other possible environmental 
conditions that may have been 
responsible for them. 

TIME 

icture this: It’s 1361. A ship from Norway 

arrives at a Norwegian settlement in 

Greenland. The ship’s crew members hope 

to trade its cargo with the people living there. The 

crew members get off the ship. They look around. 

The settlement is deserted. More than 1,000 peo- 

ple had vanished! 

New evidence has shed some light on the mys- 

terious disappearance of the Norse settlers. The 

evidence came from a place on the Greenland Ice 

Sheet over 600 km away from the settlement. This 

part of Greenland is so cold that snow never melts. 

As new snow falls, the existing snow is buried and 

turns to ice. 

By drilling deep into 

this ice, scientists can 

Air bubbles and 

dirt trapped in ice 

provide clues to 

Earth’s past climate. 

SCIENCE: 225! 
HISTORY Suerte 

SCIENCE 

recover an ice core. The core is made up of ice 

formed from snowfalls way, way back in time. 

By measuring the ratio of oxygen isotopes in 

the ice core, scientists can estimate Greenland’s 

past air temperatures. The cores provide a detailed 

climate history going back over 80,000 years. 

Individual ice layers can be dated much like tree 

rings to determine their ages. The air bubbles 

trapped within each layer are used to learn about 

climate variations. Dust and pollen trapped in the 

ice also yield clues to ancient climates. 

A Little Ice Age 
Based on their analysis, scientists think the 

Norse settlers moved to Greenland during an 

unusually warm period. Then, in the 1300s, the 

climate started to cool and a period known as the 

Little Ice Age began. The ways the Norse people 

hunted and farmed were inadequate for survival 

in this long chill. Because they couldn't adapt to 

their colder surroundings, the settlers died out. 

report with the class. 

Research Report Evidence seems to show that Earth is 
warming. Rising temperatures could affect our lives. Research 

global warming to find out how Earth may change. Share your 

TIME 
For more information, visi 

fl.gpescience.com 

Research Report Research periods 
of glaciation over the history of Earth and 

discuss the cycles in light of present climate 

conditions. You might want to construct a 

timeline for students showing Earth’s average 

temperatures at different points in time and 
the percentage of Earth’s surface covered 
with ice at those times. |L2 
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Resources for Teachers and Students 

U.S. National Ice Core Laboratory, United States 
Geological Survey, MS-975, Box 25046, DFC, 

Denver, CO 80225 

“Core Values. (Samplings).” Natural History, 
March, 2003 



chapter 

I Section 1 | Structure of the Atom 

1. A chemical symbol is a shorthand way of 

writing the name of an element. 

2. An atom consists of ° 

a nucleus made up of ‘ 
. 

protons and neutrons 
i 

surrounded by an he 

electron cloud, as ‘ 
: a 6 

shown in the figure . 
to the right. 

W Quarks are particles of matter that make up 

protons and neutrons. 

- The model of the atom changes over time. 

As new information is discovered, scientists 

incorporate it into the model. 

“Section 2 | Masses of Atoms 

1. The number of neutrons in an atom can be 

computed by subtracting the atomic num- 

ber from the mass number. 

2. The isotopes of an element are atoms of the 

same element that have different numbers 

of neutrons. The figure below shows the 

isotopes of hydrogen. 

3. The average atomic mass of an element 

is the weighted-average mass of the mixture 

of its isotopes. Isotopes are named by using 

the element name, followed by a dash, and 

its mass number. 

Interactive Tutor fl.gpescience.com 

1. In the periodic table, the elements are 

arranged by increasing atomic number, 

resulting in periodic changes in proper- 

ties. Knowing that the number of pro- 

tons, electrons, and atomic number are 
equal gives you a partial composition of 
an atom. 

2. In the periodic table, the elements are 

arranged in 18 vertical columns, or groups, 

and seven horizontal rows, or periods. 

3. Metals are found at the left of the periodic 

table, nonmetals at the right, and metalloids 

along the line that separates the metals from 

the nonmetals, as shown below. 

ra Metalloids 

ie ea 
| 

| 

| 
eat 

bes 

| Metals 

4. Elements are placed on the periodic table in 

order of increasing atomic number. A new 

row on the periodic table begins when the 

outer energy level of an element is filled. 

OTT TTSI Use the Foldable that you made at the begin- 

ning of the chapter to help you review properties of atoms and 

the periodic table. 

CHAPTER STUDY GUIDE 601 

Summary statements can be 
used by students to review the 
major concepts of the chapter. 

Scienceg ING 

Visit fl.gpescience.com 

More Section Review 

Interactive Tutor 

Vocabulary PuzzleMaker 

More Chapter Review 

Standardized Practice Test 

Assessment Transparency 
For additional assessment ques- 

tions, use the Assessment 

Transparency located in the trans- 
parency book. 

Assessment 

: Hy Properties of Atoms pe 
Aces and the Periodic Table 

Directions: Carefully review the table and answer the following questions 

__ Characteristics of Some Alkaline Earth Metals 
Atomic Melting Boiling 

IEA | number point (°C) | point (°C) 

Magnesium 12 651 1105 

Calcium 20 842 1494 

Strontium 38 769 1384 

Barium 56 725 1640 

1. According to the table, which alkaline Earth metal has a mass 

number greater than 100? 
A Magnesium C Strontium 

B Calcium D Barium 

. According to the table, which element has the LOWEST atomic 

number? 

F Magnesium H Strontium 

G Calcium ) Barium 

3, According to the table, which element has the HIGHEST melting 

point? 
A Magnesium C Strontium 

B Calcium D Barium 

The number of neutrons in the nucleus of an atom is equal to 
the mass number minus the atomic number. According to this 
definition and the table, how many neutrons are in the nucleus 
of a strontium atom? 

Properties of Atoms and the Periodic Table 

~ Have students use 
their Foldables to 

review the content of the chap- 
ter. On the back of the paper, 
have students write a paragraph 
about how the atomic model 
looks today. 

CHAPTER STUDY GUIDE 601 

—————————————————————— 



chaprer 

ayy 
Chapter ay Review — 

A scar 45 

aS sing Vocabulary | 
10. Which term describes a pattern that 

repeats? 

A) isotopic ©) periodic 
atom p.579 # mass number p.585 i. 

1 periodic table *# atomic number p.585 neutron p.579 B) metallic D) transition 

: average atomic mass p.587 nucleus p.5/9 

hive sbetgnpa/e aise et 11. Which element has similar properties to 
3. Average atomic mass electron cloud p. 583 Poesia ait those of neon? 

electron dot diagram p.594 proton p.5/9 f 

4, nucleus Goan ase: quark #579 A) aluminum ©) arsenic 

5. quarks ¥ isotope p. 586 B) argon D) silver 

6. period 
. 

: merch Varabitay 12. Which term describes boron? 
Complete the statement with the correct vocabu- 

lary word or phrase. 
7. mass number 

8. electron cloud 

©) noble gas 
D) nonmetal 

A) metal 

B) metalloid 
1. Mendeleev created an organized table of 

elements called the —— 13. How many outer-level electrons do 

lithium and potassium have? 
2. Two elements with the same number of 

9. D protons but a different number of neutrons i) ia: Q ae 

10. C are called 2) BO Bon 

11. B 3: is the weighted-average mass of 14. Which is NOT found in the nucleus of an 
12. B all the known isotopes for an element. atom? 

13.A 4. The positively charged center of an atom is A) electron CQ) proton 
14. A called the B) neutron D) quark 

15. B 5. The particles that make up protons and 150 Thentomic nimbenoteneniniid waa 

16. B neutrons are called atomic mass of one of its isotopes is 186. 

6. A(n) is a horizontal row in the How many neutrons are in an atom of this 

periodic table. isotope? 

Th Awe is the sum of the number of ie Ops 
B) 111 D) 261 

protons and neutrons in an atom. 

8. In the current model of the atom, the elec- Use the photo below to answer question 16. 

trons are located in the 

~ Checking Concepts 

Choose the word or phrase that best answers the 
question. 

9. In which state of matter are most of the ele- 

ments to the left of the stair-step line inthe | 16. Which scientist developed this atomic 
periodic table? 

A) gas 

B) liquid 
© plasma 
D) solid 

602 CHAPTER REVIEW Vocabulary PuzzleMaker fl.gpescience.com 

model? 

A) Bohr 

B) Dalton 

© Rutherford 

D) Thomson 
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Interpreting Graphics 

17. Construct As a star dies, it becomes more 

dense. Its temperature rises to a point at 

which He nuclei are com- 

bined with other nuclei. 

When this happens, the 
atomic numbers of the 

other nuclei are increased 

by 2 because each gains the 

two protons contained in 

the He nucleus. For exam- 
ple, Cr fuses with He to 

become Fe. Copy and 
complete the concept map 

showing the first four steps 

in He fusion. 

He 

18. Copy and complete the concept map below. 

contains a contains an 

electron 

cloud 

contains contains contains 

made of also made of 

Thinking Critically 

19. Infer Lead and mercury are two pollutants 

in the environment. From information 

about them in the periodic table, deter- 

mine why they are called heavy metals. 

More Chapter Review fi.gpescience.com 

chapter 

20. Explain why it is necessary to change mod- 

els as new information becomes available. 

21. Infer Why did scientists choose carbon as 

a base for the atomic mass unit? Which 
isotope of carbon did they use? 

22. Infer Ge and Si are used in making semi- 

conductors. Are these two elements in the 
same group or the same period? 

23. Explain Using the periodic table, predict 

how many outer level electrons will be in 

elements 114, 116, and 118. Explain your 

answer. 

24. Infer Ca is used by the body to make 

bones and teeth. Sr-90 is radioactive. Ca is 

safe for people, and Sr-90 is hazardous. 

Why is Sr-90 hazardous to people? 

~ Applying Math ~ 

25. Solve One-Step Equations The atomic num- 

ber of yttrium is 39. The atomic mass 

of one of its isotopes is 89. How many 

neutrons are in an atom of this isotope? 

Use the table below to answer question 26. 

| Electrons per Energy Level | 

Energy Maximum Number 

Level of Electrons 

] 2 

8 

8 

0 

. Use Tables Use the information in Figure 9 

to determine how many electrons should 

be in the second, third, and fourth energy 
levels for argon, atomic number 18. Copy 
and complete the table above with the 

number of electrons for each energy level. 

CHAPTER REVIEW 603 

TS Review 

‘Tt Assessment . 

\@y Reproducible Masters 
Chapter Fast File Resources 

Chapter Review, pp. 37-38 
Chapter Tests, pp. 39-42 
Assessment Transparency Activity, p. +9 

Glencoe Science Web site 
Chapter Review ‘Test 
Standardized ‘Test Practice 

Glencoe Technology 

& Assessment ‘Iransparency 
9 ~ . R 

® Exam View® Pro Testmaker 

TD MindJogger Videoquiz 
(®) Interactive Chalkboard 

chapter soy 

Review 4b 

nterpreting Graphics 
17. See student page. 

18. See student page. 

19. Compared to many metals, both 
lead and mercury have large aver- 
age atomic masses. 

20. Models must be updated to reflect 

the new information that is found. 
If the models are not updated, they 
are obsolete when the new infor- 
mation is found. The model would 
be useless. 

21. Student answers may vary. It is 
possible that carbon was chosen 
because living organisms contain 
a significant amount of carbon. 

carbon-12 

22. same group 

23. 114-4; 116-6; 118-8; because these 
elements are in groups 14, 16, and 

18 respectively 

24. The radioactive nature of Sr can 

damage human cells. 

Applying Math _ 
Math Standards 
National: 1, 5,9 

Florida: MA.A.3.4.1, MA.E.1.4.1 

25. 50 

26. See student page. 

CHAPTER REVIEW 603 
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chaprer 4G 

Standardized Test Practice 

Answer Sheet An answer sheet 

can be found at fl.gpescience.com. 

Standardized Test Practice Answer Sheet 

02000 @008 Co 

7 Oe 

ic" Gridded Response ~~) 

a 

~~ Multiple Choice 

D 4.C 

D bac 

C 6. D WN =— 

~~ Gridded Response 

7. 125 

8. 35.5 amu 

chapter a9 | Standardized T 

oice ultiple 

1. Which group of elements on the periodic 

table do not combine readily with other 

elements? 

A. Group | 

B. Group 2 

C. Group 17 

D. Group 18 

Use the illustration below to answer question 2. 

2. Which of the regions shown on the peri- 
odic table contains mostly elements that are 

gases at room temperature? 

A. region | 

B. region 2 

C. region 3 

D . region 4 

| _Test-Taking Tip _| Tip 

Have Breakfast The morning of the test, eat a healthy 

breakfast with a balanced amount of protein and 

carbohydrates, 

a 

604 STANDARDIZED TEST PRACTICE 

Record your answers on the answer sheet provided by your teacher or on a sheet of paper. 

The assessed Florida Benchmark appears above the question. 

3. Which scientist proposed the idea that 

atoms make up all substances? 

A. Aristotle 

B. Dalton 

Cc. Democritus 

D. Galileo 

Use the table below to answer question 4. 

Elarant Electrons ina Flectronsin 

Neutral Atom | Outer Energy Level 

Carbon 6 i 

Oxygen 8 | 6 

Neon 10 8 

Sodium | 11 : 

Chlorine | 17 7 

4. Which element would you expect to be 

located in Group 1 of the periodic table? 

A. oxygen 

B. neon 

C. sodium 

D. chlorine 

5. The element nickel has five naturally 

occurring isotopes. Which of the following 

describes the relationship of these isotopes? 

A. same mass, same atomic number 

B. same mass, different atomic number 

C. different mass, same atomic number 

D . different mass, different atomic number 

604 CHAPTER 19 Properties of Atoms and the Periodic Table 



Standardized 

Test Practice _| SSP rer a 
Standardized Test Practice 

e 

6. Atoms of different elements are different INQUIRE xten ae Rubrics 
because they have different numbers of === a stideed For more help evaluating 

what type of particle? Use the illustration below to answer questions 11 and 12. Short- and Extended-Response 
ron questions, see the rubrics on 

A. electrons 
pag 

. photons 

Electron 

B 

C. protons 

D cloud - neutrons 

--/ @L Lo i$ 
SCA.2.4.5 

7. According to the periodic table, an atom Nucleus 

of lead has an atomic number of 82. How 

many neutrons does lead-207 have? 

8. About three out of four chlorine atoms 

are chlorine-35, and about one out of four 

is chlorine-37. What is the average atomic 

mass of chlorine? 

11. The illustration above shows the 

currently accepted model of atomic 

structure. Describe this model. 

READ 
EXPLAIN ort Response 12. Compare and contrast the model shown 

above with Bohr’s model of an atom. 
Use the illustration below to answer question 9. 

SC.A.1.4.1 

in 13. How can you use the periodic table to 
ee _ y 

Na| E CI ] determine the average number of 
e 

ee neutrons an element has, even though 

the number of neutrons is not listed? 

9. The electron dot diagram above shows ; Te ; 

how a sodium atom, Na, combines with a 14. Describe how Dalton’s modernization of 
> 4 5) 

chlorine atom, Cl, to form sodium chlo- the ancient Greeks’ ideas of elements, 

ride. What do the + and the — symbols | atoms, and compounds provided a basis 

indicate in the diagram? for understanding chemical reactions. 

Give an example. 

10. Why isn’t the mass of the electron 

included in the mass of an atom on the 

periodic table? 

« 

Standardized Test Practice fl.gpescience.com STANDARDIZED TEST PRACTICE 605 

‘Short Response — ~ Extended Response 

9. The + indicates that the sodium 11. A cloud of negatively-charged elec- Both models agree that the nucleus 

atom loses an electron, and the trons moves in an area around the contains positively-charged protons 

indicates the chlorine atom gains an nucleus of the atom. and neutrons with no charge. 

electron when the ionic bond forms. — 12. Bohr hypothesized that electrons 13. You can determine the average 

10. You can determine the average travel in fixed orbits around the number of neutrons by subtracting 

number of neutrons by subtracting atom’s nucleus. In the electron the atomic number from the aver- 

the atomic number from the aver- cloud model of an atom, the elec- age atomic mass. 

age atomic mass. trons do not follow fixed orbits. 

STANDARDIZED TEST PRACTICE 605 



Section/Objectives 

Chapter Opener 

Chapter, yy : wOrganizer, 
SEA NRIOL DOT 

Standards 

National 

See pp. 16T-17T fora 

Key to Standards. 

| 

State/Local 

Labs/Features 

Launch Lab: Earth Materials at 

Home and School, p. 607 

Foldables, p.607 

Section 1 Minerals 

CP 1 block 

1. Describe characteristics of all minerals. 

2. Indentify common minerals using physical 
properties. 

3. Compare and contrast some conditions of 

mineral formation. 

@ 2 sessions 

National Content 

Standards: 

UCP.1-3, UCP.5, 

AW A2. B.2;Dsl), 

D27G7,G3hS 

Florida 

Benchmarks 

SC.A.1.4.2, SC.A.1.4.4, 

SCAT4S: SGAZAZ 

SGH2.42:SCH34:1 

S@rS4ES 

MiniLAB: Identifying Salt’s Crystal 

System, p.612 

Integrate Chemistry, p. 613 

Science Online, p. 614 
Integrate Language Arts, p.615 

Lab: Be a Mineral Detective, p.616 

(Video Lab 

Section 2 Igneous Rocks 

@ 1 session 

4. Describe the types of materials present in most 

rocks. 
5. Explain how and where igneous rocks form. 

6. Classify igneous rocks. 

5 block 

National Content 

Standards: 

UCP.1-3, UCP.5, 

AeA 2 Dele: 

Section 3 Sedimentary Rocks 

@  2sessions CP i block 

7. Explain how and where sedimentary rocks form. 

8. Discuss how sedimentary rocks are used to 

interpret Earth’s history. 

9. Describe how sedimentary rocks are classified. 

National Content 

Standards: 

UCP.1-3, UCP.5, 

AAA Dal De: 

Florida 

Benchmarks 

SGAMNA3 

Applying Math: Extrusive Igneous 

Rock Classification, p.621 

Science Online, p.622 

Integrate Chemistry, p.627 

MiniLAB: Modeling Evaporites 

p. 628 

Section 4 Metamorphic Rocks 

@ 2sessions CP i block 
10. Identify physical conditions that cause 

metamorphism. 

11. Explain where metamorphism occurs. 

12. Classify metamorphic rocks. 
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National Content 

Standards: 

UCP.1-3, UCP5, 

Nilo / Nv Dil), [D2 

Florida 

Benchmarks 

SC.A.1.4.3, SC.A.1.4.4 

SC Bu? SE re4s 

SGH242 SGrS 4a 

SGH346 

Science Online, p. 632 

Visualizing Shock 

Metamorphic Rock, p. 633 

Lab: Identifying Rocks, pp. 636-637 

Science and Society: Earth 
Materials at Work, p. 638 



Launch Lab: various 

movable items in the 

classroom, sheets of paper, 
ruler 

ies 
————= J /HENINOTKS 2 Yea 

Lab Materials Reproducible Resources 

Chapter Fasr Fire Resources 

Foldables Worksheet, p. 19 

Directed Reading Overview, 

pez 

Note-taking Worksheets, 

pp. 37-39 

ENCOg 
v NA 

MiniLAB: salt, dark surface, 
magnifying lens 

Lab: mineral supplies, 

penny, unglazed porcelian 

tile, Mohs hardness scale, 

nail, glass plate, Reference 

Handbook “Minerals” 

Chapter Fasr Fite Resources 

Transparency Activity, pp. 48, 

53-54 

MiniLAB, p. 3 

Enrichment, p. 34 

Reinforcement, p. 29 

Directed Reading, p. 22 

Lab Worksheets, pp. 5-6 

Need Materials> 
Ontact Scien ce K; 

a 1-800-828-7975 “Sclencekit.com 

MiniLAB: sauce pan with 

lid, tap water, salt, spoon, 
hotplate, thermal mitts, 

saucers (2) 

Portfolio 

Assessment, p.615 

Performance 

MiniLab, p.612 

Applying Math, p.615 

Content 

Section Review, p.615 

Glencoe Exclusive! 

cher Works = 
Aljl-In-One Planner and Resource Center 

Technology 

JeacherWorks includes: 

* Interactive Teacher Edition 

* Lesson Planner with calendar 

* Access to all program 

blacklines 

* Correlations to standards 

* Web links 

Section Focus Transparency 

Teaching Transparency 

Interactive Chalkboard 

CD-ROM 

®) StudentWorks Plus 

TD Video Lab 

wm 
& Oo 

Chapter Fasr Fie Resources 

Transparency Activity, p.49 

Enrichment, p. 34 

Reinforcement, p. 30 

Directed Reading, p. 22 

Performance 

Applying Math, p.621 

Applying Math, p. 623 

Content 

Section Review, p. 623 

=e eee 
Chapter Fasr Fite Resources 

Transparency Activity, p. 50 

MiniLAB, p. 4 

Lab Activity, pp. 15-17 

Enrichment, p. 35 

Reinforcement, p. 31 

Directed Reading, p. 23 

Performance 

MiniLab, p.628 

Applying Math, p. 629 

Content 

Section Review, p. 629 

& Section Focus Transparency 

®) |nteractive Chalkboard 

CD-ROM 

®) StudentWorks Plus 

® Section Focus Transparency 
®) Interactive Chalkboard 

CD-ROM 

©) StudentWorks Plus 

Lab: rock samples, nail, 

pre-1986 penny, magnifying 

lens, particle size chart, 

dilute HCI, paper, towels, 

glass plate, unglazed 

porcelain tile, Reference 

Handbook “Rocks” 

ENC 

ASSESSMENT 
x & Ov eat? 

Chapter Fasr Fite Resources 
Chapter Review, pp. 41-42 

Chapter Tests, pp. 43-46 

Standardized Test Practice, pp. 84-87 

—<—<$<= 

Chapter Fasr Fire Resources 

Transparency Activity, p. 51 

Lab Activity, pp. 11-13 

Enrichment, p. 36 

Reinforcement, p. 32 

Directed Reading, p. 23-24 

Assessment Transparency 

Activity, p.55 

Lab Worksheets, pp. 7-8 

Performance 

Applying Math, p. 635 

Content 

Section Review, p.635 

End of Chapter Assessment 

& Section Focus Transparency 

®) Interactive Chalkboard 

CD-ROM 

€) StudentWorks Plus 

{OD MindJogger Videoquiz 
© ExamView® Pro Testmaker 

@ TeacherWorks CD-ROM 

D Interactive Chalkboard CD-ROM 

Performance Assessment in the Science 

Classroom (PASC) 

CHAPTER 20 Chapter Organizer 606B 



Eeesas A Sea of Diamonds 
Transparency: 

ver the past 100 ill 

This is a representation of key blackline 

masters available in the Teacher Classroom 

Resources. See Resource Manager boxes 

within the chapter for additional information. 

Key to Teaching Strategies 

The following designations will help you 
decide which activities are appropriate 
for your students. 

4] Level 1 activities should be 

appropriate for students with 

learning difficulties. 

Level 2 activities should be within 

the ability range of all students. 

Level 3 activities are designed for 

above-average students. 

G® ELL activities should be within 
the ability range of English 
Language Learners. 

COOP LEARN Cooperative Learning 
activities are designed 

for small group work. 

Multiple Learning Styles logos, 

as described on page 12T, are 

used throughout to indicate 

strategies that address different 

learning styles. 

P| These strategies represent student 
products that can be placed into 

a best-work portfolio. 

PBL Problem-Based Learning activities 
apply real-world situations to 

learning. 

606C CHAPTER 20 Earth Materials 

Assessment 

B Earth Materials 

Directions 

 Yrictinic 
J Tetragonal 

4 Amon 
A 

ture 

\\.AB' Be a Mineral Detective 

Lab Preview 
Directions 

Materials 

Procedure 

Essie) Marvelous Marble 

Directions: 

acacia: atl neat 
Mohs | ; Seale | Hardness “taraess of Common Object | 

i (sottest) | 
fingernail (2.5) | 

piece of copper (25 103.0) | 

iron nail (4.5) | 

glass (5.5) 

Stee! file (6.5) 

streak plate (7.0) 

(hardest) 

Hands-On Activities 

Strategy 

Materials 
heer of 

Hands-On Activities 



Resource Manager 

Directions: Complere the concept map using the ter listed below 
Directhons: Ue the following terms to compete the paragraphs that Follow, Write the corre fms in the 
spaces provided. 

‘onding tothe Mineral Informa ASolution 
Mony rocks, ‘sedimentary metamorphic quartz granite Inatitute, every American bors ill ne 

nonsiliate streak hardness magma physical properties ait lid formed! pine land 
eke Reciiiaieropial epson tdanveaa aie soul other» —they reall necessary for b ai habitable once again for humans and 

Droilies and environments, Where w animals. In Southern Ilia, an ab 
ninerals crvst crystalline silicates 

Without salt fa fa 
The outermost layer of arth, th Ml surfince The Problem restored into grazing land fo 

material and extends tens of kilometers beneath the continents, [tis made up of Althonu woh as deo lk, ana antelope. Land 
many 2 which are naturally occurring, inorganic, soll these mine a anon a ee 

Feats of mining on the Land m unl syuirel cae 
clements or compounds that have a 3 stirvcture: Each mineral fesanuves the aren wiki are the local sr are prey for larger aniouals. they Mining caniot hely but disturt the enviton 

Th 
tnakes the soil subjert 

haracteristic set of 4 aniemals to an moval nes from a mining ares 
color Some minerals break (0 create a smooth, fat surface, Those minerals have the rosion Animals hase 

Meeting Individual Needs Meeting Individual Needs Meeting Individual Needs 
property of 5. Others break unevenly, with rough edges; these ae Agee. would present a problems, creative measure Unsightly sigs and sous are sasosiatel with wt nat treater Se 
minerals have the property of 6 Scientists can test another ‘mining Mines are AMimitet numnber being used to reduce the flow uf 

after « rantall or lirnit the amount of ¢ of years the mineral suyply sn physical property, 7, by seuing how easily the mineral bs atlicient for the needs of the mining OF oil nat covered with gras scratched, They can also observe a myineral’s external shape to determine Wt What tuppenc to absndonsal ine 
a Another observable physical 
characteristic of minerals js 9 » the mineral’s ability to reflect 1, Select three of the minerals shown in the diagrarn that are considered necessary for lif 

h Fexplain how each of your choices contributes to your ie 
an examete cf which a eure light. If scientists ant (6 test the color of a mineral in powdered forny, they ean 

b perform a 10. test by rubbing the mineral on a white 
porcelain tile 11 molten rock material that contains pare and contrast the benefits anil disadvantages nf mining. List (wo benefits and two 
minerals, is found inside Earth, When the temperature of this material drops below disadvantages on the lines provides! below 
the ure of a mineral, 12, of that lidification tempera r of Mininy Disadvantages of Mi 
particular mineral may form and grow, About 3,800 minerals have been identified 
in nature. One mineral group, the 13, has the highest volume 

within Earth's crust. Miner: sin this group are shaped ay tetrahe 
fs £3, Predict the fature of mining and m practices Keep in mind the seed foe minerals in 

drons, geometric objects formed by the be ding icon and axygen. Carbonates, 
& oxides, halides, sulfides, sulfates, and native metals are 

groups. These groups pravide p valuable ore minerals and building materials 

eS Earth Materials 

section © Minerals CCE Minerals 

Directhons: Fill she missing Jerers on the following stutement 

1. A substance is « mineral wheq it isa 6 What You'll Learn @ Before You Read 

papa casmasean st Think about the foods you eat. How would you describe the 
Gy nines 6p differences between two of your favorite foods! List thre« 

fhyalpropertie ways the two foods are different 

The two physical properties describing the way minerals break are 
= SSS ee 

Directions: March the category of mineral in Colin Lveith Wie wse of the rnineral in Column Th 
Weite the letter of the correct teem tthe Blank acihe left as @ Read to Learn 
Column Column I Authentic Questions 4 Common Elements 

you read this section. write down Meeting Individual Needs 

What is Included in Earth's crust? 
The crust is the outermost layer of Earth. The crust 

7. oxide 4. nutrient und seasoning 

arbosate & cement includes all of the surface material, both under the ocean and 
under the land. The crust extends down tens of kilometer 

the italicize ferm makes cach statement trie or false. If the beneath the continents. The crust is much thinner where it 
he Blak If the statement is false, write in the blank the term nakes up the ocean bottom and material below. 

What chemicals are most common? 
9. A quineral that has only a single direction of cherrage t Most of the substances in Earth's crust are made of just 
i few elements. In the Jements outweigh all other 

10, A mineral that scratel but dors not scratch topae has i neinaaes 
a hardness of 6.5. Revise estio, Students aren't required to @ Think It Over 
memorize Mobs hardne pes al Rs 

1 The two type off luster are metallic and sranspurent tout 
12 Minerals form from water solations arid molten compound yan 
13, Feldspar ig considered 9 he o silicate Why do you think trydroqen 

Miserals 20-2 CHAPTER 20 (nth Materials 

ute \ ate 

cheats oe Chapter Earth Materials Earth Materials 
DIRECTIONS Review 

Part A. Vocabulary Review 1, Testing Concepts 
Directions: inthe space at tle left, write the term from the word list that best completes each statement Directions: in the blank at the e/L write the leer af the ferm or phrase that completes eoch statement or 
Use exch term once onswers each question, 

yiains ore oF th Ahan does sapphire deavage acute es ea 10 ture 
ae Wevige perso kes “ see b, magn ‘© blo vuotum dk olaminun, 
trusive ——extrusive dasts porosity follated rock eyde 4 mineral reflect Hight & known as 

be laste © Wandin 4. cleavag 
cr ovioverale reflect light like the shiny chron stomobi 

ake earremely long periods of th allie bright di reflect 
athering ie wu eat ib perform white porcelain tile 

Mie ort MST_AOOOTA: Mis See a. Taster beh ‘dh, steoak 
egy: ation # lt fran the fact that len 

[ealgrnter 4, gant # A inineral crystal grows a are addled 10 its surface, edges. o¢ commer 
= alittle il a. atom b molecule © particle A clone 

roca : ‘1 snyporsed primacy af th 
‘aida tie Which of the following is nota part of the misture thar normally forms rock 

Jypeous rosks form from maymaibelow Uarth’s sucta a. inineral bb, rok fragments & volcanic glas hromium 
mngansition and texture al a cate hire iL foe Which rocks are rich (n quarte and contain alkali feklspar 

fo rock mile it a. rite by, basal © tiagma 4, jgneon ee and arranyemment of mT ; es ise 

ed with af ond 1 [new ont mt a diarite B, perldotite € ollvene pyroxene 
Bee eet ated Urano way lobed You can compare th ‘of different materials by applyty, seratel: test penny but nt with a ghane pate. meng Ikened tn . pare th D mn Hecauve rock bas w lini abilty transfer hea i act 
unknerwn mineral is ment like ray 11 parallel planes i pork define 4 single airextion of ents by aivinsulaine Gu volcanic glass dh a rhyolite 

f. gypsum an example nf a mineral hat exhibit These are large, alreamfined Hobs of lava efectel from volcan 
a lap b. waleunic bavmbie «clase AL ash block E calcite i b 

h Directions: Lxplain the dilference berveen the fers in each pal, Write your answer on the les provided. ae 

19, gronite/tevcalt a, cobbil hb. pebl esl a. deve 

Assessment 

J. apatite 
Which of the following clasts takes the most enengy to mow 

Phyileal Sclance with Earth Scene! 
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Science Content Backgroun 
Minerals 

Common Elements 
An important idea is that all mat- 
ter, not just minerals, is made up of 

very ee of the known elements. Most minerals 
are composed of only eight elements; expand 
the list of elements to 15 and you'll cover 
Earth's atmosphere, oceans, and living things. 
These 15 elements are common, simple, and 
have an atomic mass of less than 30. 

Most rock forming minerals are more com- 
plex variations of a simple form. For example, 
the many types of silicates are composed of the 
simple silicon-oxygen tetrahedron. The addi- 
tion of small amounts of an impurity changes 
these structures and creates a new set of physi- 
cal properties. 

Tait Igneous Rocks 

2 ' Crystalization Temperature 
Magma can be thought of as a 
solution controlled by tempera- 

ture. At a given temperature a mineral might 
exist as a solid or liquid. Magmas can be thought 
of as an element or an ionic soup. As the soup 

Internet Resources 

For additional content background, visit 

fl.gpescience.com to: 

e access your book online 

e find references to related articles in popular 

science magazines 

access Web links with related content background 

access Current events with science journal topics 

606E CHAPTER 20 Earth Materials 

cools, ions will slow down and begin to form 

mineral crystals. Bowen's Reaction Series 
explains which minerals form first. The soup 
now has chunks of minerals. These chunks have 
a melting temperature that is higher than the 
temperature of the magma and will not melt as 
the magma continues to cool. Should tempera- 
tures rise, the minerals will melt in the reverse 

order from which they crystallized. 
Magma rich in low-mass elements will pro- 

duce minerals such as quartz or potassium 
feldspar, and will be low in density. Such low- 
density magmas produce continental crustal 
rocks such as granite. This density difference 
accounts for Earth's less-dense crust and denser 
mantle. The mantle is composed of minerals 
with higher densities such as olivine and 
pyroxene. 

If magma cools rapidly, elements have less 
time to form large crystals. Crystal size, or 
texture, provides information on the rate of for- 
mation. The first rocks to be formed from a 
magma can be determined by their composition. 
These two factors—texture and composition— 
are key to classifying and interpreting igneous 
rocks. 

Print Resources 

Physical Geology, Fifth Edition, by Charles C. 
Plummer and David McGeary, Wm. C. Brown 
Publishers, 1991 

Petrology, by Loren A. Raymond, Wm. C. Brown 
Publishers, 1995 

Manual of Mineralogy, Twenty-First Edition, by 
Cornelis Klein and Cornelius S. Hurlbut, Jr., John 
Wiley & Sons, Inc., 1993 



Sedimentary Rocks 
Texture and Composition 
Clues 
The classification of sedimentary 

rock is based mainly on texture, followed by com- 
position. ‘Textural factors in detrital sedimentary 
rocks are particle size, shape, and sorting (range of 
size variation). These factors provide clues to the 
energy level and possible changes of the transport- 
ing medium. 

Generally, large-sized clasts equate to high 
energy—mountain streams or beaches with heavy 
surf. Smaller sizes equate to low energy—swamps, 
lake bottoms, or deltas. 

Shape factors give clues to the distance of 
transport. Angular clasts indicate near source 
locations. Well-rounded clasts indicate long dis- 
tances of transport or longer periods of residence 
in an abrasive environment. 

Size variation or sorting indicates variability of 
energy. Well-sorted clasts, all roughly the same 
size, indicate a consistent energy level. Beach sand 
tends to be well-sorted because wave action win- 
nows away fine clasts and abrades and reduces 
larger clasts. 

Composition depends on the nature of the par- 
ent rock. Rocks from the eastern United States 
yield a light-colored, quartz-rich sand like that of 
the Florida beaches. The basalt of Hawaii produces 
black sand. Poor sorting usually indicates a con- 
stant supply of new clasts or an extreme variability 
in energy levels. Chemical and organic sedimen- 
tary rocks tend to be composed of one mineral. 

PTteit-a Metamorphic Rocks and 

' the Rock Cycle 

Degree of Metamorphism 
Texture and composition are 

used equally when classifying metamorphic 
rock. Metamorphic rocks are first sorted by 
degree of foliation. Generally, as the degree of 
metamorphism increases, the rock will display 
a more-pronounced foliation pattern and will 
contain more mica minerals. Non-foliated meta- 
morphic rocks tend to exhibit increased growth in 
erain size. The grains are often similar in size and 
composition. ‘Io avoid confusion in identifying 
igneous and metamorphic rocks, recall that 
igneous rocks have a broader range of grain 
sizes and mineral composition. 

Teacher to Teacher 
Nancy Bridge 

Olympia High School 

Orlando, Florida 

For a hands-on experience with the rock cycle, | give each lab 

group four different colored crayons and a pencil sharpener. 

Students sharpen the crayons and collect the shavings on a 

piece of tag-board paper. This is the sediment step. Have 

students fold the tag board over, place it on the floor, and 

step on it. This is the sedimentary step. You still can see the 

individual colors and shapes but they cling together. Students 

bring the tag-board pockets to the teacher. The teacher 

places a warm iron (heat and pressure) on top of the 

tag-board pocket, which slightly melts the crayons together 

and makes a harder rock sample—the metamorphic step. 

We place a sample form the metamorphic step on a piece of 

foil, put it on a hot plate, and completely melt it. You no 

longer can distinguish any colors but it has changed into a 

new color—the igneous step. 

Nancy Bridge 

CHAPTER 20 Helping You Prepare 

Helping You Prepare 

606F 



Chapter Vocabulary 
mineral, p. 609 

cleavage, p. 610 
fracture, p. 610 
hardness, p. 611 
streak, p. 611 
magma, p. 613 

rock, p. 617 
texture, p.617 

intrusive igneous rock, p. 617 
extrusive igneous rock, p. 620 

Clast, p. 024 
porosity, p. 625 

cementation, p. 625 
foliated, p. 631 

rock cycle, p. 634 

Science Journal Student 
answers will vary. If students 
continue to trace the origins of 

materials, they will discover that 

all of the materials we use even- 
tually come from Earth. 

INTERACTIVE 
CHALKBOARD § 

with Image Bank 

PowerPoint” Presentations 

This CD-ROM is an editable 
Microsoft® PowerPoint® 
presentation that includes: 

a pre-made presentation for | 
every chapter 
interactive graphics 
animations 

audio clips 
image bank 
all new section and chapter 

questions 

Standardized ‘Test Practice 
transparencies 

Foldables directions 
links to fl.gpescience.com 

Ne 
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chapter | 

EN Mountain of Oxygen 
We often think of oxygen as being in the air 

we breathe, but we also walk on it everyday. 

By weight, almost half of Earth’s crust is “ 

oxygen. Imagine half the weight of this Ss. 

mountain being made of oxygen! 

Science Journal — Inyour Science Journal, list ten of 
Ce 

the most important materials you can think of and where you 

think they come from. 

Law of Conservation of Mass ‘This law states that 
mass can be neither created nor destroyed during 

Gem of the Rockies Glacier-studded mountains 

tower above Maligne Lake, in Jasper National 

Park, Canada. These mountains are made of sed- 

imentary rocks and a metamorphic rock called 

quartzite. Common minerals include silica, 

feldspar, mica, and olivine. Glaciers scour valley 
floors and grind rocks into rock flour. In the lake, 

this suspended material distorts light into emer- 
alds and blues. 

chemical changes. In the rock cycle, minerals are 

being transformed by physical and chemical 

processes into different rock types, without the 
loss of the starting mass. 



FOLDABLES 
Study Organizer 

Textures Make the following 

Foldable to help you organize the 

types of textures in igneous, sedi- 

mentary, and metamorphic rocks. 

| STEP 1 | Fold a sheet of paper in half length- 

wise. Make the back edge about 

2 inches longer than the front edge. 

S)i3J74) Turn the paper so the fold is on the 

bottom. Then fold it into thirds. 

ia 
Unfold and cut only the top layer 

along both folds to make three tabs. 

i327 Label the Foldable as shown 

Co) Cone <> 
Co) Cone <> 

Making a Concept Map As you read the chapter, 

write about and illustrate the texture types shown 

by each group of rocks represented in your con- 

cept map. 

Preview this chapter's content 

@niline and activities at 

RS Sa OES NSS LST HCA ONE gC REAR ROG EN 

Purpose Use the Launch Lab to 

introduce students to the idea that 
most of the manufactured objects 
we use today require raw materi- 
als from Earth. Kinesthetic 

Preparation Prepare a collection 
of different objects to show the 

class or compile a list of common 
items for the class to consider. 

Materials Suggested objects: 
paper clip, beverage can, plastic 
pen cap, piece of ceramic tile, 
piece of glass, cotton cloth, straw 
basket, leather item, wood item 

Teaching Strategies 

¢ Show the class an item and 

allow students to record their 

responses. 

* Give students an object and 
have them explain their deci- 
sions to the class. 

Think Critically 
Possible answer: Students should speak 

of using alternative materials, such as 

using plastics instead of metals. 

Assessment 
Oral Have students formulate a 

list of Earth materials that we 

use today, but may run out of in 

the future. Have them include 

steps that could be taken to 
avoid this problem. 

Dinah Zike 
Study Fold 

Student preparation materials for 

this Foldable are available in the 

Chapter Fasr Fite Resources. 

FOLDABLES 
Study Organizer 
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ct Motivate 

An editable Microsoft® 

PowerPoint® 

tion is available on Interactive 

Chalkboard CD-ROM. 

presenta- 

Bellringer 

Section Focus Transparencies 

also are available on the 

Interactive Chalkboard CD-ROM. 

[L2] > 

ast 100 million years, up to 1,400 meters have eroded from 
rip to 

. How are diamonds formed? 

2. Why are diamonds so valuable? 

3. How do diamonds fit the definition of a mineral? 

Reading Preview 

Tie to Prior Knowledge 

Compounds Have students recall 
that compounds are composed 
of two or more different ele- 
ments. Minerals are compounds 
found naturally on Earth. 

Vocabulary Chart Have stu- 

dents develop a chart containing 
the new vocabulary words. 
Most of the terms are properties 
of minerals. Have students fill 
out the chart as they read, 
explaining the characteristics 
represented by each term. 

608 CHAPTER 20 Earth Materials 

What You'll Learn 

@ Describe characteristics of all 

minerals. 

Identify common minerals using 

physical properties. 
= Compare and contrast some con- 

ditions of mineral formation. 

608 CHAPTER 20 Earth Materials 

“Also C covers SC.A.1.4.4, SC.A.1.4.5, SC. 4242, SC. H. 3.4. 1, ‘SC. H 3.4. 15 

| Minerals 

(Reading Guide 
Why It’s Important New Vocabulary 

Minerals are a source of raw materials @ mineral 

used to support civilization. @ cleavage 

e fracture 

© Review Vocabulary @ hardness 

ionic bond: attraction formed @ streak 
@ magma between oppositely charged ions 

in an ionic compound 

Common Elements 
You're familiar with the periodic table of elements. Of the first 92 

elements, 90 are found in Earth, and of these, only a small number 

combine to make up most of the common minerals in Earth’s crust. 

Table 1 lists these important elements. Most of the chemical formu- 

las of common minerals contain some of these elements. 

Composition of Earth’s Crust The crust is the outermost 
layer of Earth. It includes all continental material and the mate- 

rial that forms the ocean bottom. The crust extends down tens 

of kilometers beneath the continents, but it is much thinner 

where it makes up the ocean bottom and material below, as 

shown in Figure 1. 

Table 1 Major Elements in Earth's Crust 

Element = Percent(bymass) Element Percent (by mass) 

Oxygen 46.6% Sodium 2.8% 

Silicon 27.7% Potassium 2.6% 

Aluminum 8.1% Magnesium 2.1% 

lron 5.0% All others 1.5% 

Calcium 3.6% 

Chapter Fasr Fire Resources 

‘Transparency Activity, pp. +8, 53-54 

Note-taking Worksheets, pp. 37-39 

MiniLAB, p. 3 

Enrichment, p. 33 

Reinforcement, p. 29 

Section 1 Resource Manager 

Directed Reading for Content Mastery, p. 22 

Lab Worksheets, pp. 5-6 

Home and Community Involvement, p. 39 

Life Science Critical Thinking/Problem Solving, p. 16 
Cultural Diversity, pp. 37-38 

Lab Management and Safety, p. 56 



you are given lots of common types of blocks from which you 
can make thousands of forms. But, you are given only a few of pay 

common blocks. Elements and minerals in Earth’s crust are alot Teacher Gi 7s 
like the block set. For example, most minerals of the crust, : | panes Diatobr onds a 

dant oxygen and silicon. | stones. There isa diamond cartel, 
| “which means that a few produc 

What’s a mineral? = 

for. 

Remember that atoms of different elements can bond chem- 

ically to form compounds. A mineral is a naturally occurring 

element or compound that is inorganic, solid, and has a 

crystalline structure. In addition, minerals have predictable 

chemical compositions that are indicated as single elements or 

chemical formulas. For example, the native element gold is a 

mineral with chemical formula Au. Similarly, the compound 

fluorite is a mineral that contains Ca and F in a 1:2 ratio, result- 
ing in chemical formula CaF,,. 

Ss ee ee 
the special blocks. The bulk of the forms you build consist of the : 

whether beneath the land surface or ocean water, contain abun- en viewed as the ae pee 

in the world strictly control th 

a 

Physical Properties 
A mineral has a characteristic set of physical properties, but 

some of these properties can differ from sample to sample. For 

example, some minerals come in several different colors. This 

color variation may be due to chemical impurities in the min- 

eral. This is true for the gem varieties of the mineral corundum, 

Al,O,. Ruby is red corundum, and sapphire is blue corundum. 

Ruby contains more of the element chromium, which substi- 

tutes for Al in the crystalline structure. You should take care 

when observing mineral properties, particularly when studying 

their colors. 

Continental crust 

\ Oceanic crust 

Figure 1 The crust anda thin 

layer of the upper mantle make up 

the lithosphere, which means rock 

sphere. The lithosphere floats on a 

dense, plasticlike layer called the 

asthenosphere. 

Asthenosphere 

SECTION1 Minerals 609 

Differentiated Instruction | Curriculum Connection 

English-Language Learners Have students create a Geography Have students prepare a world map 

dual-language glossary for common rock and showing the distribution of metal (iron, copper, 

mineral names. Having hand specimens er aluminum, gold, silver) or valuable mineral 

to illustrate the glossary could be helpful. (emerald, ruby, diamond) production. Discuss 

Visual-Spatial whether the countries where these are found are 

enjoying economic growth because of this. 

SECTION 1 Minerals 609 



Make A Model 

Construct a model of the atomic 

arrangement of a common min- 

eral, such as sodium chloride 

(NaCl) or calcium carbonate 

(CaCO). [L2] GD Visual- 
Spatial, Kinesthetic 

Activity 
Special Properties of Minerals Dis- 
cuss with students that some 
minerals have distinct properties 
that help in their identification. 
Provide small groups with sam- 
ples of halite, calcite, magnetite, 

specular hematite, and spha- 
lerite. In addition, provide them 

with dilute HCI, a small magnet 
and a streak plate. If possible, 
demonstrate the effect that fluo- 
pescemps light alas 1onmcaleite. 
Encourage students to discover 
the special properties that each 
of these minerals has. Halite tastes 
salty, calcite fizzes with HCI, magnetite is 
magnetic, specular hematite is silver but 

shows a reddish-brown streak, and spha- 

lerite is brown but steaks pale yellow and 
the streak smells like sulphur. Calcite 

appears orange under fluorescent light. 

'% Reading Check 

Answer Quartz fractures, but does not 

cleave. 

Cleavage v. Crystals Students may 

confuse a crystal face for a 
cleavage plane. Explain, using 
a quartz crystal as a guide, that 
crystal faces are not cleavage 
features. 

610 CHAPTER 20 Earth Materials 

One direction 

of cleavage 

Mica 

Atom Arrangement Some physical properties are controlled 

by the orderly arrangement of atoms in a mineral’s structure. 

This orderly pattern is what makes a mineral crystalline. The 

arrangement of atoms and the bonds between them can reflect 

the way a mineral breaks, how hard it is, and what type of crys- 

tal shape it has. 

Figure 2 Because mica has one 
direction of cleavage, it can be 

separated in layers. 

How Minerals Break When minerals break along planes 
that cut across relatively weak chemical bonds, a smooth, flat 

surface is created. The ability of a mineral to do this is the phys- 

ical property called cleavage. All parallel cleavage planes define 

a single direction of cleavage. The mica family of minerals 

exhibits only one direction of cleavage, as shown in Figure 2. 

Other minerals may show two or more different directions of 

cleavage, as in Figure 3. If this happens, those different planar 

directions have to meet each other at an angle. 

Some minerals do not split along well-defined flat surfaces. In 

such cases, a mineral will break unevenly. This type of irregular 

break is called fracture. Quartz is an example of a common min- 

eral that does not cleave, but exhibits fracture. This physical prop- 

erty is a key aspect in distinguishing quartz from other minerals. 

Aker what distinguishes quartz from other minerals? 

Figure 3 Feldspar is an example 

of a mineral with two planes of 

cleavage. 

Cleavage direction 1 

Cleavage direction 2 

610 CHAPTER 20 Earth Materials 

Visual Learning 

Cleavage Cleavage doesn't have to display 
entire planar surfaces. Imagine the corner of | 

__a box projecting above a surface. You can see _ 
4 three cleavage faces; top, end, and side. It is y 
_ hot necessary to see the opposite planar sur- 
bes of these to infer their presence. rig 
Meee is x eee oer 

Po. rr 

3 2 Teacher 
Figure 2 Observe the mica in the photo. What : 
can you say about the chemical bonds that form 
this mineral? Because the mineral splits into sheets, you 
can say that the bonds are weak. [L2] [AY Visual-Spatial 



Hardness Bonds connecting atoms in 
materials often have different strengths. 
When you scratch a mineral with another 

material you will be breaking bonds and 

leaving a scratch. The physical property that 

measures resistance to scratching is called 

hardness. You can compare the hardness of 

different materials by applying scratch tests 

and using Mohs Scale, as shown in Table 2. 

When a hardness test is performed by rub- 

bing two objects together, the softer of the 
two will wear away. 

Today, you might be using a pencil that takes advantage of the 

softness of a mineral. The graphite in the core of some pencils 

has one plane of cleavage and very weak bonds. The weak bonds 

make the lead soft. As you write with the pencil, thin plates of 

graphite are left on your paper and the pencil becomes dull. 

1. Talc 

4. Fluorite 

Luster and Streak The way a mineral reflects light is the 
physical property known as luster. Two main types of luster, 

metallic and nonmetallic, help subdivide minerals and often 

give a clue about their compositions. Just as you might guess, 

metallic luster minerals reflect light in a way that a metal surface 

might, such as the shiny chrome on a car or bicycle. Nonmetallic 

luster, shown in Figure 4, includes descriptions of all other 

types, such as those minerals that shine like glass or appear 

earthy or waxy. 

The color of a mineral in powdered form is called streak. 

The streak of a mineral may be the same color as the mineral 

specimen, but when a mineral shows different colors or types of 

luster, the streak powder color generally stays the same, which 

helps identify the mineral. A streak test is performed by rubbing 

a mineral on a white porcelain tile. 

Table 2 Mohs Scale of Hardness 

2. Gypsum (fingernail 2.2) 

3. Calcite (copper penny 3.2) 

5. Apatite (glass plate 5.5) 

6. Feldspar 

7. Quartz (streak plate 7.0) 

8. Topaz 

9. Corundum 

10. Diamond 

Figure 4 The mineral on the 
left produces a glassy luster; the 

mineral on the right produces a 

metallic luster. 
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Visual Learning 

Figure 4. What color streak would the two minerals 

shown here produce? Streak testing is generally 
useful only for metallic minerals. Can you explain 
why this is so? The streak produced by non-metallic miner- 

als is usually white, while metallic minerals produce streaks that 

range from black to grey to even reddish-brown. A colored 

streak provides more information about a particular mineral 

than a white streak does. 

Quick Demo 
’ Testing for Hardness 

Materials penny, steel nail, wire 

nail, glass plate. 

Estimated Time 20 minutes 

Procedure Demonstrate the tech- 
nique for determining hardness. 

¢ The test is for resistance to 
scratching. 

¢ The pressure used is similar to 
that for writing. 

¢ Show testing in several direc- 
tions on the same surface of the 
specimen. Often, specimens 
contain more than one mineral. 
Be sure to test different surfaces 
of the same mineral. 

¢ Caution students to always hold 
either the sample or the testing 
materials on the table. They 
should always place the glass 
plate on the table, never in their 

hands. [.2] GB Visual-Spatial 

Discussion 

What makes diamonds, sapphires, 
and rubies so valuable? There are 

two possible answers. Rarity for 
those minerals that have extreme value; 
supply and demand for all the others. 

Quartz sand has little value because it is so 
abundant; extremely pure quartz, which is 

rare, has a higher value because of its use 
in making computer chips. 

Activity 
Before having a formal lab expe- 
rience with minerals, have 

students sort the minerals they 
will use in the lab into groups of 
their choice. Have them explain 
their sorting criteria. Students will 
most likely use color. Use several colors of 
quartz as an example to explain the 

problem of using color alone. 
G® jf} Visual-Spatial 
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Purpose Students will learn and 

identify the shape of salt (NaCl) 
crystals. [2] GD Visual- 
Spatial 

Materials table salt, magnifying 
glass 

Analysis 

1. sketches of cubes 
2. Cubes may stick together to form 

rectangles. 

3. cubic; The length of all of the sides 
of the smallest particle are equal. 

Assessment 

Content Have students imagine 
the placement of the sodium 
and chlorine atoms to form a 
cube and to form a repeated 
structure of cubes. 

Reading Strategy 

Summarize Have students com- 
pose a summary paragraph 
in which they describe how 
scientists identify minerals by 
their properties. Remind students 
to explain each mineral property 
by using the mineral charts they 
created earlier. 

Teacher (SZ) 
Common Minerals and Crystal 

can be difficult to visualize. 
Sometimes the crystal takes the 
form of the system. For example, 
halite and calcite belong to 

_the cubic and triclinic systems, 
respectively. A well-formed 

quartz crystal has six sides and 
belongs to the hexagonal system. 
Biotite, which occurs in sheets, 
belongs to the monoclinic 
system. Remember that identifi- 
cation of minerals seldom is 

_ based on identifying its crystal 
system. 
he SNe? 
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ystems ‘The six crystal systems 

Identifying Salt’s 

Crystal System 

Procedure Ta) 
1. Sprinkle a small quantity 

of salt onto a dark 

surface. 

. Using a magnifying lens, 

observe the individual 

grains of salt. 

Analysis 
1. Make a sketch showing the 

shapes of several salt 

grains. 

. Why are some of the 
grains more elongated 

than others? 

. To which crystal system 

does salt belong? Support 

your answer with 

details from 

the text. 

Figure 6 Hydrothermal minerals 

form on the rims of hot springs. 

Cubic system Hexagonal system [Tetragonal system 
Vz 
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Figure 5 Minerals can be classified using six basic crystal forms. 

Crystal Shape The orderly internal arrangement of atoms in 
a mineral often is indicated by its external crystal shape. In fact, 

some minerals take on a geometric shape that is a larger version 

of their internal atomic arrangement. Even though many unique 

shapes are exhibited by mineral crystals in nature, each can be 

sorted into one of the six crystal systems, as shown in Figure 5. 

The types of symmetry shown by the crystal are key elements in 

determining the crystal system to which a mineral belongs. 

Mineral Formation 
A mineral crystal grows as atoms are added to its surfaces, 

edges, or corners. The types of atoms that are added depend on 

what atoms are available in the growing crystal’s surroundings. 

Growth also is controlled by how fast atoms can migrate to the 

crystal and by the temperature and pressure conditions of the 

surroundings. Some ways that minerals form include precipita- 

tion from hot, water-rich fluids, solidification from molten rock 

material, and evaporation of water rich in dissolved salts at low 

temperatures near Earth’s surface. 

Minerals from Hot Water Some minerals are produced 
from hot-water solutions rich in dissolved mineral matter. You 

know that sugar dissolves fastest in hot water. As hot water cools, 

its atoms slow down and atoms of dissolved material are able to 

form chemical bonds. Minerals often form around the edges of 

hot springs, as shown in Figure 6. When hot water passes 

through cracks in cooler rock, minerals may form within the 

cracks. The cracks become lined and filled with mineral matter. 

Sometimes, veins or halos of concentrated minerals like gold, 
silver, or copper are produced in fractures. 

Differentiated Instruction 

Learning Disabled Some students may have a dif- 
ficult time envisioning dissolved minerals in 

solution. Demonstrate the concept of evapora- 

tion and precipitation with a simple activity 
using salt and warm water. Have students dis- 

solve 2—3 teaspoons of salt in 200 mL of warm 
water and stir until dissolved. Explain that the 

mineral halite (salt) is now in solution. Pour the 
water into a shallow Petri dish and allow it to 
evaporate overnight. Explain that the water 
evaporated into the air (became water vapor) 
and the substance that remains on the dish is 
halite. It precipitated from the solution as the 
water evaporated. 



Minerals from Magma Molten rock material found inside 
Earth is called magma. As magma cools, atoms slow down and 
begin to arrange into an orderly structure. When the tempera- 
ture of magma drops well below the solidification temperature 
of a mineral, crystals of that particular mineral may form 
and grow. 

v Reading (42 How do minerals form in magma? 

Minerals from Evaporation Minerals also form from water 

at Earth’s surface. When water slowly evaporates, concentrated 

dissolved mineral material may be left behind to form crystals. 

Si-O Bond The silicon- 

base unit for the silicates 

in the nonliving world. 

Carbon chains are funda- 

mental units for living 

things. Research carbon 

chains and compare and 

contrast them with the 

Si-O tetrahedrons. 

You might have seen films of material left behind in a pan that 
once was filled with water. Crusty material is left on the surface 

of the pan after the water evaporates. 

Mineral Groups 
About 3,800 minerals have been identified in nature. Some 

minerals are so common that they are called rock-forming min- 

erals. Recall that few elements are needed to make up almost the 

entire crust of Earth. Similarly, a 

few important mineral groups 

make up most of Earth’s crust. 

Silicates The atomic arrange- 

ment and composition of miner- 

als allow them to be sorted into 

groups. Among these, the most 

important by volume of Earth’s 

crust are the silicate groups. 

Most minerals contain silica. 

Silica is a common term for a 

compound that contains silicon 

plus oxygen or silicon dioxide 

(SiO,). The mineral quartz is 

pure silica that has crystallized. 

In silicate minerals, the elements 

silicon and oxygen bond 

together to form a geometric 

structure called a tetrahedron, as 

shown in Table 3. Other metal 

atoms can attach to the oxygen 
atoms. Most silicate minerals 

contain silicon, oxygen, and one 

or more other elements. 

G 

Mineral 

Olivine 

Pyroxene group 

(Augite) 

Amphibole group 

(Hornblende) 

Biotite 

Micas 

Muscovite 

Potassium 

feldspar 
Feldspars 

Plagioclase 

Table 3 Silicate Minerals 

Photos 

Ss 

Single chains 

Double chains 

networks 

Silicate Structure 

Single tetrahedron 

Three-dimensional 

oxygen tetrahedron is the 
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Fun Fact 
Silica, which is pure quartz, has a wide variety of 

uses. It is used to make glass, added to tir 

extend their life, added to highway aspha 
harden it, used in crystal as the time keeping ele- 
ment in watches, and is the foundation material in 

making computer chips. 

es to 

It to 

Answer When magma is cooled well 
below the solidification temperature of 

the minerals, atoms arrange themselves 
into orderly groups and solids form. 

Si-O Bond Compare and contrast 
carbon chains with Si-O tetra- 

hedrons. Both carbon and silicon are 
in Group 14 of the periodic table. Both 
elements form chains. However, carbon 
forms covalent bonds with many 
elements and often produces flexible 
molecular structures. In the Si-O tetra- 
hedron, the bond between silicon and 
oxygen is an ionic bond, which often 
produces a rigid structure. 

Mineral Precipitation Students 
may think that mineral matter 
gets sprayed or spread on the 
surface as hot water sprays or 
flows from a spring. The 
process is more complex. 
Minerals such as calcium and 
bicarbonate are dissolved in the | 
hot water. Below the surface, 

the water is under pressure, 
which keeps the minerals in 
solution. At the surface, pres- 
sure is less. Carbon dioxide, 

which under pressure is dis- 
solved in the water, escapes as a 

gas. This leaves the carbonate to _ 
combine with calcium, forming 

calcium carbonate as a precipi- 
tate. The chemical equation is 

as follows: 
Ca’* + 2HCO3-_ > CO) (gas) 
CaCQOze 4b ® 
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Using Science Words 
Word Meaning Introduce the word 

phyllo to the students. It means 

“leaf” in Greek. Phyllo dough is 
thin, sheet-like dough used to 

make a variety of pastries and 
foods. Challenge the students to 
determine which type of silicate 
the mineral mica is and explain 
why it is classified as such. Mica is a 

phyllosicate. These are made of sheets of 
silica tetrahedra that are weakly joined 
together. Mica occurs as sheets that are 

easily peeled apart. Thus, it is just like 
phyllo dough. 

Answer oxides 

Mineral Search 

Question How many things in 
your home are made from 
important silicate and non-sili- 
cate minerals? 

Possible Materials items found at 
home, textbook 

Estimated Time 30 minutes 

Teaching Strategies 

¢ Have students use their text- 

book and other sources to 

research and prepare a list of 
silicate minerals and non-silicate 

minerals that are commonly 
used for household items. 

¢ Explain that quartz, a silicate, 

is used in glass, watches, clocks, 

computers, televisions, and elec- 

tronic games. Talc, a silicate, is 

used in talcum powder, paint, 

ceramics, paper, and rubber. 
¢ Important non-silicates include 
fluorite (toothpaste), calcite 

(cement and antacids), graphite 

(pencil lead), gypsum (drywall), 

and halite (table salt). Other 

non-silicates include some 

gemstones and metals such as 
iron (used in steel), copper, zinc, 

aluminum, tin, gold, and silver. 

For additional inquiry activities, see 
Science Inquiry Lab Manual. 
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Sciences INC 
Topic: Economic Minerals 

Visit fl.gpescience.com for Web 

links to information about uses for 

minerals. 

Activity Make a table for at least 

ten minerals. Your table headings 

should include Common Minerals, 

Occurrences, and Uses or Products. 

Figure 7 Calcite, shown above, is a common 

mineral found in limestone. Hematite, below, is 

an ore used to produce iron and steel. 

Silicate Structures You probably have watched buildings go 

up in your neighborhood. All the buildings are put together 

using similar construction materials. What really makes them 

different is how these materials are put together. Silicate mineral 

groups are similar. Silicates all contain silicon-oxygen tetrahe- 

drons that are linked together in different ways. 

The simplest silicate structures have silicon-oxygen tetra- 

hedrons that are not linked together. By joining silicon-oxygen 

tetrahedrons together, chains, sheets, and three-dimensional 

framework structures can form, as shown in Table 3. Keep 

in mind that each group of silicates has a different structure, 

but most contain the silicon-oxygen tetrahedron as a basic 

structural unit. 

Minerals of the Crust Several important silicate groups 
form most of Earth’s crust. Quartz and some feldspar group 

minerals, shown in Table 3, are relatively low in density and 

form at relatively low temperatures compared to other silicate 

minerals. Together, quartz and feldspar group silicates make up 

most of Earth’s continental crust. 
In contrast, Earth’s oceanic crust is denser 

and contains a larger percentage of silicates 

whose tetrahedrons are not linked together as 

much. For example, chain silicates such as the 

pyroxene group, and single tetrahedron silicates 

of the olivine group, along with plagioclase 

feldspars, make up the majority of crust beneath 

the oceans. 

Important Non-silicates Many important 
mineral groups are not silicates. These include 

the carbonates, oxides, halides, sulfides, sulfates, 

and native metals. The non-silicate groups are a 

source of many valuable ore minerals and build- 

ing materials. To be an ore, a mineral must occur 

in large enough quantities to be economically 

recoverable. One example of an important ore 

of iron is the mineral hematite, an iron oxide. 

Aluminum comes in part from bauxite, a 

mixture of aluminum oxides. People eat salt 

processed from the halide mineral halite, and use 

calcite (a carbonate) to make cement. Common 

non-silicate minerals are shown in Figure 7. 

To which mineral group does 
hematite belong? 

Fun Fact Enrique Camarena Salazar was an American 

drug enforcement agent who was murdered and 

found buried on a ranch in Mexico. Forensic evidence 

and careful examination of the dirt found on his body 

determined that he had been killed somewhere else 

and had been moved to the ranch later. 

Post Reading 

Extended Research Have students research a 
mineral using library resources. Ask them to 
develop a report in which they discuss mineral 
extraction, uses, and properties. For example, a 
student may choose to study quartz, which is used 
in glass manufacturing and as a part of computers. 



Mineral Uses 
For centuries, humans have relied on minerals for their 

everyday needs, for example, humans have always needed salt. 
Civilizations have advanced themselves through the use of their 
mineral wealth. Think of the exploration and conflicts that took 
place over gold. Europeans spent vast sums of money and risked 
many lives to search for gold. 

People use minerals either directly as objects of wealth, or as 

raw materials to make things. Those regions fortunate enough 

to have large quantities of hematite, iron ore, advanced rapidly. 

Think of all of the things made from iron and steel. Without 

iron there would be no machinery as we know it today for man- 
ufacturing goods. 

INTEGRATE ; 
i Language Arts 

Salt Mining Because of 

its use as a preservative 

for food in ancient times, 

salt was a valuable 

resource. Salt has been 

collected by evaporating 

seawater and by mining 

deposits from below 

Earth's surface. Research 

the word salary in terms 

of its connection with 

salt. 

Not all minerals need to provide metals to be valuable. Non- 

metallic minerals are valuable as well. For example, quartz is 

used to make glass and glass fibers. Glass fiber is used to make 
fiber optical cables. Most sands and gravels are largely quartz. 

When mixed with cement (calcite), quartz is used to make con- 

crete. Think of all the things that are made of concrete. 

-—~section, 4 | 

Summary 

Common Elements 

®@ Few elements form the bulk of materials in 

Earth’s crust. 

Mineral Properties 

@ A mineral is an inorganic solid with a 

predictable chemical composition. 

@ All minerals occur in nature and have orderly 

internal atomic arrangements. 

@ Physical properties of minerals may reflect 

their chemical composition and orderly 

atomic arrangement. 

Mineral Formation and Mineral Groups 

@ Minerals crystallize mainly from fluids and 

molten rock material, as atoms come together 

to form crystalline structures. 

@ Minerals can be sorted into two broad 

categories: silicates and non-silicates. 

Mineral Uses 

® Civilization depends on minerals for a wide 

range of uses, from direct wealth to making 

products. 

More Section Review fl.gpescience.com 

revVIieLl 

Self Check 

. Determine whether diamonds produced in laboratories 

are considered to be minerals. 

. Describe two ways that minerals form. 

. Compare and contrast mineral cleavage and mineral 

fracture. 

. Explain why it is useful to test more than one physical 

property when attempting to identify a mineral. 

. Think Critically What does the fact that mower blades 

become dull tell you about the hardness of the blades? 

Applying Math — 
. Calculate Area Imagine you have a halite cube that 

measures 3 cm on each edge. What is the total surface 

area of the cube? 

. Calculate Area Imagine cleaving the halite cube in 

question 6 exactly in half, perpendicular to one of its 

faces. What is the total surface area now? 

. Analyzing Variables What is the relationship 

between particle size and surface area for a given vol- 

ume of material? 
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[) Visual-Spatial 

f OF WEE REE, CE ULE EGY EPR FAI 7 EE 

secrion W review 

1. Synthetic diamonds are not minerals. 4. For any given property there willbe =, 54 cm? 

because they do not occur naturally. 
2. cooling of magma; precipitation 

from a solution; material left after 

many minerals (there are many 7. 72cm? 
white minerals); however, for a set of 
properties the choices become fewer. cle sizes decrease. 

evaporation 5. Grass contains silica, which has a 

3. fracture leaves uneven surfaces; 
cleavage leaves smooth, parallel 

planar surfaces 

hardness of 5.5. But the hardness of me | MA.B.1.4.1 

iron is 4.5, thus allowing the blades 

to wear down. 

8. Surface area increases as the parti- 

“INTEGRATE 
‘Darigiage vrs 

Salt Mining Because of its use as a 
food preservative, in ancient 
times salt was more valuable than 

gold. Through the ages salt has 
been collected by evaporating 
seawater or briny river water or 
through mining. 
Research Have students research 

the origin of the word salary. Salary 
comes from Latin salarium, meaning 

“pension of salt,” which comes from sal 
which means “salt.” GH 

-Y INTERVENTION 

Check for Understanding 
Linguistic Have students write a 
short, detailed description of the 
process used to identify a mineral. 

Reteach 
Identification Display a variety of 
mineral samples. Call on stu- 
dents to choose one and, using 
correct terms and materials, 
identify the sample. [1] GD 

tw fA... kk 
%, Assessment 

Portfolio A murder has occurred 

and the body is found in the 

woods. Have students create a 

poster describing the kinds of 
mineral evidence a _ crime 

sceneinvestigator might collect 
and how that evidence might be 

used. Use PASC, pail). LP | 
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Video Lab available for this lab. 

© Real-World 
Problem 

Purpose Students will 
experience in observation, classifi- 

cation, and use of a classification 

key. 

Process Skills observe, evaluate, 

interpret data, record, collect data 

gain 

Time Required ‘Two 40-minute 
sessions 

Safety Precautions 

Pennies and steel nails are suffi- 
cient to establish hardness; glass 
plates can be omitted. 

Place glass plates flat on surface 
and hold mineral sample in 
your hand. 

Dispose of broken glass plates in 
proper containers. 

© Procedure 

Teaching Strategies Remind 
students to be open-minded in 
observations. 

Troubleshooting If specimens 
are in short supply, give each 
group only two specimens at a 
time and rotate the specimens 
from group to group. 

© Conclude and 

Apply 
1. Some minerals have no outstanding 

properties. 

2. Some minerals have outstanding and 

unique properties, such as mica with 

one plane of cleavage, galena with a 
high specific gravity, or halite with 
cubic cleavage. 

3. Answers will vary. Students may list 

hardness, cleavage, fracture, and lus- 
ter. 

4. Answers will vary but may include 
color and luster. 
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Detectives must gather facts and physical evi- 

ao dence to deduce the events that took place dur- 

ing a crime. Much like detectives, geologists 

gather physical evidence to better understand 

materials from each other? 

_ Ee 

| AF? 

Goals 
@ Observe and record physical properties of 

minerals. 

m™ Determine mineral names using your 

observations and identification keys. 

Materials 
mineral samples penny 

unglazed porcelain tile nail 

Mohs hardness scale glass plate 

Reference Handbook, “Minerals” 

1. Set up a data table on your paper. Label the 

columns using, at least: Mineral Number, 

Color, Hardness, Streak, Cleavage, Fracture, 

Other Observations (like smell, feel, or heft), 

and Mineral Name. 

2. Obtain numbered mineral specimens from 

your teacher. Observe each mineral and 

accurately record the data based on your 

a tests for physical properties. Be descriptive 

and broad in your observations. 

616 CHAPTER 20 Earth Materials 

Earth processes. First, minerals are identified, and 

then their histories sometimes can be interpreted. 

© Real-World Problem —— 
How is it possible to distinguish similar-looking 

© Procedure 

Hints: When determining hardness, test several 

different spots on the sample. Remember the 

hardness of your fingernail is a little more than 

2; penny, a bit more than 3; steel nail, 5—6; 

glass, about 5—5.5. Minerals can have both 

cleavage and fracture at the same time. 

Cleavage is expressed as how many unique 

planar directions are present, and the angles 

formed when more than one direction occurs. 

3. Using the Reference Handbook, “Minerals” 

at the back of your book, attempt to identify 

each unknown mineral. Your teacher may 

tell you when you are incorrect and allow 

you try again. 

© Conclude and Apply —— 
1. Explain why certain minerals seemed to be 

difficult to identify. 

2. Explain why certain minerals seemed to be 

easy to identify. 

3. Determine which physical properties were 

most reliable for identification overall. 

4. Determine which physical properties 

seemed to be least reliable. 

7 oImmmunicating 
meme Your Data 

Compare your results with your 

classmates. Discuss what kind of mineral 

evidence a detective might obtain from a 

crime scene and how it might be used. 

ee, 

Your Data 

Detectives may compare mineral or soil particles found 
on the clothing, shoes, or other objects belonging to 

the accused with corresponding particles from the 
crime scene. 

(6 fa FP 
™ Assessment 

Oral Ask students to select a single identifying 

characteristic for each mineral they worked with. 
This will not be possible for some minerals. 
Reinforce the idea that identification relies on a 
set of characteristics. [L2| 



section 

) 

present in most rocks. 

rocks form. 
m Classify igneous rocks. 

What You'N\ Learn 
m Describe the types of materials 

oo Igneous Rocks 

Reading Guide 

Why it’s Important 

Igneous rocks make up the majority 

of Earth’s crust and mantle and 
= Explain how and where igneous _ contain clues about processes that 

form them. 

® Review Vocabulary 

mixture: combination of two or 

more substances that can be 

physically separated 

What’s a rock? 
A rock is a naturally formed consolidated mixture contain- 

ing minerals, rock fragments, or volcanic glass. Most rocks con- 

tain crystals of minerals that may or may not be well-formed. 

Rocks are identified by their composition and texture. Texture 

| 
New Vocabulary 

@ rock 

e texture 

@ intrusive igneous rock 

@ extrusive igneous rock 

Figure 8 These light-colored 
veins of intrusive igneous rock 

formed when molten rock material 

cut through surrounding rock 

layers. 

is a description that includes the size 

and arrangement of the rock’s compo- 

nents. The rock-making process is a 

continuous cycle. Part of this cycle 

involves rock formed from magma 

inside Earth. 

Ht Saale rials compose rocks? 

Intrusive Igneous Rocks 
Igneous rocks are those that 

form from molten rock material 

called magma. Geologists have termed 

igneous rocks from inside Earth plu- 

tonic, after Pluto, the Greek god of the 

underworld. Such rocks also are called 

intrusive igneous rocks because they 
form within, or push into, regions of 

Earth’s crust, as shown in Figure 8. 

SECTION 2 Igneous Rocks 617 

Chapter Fasr Fite Resources 

Transparency Activity, p. +9 

Enrichment, p. 34 

Reinforcement, p. 30 

Directed Reading, p. 

Physical Science Critical Thinking/Problem Solving, p. 9 

qa Motivate 

An editable Microsoft® 

“ef PowerPoint® presenta- 

tion is available on Interactive 

Chalkboard CD-ROM. 

Bellringer 
. C } 

Section Focus Transparencies 

also are available on the 

Interactive Chalkboard CD-ROM. 

me 

Eesiaesy Earth Power! 

Geothermal power plants are electricity-generating stations. They get 

their energy from hot water circulating deep underground in rocks 

heated by contact with magma. Geothermal plants are often Jocated in 

geologically active locations, such as the Philippines and Indonesia. 
Geothermal power has great potential as an alternative source of 

energy to lessen the world’s dependence on increasingly diminishing 
oil supplies, 

1. How might a geothermal power plant 

underground? 

2. How could magma heat water that comes in contact with it? 

o you think geothermal power could be the answer to the world’s 

nergy needs? Why or why not? 

Reading Preview i 

Tie to Prior Knowledge 

Rocks and Minerals Generally, 
minerals are naturally occur- 

ring mixtures of elements; 

rocks are mixtures of minerals. 

Visualize Have students scan 

the text to find the new vocabu- 

lary words and predict the 
meanings. Ask them to develop a 

mental picture of each term. For 
intrusive igneous rock, students 
might picture Earth with an 
interior made of magma and 

solid rock. 

(% Reading Check 

Answer a mixture of minerals, rock 

fragments, and/or volcanic glass 
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Nature of Magma As it passes through rock, magma 

might cause partial melting of the rock it intrudes. Geologists 

have learned that minerals melt at different temperatures, so 

some will melt when exposed to the thermal energy of the 

magma. This interaction between magma and surrounding 

rock can cause changes in the rock, contamination of the 

magma, or both. 

You're familiar with the freezing of liquid water to form ice at 

0°C on Earth’s surface. Minerals freeze at very high temperatures, 

ranging from several hundred to more than 1,000°C. However, 

magmas generally must be cooled below the solidification tem- 

perature of a mineral in order for it to begin crystallizing. 

Miscon fions 

Magma A common misconcep- 

tion is that magma comes from 

the outer core. Some magma is 

Se aan anlar Intrusive Igneous Rock Composition As crystals solidify 
me aren eee acon: Figure 9 The Bowen’s reaction Sin cooling magma, they use up certain atoms. High-temperature 

Sone RAS ig roa series, shown below, illustrates magmas tend to crystallize olivine and pyroxene group minerals 

Geo ene eo eae the sequence in which minerals : and plagioclase feldspars first. These minerals are dense and 
DSS PUA ata te crystallize from magma at different: tend to settle toward the bottom of the magma chamber. Late- 

Se ee Beg temperatures, : forming, less dense minerals tend to solidify at lower tempera- 
emcee Daa oie Identify two pairs of minerals : tures and float to the top of the magma chamber. These 
and pyroxene. Magma is also that are likely to be found in the cot fj hincare chown kigureo 7 
formed within the crust, same rock. a Seo ca ome 9 , 
particularly at convergent 
plate tectonic boundaries. 
This magma is less dense 
than that formed from the 
asthenosphere. 

Use Science Words 
Students often confuse the word 

freezing with being exclusive to 
the freezing of water at 0°C or 
32° F. Ask what the freezing tem- 

perature of a magma is. 

Stress that freezing is the action of 
going from a liquid to a solid; Hawaiian 
basalt flows freeze at temperatures in 

excess of 1,000 °C. Also stress that freez- 
ing and melting temperatures are the 
same at a given pressure. PELL) 

Linguistic 

Diorite 

ih : 3 a 
“ : 

| 

al 

Potassium feldspar 
+ 

Caption Answer Muscovite mica Granite 
+ 

Figure 9 Responses will vary, but mineral Quartz 

pairs should always be at approximately 
the same temperature level. 
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™ Reading Strategy Visual Learning 
Double-Entry Notes Have students divide a Figure9 Observe that on the continuous series side 
sheet of paper into two columns. In the left 
column, students will take notes from the text. 

of the diagram, the feldspar composition changes 
from sodium-rich at the low-temperature end to 

The right columm is reserved for refléctions calcium-rich at the high-temperature end. Based 
regarding the HOES such as connections to on the minerals present at either end, what can you 
previous content, opinions, or questions. say about the color of sodium-rich and calcium- 

rich feldspar? Sodium-tich feldspar is lighter in color than 
calcium-rich feldspar. Visual-Spatial 
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Figure 10 Intrusive igneous rocks often can 

be distinguished from extrusive igneous rocks 

because of their large grain size. 

The composition of intrusive igneous rocks gives you clues 

as to where in Earth they formed. Igneous rocks with abundant 

quartz generally are associated with continental crust, while 

those with little or no quartz generally are associated with deep 

locations in continental crust or with oceanic crust. The miner- 

als found in the rock depend on what atoms were available in 

the magma. If a particular element is not present in the magma, 

then minerals requiring that element can’t be formed. 

Where might you find iqneous rocks with little 
or no quartz? 

Intrusive. Igneous Rock Texture Recall that texture 
describes the size and arrangement of rock components. In 

intrusive igneous rocks, grain size, which means the size of indi- 

vidual mineral crystals, gives you clues as to how fast magma 

cooled to form it. Magma that cools slowly, over many thou- 

sands or millions of years, allows atoms time to migrate about 

and form large crystals. Large grains are those big enough to see 

with the unaided eye. Such materials are termed coarse-grained, 

like the rock shown in Figure 10. 

Classification of Intrusive Igneous Rocks It is worth- 
while to consider a few igneous rock compositions that 

represent end-members of a large range in possible rock com- 

positions. Rocks that are quartz-rich and contain potassium 

feldspar and plagioclase feldspar are called granite. Rocks with 

no quartz and abundant plagioclase feldspar and pyroxene are 

called gabbro. The low density of granite allows it to be a dom- 

inant rock in continental crust. Coarse-grained diorite is an 

igneous rock between granite and gabbro in composition. 

Peridotite is denser than gabbro, is composed mainly of olivine 

and pyroxene, and is thought to compose the bulk of Earth’s 

uppermost mantle. 
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Differentiated Instruction 

English-Language Learners Have the students 
describe what they see in the Quick Demo and/or 

Activity in their native language and immediately 

translate it to English. 

(%, Reading Check 

Answer deep in continental crust or 
within oceanic crust 

Use an Analogy 
Crystals Forming in Magma At high 
temperatures, the ions in magma 
are far apart and movement from 
one area to another is easy. As 
magma cools, ions move closer to 

each other and eventually bond, 

forming crystals. These ions and 
crystals block the flow of any 
remaining ions. If a group of stu- 
dents represents ions, a single 

class in a gymnasium is free to 
move about. A student represent- 
ing a silicon atom could easily 
migrate to find a student repre- 
senting an oxygen atom. Imagine 
several classes in the gym with 
most of the students holding 
hands to represent chemical 
bonds in crystals. Any remaining 
silicon students will have difficulty 
migrating to find an oxygen ion 
student. TELL) 

Quick Demo 
Igneous Characteristics 

Materials large hand samples of 
common igneous rocks; granite, 

basalt, rhyolite, andesite, obsid- 

ian, and pumice 

Estimated Time 20 minutes 

Procedure Use the samples to 
reinforce the distinction between 

large and small crystal size, dark 

and light color, and vesicular 

and glassy textures. TELL) 

Visual-Spatial 
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Activity 
Natural v. Synthetic Have students 
compare and contrast the crystal- 
lization of synthetic materials like 
metals and glass to the crystal- 
lization of igneous rocks. Students 
should come to the conclusion that syn- 
thetic materials resemble natural glass 
and very fine-grained extrusive igneous 
rocks. This is due to the rapid cooling rates 
of the manufacturing processes. 

Discussion 

Decorative Use of Granite Discuss 
with your students the common 
use of igneous rocks as counter- 
tops and flooring in homes and 
businesses. If possible, bring in 
samples of the types of rocks 
used. Ask students to explain 
why it is incorrect to call all of 
these samples granite. Students 
should now know that there are many 
types of igneous rocks. Even though a 

rock is crystalline, it does not mean that it 
is granite. Dark-colored counters are 
actually forms of diorite or gabbro. 
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Figure 11 This type of lava, 
called pahoehoe, has a smooth, 

ropy surface. 

Extrusive Igneous Rocks 
When magma reaches Earth’s surface, it is called lava. 

Extrusive igneous rocks are those that cool from lava that has 
erupted at Earth’s surface, as shown in Figure 11. These rocks 

may have the same compositions as intrusive igneous rocks, but 

they always will have different textures. Rapid cooling causes 

small, microscopic grains to be present, or no grains at all. 

Volcanic glass represents an extreme in that it cools almost 

instantaneously, or is quenched, in air or water. 

Magma often becomes contaminated with material that is 

melted from surrounding rocks as it passes through them on its 

way to Earth’s surface. The greater the distance the magma trav- 

els, the more likely it will be contaminated. For example, magma 

traveling several kilometers to the surface is more likely to 

change in composition. Magma traveling a much shorter dis- 

tance might remain unchanged. Another factor is the amount of 

time the magma was in contact with the surrounding rock 
material. If the magma is rapidly erupted at Earth’s surface, it is 

less likely to have had enough time to melt the surrounding rock 

material. Composition of the surrounding rock material will 

also affect the extrusive magma. If the surrounding rock mate- 
rial is similar to the magma, contamination is less likely. 
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Extrusive Igneous Rock Composition The compositions 
of extrusive igneous rocks is much like the compositions of their 
intrusive cousins. A magma rich in silica (SiO,) forms granite if 
it cools slowly, and rhyolite if it cools rapidly. Similarly, gabbro’s 
fine-grained volcanic counterpart is basalt, which is a common 
rock in Earth’s oceanic crust. An extrusive rock intermediate in 
the amount of SiO, is andesite, the volcanic equivalent of intru- 
sive diorite. Many intrusive igneous rock compositions have 
extrusive igneous rock equivalents. 

Applying \ieti mm Use Percentages 

EXTRUSIVE IGNEOUS ROCK CLASSIFICATION The amount of silica (SiO,) in an extrusive rock 

formed when magma cools is used as a classification system. Balsatic rock contains 45 

percent to 55 percent SiO,, andesitic rock contains 55 percent to 65 percent SiO,, and 

thyolitic rock contains 65 percent to 75 percent SiO,. A 151-g rock is found to contain 89 g 

of SiO,. Based on the percentage of SiO, in this rock, how would you classify it? 

known values and the unknown value 

Identify the known values: 

151-g rock a 

89 g of SiO, Mtca = 

Identify the unknown value: 

percentage of SiO, percent SiO, = ?% 

| SOLVE | the problem 

Divide the mass of SiO, by the total mass of the rock and multiply by 100%: 

percent SiO, = —Si x 100% = ar X 100% = 59% 
rock 

The rock should be classified as andesitic. 

(dii2@@ your answer 

Does your answer seem reasonable? Check your answer by multiplying the percentage 

you calculated (expressed as a decimal) by the mass of the rock. The answer should be 

the mass of silica given in the problem. 

Practice Problems 

1. What is the greatest mass of SiO, that could be found in a 212-g rhyolitic rock? 

2. A 120-kg balsatic boulder found in Hawaii contains 47 percent SiO,. How many kilograms 

of SiO, are in the boulder? 

For more practice problems, go to page 879 and visit Math Practice at fl.gpescience.com. 
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Quick Demo 

7 Indentifying Igneous Rocks 

Materials igneous rock samples, 
igneous rock identification 
chart showing both diagram- 
matic and percentage of mineral 
composition 

Estimated Time 15 minutes 

Procedure Beginning with gran- 

ite, describe the overall color and 

texture of the sample and then 
show how it fits into the identifi- 

cation chart. Granite is light in color 
and it has large crystals so it is positioned 
at the left end of the chart. Work your 
way through rhyolite, andesite, 

diorite, gabbro, basalt, scoria, and 

obsidian, each time illustrating 

how the overall color, mineral 

composition, and grain size allow 
for its identification. 

Applying : 
Math Standards 

National: 1, 4,9 

Florida: MA.B.1.4.1 

Teaching Strategy 
Have students practice their estimating 
skills as a method of checking their 
answers. In the sample problem, 89 g 
of a 151-g rock is silica. 89 g/151 g is 
approximately 90 g/150 g. 90/150 = 
9/15 = 3/5 = 60%. Since 60% is very 
close to 59%, it appears that the 
problem was calculated properly. 

Answers to 
Practice Problems 

1. 75% x 212. g = 159g 

2. 47% x 120 kg = 56.4 kg 
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~ Fun Fact 
Some names of rocks and minerals 

have something to do with how 

they look or how they formed. 
Obsidian refers to neither. Its name 
comes from the Latin word obsidi- 
anus, which is actually a misprint of 
the Latin word obsianus (lapis). It 
literally means “stone of Obsius”. 

Obsius, as described by Pliny, was a 
Roman man who allegedly found 
this rock in Ethiopia. 

[%, Reading Check 

Answer Cooling starts off slowly, but 
finishes at a faster rate. 

Caption Answer 
Figure 12 Intrusive igneous rocks have 

larger crystals and, because individual 
mineral crystals can be seen, may exhibit 
a variety of colors. Extrusive igneous rocks 

have small crystals and are generally uni- 
form in color. 

Activity 
Pumice Provide students with 

containers of a carbonated bever- 

age and another solution that will 
not fizz. Have students pour each 

solution into a new container and 

observe. They should see gases released 
from the carbonated beverage and no gas 
release from the other solution. The 
frothy head is equivalent to pumice, 

while the liquid below it is a glass. They 
have the same composition but different 
textures. 
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Scienceg|iNe 
Topic: Igneous Rock 

Textures 

Visit fl.gpescience.com for Web 

links to information about igneous 

rock textures. 

Activity Select gabbro and 

granite from plutonic microtex- 

tures. Make a detailed, colored 

sketch of each of the photomicro- 

graphs of these rocks. Label your 

drawings. Repeat the activity by 

selecting nepheline basalt and 

rhyolite from the volcanic micro- 

textures file. 

Figure 12 Igneous rocks often 
are described as being basaltic or 

granitic. Basaltic rocks are dense 

and rich in magnesium and iron, 

but low in silica. Granitic rocks 

usually are less dense and are 

silica-rich, containing higher 

quantities of quartz. 

Compare and contrast the 

textures and colors of extrusive 

igneous rocks and their intrusive 

counterparts. 

622 CHAPTER 20 Earth Materials 

Extrusive Igneous Rock Textures Rock has a limited 

ability to transfer thermal energy and so acts like an insulator, 

allowing magma to cool slowly. Should magma erupt into air or 

water, thermal energy loss is much faster. When magma nears 

the surface it meets up with much cooler surroundings. 

Depending on composition, magmas have temperatures rang- 

ing from about 650°C to 1,200°C. The surface of Earth might be 

35°C on a hot day. 
Recall that rapid cooling results in small crystals or no crys- 

tals at all and slow cooling results in large crystals, as shown in 
Figure 12. If cooling starts off slowly below the surface with 
large crystals, but then finishes at a faster rate to form small or 

no crystals, the extrusive rock is called a porphyry. If you 

observed a volcanic porphyry, you would see larger crystals 

embedded in a mass of small crystals or glass. The term por- 

phyritic is used as an adjective to describe this texture. You might 

then have a porphyritic rhyolite or porphyritic basalt. 

—: What conditions cause a porphyritic texture 
Y Reading Check 

to form? 

Granitic Basaltic 

Intrusive 

So age Ne ee 
BSP te MS. 

Granite 

Extrusive 

Rhyolite Basalt 

Science Journal SCICHCG JOU) 2 See 
Crystal Size and Igneous Intrusions A well-known 
igneous intrusion occurs in the Bighorn Mountains 

of Wyoming. It is called the Leopard Lode. It’s 

central part consists of large, well-formed 
feldspar crystals that appear to be floating 
in a fine-grained, greenish-black background 
(ground-mass). The margins or sides of the 

rock. Have students write a history of the 
Leopard Lode to explain the difference in grain 
sizes and why they occur where they do. Acceptall 
reasonable explanations. The central portion is a porphyry— 
the groundmass is basalt. The sides are called a chill margin. As 
the intruding magma came in contact with the cold surround- 
ing rock, it cooled quickly forming a fine-grained rock. 

intrusion consist of a fine-grained reddish/black 



Volcanic eruptions can result in many different extrusive 
rock textures and forms as shown in Figure 13. Lava can be 
ejected into the air as large, streamlined blobs that solidify in 
flight called volcanic bombs, or smaller droplets known as 
lapilli. Solids of varying size from large blocks to ash can be 
expelled from a volcano. 

Teacher 
Not all rocks that appear welded 
and vesicular are pumice. If 
they formed from ash and other 
ejected materials that became 
welded together, they are called 
tuff. 

Effect of Gases Should magma contain dissolved gases, the 
gases expand in response to decreasing pressure at the surface, 
escape, and break apart or disrupt the lava into ash flows. In 
addition, lava that flows across the surface also can have many 
tiny holes, somewhat like Swiss cheese. Such a texture is called 6» Post Reading 
vesicular, and it mainly forms near the top surface of a flow 
where gases escape. The extrusive rock pumice results when the Chart Have students set up a 

chart with the headings Intrusive 

Rocks and Extrusive Rocks. In 
each column, students should list 

Figure 13 Some volcanic bombs develop a streamlined shape when each rock type’s characteristics 
they are hurled rapidly through the air during a volcanic explosion. and properties and include exam- 

ples. For instance, granite is an 

intrusive rock and basalt is an 

holes are left behind. Some pumice has so many gas-bubble 
holes that its density is reduced and it can float in water. 

extrusive rock. 

~sectian 1) Tevieuw 
= Assess 

> Summary Self Check sciiaeiaiiiaicaaiaiis 
What’s a rock? . List the materials that can form a rock. 

AILY INTERVENTION @ Rocks are mixtures of a wide variety of natural . Describe how the texture of a porphyritic andesite 

materials. indicates its cooling history. 

Check for Understanding 
Intrapersonal Display several 
igneous rocks. ‘To confirm an 
understanding of igneous rock 
classification, have students state 

at least two criteria that they can 
use to correctly identify each 
sample. 

@ The composition and texture of a rock indicate . Discuss what happens to the dissolved gases in magma 

how it formed. as the magma ascends toward the surface of Earth. 

. Explain why you would not expect to observe an 

Intrusive Igneous Rocks igneous rock with quartz and olivine in it. 

® Intrusive igneous rocks form from magma . Think Critically Lava flows that are relatively low in 

below Earth’s surface, cool slowly, and are SiOz tend to have low viscosities, or flow easily. Name 

coarse-grained. an igneous rock that you would expect to form from a 

| @ The composition of granite is similar to the low-viscosity lava flow. Explain your answer. 
composition of continental crust as a whole. po 

Applying Math 

Extrusive Igneous Rocks . Calculate Granite Volume Granite occurs in very 
@ Some extrusive igneous rocks form from lava large masses called batholiths. The Sierra Nevada in 

at Earth’s surface, cool rapidly, and are fine- California is a batholith made up of many separate 

grained or glassy. intrusions. Suppose the mountain range averaged 

8.33 km in thickness, extended 700 km north to south, 

and averaged 91.66 km wide. Approximately how 

many cubic kilometers of granite are in that mountain 

range? 

Reteach 

Speed of Crystallization Show 
photos and samples of igneous 
rocks with differing crystal sizes. 
Have students tell the relative 
rate of crystal formation— 
slow, fast, or very fast—and 

whether the sample formed near, 

beneath or above the surface. 

; L2| J) Visual-Spatial 
More Section Review fl.gpescience.com SECTION 2 Igneous Rocks 623 WN 

@ Other extrusive rocks are consolidated solid 

materials expelled from volcanoes. 

® Oceanic crust is composed primarily of the 

extrusive igneous rock basalt. 

LE j (Ww Necaccimnnt Section @em review [™ Assessment 
1. minerals and rock fragments 4. Because olivine crystallizes at high amounts of silica. Because basalt is Oralgetare ehicndenerecrarer 

2. Large crystals indicate that cooling temperatures and quartz crystallizes a volcanic rock, you would find quiz-show style answer for the 

began slowly; the finer-grained at lower temperatures, by the time basaltic lava flows. saan tan sak eae, Caen 

background indicates that cooling quartz crystals form, the olivine is 6. 5.3 * 10°km be ih ek ama RR et Fe. 

sped up. already incorporated into solid rock. ae \ MAB141 Phe ior 4 carmeue the cad sae 

3. Gases expand as they rise, creating It is unlikely that both minerals will chapter. [L2| 
bubbles that burst at the surface, occur in the same rock. 

leaving a vesicular texture. 5. Gabbro and basalt both contain low 
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A Motivate 

Tica! An editable Microsoft® 
CHALKBOARD ae 
ee PowerPoint presenta- 
tion is available on Interactive 

Chalkboard CD-ROM. 

Bellringer 

Section Focus Transparencies 

also are available on the 

Interactive Chalkboard CD-ROM. 

PELL) 

Ss Fossil Fascination 
Transparency | 

Most fossils are actually casts of animals or plants. When an animal 

dies and sinks to the sea floor, the body begins to decay and is buried 

under layers of sediment, such as mud or sand. These layers become 

rock, and the hard parts of the animal are replaced with minerals, such 

as iron pyrites or silicia. These minerals then form the fossil. Usually, 

fossils show the hard parts of the animal or plant such as shell or 

bones. Most fossils are found in sedimentary rocks — rocks that are 

created when shells or small loose bits of rock are laid down in layers. 

Examples of sedimentary rocks are limestone, sandstone, clay, and 
chalk. 

. Why do fossils usually show only the hard parts of animals or 
plants? 

. How can fossils help us learn about the past? 

Where might you go in your area to hunt for fossils? LP 

tes Reading Preview 

Tie to Prior Knowledge 

Surface Igneous Rocks Have stu- 
dents recall that some igneous 

rocks, such as those from lava 

flows, form at the surface where 

they are exposed to wind, rain, 

and ice. L2| 

Frayer Model Have students 

divide a sheet of paper into 
quadrants. Instruct students to 
write a new vocabulary word in 

the center of the page. In the 
upper left, they should write the 

word’s definition. In the upper 
right, they should list character- 
istics associated with the word. 
Have them record examples in 
the lower left and non-examples 
in the lower right. 

624 CHAPTER 20 Earth Materials 

Reading Guide 

What You'll Learn Why It’s Important ® Review Vocabulary 

= Explain how and where sedimen- Knowledge of sedimentary rocks precipitate: an insoluble compound 

tary rocks form. helps you understand where that comes out of solution during a 

Discuss how sedimentary rocks are resources such as fossil fuels and chemical reaction 

used to interpret Earth’s history. groundwater come from. 

Describe how sedimentary rocks 

are classified. 

New Vocabulary 
e clast 

@ porosity 

@ cementation 

Figure 14 Rocks that aretum- Rocks from Surface Materials 
bled more than 3,000 km along : 

the bottom of the Colorado River, 

shown below, can be broken into 

fine particles before they reach the 

Gulf of California. 

Recall that rock is a consolidated mixture of minerals. Some 

of these minerals could be in bits and pieces of other rocks. Such 

small bits and pieces are called clasts. The word clast is from the 

Greek klastos which means “broken.” 

Surface Attack What could reduce 
rocks of the crust to smaller sizes? 

Rocks inside Earth are protected from 

surface conditions. They are squeezed 

and heated and are reasonably stable 

under those physical conditions. In 

contrast, rock exposed at the surface is 

attacked by the weather. This action 

over a long time breaks rocks down 

into smaller-sized pieces and loosens 

them from their original positions. 

Loose chunks of rock, in turn, are 

attacked more easily by water and air, 

and are able to smash into each other. 

It is this slow, but constant smashing, 

grinding, and dissolving of clasts that 

can take place in rivers and streams, 

as shown in Figure 14, and in other 

environments. 

624 CHAPTER 20 Earth Materials 

Chapter Fasr Fixe Resources 

‘Transparency Activity, p. 50 

MiniLAB, p. 4 

Lab Activity, pp. 15-17 

Reinforcement, p. 31 

Directed Reading, p. 23 

Performance Assessment in the Science Classroom, 

pp. 50-51 

Enrichment, p. 35 



Sediment layers above 
Feldspar 

Quartz 

Pore 
space 

After deposition Compaction 

Transportation and Deposition Mechanical weathering 
processes break rocks into smaller clasts, making it possible for 
the clasts to be eroded or removed from their original locations. 
When clasts are transported to new locations, they often become 
rounded before being deposited. 

When clasts are loose on Earth’s surface, they don't fit 
together perfectly. For example, a pile of baseballs will have 
plenty of space between the balls. This empty space is called 
porosity. Now imagine a pile of clasts, some rounded as they 
were transported by a river. Although smaller than the baseballs, 
the pile of clasts also will have some porosity. Sedimentary rock 

starts off with some porosity. When the clasts are clay minerals, 
which are sheet silicates that fit together tightly when com- 
pressed, porosity is minimal. It is in the porosity that water, oil, 
and natural gas are stored within Earth. 

Buried Clasts Eventually, clasts can become consolidated 
into sedimentary rock. The making of clasts by weathering is a 

surface process, while the making of sedimentary rock occurs 

below the surface. What processes below the surface could hold 

clasts together tightly enough to make a rock? 

When buried by more sediment deposited above them, clasts 
can be smashed together with such great force that they become 

compressed and stick together. The force is pressure created by 

gravity pulling down on all the material that overlies the clasts. 

Pressure increases the deeper in Earth that the clasts are, increas- 

ing the chance that the clasts will stick together. This process is 

called compaction. 

Ar ee What force causes compaction? 

Water moving between clasts carries dissolved minerals that 

can act as cement. Common minerals that are cement materials 

include quartz, calcite, hematite, and clay minerals. Under the 

right conditions these minerals slowly precipitate out of water 

and begin to fill spaces between clasts. This process is called 

cementation. Most of the time both compaction and cementa- 

tion work together to make sedimentary rock. Figure 15 shows 

how sedimentary rock becomes consolidated. 

Cementation 

Figure 15 Sandstone can form 
when sand grains are deposited, 

compacted, and cemented 

together. 

SECTION 3 Sedimentary Rocks 625 

[% Reading Check 

Answer gravity or compression 

cS) Quick Demo 
<< Modeling Concentration 

Materials clean sand and/or gra- 
vel, clear-plastic cups, petroleum 
jelly, water-based glue. 

Procedure Make a thin solution 
of glue and water. Coat the 
inside of the cup with a thin 
layer of petroleum jelly as a 
release agent. 

Loosely fill the cup with the sand 
and/or gravel mix. Slowly pour 
the glue solution over the sedi- 
ment mix. Set it aside to harden. 
Break away the cup and examine 
your synthetic rock. TELL) 

Visual-Spatial 
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Quick Demo 

Sediment Settling 

Materials Large, clear-plastic jar 
and lid, water, mixture of sand, 

gravel and clay (such as the clay 
on a baseball diamond. 

Detrital Sedimentary Rocks 
Detritus, from the Latin deterere, which means “to lessen or 

wear away, is another name given to clasts. Sedimentary rocks 

that are made mostly of clasts are called detrital sedimentary 

rocks. Clasts can come in many sizes. In order of decreasing size, 

clasts are known as gravel, sand, silt, or clay. Most people use size 

names loosely, but to geologists, each size name has a specific 

meaning, as shown in Figure 16. These size names only tell the 

dimension of a particle, not its composition. 

Estimated Time 10 minutes or 

more 

Procedure Fill the jar until it is 

half full of sediment mix and top 
it off with water. Cap the jar and 
shake vigorously. Set it down 
and allow the sediment to settle. 
The gravel will quickly settle 
out, but the water will remain 

murky for a long time, possibly 
days. In advance, ask what will 
happen; afterward, ask why the 
water remained cloudy. Ask for 
suggestions on how to measure 
the clarity of the water. Very fine 
sediments take a long time to settle and 
the water must be completely still; possi- 
ble suggestions may include shining a 

Detrital Sedimentary Rock Textures If someone asked 
you to define sand, what would you say? Some people might 

think sand is made only of quartz, or the common silica sand 

available in hardware stores. In fact, a sand-sized particle could 

be made of any kind of material. Some kinds of materials, such 

as quartz and feldspar, hold up better against the effects of 

weather than others, such as olivine and pyroxene, and are more 

common in sedimentary rocks. 

Why would anyone care about the exact size of a clast? 

Geologists have found that size works well as a clue to the kind 

of environment in which a rock formed. One clast of gravel is 

large and heavy compared to one clast of sand. It takes more 

force, or energy, to lift or move gravel than it does to lift or move 

sand. The larger particles in a mix of clasts often can’t be lifted 
flashlight through the jar or trying to : by air or water, and instead bounce or scoot along Earth’s sur- 

read or see an image through the jar. : face. If you sampled a muddy river you might be surprised to 

[L2] E> Visual-Spatial : find gravel or sand on the bottom of the river, but a jar of river 
water might contain millions of tiny silt 

and clay particles. When water is calm, 

most clast sizes settle out. As water speeds 

up, the smallest clasts are lifted first, then 

larger clasts. During a flood, when the 

water is moving swiftly, all but the very 

largest particles are moved. The reverse 

happens as the water slows. Largest parti- 

cles settle out first, followed by smaller 

particles. 

Detrital Sedimentary Rocks 

Texture (grain size) 

Gravel 

(Rounded fragments) 

Discussion 
After the Quick Demo, engage 

students in a brainstorm setting 

to formulate a rule about settling 
rates for sediments and a rule for 

the vertical grain size distribu- 

tion in a layer deposited by a 

flood. [2] 

Activity 
Natural or Synthetic Have stu- 
dents compare and contrast a 
piece of broken concrete to a 

Rock Name 

Conglomerate 
Coarse 

(over 2mm) Gravel 

(Angular fragments) 
Breccia 

Sandstone 
(1/16 to 2 mm) | 

(1/16 to 

1/256 mm) 

Siltstone 

Figure 16 Sand is defined by 

size, not by composition. Sand 
specimen of conglomerate. Very fine f 

Conglomerate is likely to have a wider ileseM an Shale pee a aR u 
; P ; 1/256 mm) from rock material: it can be made 

variety of clast sizes and the cementing 
from shells. 

agent will be less well-distributed. [12] 

G® ff} Visual-Spatial 626 CHAPTER 20 Earth Materials 

Differentiated Instruction 

Visually Impaired Sedimentary rocks lend them- 
selves to identification by touch because the rock 

name is determined by clast size. Provide visually 

impaired students with samples of siltstone, sand- 
stone, and conglomerate to handle and compare. 

GD [ff Kinesthetic 

626 CHAPTER 20 Earth Materials 



Detrital Sedimentary Rock Compositions Detrital sedi- 
mentary rock composition depends on sources of rock material 
that were eroded, transported, and eventually deposited. Original 
rock material can be dislodged and carried by streams or water 
currents, blown by the wind, or rafted along by moving ice. The 
clasts can come from all the regions that these carriers moved 
over or through. The number of possible combinations of differ- 
ent kinds of clasts is large. However, the size of clasts is controlled 
by the ability of the carrier to move them. 

Some minerals tend to be more common in detrital sedi- 
ments because they are harder or more resistant to being dis- 
solved. Quartz is such a mineral, which is why you might have 
thought clasts are always made of quartz. Geologists examine 
sedimentary rock compositions and try to reconstruct what hap- 

pened to form them. You can try to reconstruct a sedimentary 

rock’s history by imagining all the places that clasts could have 

come from and how they got there. 

'Y, Reading Chec What factors control the composition of a 
detrital sedimentary rock? 

Detrital Rock Classification Just as igneous rocks are clas- 
sified according to composition and texture, similar observa- 

tions are used to classify detrital sedimentary rocks. Mineral 

composition is extremely variable, so adjectives are used to 

modify the general name of the rock. The general rock name is 

determined by clast size. The names of detrital sedimentary 

rocks are given in Table 4. 

Clast size also provides clues to help determine the deposi- 

tion environment of the sediment that formed the detrital rock. 

Suppose you have a sample of siltstone that contains shells of 

marine animals. You might conclude that the sediments were 

deposited in a shallow, calm 

area along the coast. The calm 

water allows small particles 

like silt to settle out. The 
shells give you a clue that the 

environment was near the 

ocean. Perhaps the sample 

also has fossils in the form of 
marine worm tubes. The fos- Sand 

sils are traces of organisms 

that might have lived in soft 

mud. 

Sedimentary Rocks 

Common Clast Size 

Gravel or larger 

Silt 

Clay 

SECTION 3 Sedimentary Rocks 

Cementation Though sedi- 

mentary rocks may form in 

arid, desert conditions or 

from compaction by gla- 

clers, most sedimentary 

rocks are created from 

being deposited in water. 

Dissolved minerals in the 

water may precipitate onto 

the surfaces of the clastic 

particles and become the 

cement to hold grains of 

sand, silt and clay together. 

The minerals may also pre- 

cipitate to form layered 

rock crystals as well. Make 

a supersaturated solution 

and allow the liquid to 

evaporate. Do the crystals 

form in layers? 

Table 4 Common Clast Sizes Used to Name 

Rock Name 

Conglomerate 

Sandstone 

Siltstone 

Shale 

(i ‘LAB DEMONSTRATION 

(%, Reading Check 

Answer Composition is dependent on 
what is available in the region and 
capable of being picked up by the 
transporting agent. 

~ Fun Fact 
Fun Fact Students might think 

that gold is the most valuable earth 

material. But the total value of all 
building aggregates (such as sand, 

gravel, cement and building stone) 

has a greater value than the 
amount of gold mined in a year. 

Cementation [In a homogenous 
solution, crystals can grow as 
material is added to the surface 
of existing crystals. However, 
imperfections on the crystal’s 
surface can cause reorientation 
of crystal development. Also, 
changes in the composition or 
temperature of the solution can 
produce a layering effect. If 
enough material is available in 
solution, crystal growth can fill 
the space between grains of sed- 
iment and cement the grains 
together. 

Procedure Use the fan to blow the water in Expected Outcome First set of ripples is 

one direction until ripple marks form. asymmetrical; second set is symmetrical. 

Have students describe the ripples. 

Formation of Ripple Marks 

Purpose Demonstrate how ripple marks 

indicate direction of water flow. 
Smooth out the sand. Simulate wave Assessment 

action by moving the spatula back and What environmental conditions form each 

Hg eT Elatainal tole the ae ae oe forth in the water until ripple marks form. type of ripple? asymmetrical—water or wind move 

depth of about 2.5 cm. Cover the sand in one direction; symmetrical-back-and-forth waves 
with about 2.5 cm of water. 

ee EE Se a OER SR 

Materials pan, sand, electrical fan, spatula 

Have students describe the ripples. 
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Purpose Simulate the forma- 
tion of evaporite rocks 

Materials sauce pan, measuring 
spoons, two saucers, thermal 

mitts, stove, water, salt 

Analysis 

1. There will be a white crust in the 

saucer that contained water from 

the pan; the saucer that contained 

water from the lid will contain 

nothing. 
2. The salt in the saucer is a crust of 

cubic crystals. 

Assessment 

Oral What position on the 
saucer had the greatest amount 
of crystal growth? Outer edges 
should have the thickest growth. 

(%, Reading Check 

Answer calcium carbonate; the hard 

parts of marine organisms 

Reading Strategy 

Find Supporting Details Have 

students start with the main 
idea: There are three types of 
sedimentary rocks. Each type origi- 
nates in a particular way. Using 

this idea, students should find 

supporting examples and facts. Ask 
them to compose a paragraph 
incorporating the main idea and 
the supporting details. 

628 CHAPTER 20 Earth Materials 

Modeling Evaporites 

Does PISCE 
. Add to a sauce pan 1 L of 

tap water and 34 g (about 

6 level teaspoons) of salt 

and stir with a spoon. 
. Place a lid on the pan and 

heat it on a hotplate to 

boiling. Droplets of a solu- 

tion should be forming 

underneath the lid. This 

solution will be hot. Use 

thermal mitts to carefully 

remove the lid and drain 

off the liquid from the lid 

into a saucer. Replace 

the lid. 
. Repeat step 2 several times 

until you have several tea- 

spoons worth of liquid from 

the lid. 

. Carefully pour enough of 

the pan’s contents to half- 

fill a second saucer. Label 

each saucer to identify 

which water came from the 

lid and which came from 

the pan. 

. Allow both saucers to sit 

undisturbed until all of the 

water evaporates from each. 

Analysis 
1. What do you observe in the 

saucers after all of the 

water has evaporated? 

. Compare and contrast any 

substance you observe with 

some salt grains directly 
from the salt container. 

Use a magnifying lens to 

observe the substance in 
each saucer. 

628 CHAPTER 20 Earth Materials 

Chemical Sedimentary Rocks 
Some sedimentary rocks form through the activity of chem- 

icals dissolved in water. If the water contains more dissolved 

material than it can hold, then some of that dissolved material 

begins to form crystals that settle out of the water. These crystals 

build up to form new rock. There are two ways that this process 

gets started. 

Precipitation If water receives more dissolved materials than it 

can hold in solution, then the excess must precipitate out as 

microscopic crystals. This crystallization of excess dissolved mate- 

rial is called precipitation. In a small percentage of limestones 

called oolites, calcium carbonate precipitates directly from sea 

water around preexisting particles, such as grains of silt or sand. 

Evaporation The other option is for some water to evaporate. 

This leaves an oversupply of dissolved matter and again crystals 

are forced to form. Rock salt and rock gypsum are common 

chemical rocks formed in this way. They are often are called evap- 

orites because evaporation of water initiates their formation. 

Biochemical Sedimentary Rocks 
If sedimentary rocks contain the remains of living organisms 

they are called biochemical sedimentary rocks. Most of Earth’s 

limestone is composed, at least partially, of the remains of 

marine organisms that had hard parts made of calcium carbon- 

ate. The shells of the organisms were cemented together by cal- 
cite mud. If you found a rock composed almost entirely of shells 

and shell fragments, you would have found limestone. Coquina 

is a variety of limestone that is formed mostly from broken shell 
fragments. The shells accumulated on the seafloor and were 

later cemented together with calcium carbonate. Most organ- 

isms whose shells contributed to the limestone-making process 

lived in warm, shallow seas. Animals without shells rarely con- 

tributed enough debris to make rock. More often, their soft 

remains deteriorated or were scavenged before they became part 
of a sedimentary rock. 

What chemical compound is limestone made of 
and where does it come from? 

Another common rock that originates from the remains of 
organisms is coal. The starting material for coal is mostly plant 
matter. Coal is sedimentary rock composed almost entirely of 
the carbon that remains after plant material is compressed 
underground. 



Figure 17 As sediment accumulates above a layer of peat, shown at the 
upper triangle, the peat becomes more compressed. Continual compression 
drives out water and other compounds, leaving behind a form of carbon 
called coal, shown at the lower triangle. 

Coal usually develops from peat, a brown, lightweight 
deposit of moss and other plant matter. Shallow swamps or bogs 
in a temperate or tropical climate are likely environments of 
deposition. Partial decay of the plant matter uses up oxygen in 
the swamp water. This stops further decay and the remaining 
organic matter is preserved. Peat is transformed into coal largely 

Post Reading 

Cooperative Project roe 

groups of three students choose a 
particular sedimentary rock, such 
as conglomerate, to study. Ask 
them to develop a poster that 
describes these aspects of their 

rock: formation, composition, and 

common locations. Students also 
should include a picture of their 
rock type. 

by compaction after it has been buried by sediment. 
Look at Figure 17. Coal goes through a series of changes as 

it forms from peat. Each stage of compaction drives out more 

impurities and leaves behind a more concentrated form of car 

bon. Coal often lies within repeated sequences of sandstone, 

shale, and limestone, which indicate alternating continental and 

marine conditions. This implies a low-lying environment near 

the sea, such as lagoons, large deltas, and swampy coastal plains. 

By studying coal fields, changes in Earth’s climate, geological 

activity, and life forms may be traced and compared. 

3 Assess 

Y INTERVENTION 

Check for Understanding 
Sedimentary Rock Identification 

Display several sedimentary rocks. 
‘To confirm an understanding of 
igneous rock classification, have 
students identify at least two cri- 
teria they can use to correctly 
identify each sample. TELL) 

Visual-Spatial 

Teview 

Self Check 

. Describe the requirements for a material to be classi- 

fied as a sedimentary rock. 

© Section. Fe | 

Summary 

Rocks from Surface Materials 

Reteach 

Remind students that sedimentary 
rocks are formed from sediments 

that have been cemented 

together. Show them a variety 
of sediments (gravel, sand, silt 

or clay, mud) and have students 

predict what type of rock would 
form if the sediments were 

cemented together. TELL) 

® Sedimentary rocks have three main types that 

reflect their origins: Detrital, chemical, and 

biochemical. 

. Compare and contrast the formation of an evaporite 

rock to one of detrital origin. 

. Explain how clast size affects transportation of 

different-sized clasts. Also, explain the order in which 

different-sized clasts are deposited. 

Detrital Sedimentary Rocks 

® Detrital sedimentary rocks can be composed 

of a wide variety of clasts. 
. Think Critically Suppose a stream floods over its banks. | 

If you dug a hole through the layers of sediment 

deposited near the edge of the channel after the water 

receded, what would you likely see? 

Applying Math — 

. Calculating Sedimentation Rate Imagine that thin 

layers of sediment are being added to a lake that is 

10 m deep. Suppose the average yearly influx of sedi- 

ment is 2.5 mm. Abuut how long would it take to fill 

in the lake with sediment? 

® Clasts vary widely in size. 

®@ Many possible combinations of clast composi- 

tion and clast size produce a large number of 

detrital sedimentary rocks. 

Chemical Sedimentary Rocks 

® Chemical sedimentary rocks form as minerals 

precipitate from water rich in dissolved 

mineral matter. 

Biochemical Sedimentary Rocks 

pum Rh. ee 
7, Assessment 

Content Have each student pre- 
pare a quiz-show style answer 
for the category Sedimentary 
Rocks. Critique each answer and 
save the best answers for a a. 

as — ————— at the end of the chapter. 

® Biochemical sedimentary rocks form from the 

remains of organisms. 
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OT ah a al eee cag 

secrion 

4. You would find layers of sediment 
with the largest clast sizes in the bot- 
tom layers and progressively smaller 

clast sizes upward. 
5. assuming no sinking or settling 

occurs on the lake bottom— 
4,000 years 

Be MA.B.1.4.1 

forms when water evaporates leaving 

minerals behind, crystalline texture, 

one mineral, generally one color. 
Large clasts require faster-moving 
water or wind to be lifted and trans- 

ported; they are the first to be 
dropped as the water or wind 

slows down. 

1. compacted and/or cemented mix- 

ture of minerals and/or rock frag- 
ments (or plant matter in coal) 

Both rocks are sedimentary and form 3 

in water environments. Detrital— 

composed of sediment cemented 
together, variety of minerals, individ- 
ual grains can be seen; evaporite— 

= 
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A Motivate 

An editable Microsoft® 

abba recent PowerPoint® presenta- 

tion 1s available on Interactive 

Chalkboard CD-ROM. 

INTERACTIVE | 
CHALIC 

Bellringer 

Section Focus Transparencies 

also are available on the 

Interactive Chalkboard CD-ROM. 

TEL | 

é 4 Easy Marvelous Marble 
Transparency 

Marble is a metamorphic rock that is frequently used in sculpture d 
and architecture because of its beauty. It is finely grained and dense, 

with a nondirectional structure. It is capable of taking a high polish 

and is often irregularly veined and colored by impurities. White marble 

has been quarried in Greece, Italy, Turkey, India, China, and the United 

States. Among the most renowned sources have been the quarries of 

Carrara in the Apuan Alps of Italy. Confusingly, the name “marble” is 
sometimes used to refer to any stone that takes a polish, although such 
stones may also include alabasters, granites, and serpentines, Many of 

the world’s great structures, such as the Lincoln Memorial, are made of 

marble. 

1. Why might marble be veined or colored with impurities? 

2. Name a marble building or structure in or near where you live 
3. What is a common sedimentary rock that is also popular as 

building material? le 

Reading Preview 

Tie to Prior Knowledge 

Metamorphic Rock Rocks that 
form near the surface may 

become buried. Burial increases 

heat and pressure, which meta- 
morphoses the rock. 

Preview Each new vocabulary 
word has a corresponding figure 
in the text. Have students study 
the figure to predict the word's 
meaning. They also might 
sketch their version of the 
figure. As students read the text, 
have them confirm or modify 

their ideas. 
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section  @ 
a 

What \ow\\ Learn 

cause metamorphism. 

Occurs. 

Figure 18 Sharp folds some- 
times display intense transforma- 

tions in metamorphic rocks. 

® identify physical conditions that 

Also covers SC.A.1.4.3, SC.A.1.4.4, SC.H.1.4.1, SC.H.2.4.2, SC.H.3.4.1, SC.H.3.4.6 

Metamorphic Rocks an 
the Rock Cycle 

Why It’s Important 

An awareness of change leads to an 

improved ability to adapt to change. 

m Explain where metamorphism 

@ Classify metamorphic rocks. 

Metamorphic Rocks 

: Reading Guide 

© Review Vocabulary 
chemical reaction: process in which 

one or more substances are changed 

into new substances 

New Vocabulary 

e foliated 

@ rock cycle 

In the last section you learned that sedimentary rocks show 

great variety with many different combinations of composition 

and texture. The same is true for metamorphic rocks. 

Metamorphic rocks, like the one shown in Figure 18, are rocks 

that have been changed by some combination of thermal 

energy, pressure, and chemical activity. As these agents begin to 

act on a preexisting rock, its atoms rearrange 

and sometimes form new minerals. The word 
metamorphic comes from two stems, “meta” 

(to change) and “morph” (form). Any igneous, 

sedimentary, or metamorphic rock is subject 

to change through metamorphism. 

Conditions that form metamorphic rocks 

are somewhere between the sedimentary and 

igneous environments. In other words, consol- 

idation of sediment to form sedimentary rock 

occurs at lower pressures and temperatures 
than typical metamorphic conditions. On the 

other hand, igneous rock formation requires 

rock to melt and solidify. Igneous processes 

operate at higher temperatures than metamor- 
phism which occurs while rock remains solid. 

Chapter Fasr Fite Resources 

Transparency Activity, p. 51 

Lab Activity, pp. 11-13 

Enrichment, p. 36 

Reinforcement, p. 32 

Directed Reading, p. 23-24 

Lab Worksheets, pp. 7-8 

Earth Science Critical Thinking/Problem Solving, p. 4 

Reading and Writing Skills Activities, pp. 21-22 



eeraor pale Rock Composition 
The agents of metamorphism are thermal 
energy, pressure, and chemical activity. 

Water and tea dioxide are common active chemicals that 
exist as a fluid and chemically react with rock. This fluid can 
come from molecular water or carbonate locked in the rock 
itself, or can be introduced from a nearby intrusion of magma. 

VES eS what are three causal agents of metamorphism? 

Changing Minerals Clay minerals, micas, and amphiboles 
are examples of minerals that contain water in their crystal 
structures. Clay minerals tend to form micas with increasing 
metamorphic conditions. If metamorphic conditions of pres- 
sure and temperature continue to increase, the water can be 

driven away completely. Minerals, such as garnet, that contain 
some of the same elements found in clays (aluminum and sili- 

con) can result. In this way, some new minerals form by dehy- 
dration at higher temperature and pressure. 

Environments of Metamorphism So, what’s causing these 
changes? Deep burial or regional movements of large parts of 

Earth’s crust and uppermost mantle are possible causes. These 

large-scale changes, called regional metamorphism, produce 

huge areas of changed rock. Another smaller-scale cause is 

local contact of any preexisting rock with magma. This is 

called contact metamorphism. You produce contact metamor- 
phism when you place food in a hot pan coated with oil and it 

quickly begins to burn. One important difference is that in 

cooking, chemical reactions take place rapidly, 

while metamorphic changes occur over thousands 

or millions of years. 

Metamorphic Rock Textures 
Metamorphic processes create many rock tex- 

tures, but a few general types can help you under- 

stand the processes that formed them. Foliated 

textures in metamorphic rocks have lots of layers or 

bands. Nonfoliated metamorphic textures include 

rocks whose grains are in more random orienta- 

tions. Some nonfoliated textures resemble igneous 

rock textures, in which grains are locked tightly 

together. Figure 19 shows examples of these 

textures. 

Figure 19 Folio means “leaf.” 
Foliated texture has the appear- 

ance of layered leaves or pages of 

a book. The texture of the first 

metamorphic rock shown below is 

foliated; the second is nonfoliated. 
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Visual Learning Differentiated Instruction 

(%, Reading Check 

Answer thermal energy, pressure, 
chemical activity 

ee Content 

” Background 

Water is the most important 
fluid involved in metamorphism. 
Water is thought to affect meta- 
morphic chemical reactions by 
dissolving mineral ions and 
carrying them to other locations 

where they react with other 
mineral ions. Ask students where 
they think the water might come 
from in metamorphic rock. Some 
water is subducted along with sediment 
at convergent plate boundaries. Water 

also might come from the molecular 
structure of some minerals or magma. 

Discussion 

Metamorphism Place time frames 
on the process of metamor- 
phism. Ask students how long 
they think these changes take. 
What are the variables? 

Responses will vary, but all the time 
frames should range from millions to bil- 
lions of years. Variables include depth of 
burial, heat sources, additional heat from 
Earth's interior or tectonism, presence or 

absence of fluids. PELL) 
Visual-Spatial 

\ Quick Demo 
” Metamorphic Textures 

Materials large hand specimens 
of slate, phyllite, schist, gneiss, 

marble, and quartzite 

Estimated Time 15 minutes 

Procedure Use the hand samples 
to reinforce the distinction 

between foliated and non-foli- 

ated textures and to show the 

progressive degree of metamor- 
Figure 18 What can you observe about the rockin _ Learning Disabled Identification of metamorphic phism from slate to gneiss. 

this figure that indicates it is not sedimentary? rocks relies on visual characteristics. Provide PELL Visual-Spatial 

Sedimentary rocks display layering, but these layers are dis- several sets of metamorphic rocks that show the 

torted just as they are in metamorphic rocks. Some layers also gradation from slate to gneiss. Help the students 

show signs of stress by thinning and thickening in the folds. recognize the physical changes as they examine 

MARELLA LS) the samples from lowest degree of metamor- 
phism to highest degree. [ui] 
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Answer Grains align perpendicular to 

the direction of compression. 

Discussion 

Index Minerals Using the informa- 
tion in the content background 
below, introduce students to the 

concept of index minerals. Obtain 

a map showing their distribution 
to help illustrate the concept. In 
order of decreasing temperature, 
the minerals are: sillimanite, and 

alusite and_ staurolite/kyanite, 

garnet, biotite and chlorite. Ask 

students to compare and contrast 
the use of index minerals to the 

use of index fossils. Both occur in 
specific areas; minerals in an area that 

experienced a specific temperature, fos- 

sils in rocks that represent a specific 

period of time. Their occurrence in rocks 

can be used to fine-tune an interpreta- 
tion of the rock body they occur in. 

‘Teacher er * : 

-Mappine g and Metamorphic Minerals — 
Contact metamorphism an result sagen Snaps 

mil cas. Reseach has 
soa ned the emperature ranges 

under which certair pnts 

yese minera Is are 2 called 

ae orm res fa 
ture and can be 

“-: 

UPS atu 

oneons 1 igneous intr 

pera ure is hottest closest to the 
10 n occurs, Ake tem-— 

ntrusi usion and ~ decreases farther | 

minerals that t form as a 
‘tof this contact metamorphism 

aoe change in temperature 
ey, from the intrusion. The loca- 
ens of the intrusive igneous body, 

ie aes by mapping the 
occurrence of index minerals and 
following the apparent increase in 
_ temperature. 
MOLT een nn 
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Figure 20 Direction of applied 

force affects orientation of mineral 

grains. 

A] Mineral grains are randomly 

oriented when no directed 

force is involved. 

B | Orientation of mineral grains 

is perpendicular to the direc- 

tion of pressure caused by 

compression. 

C | Mineral grains are parallel to 

the direction of shearing force. 

Sciencep ING 
Topic: Metamorphic Rock 

Textures 

Visit fl.gpescience.com for Web 

links to information about 

metamorphic rock textures. 

Activity: Select from metamor- 

phic microtextures: Gneiss, marble 

and foliation. Make a detailed 

colored sketch of each of the 

photomicrographs showing these 

textures. Label your drawings. 

632 CHAPTER 20 Earth Materials 

Foliated Rocks The most common sedimentary rocks in 

Earth’s crust are mudrocks such as shale and siltstone. These 

rocks contain abundant clay minerals, and when metamor- 

phosed, the clays change to minerals in the mica group, such as 

muscovite. The mica group minerals also change in grain size 

with increasing degrees of metamorphism. 

When squeezed and heated, layers of mica line up in a direc- 

tion that is perpendicular to the direction of compression or 

parallel to the direction of shearing, as shown in Figure 20. For 

example, slate is a fine-grained, foliated metamorphic rock that 

splits easily along flat, parallel planes. It typically formed when 

shale was compressed, causing mica grains to orient perpendi- 

cular to the compression. 

Vv 
ion affect the orientation of How does compression aft 

mica grains in metamorphic rocks? 

Sometimes it’s easiest to consider foliated rocks as a progres- 

sion of increasing metamorphic conditions. The smallest-grain 

sizes in foliated textures occur in slate, which forms thin layers 

and exhibits rock cleavage. The rock cleavage comes from the 

parallel alignment of mineral grains within the rock. If the 
metamorphic conditions increase, some of the mineral grains in 

the slate grow and produce phyllite. With continued grain 

growth, a shiny mass of mica sheets called schist (SHIHST) 

forms. Finally, at the highest level of change a rock called gneiss 

(NISE) is produced. Gneiss rock textures often are banded, and 

gneisses generally represent the limit between metamorphic and 

igneous conditions. 

Nonfoliated Rocks Similar in texture to intrusive igneous 
rocks, nonfoliated metamorphic rocks tend to have random 

crystal orientation and uniform grain size. In general, mineral 

grains tend to grow as the grade of metamorphism increases. 

Imagine a limestone with microscopic grains. Under the influ- 

ence of thermal energy, pressure, and fluids, such a limestone 

recrystallizes in large beautiful grains of calcite that are readily 

visible in a hand specimen. This resulting rock is marble, and it 

is essentially chemically equivalent to the limestone. 

Metamorphic Rock Classification 
Much like other rock types, metamorphic rocks can be clas- 

sified based on texture and composition. Beginning with tex- 
ture, you can determine whether a metamorphic rock is foliated 
or nonfoliated. Remember that in any classification, there are 
exceptions, as illustrated in Figure 21. 

Cultural Diversity 

Have the students research the use of Earth 

materials in the construction of housing in dif- 

ferent regions on Earth. 

{ Active Reading 

Learning Journal Have students divide a sheet 
of paper in half and record research notes, 
lecture notes, or vocabulary terms in the left 
column. In the right column, they respond 
to, interpret, question, or analyze the left col- 
umn entries. Students can write a Learning 
Journal while reading about metamorphic 
rock. 



NATIONAL 
GEOGRAPHIC VISUALIZING SHOCK METAMORPHIC ROCK 

Figure 21 

arth materials undergo change, even 

when buried far below the surface. Deep 

in the crust, high temperature and pres- 

sure conditions alter the chemical composition 

and structure of rocks in predictable ways over 

time, producing metamorphic rocks. Metamor- 

phism, however, also can occur rapidly, violently, 

and without warning. 

Scientists estimate that the force created by a 

meteorite impact could be nine million times 

greater than atmospheric pressure. This type of 

collision would send enormous shock waves 

throughout surrounding rock strata, rearrang- 

ing atoms into new crystal structures stable at 

higher temperature, and pressure conditions. 

Large meteorite impacts leave scars that can remain 

visible for millions of years. Taken from the space 

shuttle, this image shows the /nternational Space 

Station above the Manicouagan impact crater in 

Quebec, Canada. The meteorite that created this 

crater struck Earth 214 million years ago, hurling 

debris high into the atmosphere and leaving evidence 

in the rock record worldwide. 

With a diameter of 100 km, the Manicouagan crater is 

one of the largest impact structures preserved on 

Earth. The force of the collision caused rock melting - 

and rock metamorphism to a depth of about 9 km. 

_ Mineral grains in metamorphic rocks at the site are 

deformed extensively, evidence that an intense com- 

pression wave shocked the strata. 
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NATIONAL 
GEOGRAPHIC 

Visualizing Shock 
Metamorphic Rocks 
Have students examine the pic- 

tures. Then provide them with 

the following information and 

ask them to provide their own 

explanations. 

Most of the rock found at the 

center of the Manicouagan im- 

pact crater is either igneous or 

metamorphic rock. Explain the 

presence of igneous rock at this 

location. 

In 2002, geologists published 

the discovery of a 2-cm layer of 
impact material in the rock strata 

in western England. Based on 

the decay of radioactive potas- 

sium, the debris layer was dated 
at 214 million years old and tied 

to the formation of the 

Manicouagan impact crater. 

Explain how material from 
Canada made its way into rock 
strata in England. 

Manicouagan Imagine that you 

viewed the Manicouagan mete- 
orite impact from a safe distance 
214 million years ago. Write a 
description of what you saw and 

heard before, during, and after 

the collision. Share your obser- 

vations with other classmates. 
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Ro cycle Activity 1 In the: to 
P| ‘voleanie activity 0 occur: 

an te eat 

Discussion 

Have students speculate about 
what rocks would look like if 

there were three lava flows of a 

gas-rich lava, one atop another. It 
would look like a layer cake; a glassy layer 
(cake) with a frothy layer atop it (icing), 
then glass, froth, glass, and froth on top. 

GD jf} Visual-Spatial 

What would happen if all weather- 
ing processes stopped? Without 
weathering, the cycle would not continue. 

ea Reading S Strategy | 

Brainstorm Post four large sheets 
of paper. Each should have one of 
the following headings: Weather- 
ing Rock Composition, Texture, 
Classification, or The Rock Cycle. 
Form four student groups—one 
for each topic. Students will have 
three minutes to brainstorm and 
record ideas that fit their category. 
Groups rotate to other topics until 
all have visited each one. 

Figure 22 The rock cycleisa 

continual process in which rocks 

change from one form to another. 

634 

Mineral Composition Next, consider the mineral composi- 

tion. Mineral composition provides clues about the original 

rock type before metamorphism, and also indicates to what 

degree a rock has been metamorphosed. The original rock mate- 

rial, often called the parent rock, and the conditions of meta- 

morphism together control the resulting metamorphic rock. So, 

in studying rocks from the field, geologists must work back- 

wards. Field samples are the results of many geologic conditions, 

most of which cannot be accurately reproduced in the labora- 

tory. Some conditions have been reproduced, however, and sci- 

entists can use mineral composition to estimate the pressure, 

temperature, and chemical activity that resulted in the forma- 

tion of a metamorphic rock. 

The Rock Cycle 
Illustrations often simplify complex ideas. A diagram of the 

rock cycle, shown in Figure 22, summarizes processes that you 

have learned about in this chapter. Processes of the rock cycle 

include any chemical and physical conditions that continuously 

form and change rocks. Notice that some processes happen at 

Earth’s surface, while others happen deep below the surface. 

Igneous Rock 

Weathering, 
transportation, 
and deposition 

Sedimentary Rock 

Compaction and 
cementation 

Uplift, 
erosion, 

and 
deposition 

Heat and 

Cooling and he as 
solidification : 

Heat and 
pressure 

Magma Melting 
Metamorphic Rock 

CHAPTER 20 Earth Materials 

Purpose Review the rock cycle. 

Materials: rock specimens of the rock cycle; 
3 ring stands with rings; 3-in X 5-in cards 

(7); jumbo paper clips, hole punch; large 

rubber bands; hole reinforcers 

Preparation Label the cards crystallization, 
erosion, transportation, deposition, burial, 
increase in heat and te mperature,and recrystal- 

oD SANS AD 
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LAS DEMONSTRATION 
lization. Punch a hole at each end of a card 
and reinforce. Connect two jumbo clips to a 
rubber band. Attach a clip to each end of a 
card. 

Procedure Place a rock on a ring. Use an 
action card to connect the ring to another 
ring. Continue the process until a rock cycle 
is constructed. 

Expected Outcome Students should be able to 
model the rock cycle. 

Assessment 

What would happen if all weathering. 
processes stopped? Without weathering, the cycle 
would not continue. 

PDL IE OSES SEE 



As rock material moves through stages of the cycle, all mat- 
ter is conserved. Minerals from granite are found in the sedi- 
ments that were eroded from those igneous rocks. Those same 
minerals could be present in sedimentary rocks formed later. 
Atoms that have been mobilized during weathering or meta- 
morphic chemical reactions are not destroyed, but can end up as 
dissolved materials in solutions. Mineral crystals later can pre- 
cipitate from those solutions. The atoms are never destroyed, 
only rearranged into new forms that are stable under the pres- 
ent conditions. 

Also note that many different paths, indicated by arrows 
in Figure 22, can be taken by rock material as it changes 
within the cycle. Understand that these processes may take 
long periods of time, occurring over millions of years. Other 
processes happen suddenly, such as an erupting volcano, but 
this does not change the fact that there is no beginning and 
no end to the rock cycle. 

ry, Reading Check Describe several examples of how matter is 
conserved in the rock cycle. 

©“ Section (qi | 

, Summary 

Metamorphic Rocks 

@ Metamorphic rocks can form from any 

preexisting rocks. 

Metamorphic Rock Composition 

@ Agents of metamorphism can cause new 

textures and new minerals to form. 

Metamorphic Rock Textures 

®@ Metamorphic rocks are foliated or 

non-foliated. 

® As metamorphic conditions increase in 

magnitude, mineral grains may grow larger. 

Metamorphic Rock Classification 

® Metamorphic rocks are classified based on 

mineral composition and texture. 

@ As with all rock classifications, some 

metamorphic rocks are exceptional and not 

easily categorized. 

The Rock Cycle 

® Although rocks are subject to many changes, 

matter is conserved through processes of the 

rock cycle. 

More Section Review fl.gpescience.com 

. Explain the requirements for a material to be called a 

. Compare and contrast foliated and non-foliated 

. List the following sedimentary rocks: limestone and 

. Identify which rock in question 3 is foliated. 

. Critical Thinking A marble contains occasional layers 

. Calculate Mass Suppose a sculptor wants to use 

vie 
Self Check 

metamorphic rock. 

textures. 

shale. Provide the respective common names of the 

metamorphic rocks that each one becomes. 

of the mineral muscovite. What possible parent rock 

composition could have been metamorphosed to 

produce this rock? 

Applying Math — 

marble with an average density of about 2.7 g/cm. 

The block of marble is one meter on every side. What 

is the mass of the block? If the sculptor knows from 

experience that the finished product will only use 45% 

of the block, and the rest is waste, then what will the 

mass of the statue be? 
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1. The rock must show evidence of the 
effects of heat, pressure, and/or 
chemical activity such as foliation, 
increased crystal size, or new minerals. 

2. Both form from an increase in heat 
and pressure. They also show a 
change in mineral composition and 

grain size. Foliated—ranges from 4, slate 

Le section qi 

faint compact layering and uniform 
color to distinct light and dark 

uneven sizes; non-foliated—mostly 

monomineralic, one color, crystals 

uniform in size, blocky in shape 

3. limestone to marble; shale to slate 

5. alternating layers of shale (mus- 
covite) and limestone (marble) 

bands with visible crystals of 6. Density of marble = 2.7 g/cm? 
1m’ block = 1 million cm?; 

1 million cm? X 2.7 g/cm’ = 
2.7 X 10°g; the statue weighs 
1.215 X 10°g 

Be MA.B.1.4.1 

(%, Reading Check 

Answer Minerals can be eroded from 
granite and incorporated into sedimen- 

tary rock and minerals from sedimentary 

rock can be dissolved and precipitate as 

different minerals. 

A Post Reading 
Article Ask students to imagine 

that they are writing an article for 

a geology journal about their 

discovery of metamorphic rocks in 

an old mine. Ask them to include 

information about the type of 

metamorphic rock and its mineral 

composition, texture, and method 

of formation. Make a booklet of all 

the articles. 

DAILY INTERVENTION 

Check for Understanding 
Metamorphic Textures 

Display several metamorphic 
rocks. Have students state at least 
two criteria they can use to cor- 

rectly identify each sample. 

Reteach 

Demonstrate how foliation devel- 
ops perpendicular to the direction 
of pressure. Knead a ball of clay 
until it is soft. Add some 
uncooked, long-grained rice and 
knead the clay until the grains are 
randomly scattered. Place the clay 
ball on the table. Slowly and 
firmly, apply pressure to the top of 
it. When the ball is about half its 
original height, cut it in half. 
Students will observe that the rice 
grains are now aligned, as in foli- 
ation. [1] GD [i Visual-Spatial 

aZ 

™, Assessment 

Content Have each student prepare a 
quiz-show style answer for the category 
Metamorphic Rocks. Critique each 
answer and save the best answers for a 
game at the end of the chapter. [L2] 
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© Real-World 
Problem ———— 

Purpose Students will gain expe- 
rience in observation, classification, 

and use of a classification key. 

Process Skills observe, evaluate, 
interpret data, record, collect data 

Time Required Three 40-minute 
sessions 

Safety Precautions 

¢ Damage to clothing from 
sharp objects and chemicals is 
possible. 

¢ Dilute/hydrochloric acid—5% 

© Procedure ——— 

Teaching Strategy 

e Identify rocks from one 
major rock group during 
each session. 

¢ Give each lab group pairs of 
rocks and limit their time (5 

min) to observe and record 

data. When time is up, rotate 
the rocks to the next group. 

° If time allows, during the 
third session, provide samples 
from the first two sessions for 
comparison. 

Troubleshooting 

Have one or two acid test sta- 
tions, which you monitor closely. 
Do not give every group acid. 
Stress that only ONE drop of 
acid is necessary and the sample 
must be blotted dry with paper 
towel after the test. 
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Goals 

@ Observe physical 

their compositions. 

Classify each rock 

type: Igneous, 

sedimentary, or 

metamorphic. 

Identify each 

rock based on its 

composition and 

texture. 

Materials 

rock samples 

nail 

penny (pre-1986) 

size chart 

dilute HCI 

paper towels 

glass plate 

* binocular microscope 

unglazed porcelain tile 

Resource Handbook, 

“Rocks” 

“Alternate material 

Safety Precautions 

Paw Pad CE 

properties of minerals 

in rocks to determine 

according to general 

magnifying lens or particle 

Identifying Rocks 
® Real-World Problem 
You've learned to identify most everything around you. This is an 

automatic process most of the time. You learned by repetition and by 

asking what things are called. By the time you were five years old you 

could name many different kinds of objects. You could identify the 

people in your life. You might not have had the same experience in 

identifying rocks—at least not yet. In this lab, you will identify rocks 

using a more formal approach. How can you determine the composi- 

tion and texture of common rocks? What can a rock’s composition and 

texture indicate to you about how it was formed? 

© Procedure 
1. Construct a horizontal data table with ten columns and four rows. 

2. Label the tops of columns 1 through 10, in the top row, as follows: 

1) Sample number 

2) General rock type (igneous, sedimentary, metamorphic) 

3) Crystals (yes/no) 

4) Grain size (large/small/none) 

5) Gas-bubble holes (yes/no) 

6) Fossils (yes/no) 

7) Particle size (gravel/sand/silt/clay) 

8) Foliations (yes/no) 

9) Additional 

observations 

10) Rock name 

Rocks from Home Many students collect rocks. 
They can be encouraged to bring some rocks 
from home to be evaluated during this lab. Many 

mistaken for rocks. Knowing where a rock was 
found can be important when learning about 
rocks, 

of these rocks have novel characteristics, such as 

an attractive color, unusual shape or texture, fos- 
sils, petrifaction, etc. Be aware that sometimes 
these items are not rocks. Byproducts from 
industrial processes, such as slag, often are 



3. Obtain three rocks provided by 

your teacher. 

Observe each rock. First, try to 

determine if it is igneous, sedi- 

mentary, or metamorphic. Then 

record everything else you 

observe. Your data table columns 

will serve as a checklist to help 

organize your observations. 

WARNING: /f you choose to use the 

acid test for calcite identification, use 

only one drop of HCI. A positive reac- 

tion to acid is the presence of tiny 

bubbles rising through the drop. Blot 

4 

the liquid off the sample with a paper towel before leaving it. Be careful to keep acid 

away from skin and clothing. 

5. Identify the rock with the help of Resource Handbook, “Rocks,” at the back of 
your textbook. 

6. Repeat steps 4 and 5 to check that your results are replicated. Keep an open 

mind. 

© Analyze Your Data 
1. Identify the texture observations that helped you distinguish igneous rocks 

from sedimentary rocks. 

2. Determine which rock samples required the fewest tests to identify them and 

explain why. 

® Conclude and Apply ——— 
1. Evaluate rocks according to difficulty for iden- 

tifying and classifying. 

2. Explain which observations were useful for 

the largest number of rock samples. 

3. Evaluate your data table in terms of including 

important observations. Explain whether there 

were any observations you left out of your data 

table that are critical for distinguishing rocks. 

Yr ommunicating 

_ Your Data EN 

Present your findings to the class. Discuss 

any observations that were different from 

those of your classmates. Discuss the 

column headings you included in your 

data table and defend your choices. 

LAB 637 

ommunicating 
wm Your Data 

cedures for speeding up the identification process. 

Have students compare experiences in identifying the 

specimens and develop a flowchart of strategies or pro- 

© Analyze Your 
Data —————“— 

1. igneous rocks—interlocking crys- 

tals, polymineralic (many minerals); 
sedimentary rocks—individual 
grains cemented together, some are 
layered, some contain fossils, gener- 
ally uniform in color 

2. Answers will vary. Rocks that have 
distinguishing characteristics will be 
easy to identify; granite—large 
crystals and generally light colored, 
some limestones have fossils and all 
react to acid 

Expected Outcome At the very 
least, students should be able to 

accurately group specimens into 
the three main rock categories 
and name at least two rocks in 
each category. 

Error Analysis Have students 
compare results with others to 
discover common errors. 

© conclude and 

Apply 
1. Answers will vary. Students may men- 

tion grain size, mineral composition 

and special features such as foliation. 

2. Texture patterns should rank high as 

most useful, such as grain size, clast 

size, foliation, or banding. General 

color may be also ranked as useful. 
3. Answers will vary. Students may 

point out the specialized characteris- 

tics that only a few rocks may 
exhibit; such as acid reaction or feel 
(rough or slick). 

for Ric 
™ Assessment 

Oral Ask students to differentiate 

between those rock characteris- 

tics that allowed them to sort 

the specimens into the three 

main rock categories and those 
characteristics that allowed for 

identifying the rock. 

LAB 637 



Content Background 
Kaolinite, AlsSin05(OH)4, is one 

of the most important minerals 
found in clay. Because kaolinite 
crystals occur in interlocking lay- 
ers, little water can penetrate the 
mineral. This prevents materials 

made from kaolinite from 
swelling in the presence of liq- 
uids or expanding when heated. 
The absence of water also makes 
ceramic materials very heat- 
resistant. 

Kaolinite is one of the most 
common minerals on Earth. 
It is a weathering product of the 
mineral feldspar. It is stable only 
under conditions of low temper- 
ature and pressure such as those 
present at Earth's surface. 
Deposits of kaolinite often are 
formed through the weathering 
of granite and other rocks that 
are rich in feldspar. In the United 
States, major depositsare mined 
in Georgia, North Carolina, 
and Pennsylvania. 

Discussion 
What's your opinion? Imagine that 
a large company is planning to 
mine kaolinite in your area. 
How would local residents feel 

about a kaolinite mining opera- 
tion being established near the 
schools, homes, and _ farms? 

Possible answer: Kaolinite is not a radioac- 
tive or otherwise dangerous mineral. 
Positive effects for the local economy are 

likely. However, any type of mining oper- 

ation raises environmental and safety 

concerns, including surface water con- 

tamination, landscape and_ habitat 

destruction, dust generation, and noise 

pollution, among others. [L2] 

Investigate the Issue 
Kaolinite Mines in the United States 
Have student groups research the 

location of kaolinite mining oper- 
ations in the United States, and 
then plot locations ona U.S. map. 

[2] > 
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Earth 

Materials 

at Work 
What is clay, and where does it come from? 

Kaolinite, a type of clay, is a 

common mineral on Earth. 

clay minerals can be molded into a variety of 

shapes. When water is driven off under high 

temperature conditions, the material may 

become as hard as stone. 

Clay deposits typically are found in sedimen- 

tary rock layers close to Earth’s surface. As a 

result, clay mines are generally shallow, with 

depths of less than 150 m. Companies in the 

United States often reclaim the landscape that 

they mine. First, the topsoil and uppermost 

clay layer are removed and stored at another 

location. After clay is mined from an area, 

leftover Earth materials are returned to the pit. 

This layer is covered with topsoil, into which 

vegetation is planted. 

Ceramic materials have diverse applications 

in manufacturing, building, art, and everyday 

life. Products made from clay minerals include 

floor tiles, fine china, and dental porcelain. The 

import, export, and use of clay materials con- 

tribute significantly to the world economy. 

hat do a commode, a brick, and a 

coffee mug have in common? While 

these items have widely different 

uses, they share an important component—a 

material called clay. Clay is found in many 

locations worldwide. Because of its unique 

properties and availability, clay has been used 

by civilizations throughout history to make items 

including building materials, pottery, and tablets 

for recording information. 

Clay forms through weathering, crystalliza- 

tion, and deposition of Earth materials. The 

word clay really 

represents an entire 

group of many dif- 

ferent minerals. 

These minerals 

have particles with 

a diameter of 

0.004 mm or less. 

When wet, most 

Clay minerals are used to make many 

items of pottery and dinnerware. 

Brainstorm Ceramic products can be found at school, at home, 

and in stores. Make a list of ceramic products that you encounter or 
use on a regular basis. 

TIME 
For more information, visit 

fl.gpescience.com 

Resources for Teachers and Students 

Mineral Information Institute, 501 Violet Street, 

Golden, Colorado, 80401 

Brainstorm Students should be able to 

identify many items made from ceramic mate- 
rials such as pottery, bricks, cement, floor and 
wall tiles, sinks, bathtubs, planters, fine porce- . 

A Field Guide to Rocks and Minerals (Peterson Field 
Guides), Frederick H. Pough and Roger Tory 
Peterson, Houghton Mifflin Company, 1998 

lain, table ware, sewer pipes, and many others. 
Remind students that the unique properties of 
the clay which forms these materials enables 
them to withstand high temperatures and 
resist liquid infiltration. |l3 



chapter (}s Study Guide 

eviewing Main Ideas 

1. Only eight elements compose more than 
98 percent, by mass, of Earth’s crust. 

2. Minerals are 

naturally occur- 

ring, inorganic 

solids that have 

a crystalline 

structure and pre- 

dictable chemical 

composition. 

3. Major mineral groups that form the bulk 

of Earth’s crust are known as the rock- 
forming minerals. 

4. Every mineral has characteristic physical 

properties that help in its identification. 

=o Igneous Rocks 

. Igneous rocks must form from solidifica- 

tion of magma or lava. 

2. Igneous rocks can 

be separated into 

two categories: 

Intrusive—those 

that form in 

Earth—and 

extrusive—those 

that form at 

Earth’s surface. 

3. Igneous rocks are classified based on their 

texture and composition. 

4. Igneous rocks with granite-like composi- 

tions are associated with continental crust, 

while igneous rocks with basalt-like com- 

positions are associated with oceanic crust. 

Interactive Tutor fl.gpescience.com 

<p Sedimentary Rocks 

1. Sedimentary rocks are consolidated mix- 

tures of minerals, rock fragments, organic 

debris, or other natural materials. 

2. Sedimentary 

rocks can contain 

or be made 

entirely of the 

remains of 

organisms. 

3. Detrital sedimen- 

tary rocks form 
through the 

processes of cementation and compaction. 

4. Sedimentary rocks are classified based on 

clast size and composition. 

Section 4 Metamorphic Rocks and 
the Rock Cycle 

1. Metamorphic rocks are made through the 

effects of heat, pressure, and chemical 

activity on preexisting rocks. 

2. Metamorphic rocks can be divided into two 

categories: Foliated—having layers or 

bands—and nonfoliated—with grains in 

random orientations. 

3. Parent rock material and conditions of 

metamorphism control the composition 

of a metamorphic rock. 

4. The rock cycle describes all processes in 

Earth that continuously change Earth 

materials. 

UY TTESY Use the Foldable that you made at the begin- 

ning of this chapter to help you review Earth materials. 

CHAPTER STUDY GUIDE 639 

Chaprer, 

Study Guide a0 

Summary statements can be 
used by students to review the 
major concepts of the chapter. 

Sciencegnline 

Visit fl.gpescience.com 

More Section Review 

Interactive Tutor 

Vocabulary PuzzleMaker 

More Chapter Review 

Standardized Test Practice 

Assessment Transparency 
For additional assessment ques- 
tions, use the Assessment 

Transparency located in the trans- 
parency book. 

Assessment 

Earth Materials 

m represents a cubic system? 

D Diagram 6 

2. Which crystal system does Diagram 6 identify? 
agon 

ombic 
H Trichinic 
) Tetragonal 

3. A monoclinic system is represented by 

~ Have students use 
their Foldable to 

review the content of the chapter. 
On the back of the paper, describe 
textures of igneous, sedimenen- 
tary, and metamorphic rocks. 

CHAPTER STUDY GUIDE 639 



Using Vocabular 

1. magma 

2. texture 

3. intrusive igneous rock 

4, hardness 

5. fracture 

6. rock 

7. clast 

8. foliation 

9. porosity 

10. cementation 

11. cleavage 

12. mineral 

13. B 

14. C 

15. C 

16. D 

17.A 

18. D 

640 CHAPTER 20 Earth Materials 

= 

intrusive igneous cementation p.625 

clast p.624 rock p.617 

cleavage p.610 magma p.‘ 

extrusive igneous mineral p.609 

rock p.620 porosity p.62° 

foliated p.631 rock p.617 

fracture p.610 rock cycle p.< 

hardness p.611 streak p.6 

texture p.| 

Match the correct vocabulary terms with each 

description below. 

1. molten rock 

- grain size and arrangement 

. coarse grained 

. scratch resistance 

2 

3 

4 

5. uneven break 

6. consolidated minerals 

7. particle of rock 

8. layers or bands 

9. empty space 

10. fills porosity 

11. planar break 

12. natural, inorganic, crystalline solid 

Checking 
Choose the word or phase that best answers the 

question. 

13, What is the most common group of 

minerals? 

A) carbonates 

B) silicates 

C) sulfates 

D) oxides 

640 CHAPTER REVIEW 

We 

16. 

We 

. What is a factor that controls grain size in 

igneous rocks? 

A) porosity 

B) cleavage 

C) cooling rate 

D) temperature 

What do all the silicate minerals have? 

A) the same hardness 

B) the same crystal structure 

C) silicon and oxygen 
D) silicon and carbon as common 

elements 

Through what process does chemical sedi- 

mentary rock usually form? 

A) cementation of sand 
B) compaction of clasts 

©) evaporation of melt 

D) precipitation of crystals 

Which of the following features are extru- 

sive igneous rocks least likely to have? 

A) fossils 

B) small grains 

C) vesicular texture 

D) porphyrtic texture 

Use the photo below to answer question 18. 

18. Which of the following descriptions best 

describes the large-grained igneous rock 
shown above? 

A) extrusive and basaltic 

B) extrusive and granitic 

C) intrusive and basaltic 

D) intrusive and granitic 

Vocabulary PuzzleMaker fl.gpescience.com 

Curriculum ‘Tags 

Use the ExamView® Pro Test Bank CD-ROM to: 
* create multiple versions of tests 

create modified tests with one mouse click for inclusion students 

edit existing questions and add your own questions 

build tests aligned with state standards using built-in State 

change English tests to Spanish with one mouse click and vice versa 



Interpreting Graphics : 

19. Copy and complete the concept map on 
igneous rocks. 

types of. 

formed from canbe canbe formed by 

often form often form 

large 

grains 

20. Copy the following table on a separate 

sheet of paper. Use Bowen’s reaction series 

to fill in the blanks. 

Crystalization Temperature Ranges 

for Mineral 1 and Mineral 2 

papa Mineral 1 Mineral 2 iGo 
Range Name 

Low mica quartz or granite or 

K-feldspar rhyolite 

Intermediate/ pyroxene calcium gabbro 

High plagioclase or basalt 

Thinking Critically 

21. Explain how cooling rate affects the texture 

of an igneous rock. 

22. List the characteristics that help you iden- 

tify sedimentary rocks. 

More Chapter Review fl.gpescience.com 

chapter Ye] Revie 

23. Determine the identity of each rock from 

the following descriptions. 
a. quartz-rich, coarse interlocking grains, 

with noticeable amounts of potassium 
feldspar 

b. foliated mass of mica group minerals 

with some garnet 

c. nearly pure mass of fossil shells 

cemented by calcite 

d. dense black, fine-grained, with some 

gas bubble holes 

e. light colored, very low density, frothy 
(vesicular), glassy 

Use the photo below to answer question 24. 

24. Describe the kind of force and the direc- 

tion it was most likely applied to produce 

this foliated metamorphic rock. 

Applying Math 

25. If a miner were extracting rock that 

contained 0.015% gold by mass, how 

many kilograms of rock must be 

processed to obtain one kilogram of 

gold? 

. The body of ore described in question 

25 is estimated to have an average 

density of 6.0 g/cm? and contain 

1.5 X 105 m‘ of ore. How many 
kilograms of gold potentially could 

come from this body of ore? 

CHAPTER REVIEW 641 

\@y Reproducible Masters 
Chapter Fast File Resources 

Chapter Review, pp. 41-42 
Chapter ‘Tests, pp. 43-46 
Assessment Transparency Activity, p. 55 

Glencoe Science Web site 
Chapter Review ‘Test 
Standardized Jest Practice 

Te Assessme 
Glencoe Technology 

® Assessment ‘Transparency 
® ExamView® Pro ‘Testmaker 
TD MindJogger Videoquiz 
(® Interactive Chalkboard 

chapter 

Review a0 

19. See student page. 

20. See student page. 

Thinking Critically) 
21. the faster the rate of cooling, the 

smaller the crystals 

22. presence of clasts and/or fossil, evi- 
dence of cementation and/or 

porosity 

23. a. granite 

b. schist 

c. limestone 

d. vesicular basalt 

e. pumice 

24. Compression was perpendicular to 

the foliation 

Applying Math. 
Math Standards 

National: 1, 4,9 
Florida: MA.B.1.4.1 

25.15 x 10m = 15 ~ mcm! 
ore: 1.5 X 10! cm? x 6.0 g/cm? 
and=9 X 10"' gofore;9 x 10" 
g x 0.00015 = 1,350,000 g of gold 
or 1,350 Kg of gold 

26. 1,350 kg X 32.15 troy ounces/kg 
= 43,402.5 troy ounces X 

$450/troy ounce = $19,531,125. 

CHAPTER REVIEW 641 



chapter On | chapter 0 | Standardized Test Practice 

Standardized Test Practice |= 

The assessed Florida Benchmark appears above the question. 

Be | Record your answers on the answer sheet provided by your teacher or on a sheet of paper. 

Answer Sheet An answer sheet 

can be found at fl.gpescience.com. 4. Why is graphite used in the core of some 

pencils? 
ultiple Choice 

A. Its hardness is high enough to leave a 
Standardized Test Practice Answer Sheet pee ee sae 

1. Which is the most common element in 

Earth’s crust? 
B. Its hardness is low enough to leave a 

streak on paper. 
eo Wailtiple Choice 

A. aluminum a ee 
C. Its metallic luster gives it a dark color. 

B. oxygen 3 : : 
YS D. Its metallic luster makes it shine on 

C. potassium paper. 

D. silicon 

5. Which mineral is very important to the 

Use the image below to answer question 2. production of machinery for manufactur- 

ing goods? 

A. feldspar 

B. halite 

Cc. hematite 

¢ Multiple Choice | D. quartz 
2. Which property of a mineral, used in its 

Toate ee. 
1.B identification, is shown! Use the photo below to answer question 6. 

2.A A. cleavage 

3. B B. fracture 
4. B rock feature 

C. hardness 
5. GC I 

D. luste 6. : 
7.A 

3. Which is a measure of a mineral’s resistance 

to scratching? 

riage esponse 
P A. cleavage 

8. a cae more ; B. hardness 6. The formation of which type of rock pro- 
9. Cis calcium (14.0% of 25.7 is 3.6% Cae duced the rock feature shown above? 

of 100); E is potassium (10.1% of ie 25.7 is 2.6% of 100) Deter A. foliated metamorphic rock 

. extrusive igneous rock B 

C. intrusive igneous rock 

D . nonfoliated metamorphic rock 

642 STANDARDIZED TEST PRACTICE 
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7. Which is a dark-colored igneous rock with 
small grains? 

basalt 

. gabbro 

granite 

J feb ej P= rhyolite 

-/ QL 
8. If the percent by mass of silicon in Earth’s 

crust is 27.7 percent and the percent by 
mass of iron is 5.0 percent, how much more 

silicon is present in Earth’s crust than iron? 

Use the circle graph below to answer question 9. 

a6 
5.8% +7 

4 *F > 
8.2% Fi ‘ 

E 315% \ 
10.1% \ 

| Sree | 
\ 10.9% | 

\ C B f 

14.0% 19.5% 

— 

9. The percent by mass of elements in Earth’s 

crust are: 46.6% oxygen; 27.7% silicon; 

8.1% aluminum; 5.0% iron; 3.6% calcium; 

2.8% sodium; 2.6% potassium; 2.1% mag- 

nesium; and 1.5% all others. When oxygen 

and silicon are not considered, the relative 

abundance of the remaining elements in 

Earth’s crust are shown in the circle graph 

above. Which material represents the 

abundance of calcium? 

Standardized Test Practice fl.gpescience.com 

Standardized 

_Test Practice 

READ 

EXPLAIN Oo esponse P 

10. How does coal form? Describe the initial 

material, deposition environment, and 

geological conditions that lead to its 

formation, 

b SC.0.1.4.4 
11. Describe the rock cycle. Discuss what can 

happen to rock material within the cycle 

and the amount of time it might take for 

rocks to be transformed. 

12. How does a mineral crystal grow during 

mineral formation? 

13. Whai are some of the factors that affect 

the way a crystal grows? 

=a Extended Response 

Use photos below to answer question 14. 

7; ; i ets + 
ae eax 
‘SESS Lye 

14. PARTA Identify each of the igneous rocks 

shown. 

PARTB Describe how each rock most 

likely formed. 

| _Test-Taking Tip _| Ti 

Review Double check your answers before turning in the test. 

STANDARDIZED TEST PRACTICE 643 

Rubrics 
For more help evaluating 
Short- and Extended-Response 

questions, see the rubrics on 

pe oal. 

chaprer a0 

Standardized Test Practice 

10. Coal usually develops from peat, a 
deposit of plant matter that has been 

buried in shallow swamps in temper- 

ate or tropical climates. Low levels of 

oxygen in swamp water slow the 
decay of the plant matter before it is 

buried and compacted by sediment. 
Several stages of compaction drive 

out impurities, leaving behind a con- 
centrated form of carbon. Coal often 

lies within repeated sequences of 

sandstone, shale, and limestone, 
which indicate alternating continen- 
tal and marine conditions or low- 
lying environments near the sea, 
such as large deltas and swampy 

coastal plains. 

11. Processes of the rock cycle include 

any chemical and physical conditions 
that continuously form and change 
rocks. Some processes happen at 

Earth's surface, while others happen 
deep below the surface. Rock mate- 

rial can be changed into igneous, 

sedimentary, or metamorphic rock. 
However, many different paths can 

be taken by rock material as it 
changes within the cycle. These 
processes can take extremely long 
periods of time, occurring over mil- 

lions of years, or happen suddenly, 

such as an erupting volcano. As rock 

material moves through stages of the 
cycle, all matter is conserved. 

12. As the mineral forms, atoms are 
added to the surfaces, edges, and 
corners of the mineral crystal. 

13. which atoms are available and their 

concentration, how fast atoms can 
migrate, and by the temperature and 

pressure conditions present 

¢~ Extended Response 

14, Part A: The dark, fine-grained rock is 

basalt. The light-colored, coarse-grained 
rock is granite, 

Part B: Basalt forms from iron-rich 

magma that cools quickly at Earth’s sur- 
face. Granite forms from silica-rich 
magma that cools slowly deep inside 

Earth. 

STANDARDIZED TEST PRACTICE 643 



Chere 7 Organizer 
” PEND EAeRtRRERHS RSENS ETERS TERRESTRES 

Section/Objectives Standards Lab/Features 

Chapter Opener National State/Local Launch Lab: Have you got the 
time?, p.645 

See pp. 16T-17T for Foldables, p.645 

a Key to Standards. 

Section 1 Weathering and Soil National Content MiniLAB: Observing a Disappearing 

i Standards: Seasoning, p. 647 
@  2sessions CP 1 block UCP. 1-5, A.1, A.2, Integrate Chemistry, p.648 

1. Explain the role of weathering in recycling Earth B.3 Lab: Graphing Soil Textures, p.653 

materials. 

2. Discuss the processes of mechanical and chemical 

weathering. 

3. Describe the process of and controls on soil formation. 

4. Discuss some methods for controlling soil loss. 

Section 2 Shaping the Landscape National Content oo. Modeling Runoff, p.656 

> eaccions a 1 block Standards: Video Lab 
@ — UCP.1-3, UCP. 5, Science Online, p.657 

5. Explain how agents of erosion operate. A.1,A.2,D.1, D.2 Science Online, p.658 

6. Describe kinds of landforms created by erosion. 

7. Identify landforms created by deposition of eroded 

material. 

Section 3 Groundwater National Content Applying Math: Porosity Volume, 

@ i session CP 1.5 blocks Standards: p.665 
WGPa=s UEP 5 Visualizing The Role of Groundwater 

8. Explain the importance of groundwater. A.1,A.2, D.2, in Shaping Earth’s Surface, p.666 
9. Describe how groundwater is stored and obtained. F.4,F.5 Integrate Environment, p. 667 

10. List some concerns about future groundwater use. Science Online, p.667 

Section 4 Geologic Time : National Content Florida Benchmarks: | Integrate History, p.670 
@ 3 sessions CP 1S blocks Standards: 5C.A.2.4.3 Lab: It’s about time—relative, that is., 

11. Disti on on ee d h UCP. 1-5, A.1,A.2, S@iDie4 2 =4 pp. 676-677 

i UO Us iC Dd Dec rOg icicles Penods, aMc.ePOCns. BeBe) sy Slo Aus Science and Society: Tapping into the 
12. Explain how scientists decide when a geologic time EMnG.2. Underground, p. 678 

period ends and another begins. 

13. Explain the methods and logic used in relative dating. 

14. Interpret a geologic cross section. 

15. Describe the methods and logic used in absolute dating. 

644A CHAPTER 21 Earth’s Changing Surface 



Glencoe Exclusive! 

SUV GNUI SS =e TeacherWorks = 
ia All-In-One Planner and Resource Center 

Lab Materials Reproducible Resources Section Assessment Technology 

Launch Lab: adding machine Chapter Fasr Fite Resources LENCO, JeacherWorks includes: 
tape, meterstick Foldables Worksheet, p. 15 y= ‘e * Interactive Teacher Edition 

Directed Reading Overview, ASSESSMENT * Lesson Planner with calendar 

Dele/ >) fo > Access to all program blacklines 

Note-taking Worksheets, VantP - Correlati dard g Worksheets N orrelations to standards 

pp. 33-35 * Web links 

MiniLAB: sugar, paper plate, Chapter Fasr Fite Resources Performance ® Section Focus Transparency 

salt, drinking glasses, water, Transparency Activity, p. 44 MiniLab, p. 647 é Teaching Transparency 

watch, spoon MiniLAB, p. 3 Applying Math, p.652 ®) Interactive Chalkboard 

Lab: soil texture triangular Lab Activity, pp. 9-11 Content =) GD-ROM 

diagram Enrichment, p. 29 Section Review, p.652 ®) studentWorks Plus 

Reinforcement, p. 25 

Directed Reading, p. 18 

Lab Worksheet, pp. 5-6 

MiniLAB: baking sheet, Chapter Fasr Fite Resources Portfolio é Section Focus Transparency 

water — Transparency Activity, p.45 Assessment, p. 662 ®) Interactive Chalkboard 

MiniLAB, p. 4 Performance - CD-ROM 

Enrichment, p. 30 MiniLab, p. 656 ©)  studentWorks Plus 

Reinforcement, p. 26 Applying Math, p.662 [D video Lab 

Directed Reading, p. 18 Content 

Section Review, p. 662 

Chapter Fasr Fie Resources Portfolio 6 Section Focus Transparency 

5 Transparency Activity, p. 46 Differentiated Instruction, p.667 ©) Interactive Chalkboard 

Need Materials? Lab Activity, pp. 13-14 Performance : CD-ROM 
Contact Science Kit Enrichment, p. 31 Applying Math, p. 665 ) —StudentWorks Plus 
at 1-800-828-7777 or Reinforcement, p. 27 Applying Math, p. 668 
www.sciencekit.com, Directed Reading, pp. 19 Content 

rw, Section Review, p. 668 

Lab: geologic cross sections Chapter Fasr Fite Resources Performance % Section Focus Transparency 

Transparency Activity, p.47,49-50 | Applying Math, p.675 ©) Interactive Chalkboard 

Enrichment, p. 32 Content CD-ROM 

Reinforcement, p. 28 Section Review, p.675 ©) siudentWorks Plus 

Directed Reading, p. 19-20 

Lab Worksheets, pp. 7-8 

Chapter Fasr Fite Resources 

Chapter Review, pp. 37-38 

Chapter Tests, pp. 39-42 

Standardized Test Practice, pp. 88-9! 

End of Chapter Assessment 

Performance Assessment in the Science MindJogger Videoquiz 

x) ExamView® Pro Testmaker 

) TeacherWorks CD-ROM 

) Interactive Chalkboard CD-ROM 

Classroom (PASC) 
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Berens (yp Earttis Changing Surface 

C 2) ESET A's Well that Ends Well 
Transparency ESE Significance of Soil 

ue 
PRI Landscape with Nature a 

tancaarwey | 21 | 

This is a representation of key blackline 

masters available in the Teacher Classroom = 

Resources. See Resource Manager boxes aE 21 

within the chapter for additional information. 

Key to Teaching Strategies 

The following designations will help you 
decide which activities are appropriate 
for your students. 

Level 1 activities should be 

appropriate for students with 

learning difficulties. 

Level 2 activities should be within 

the ability range of all students. 

Level 3 activities are designed for a 

above-average students. 

@® ELL activities should be within 
the ability range of English 

Language Learners. 

COOP LEARN Cooperative Learning 

activities are designed 

for small group work. 

Hands-on Activities 

Student Text Lab Worksheet Laboratory Activities 

_ as ou 
An 
€ (3 (Elicme Whatever the Weathering 

Activity 

are 
WAS) Graphing Soil Textures 

Lab Preview 
1. Why 6s uniderstandin 

Hands-On Activities Hands-On Activities Multiple Learning Styles logos, 
as described on page 12T, are 

used throughout to indicate 

strategies that address different 

learning styles. 

Strategy 

Materials 

Real-World Problem 

Procedure 

Part One: Steel Wool Experiment 
1s Label one bag dry and put on 

Procedure 
P| These strategies represent student 

products that can be placed into 

a best-work portfolio. 

Problem-Based Learning activities 

apply real-world situations to 

learning. 

i <a 
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Content Outline 
ate ou, 

Directions: 

feldspar 

‘omplete the concept map 

oxidation 

Overview 
int Mastery Earth's Changing Surface 

9 the rerms ste dekow 

geologic time falling rocks plant roots 

weathering 

deposition acids freezing water 

Meeting Individual Needs mechanical 

Meeting Individual Needs 

Miers Weathering and Soil 

Directions: Use the rerms below to complete the paragraph 

natural bedrock chemical erosion 
weathered soll frost 

expands continuously weathering 
oxidation parent organic 

water mechanical transported 
layered supporting feldspar 

An exceptionally inyportant (1) resource that i vita to life on 
Fathi) Sail iso misture af (8) 

” matter, water, anal air that is capable of (3) 

plant life Much ike Iunan skin, si is a thi, (6) 

material Soil originates from (8) 

beneath it or from materials (10) 
+ location. The raw materials for sail (11) 

at balrock below and the addition of organic matter 

nsststed by either (13) reathering or 

weathering of existing rock formations. Examples of chemi 

cing include (15) and (10) weal 

One example of mechanical weathering is (17) wedging, where 
18) Freezes in the cracks 

ree the rox apart 

Study Guide 

hering 

Directions; Complete rhe parngraphe w 

agent chemical olive mechanical 
weathering freeing landforms rong 
The physical ar chemical breakown of w material at Earth's yurface is 

_ Factors thot influence weathering include the 
lirnate, and time. In 3, weathering 

forces fron 4. — — water and, roots break 
lange rocks into amller rocks. 6, weathering forms new compound 
and releases elements into the environment, The 7. of limextone, for 
example, produces & ons Which are transporteby safer to the se 
and become shells of aquatic creatures, 9. combines with oxygen 
in the atmosphere to become hematite. 10, transforms into 
kaolinite, which ie an important part af soi. Er jon create 4 variety’ of 
Aiflerent V1 

Directions: h “alum espreanions in Column I, Write the letter of 
In 4 erm in ik at the left 
Column | Column I 

tour plowing wil 
Crop rotation andl fertilizer b. Band B hors 
Where plants get most of their nutrients from, < Cand Rho 
athered and partially weathered belrock arent mater 

Bedrock of transported by rivers or glacier ber 
Mixture of weathered rock, organic matter, water, and ait {replaces nutr 
Where finer sediments ancl solutile materials are Joces erosi 

19, Classification of ng n h. Oand A horizon 

Meeting Individual Needs 

Enrichment 

Ways to Save the Soil 

Mixed Farmings This is the traditional system Hydroponics: There is no soil The plants 
{farming with crop anu pasture rotations Fools sland in a flowing solution of nutrients 

fined ment ni renyelling of and Water. A glass house envelope the plants t 
wastes with same addition of artificial 
Ferilizer and moisture control (irrigation), lowide Gan be addled to the atmosphere 
These systemns Nave exiated for thousands of Spraying far pest 

regulate emperature and moisture. Carbon 

yours and can be sustainable 
Forest M st: One of the largeat 
sources of erosion and soll weathering isthe eh na 
harvesting of large numbers of trees na ne Fh 
forested ures for either lumber or farmland, 
The trees provide a supporting structure to 
the soll beneath therm as well as 4 
barrier against 
ing and rey 
fest Intact while p 
and avoid largess 

Directions: Get information from the ibrary or onkine to answer the following questions. 

1, Which agricultural system listed above is most commonly found in the United State 

How many basic (ypes of soils are recognized by the US. Department of Agriculture 

as in hpdrop 

How could people get food from a perennial roulticulture 

What are three ways to correct sail depletion’ 

Reading Essentials 

Ss Earth’s Changing Surface 

section © Weathering and Soil 

@ Before You Read 
Have you seen a deep hole at a construction site? What did 

What You'll Learn 
‘= how weathering 

recycles Earths you notice about the layers of soil below the surface of the 
ground? 

@ Read to Learn 
Organize Information Ay 

this section, hig Weathering ailthe Information that ele Tesi ce BesUE SoA rane’ In nature, matter is recycled. You learn about many 
different eycles in nature involving living things and differen 
forms of matter. These cycles do not stand alone. In fact, they 
are all connected. It is important fo learn about processes that 
connect these different cycles. Weathering involves different 

physical and chemical processes with the interaction of air, 
water, and rock aver time 

Natural materials become unstable and break down when 
they are exposed to the conditions on Earth's surface. Rock 

FFOLDApLES} that is formed within Earth breaks down when it is expos 

Q.caernfematon ng est le 
aires breakdown of a material at or near Earth's surface. The 

(aie weathering agents, material being weathered, climate, and 

Where can you see everyday weathering? 

Weathering varies from region to region because of different 

Haye you ever noticed paint cracking or fading on a house 
or rust forming on a car? These are examples of weatheriny 

Meeting Individual Needs 

Air and water act on wood and metal and break them do 

22 qUrrUAay bs ran Salar 

DIRECTIONS 

Which (ype of ero 
the Sahara Desert of Afric h. uraniuin 

f. thori 
& carbon Id 

J. penassiomettt 

Assessment 

Chapter Earth's Changing Surface 
Review 

Part A, Vocabulary Review 

Directions: Wilt the ferm from the word lst. that best completes each statensent inthe blank 
Use each term once 

weathering soll erosion 
deposition drainage basin longshore current infiltration 

sediment transport 

weability water table aquifer absolute dating 
relative dating uniformitarlanism ‘unconformity 

AHhrouyh a 

4 that pather 
+ parallel to the shorelin 

{ watwral moatertale whew ex conditions on Earths surfac 

aniivie 

Meme ate 

Chapter Earth’s Changing Surface 
Test 

1, Testing Concepts 

Directions: in the blonk of the Jef, write the letter of the term or ptvase that completes the statement or 

answers the question 
1. Earths time zones are determined by the position of 

Earth , the Sun © Mars a the Moon 
2. Which of the following is nor involved in weathering 

a light baie © water d, climate 
h type of house woul weather most slowly 

alo € brick . aluminum 
{snot an example of mechanical weathering? 

din 

limestone i, hematite 

A. greer 
anisms, and 

€ depth 4 slope 
by the US. Department of Agricultur 
© twenty . te 

Which of the following cannot transport sediment 
®. yeind bs seater «heat . glacier 
Which of the following is not a way farmers prevent 
a. walling € contour pl \erracing 

Hof the following does not create uplifted! 
a: folding ion © faulting a. yoleanves 

2 Defects such as Ja rock can influence how it weather 
a. snineral ack c crystal 

are clues for geulogists to the processes taking place on Earths surface 
1. beach erosion —& landforms 4, Mood 

6. runninys water cuts down through sediment and rock, creating 
shaped valley 

wt eW 

Assessment 
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Weathering and Soil 
Response to Changing 
Conditions 
Weathering is a natural response 

to diate conditions in the environment. If a 
material was created in a specific environment, 

remains in that environment, and the environ- 

ment never changes, then weathering should not 
take place. Exposure to change is an important 
factor in weathering. The deep-sea environment, 
for example, is exceedingly constant. Pressure, 
temperature, salinity, and light levels do not 
change and weathering is non-existent. 

Archeologists find artifacts in the forms of 
pottery and glass, which have survived thou- 
sands of years. These materials are stable on 
Earth’s surface and weather very slowly, if at all. 
On the other hand, ancient paper or cloth are 
not as commonly found; they are not stable and 
are subject to weathering. 

Environmental Concerns 
A modern environmental concern is that we 

are creating new synthetic materials that do not 
weather; i.e. disposable diapers and plastics. In 
landfills, these materials do not decay, rot, decom- 
pose, or weather. These products are also difficult 
to recycle. Recycling amounts to synthetic weath- 
ering and reformation into a new object. 

Most fertile soils on Earth have been culti- 
vated for hundreds of years, often with the same 
crop. This practice results in soil depletion on a 
colossal scale. A consequence of this is that 
much of the food grown on or in this soil lacks 
the nutrient value it once possessed. We are eat- 
ing food, but it is not as nourishing at it once 
was. One solution is vitamin supplements for 
those that can afford them. Unfortunately, 
many can’t afford them. Therefore, soil man- 
agement and fertility is a concern for everyone. 

644E CHAPTER 21 Earth’s Changing Surface 

Causes and Effects of Erosion 
The agents of erosion are persist- 
ent. These actions are often so 

Soe that in a person's lifetime, little change to 
the Earth’s surface is noticed. But occasionally 
catastrophes happen which draw peoples’ atten- 
tion to erosion. It is this harmful set of changes 
that strips Earth of soil and leads to disasters, such 
as landslides and flooding. 

Running water as an erosional agent is by far 
the most important. Most of Earth’s land surface 
is affected by this agent. Even in deserts, running 
water is responsible for most of the surface 
erosion. Glacial activity is equally destructive, but 
is confined to mountain peaks and polar regions. 
Wind erosion is limited to areas with little surface 
cover and persistent winds. 

Human activity, such as road _ building, 

farming, and the building of housing, can all 
promote erosion. Erosion can’t be stopped, but 
it can be controlled and limited. Breakwaters, 

different farming techniques, and paving less 
land can all help to reduce it. 



Groundwater 

A Precious Resource 
The majority of municipal water 
supplies come from groundwater 

sources and are built atop those same aquifers. 
Municipal waste is stored in landfills, which act 
like giant tea bags, leaching their contents into 
the groundwater below. Some populations also 
carelessly dump household waste on the surface 
and overuse pesticides and fertilizers, which 
leach into the groundwater supplies. 

Conventional wisdom says, “out of sight, out 
of mind.” It also says that Earth’s soils and rocks 
will filter out the contaminants and no harm will 
be done. Earth’s soil and rock cover does filter out 
contaminants. But like all filters, there is a limit to 

the rate of filtration and the total amount of con- 
taminants that can be absorbed. 

In some regions of our country there are 
proposals for treating surface water and then 
injecting it into the groundwater supply, thus 
bypassing the infiltration process. Many regions 
use treated surface water. We frequently hear of 
cities in a water crisis blamed on drought; how- 
ever, many of these crises are due to natural 
infiltration being unable to keep up with 
demand. While infiltration takes years, pumped 
withdrawal takes minutes. 

Geologic Time 

Uniformitarianism 
Geologic time is one of the most 
difficult concepts to understand. 

Support for the belief in the vastness of geologic 

time was slow in coming. The principles of rela- 

tive dating based on the global study of fossils laid 

the foundation for the concept that Earth was old. 

If it were not for breakthroughs in chemistry, 

specifically radioisotope studies, we would still 

only be using relative dating methods. 

Attached to the understanding of relative 

dating is the concept of uniformitarianism. Set 

Helping You Pre 

forth by James Hutton in the late 1700s, this 
concept unto itself is at the heart of all science. 
In a nutshell, uniformitarianism says that the 
laws of nature are fixed and immutable. 
Chemical reactions occur today as they did yes- 
terday or even a million years ago. The same 
applies to the laws of physics. And so it goes for 
all the other laws of nature. 

Hutton shocked the geologic community 
with some simple reasoning. He observed that 
each year the streams of Scotland flooded and 
left a new, thin layer of mud on the seafloor. If 
he dug a hole into that seafloor at low tide, he 
found a “layer cake” of past mud accumulations. 
He assumed that each thin layer amounted to a 
year’s time. Inland there are hillsides exposed by 
erosion that showed enough of these thin layers 
to account for hundreds of thousands of years. 
Hutton properly reasoned that it would take 
time for the layers to accumulate, be com- 
pressed to rock and then uplifted and eroded— 
the beginnings of the notion of a rock cycle. 

Ehaprer Conrent resources 

Earth Revealed video series Episodes 15, 19, 20, 22, 

23,24,21,10 

www.learner.org/resources/series78.html 

lnternet Resources 

For additional content background, visit 

fl.gpescience.com to: 

access your book online 

find references to related articles in popular 

science magazines 

access Web links with related content background 

access current events with science journal topics 

Print Resources 

Physical Geology, Fifth Edition, by Charles C. Plummer 

and David McGeary, Wm. C. Brown Publishers, 1991 
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weathering, p. 646 
soil, p. 650 

erosion, p. 654 

sediment transport, p. 654 

deposition, p. 654 
drainage basin, p. 655 
longshore current, p. 660 

infiltration, p. 663 
water table, p. 664 
permeability, p. 664 
aquifer, p. 664 

absolute dating, p. 669 
relative dating, p. 669 
uniformitarianism, p. 670 
principle of superposition, p. 670 

unconformity, p. 671 
fossil, p. 671 

Science Journal” Answers 
will vary. Answers might include 
U-shaped valley, hanging valley, 
moraines and eskers, poorly- 
sorted glacial tll, or glacial 
grooves and striations. 

INTERACTIVE BBE FE te | 

CHALKBOARD 
with Image Bank 

This CD-ROM is an editable 
Microsoft® PowerPoint® 
presentation that includes: 
* a pre-made presentation for 

every chapter 
* interactive graphics 

* animations 

* audio clips 
* image bank 

* all new section and chapter 
questions 

* Standardized ‘Test Practice 
* transparencies 

* Foldables directions 
* links to 

Weathering and Soil 

Graphing Soil Textures 

Shaping the Landscape 

Groundwater 

Geologic Time 

It’s about time—relative, 

that is. 

Carving A Path — 

Science Journal 

Vai 

Theme Connection 

Processes ‘he surface of Earth is constantly 

changing as it adjusts to new conditions. 

Weathering, erosion, soil formation, and land- 

form development are the result of a variety of 

processes as they operate over the immensity of 

geologic time. 
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About the Photo 

Kennicott Glacier Medial moraines run through the 

Kennicott Glacier at Wrangell-St. Elias National 
Park in Alaska. Medial moraines form when lateral 

moraines converge. 
fo} 
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FOLDABLES 
Study Organizer 

Surface Features Make the 

following Foldable to help you 

organize features that result 

from erosion and deposition on 

Earth’s surface. 

SU Fold one piece of paper lengthwise 
into thirds. 

=A 
| STEP 2 | Fold the paper widthwise into 

fourths. 

| STEP 3 | Unfold, lay the paper lengthwise, 

and draw lines along the folds. 

—= 

—— 

———_ 

| STEP 4 | Label your table as shown. 

Surface- 
Changing Erosion Deposition 
Agent 

Wind 

Water 

Glaciers 

Making a Table As you read the chapter, com- 

plete the table describing erosional and desposi- 

tional features. 

Preview this chapter's content 

Mniine and activities at 

Purpose to introduce students to 

the concept and scope of geo- 
logic time |L2 

Preparation Pre-cut the adding- 
machine tape into 5-m-long 
strips. 

Materials adding-machine tape, 
meterstick, colored pencils 

Teaching Strategy Remind stu- 
dents of proper measurement 
techniques. 

Troubleshooting Some students 
still have difficulty finding 
millimeter markings on the 
meterstick. Help students to 
read the markings correctly. 

Think Critically 
Students are likely to say that the extinc- 

tion of a dominant life-form ends inter- 

vals. This is true, but point out that most 

intervals are also accompanied by a 

global geologic event. 

caccmeant 

Pit www STEERS 

Oral Have students speculate 
about future events that might 
result in the end of the current 

epoch (Holocene), period (Neo- 

gene), or era (Cenozoic). 

| V:h2} Dinah Zike 
Titi otudy Fold 

Student preparation materials for 

this Foldable are available in the 

Chapter Fast Fite Resources. 
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lege) An editable Microsoft® 
CHALKBOARD | 

me PowerPoint® presenta- 

tion 1s available on Interactive 

Chalkboard CD-ROM. 

PowerPoint Present 

Bellringer 

Section Focus Transparencies 

also are available on the 

Interactive Chalkboard CD-ROM. 

Wecaaey Significance of Soil 
A “Transparency | 

The United States Department of Agriculture puts a lot of time 
and mency into studying various soils within the United States and 

available to 
industrial p 

1. Why is so much effort put into studying soil? 

2. What are some non-agricultural uses of soil surveys? 

3. How can conservationists use this soil data in their work? 

Tie to Prior Knowledge 

New Materials Chemical change 
results in new substances being 
formed. Chemical weathering 
forms new Earth materials. [2] 

Brainstorm Have students write 
a new vocabulary word in the 
center of a sheet of paper. Ask 
them to brainstorm the meaning 
of the word and write ideas radi- 
ating from the central word like 
spokes of a bicycle wheel. Stu- 
dents can verify or modify their 
definitions as they read the text. 

(% Reading Check 
Answer action of water, wind, ice 

and air 

{i 

What oui Learn 
m Explain the role of weathering in 

recycling Earth materials. 

® Discuss the processes of mechani- 

cal and chemical weathering. 

@ Describe the process of and con- 

trols on soil formation. 
@ Discuss some methods for con- 

trolling soil loss. 

Figure 1 The corners and edges 

of rocks are more rapidly weath- 

ered than smooth rock faces. This 

often produces rounded forms. 

Weathering and Soil 

Why It’s Important 

The processes of weathering and soil 

formation are critical in forming a 

base to support plant growth and 

ecosystems. 

Reading Guide 

© Review Vocabulary 

sediment: particles of rock 
deposited on Earth’s surface that 

may become sedimentary rocks 

New Vocabulary 
@ weathering 

@ soil 

Weathering 
In nature, matter is recycled. Chemical, physical, and biolog- 

ical processes form interconnected cycles that operate to change 

materials. Because we tend to study each process one at a time, 

you might get the impression that they stand alone. This is not 

true. A real understanding of nature comes from learning how 

the cycles interconnect. Weathering is an example of physical 

and chemical processes that involve the interaction of air, water, 

and rock over time. 

Natural materials become unstable and break down when 

exposed to conditions on Earth’s surface. Figure 1 illustrates the 

results of rock weathering. The minerals in this 

rock formed under higher temperatures and 

pressures compared to those on the surface. 

When these minerals were subjected to the con- 

ditions at the surface, they broke down. 

Weathering is the process of physical or chem- 

ical breakdown of a material at or near Earth’s 

surface. Factors that influence weathering 

include the agent, such as water or air, the 

nature of the material being weathered, climate, 

and time. Weathering varies from region to 

region because different weathering conditions 
are present. 

MEST what causes weathering? 

Chapter Fasr Fite Resources 

‘Transparency Activity, p. 44 

Note-taking Worksheets, pp. 33-35 

MiniLAB, p. 3 

Lab Activity, pp. 9-11 

Enrichment, p. 29 
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Reinforcement, p. 25 

Directed Reading for Content Mastery, 
pp. 17-18 

Lab Worksheets, pp. 5-6 

Earth Science Critical Thinking/Problem Solving, p. 6 
Performance Assessment in the Science Classroom, 
pp. 44-45 



Everyday Weathering You can notice weathering going on 
all around you. Paint on a house eventually will crack or fade in 
color. Roadways eventually develop cracks and potholes. Some 
metal items on cars might start to rust. All of these take place at 
different rates depending on where you live and whether or not 
you have taken measures to prevent weathering, 

Mechanical Weatherin & 
You can think of mechanical weathering as turning big 

pieces into little pieces. For this to take place, a force must be 
applied to the material. Forces that can cause mechanical weath- 
ering include impact, expansion or contraction of materials, and 

biological effects. Variables that control mechanical weathering 
include the nature of the material being weathered, climate, and 

time. Of these variables, time is the least noticeable. Extremely 

slow changes often go unnoticed until their long-term accumu- 
lated effects get our attention. 

Prying Rock Apart Ifa rock contains natural fractures, water 

can enter them. When water freezes, it expands. This forces the 

cracks apart and ultimately forces the rock apart. This type of 

weathering is called frost wedging. Any place that has sufficient 

surface water and temperatures that change from freezing to 
above freezing can experience this type of mechanical weathering. 

Growing plant roots are an example of a biological force that 

can cause mechanical weathering. As roots grow, they increase 

in diameter and exert forces that widen cracks. 
Rocks can also act as impact agents. Large rocks falling from 

a cliff or tumbling down a slope can break other rocks into 

smaller pieces. Figure 2 illustrates what happens when a large 

object breaks apart. As a large particle breaks into smaller parti- 

cles, the amount of surface area increases. More surface area 
compared to volume increases the likelihood that a material will 

be attacked by chemical agents. 

4 square 1 square 

units unit 

Observing a 

Disappearing 

Seasoning 

Procedure 
1. Sprinkle a teaspoon of 

sugar on a paper plate. 

Using the back of a metal 

spoon, crush the sugar 

into the finest powder you 

can. Do the same for a 

teaspoon of salt. 

2. Half-fill four clear drink- 

ing glasses with tap 

water. Allow them to 
stand for several minutes. 

3. Have a watch with a sec- 
ond hand ready. Drop a 

teaspoon of uncrushed 

sugar into a glass of water 

and stir. Record how long 

it takes the sugar to com- 

pletely dissolve. 
Repeat step 3 using the 

powdered sugar, the pow- 
dered salt, and a teaspoon 

of uncrushed salt. 

4 

Analysis 
1. Which substance dissolved 

fastest? Why? 

2. How does particle size 
affect dissolving rate? 

3. List some variables other 

than particle size that 

could affect dissolving rate. 

Figure 2 The cube on the right 
has exposed, inner surfaces that 

the cube on the left does not have. 
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; Reading Strategy 

Causal Relationships Have students make a 

chart with the headings Cause and Effect. Under 

Effect, have students write prying rock apart, mov- 

ing matter, rock rust, feldspar weathering, and dif- 

ferential weathering. Have students read the text 

to determine the cause of each effect. 

Purpose Students will observe 

the effect of grain size on solu- 
tion rate. 

Materials four clear drinking 
glasses, salt, sugar, tap water, 

metal spoons, plastic stirring 

spoon, clock or watch that 
shows seconds 

Teaching Strategy Have the stu- 
dents attempt to crush the sugar 
and salt to approximately the 
same sized particles. Use the 
back of a spoon against a plate 
to crush the materials. Running 
the material through a sieve will 

ensure uniform grain size. 

Analysis 

1. powdered salt; because salt is more 

soluble than sugar 
2. smaller-sized particles increase the 

dissolving rate 
3. temperature or quantity of water 

Assessment 

Oral Have students relate the 
difficulties they had in doing 
this procedure. Probable 
responses might include: 
determining when the last of 
the product dissolved—salt is 
difficult to determine because 
it clouds the water; making sure 
the crush size was consistent. 
Use PASC, p. 89. 
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IIlegible Rocks These two obelisks 
stand 21 m tall. They are made of red 

granite. Thothmes Ill erected them in 
Heliopolis, Egypt around 1500 B.c. In 1200 
B.c., Ramses II added inscriptions com- 

memorating his military victories. The 

obelisks were moved to Alexandria by the 
Romans in 12 8.c. and sometime later fell 
over into the mud. It was this unplanned 

burial that helped prevent chemical 

weathering of the granite. Unfortunately, 
the humid climates of New York City and 
London accelerated the weathering 

process by reacting with salts contained 

in the mud. 

'y, Reading Check 

Answer water, oxygen, and naturally 
occurring acids 

Illegible Rocks The 

Egyptians carved tall, 

slender granite obelisks. 

One is displayed in New 

York City and another in 

London. Over time, these 

two obelisks have become 

almost smooth and the 

hieroglyphs barely can be 

seen. Form a hypothesis 

stating why the obelisks 

changed. 

Chemical Weathering 
The process of chemical weathering forms new compounds 

and releases elements into the environment. Water and oxygen 

are the key agents of chemical weathering, along with naturally 

occurring acids. Elements released by chemical weathering 

enrich soil and nourish plants. Without weathering of rocks 

there would be no soil to support land plants, terrestrial ecosys- 

tems, and humans. 

(de List three key agents of chemical weathering. 

Matter on the Move Cycles of chemical weathering affect 

all surface environments from land to sea. If streams carry ele- 

ments released on land into the ocean, then those elements 

become raw materials that support marine ecosystems. For 

example, marine organisms that build shells require dissolved 

products such as calcium ions (Ca**) and bicarbonate ions 

(HCO, ) to make their shells. These ions come from the weath- 

ering of limestone on land and from the dissolving of other 

seashells. 

Rock Rust Oxidation is a common chemi- 
cal weathering process. Iron that is present in 

minerals is released through weathering and 

combines with oxygen to form iron oxides. 

You might know that when something made 

of iron or steel is exposed to air and water, it 

quickly begins to rust. The mineral hematite 

is natural “rust” produced through oxidation 

reactions. Hematite is mined to obtain iron 

for steel production. 

Recall that natural materials tend to con- 

vert to a more stable form at Earth’s surface. 

Unstable iron released by weathering forms 

stable hematite. Hematite is easily spotted in 

rocks because it stains them a brownish-red 

color, as shown in Figure 3. Other metals also 

form oxide minerals. Examples include copper, 

which oxidizes to a greenish-colored patina or 

silver, which oxidizes to a black coating. 

Figure 3 When iron-bearing rocks are 
weathered and eroded, they often produce 

reddish sediment. Iron oxidation also can 

give some soils a reddish color. 
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[yy Active Reading — 

Reflection In this strategy, students record 
responses to an activity. Have students divide 
sheets of paper into columns. Have them 
record their thoughts under headings What I 
Did, What I Learned, Questions I Have, 

Suprises I Experienced, and Overall 
Response. Have students write a Science 
Journal entry for the MiniLAB in this section. 

648 CHAPTER 21 Earth’s Changing Surface 



Elements in Feldspar Elements in Kaolinite 

6% 

urnttneee 3 

Figure 4 Chemical weathering 
changes the chemical composition 

of minerals and rocks. 

Describe how kaolinite is different 
Feldspar Weathering to homicne 

= eS causes “the mineral | feldspar tc to 
iy ~ from feldspar. . weather to the clay mineral al 

56% nite. The | ‘chemical reaction can Cann 

Oxygen be written as follows: ‘- tee ee 

2KAISOs + 208+ +100) +H Ales) 
E K feldspar carbonie acid ‘eae ’ 

| AbSiOs(OH)y + 2K* + 2160,~ + 45i02 
kaolinite “(potassium (bicarbonate) o 

s, be: le) * i a 

Caption Answer 

Figure 4 |t contains hydrogen and no 
potassium. 

Feldspar reacts with carbonic acid. The mineral kaolinite is formed. 

Feldspar Weathering An important chemical weathering 
process for continental rocks is the weathering of feldspar mii- 
erals into clay minerals. 

This reaction starts with a common rock-forming mineral 

shown in Figure 4, and ends with minerals that are common in 

continental sediment and soil. The silica end product often 

forms quartz cement in sedimentary rocks. The kaolinite is a 

clay mineral that helps soil hold water and nutrients. Chemical 

elements freed by weathering now are available for use by plants. 
Similar chemical weathering reactions of other minerals provide 

particles necessary for roots to anchor themselves and nutrient 

elements to support plant growth. 

Figure 5 As water seeks a path 
of least resistance, it acts as a dif- 

ferential weathering agent. This 

type of weathering creates many 

interesting landforms. 

Cave Formation Many students — 
think caves are formed by the | 
work of underground rivers. — 
The process is actually quite | 
different. Students should | 
understand that solid rock once | 

was present where a cave now — 

exists. When rock develops | 
fractures, perhaps from the | 
action of yearly freeze and thaw, 
water is able to seep into the _ 
cracks. Water that is slightly _ 
acidic begins to chemically | 
dissolve the rock. As the | 
cracks become larger, more | 
dissolution occurs, eventually | 

forming a cave. 

Differential Weathering Different rock formations tend to 
weather at different rates. The types of minerals, cementing 

agent, and the presence of defects, such as fractures, influence 
how a rock formation weathers. As a result, rocks that are the 

most resistant to weathering remain in the landscape. They are 

products of differential weathering and erosion. 
Together, erosion and deposition of sediment create a 

variety of landforms. They also represent important processes 

of the rock cycle. Landforms, such as those in Figure 5, are 

geologists’ clues to the processes taking place on Earth’s sur- 

face. Some of these processes include floods, landslides, and 

beach erosion. 

Discussion 

Surface Area Water also flows 
along bedding planes or joints in 
the rock. Explain to the students 
that cracks begin to branch out as 
they increase in size. Ask them to 
compare these cracks to river 
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Visual Learnin 

Figure 5 Have students examine the rocks in the 

photo. Tell them to recall Moh’s hardness scale 

and the three major types of rocks. Why is resist- 

ance to weathering based on a combination of 

factors? If based on rock type alone, rocks made of soft min- 

erals would be easily weathered. But, limestone bluffs and cliffs 

such as the Redwall Limestone in Grand Canyon National Park 
indicate otherwise. Limestone is resistant to weathering in the 

arid southwest but not in the humid northeast. Here, climate 

must be considered as well. Visual-Spatial 

drainage patterns. Which one do 
they resemble? Cracks resemble den- 
dritic or rectangular patterns. How 

does this help in the formation of 
a cave? As the cracks grow larger, more 
branches form, increasing the amount of 
surface area that is exposed to chemical 

weathering. 

SECTION 1 Weathering and Soil 649 
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[y, Reading Check 

Answer weathered rock material, 

organic matter, water, and air 

Quick Demo 
’ Soil Components 

Materials soil, cookie sheet, 

colander, plastic jar with lid, 

tablespoon, powdered dish 
detergent, water 

Estimated Time 15 minutes 

Procedure Collect at least four 
cups of soil and allow it to air dry 
ona cookie sheet. Sift the sample 
through a kitchen colander to get 
rid of stones, twigs, or leaves, and 

break up any lumps. Place a cup- 
ful of the dry soil into a clear, 

plastic, straight-sided jar. Add a 
tablespoon of powdered dish 
detergent and fill with water. Cap 
and shake for several minutes and 
set aside. Observe the settling 
process and record what you see. 
Sand settles out first, then silt, 

and lastly clay. It will likely take 
several days for the final settling. 

Measure the thickness of each 
layer and calculate the ratios. This 
is a rough way to determine the 
ratio of sand to silt to clay. Ask the 
students why the dishwashing 
powder was added to the soil 
mixture. The detergent is a surfactant, 

which helps to separate the particles. 

Caption Answer 
Figure 6 Organic materials, fine sedi- 
ments, and soluble materials are leached 
from this horizon and transported down- 

ward, leaving light materials such as 
quartz behind. 
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Figure 6 This illustration pro- 

vides a generalized view of a soil 

profile. Soil horizons vary in color 

and thickness. Some horizons don’t 

appear in certain soils. Notice that 

the E horizon is lighter in color 

than the B horizon. 

Explain why the E horizon is light 

in color. 

Soil 
One natural resource that is vital to life on Earth is soil. Soil is 

a mixture of weathered rock, organic matter, water, and air that is 

capable of supporting plant life. Much like human skin, soil is a 

thin, layered covering of its parent material. Soil originates from 

weathering of the bedrock beneath it or from materials trans- 

ported from another location. The raw materials for soil continu- 

ously form through the weathering of bedrock below and the 

addition of organic matter from above. 

GTB Soil is made up of what? 

Soil Horizons Digging a deep hole allows you to see the soil 
horizons, or layers. Each horizon has its own unique texture and 

color. Figure 6 illustrates a sequence of soil horizons, called a pro- 

file. Soil profiles don’t always contain every horizon. The horizons 

present depend on the composition of the parent bedrock, cli- 

mate, and the kind and amount of organisms on the surface. In 

addition, the shape of the land on which the soil forms is impor- 

tant. As slope angles increase, thin, poor-quality soil is more likely 

to develop. 
Figure 6 shows a complete set of horizons, 

designated as O, A, E, B, C, and R from the surface 

to bedrock. The O horizon, for organic, and the A 

horizon often are referred to as topsoil. Plants get 

most of their nutrients from the topsoil. 

The E horizon, for eluviation, is a zone in 

which finer sediments and soluble materials are 

transported downward. The process of dissolv- 

ing soluble elements and transporting them 

deeper into the soil is called leaching. This is 

much like a coffee maker that leaches flavors 

from ground coffee. The B horizon collects the 

materials from above and is usually darker than 

the E horizon. Sometimes so much material 

accumulates that water can’t easily penetrate 

this zone. This formation is referred to as hard- 

pan. The E horizon and the B horizon often are 

referred to as subsoil. Roots from large trees 

sometimes penetrate these horizons to get water 

and are able to anchor themselves in the subsoil. 

Collectively, horizons O, A, E, and B make up 

the true soil. The C horizon is partially crum- 

bled and weathered bedrock. The R horizon is 

unweathered bedrock. ' 
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Soil Types There are many different types of soil. Climate often 
is used as a basis to characterize many different types of soil, as 

illustrated in Figure 7. They are separated according to composi- 

tion and physical properties. The amount of precipitation and the 

temperature range of a region, together with the type of parent 

material, affect the soil that forms. Vegetation, if present, also is 

important for providing a supply of organic matter. For example, 

topsoils that develop beneath the forests of the eastern U.S. are 
acidic, sandy in texture and light in color. This contrasts with soils 

that develop beneath the grasses of the western U.S. These often 

are enriched in calcite and are whitish in color. In tropical environ- 

ments, the soils are strongly leached. They are rich in insoluble alu- 

minum, iron oxides, and clay minerals. Finally, in the arctic or 

desert regions, where little or no vegetation grows, there is no soil. 

Without organic material, a true soil cannot develop. 

Parent Material Some soils form in the same place as the 
parent bedrock. Other soils form from materials transported 

from distant sources. Rivers and glaciers are important 

transporting agents for soils. Some of the most fertile soils form 

when rivers flood and deposit new sediment on floodplains or 

when glaciers transport and deposit sediment. The ancient 

Egyptians relied for thousands of years on the annual flooding 

of the Nile River to deposit nutrient-rich sediment. During the 

most recent ice advance, glaciers in North America transported 

materials that later would become some of the world’s most 

fertile soils. 

Figure 7 Glacial soil in the 
northeastern U.S. often is com- 

posed of poorly-sorted glacial till. 

The eastern U.S. receives large 

amounts of precipitation which 

contribute to wetland soil. 
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. de Post Reading 

Extended Research Ask students to research 

mechanical and chemical weathering. Have them 

write a paper that describes a specific example of 
each weathering type. For example, a student might 
write about weathering of granitic rock in Yosemite 

National Park. 

SECTION 1 Weathering and Soil 

eee 

Activity 
Soil Texture Using a soils classifi- 
cation triangle, create several 

soils of your own design. Use a 

variety of materials from a gar- 
den center. Use the triangle to 
determine the types of soils you 
have. See how many different 

soils you can identify. Students will 
identify a variety of soils. What is present 
in each will depend on the type of mate- 
rials acquired from the garden center. 
Ordinarily the organic content can be 
determined by how black the soil is. 
Judging percentages of sand, silt, and 
clay is very difficult to do visually. The 
way the soil feels is often a better tech- 

nique to use in texture classification. 

Discussion 

Soil Type Have the students 
discuss the role that soil type 
would have on agriculture in 

different regions. Why are cer- 
tain crops grown where they 
are? Plants have requirements for 
growth. Not all soils can support all 

plants. Is climate the only control? 
Climate is only part of the control; nature 
of the parent material also determines 

soil type. Does climate control the 
nature of the soil? Yes, heavy rain, for 
example, can cause erosion or leaching of 
nutrients; plant growth provides organic 
material. [L2]} > 
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3B Assess : wes = Soi] Conservation 
, : “e a ‘s »~ >, Plants and animals continuously remove elements from soil. 

Soil depletion is a serious agricultural problem in many regions. 

For example, when the same crop is grown year after year in the 

same field, particular elements are Hepletca from the soil. Soils in 

areas with heavy rainfall, such as rain forests, also tend to be 

deficient in certain elements. The continuous recycling of plant 

matter returns these elements to rain forest soils. 

DAILY INTERVENTION 

Check for Understanding 
Visual-Spatial Display unlabeled 
photos of soil profiles and ask 
students to identify the soil hori- 
zons. Photos can be obtained 
from your county/state agricul- 

Adding Nutrients Soil depletion is most often corrected by 

the addition of fertilizers containing nitrogen, phosphorous, or 

ture department. [12] Figure 8 The tie-ridging : potassium. Farmers often use crop rotation to help preserve the 

method makes fields look like : quality of soils. This is because what one crop removes from the 

waffles. : soil, another crop may return. For example, some crops, such as 
Reteach 
Analyze soil samples (as in the 
Activity) that students have 

brought in or use homemade soils 
of your creation. Following each 
analysis, the students should use 
the soil classification triangle and 
determine the amount and kind of 
changes needed to give the soil a 
sandy loam texture. If a soil test 
kit is available, perform tests for 

nitrogen, potash, and phospho- 
rous. County horticultural agents 
probably can provide pamphlets 
for the class on soil amending 
panes . a 

legumes, return nutrients to the soil. Crop rotation also helps 

prevent erosion and reduces the risk of diseases and attack by 

pests. Another alternative is to allow the soil to rest, called going 

fallow, by not planting crops. This gives the soil time to replen- 

ish some of its lost nutrients. 

Preventing Soil Loss Most soil lost to erosion occurs 
because the vegetative cover has been removed or because the 

land is overly steep. Modern farmers use contour plowing, which 

runs the furrows around a hill instead of up and down a slope, 

to reduce erosion. In the tie-ridging method, shown in Figure 8, 

crops are planted on ridges and rainfall collects in basins. 

Slowing the downhill flow of water helps prevent erosion. 

-—~section. Om} 

een Self Check 

Mechanical and Chemical Weathering . Explain how mechanical and chemical weathering 

© Weathering is the breakdown of materials processes are related. 

that are not stable under the physical condi- . Describe how the controls on soil formation affect soil. 

tions at Earth’s surface. 

™ Assessment 

Performance Have students create 
a community service presentation 

that focuses on the techniques and 
values of soil conservation in their 
region. Use PASC, p. 143 

. Distinguish between soil depletion and soil erosion. 

Physical breakdown of surface materials is : . Think Critically Outline the soil conservation measures 
accomplished by mechanical weathering. you expect from any contractor building new roads in 

Chemical reactions at Earth’s surface change your region. 

mineral composition and release elements. 

Applying Math 
Soil and Soil Conservation PP S 
© Soil is a mixture of organic matter, weathered . Calculate Suppose that soil erosion in your area aver- 

rock material, water, and air. ages 2.65 cm per year. The average soil profile is 3 m 

thick, and 45 percent of that is topsoil. Estimate how 
@ Measures are taken to prevent soil depletion long it will take for the topsoil to erode 

and soil erosion. 

652 CHAPTER 21 Earth’s Changing Surface More Section Review fl.gpescience.com 

Section review 

1. Both result from outside forces or chemical weathering of rock and erosion is the physical removal and be taken to limit loss of soil by wind 
processes, which alter Earth plant material; moisture also deter- loss of soil. erosion; once construction is finished 
materials. An increase in physical mines plant growth which in 4. Where excavation or steepening of grass or other plant material must be 
weathering leads to an increase in turn contributes to the organic Slopes will take place, the contractor replaced to anchor the soil. 
chemical weathering. component. must take measures to keep soil from 5. 135 cm/2.65 cm/year = 50.9 years 

2. Possible answers: the amount of 3. Soil depletion is a change in the soils eroding—retaining walls, temporary . 
moisture will guide the amount of chemistry that effects its fertility; soil barriers to control runoff; steps should ‘NY an 

652 CHAPTER 21 Earth’s Changing Surface 



Three particle sizes characterize the textures of 

most soils—clay, silt, and sand. The relative 

amounts of these three variables plot on a trian- 

gular graph. In a triangular graph, a corner rep- 

resents 100 percent of a variable and its opposite 

base represents 0 percent of that variable. 

© Real-World Problem 
Different plants require different soil textures. 

How can you Classify soil according to texture? 

Goals 
@ Graph data on a triangular diagram. 

@ Interpret graphed data to classify soils. 

Materials 
soil texture triangular diagram 

100 | 

90 Fr Soil Textural Classes 

80 Heavy = \_ 

70 | clay ~\ Sandy 

® 60 5 al a 3 : 
xe fe Xs Clay ie & 50 Silty. es 
Y clay ‘ | 
a 40 | Silty clay | Clay ee Ne Loamy 

30 | loam} loam | Sandy clay > sand 
| loam : 

20 | ae gan’ 7) 2 >| Sand A ie Sandy L Y | 
To team . | 7 /: 
| Silt ae ee Va 

OF 
Oo: «10 20 30 40 50 60 70 80 90 100 

Percent sand 

® Procedure 
1. Obtain a copy of a soil texture triangular dia- 

gram from your teacher. 

2. Find the line representing 40 percent clay. 

S— 3 Graphing Soil Textures 
3. Find the line representing 50 percent sand. 

4. Plot the intersection of these two lines on 

your copy of the graph. 

5. The remainder of the sample is silt. Your 

first plotted point represents a soil texture 

that is 40 percent clay, 50 percent sand, and 

10 percent silt, and is called sandy clay. 

6. Plot and label the following textures and 

determine the percentage of silt. Record 

your answers in a data table. 

Soil Texture Data . 

Sample # %Clay  %Sand %Silt 

| 20 40 40 

2 10 70 20 

3 15 15 70 

4 60 20 20 

5 25 65 10 

© Conclude and Apply 
1. Describe the composition of any soil that 

plots along the base of the triangle. 

2. List the texture names for each sample. 

3. Evaluate each sample for its ability to 

retain or drain water. 

4. Predict which soil samples would be best 

for root crops such as potatoes or carrots. 

ommunicatin 
_ Your Data Eee 

Prepare a brief oral presentation outlining 

how to use the soil texture triangle. 

LAB 653 

cme 

° ° 

ommunicating 
Your Data 

Have students discuss the variations on opin- 

ion that will arise in answering questions 3 

and 4. 

© Real-World 
Problem 

Plants require different soil tex- 
tures. How can we classify soil 

textures? 

Purpose Demonstrate the use of 
a triangular diagram to classify 
soil texture. 

Process Skills graph, interpret, 
infer 

Time Required 60 minutes 

@® Procedure 

Teaching Strategy Use a trans- 
parency of the diagram and a 
sample problem to illustrate the 
mechanics of the graph’s use. 

Troubleshooting Point out to 
students that if they find the 
intersection of two of the values, 

the third value acts as a check. 
Stress that the base of the dia- 
gram is 0 percent and the peak is 
100 percent. 

© Conclude and 

Apply 
1. It contains 0 percent of that compo- 

nent. 
2. 1.loam 

2. sandy loam 
3, silt loam 
4. clay/heavy clay 
5. sandy clay loam 

3. 1. good 
2. excellent 
3. good 
4, very poor 

5. good 
4. 2 best; 1, 3, 5 good; 4 poor 
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a 

GiGgeia! An editable Microsoft® 
CHALKBOARD § . @ 
woe, PowerPoint’ presenta- 

tion is available on Interactive 

Chalkboard CD-ROM. 

Motivate 

Bellringer 

Section Focus Transparencies 

also are available on the 

Interactive Chalkboard CD-ROM. 

[2] 

z Booey Landscape with Nature (et 
Transparency 

How would you like to never have to mow your lawn again? If that idea 
appeals to you, landscaping with native plants may be the answer, 
Native plants flourish since they are well acclimated to the local 
environment and have little need for pesticides, fertilizers, or any water 
other than the natural rainfall. Such a natural landscape can make us 
feel more connected to nature and enhance the beauty of our home 
environments. 

1, How could natural landscaping be good for the soil? 
2, How might periodic burning be beneficial for a natural landscape? 
3, What is biodiversity? 

Reading Preview 

Tie to Prior Knowledge 

Causes of Erosion When force is 
applied to a mass, it may cause 

motion. The forces of running 
water, glaciers, breaking waves, 

gravity, and wind all combine 
to erode and transport loose 
Earth materials. 

Word Chart Post the new 
vocabulary words in a promi- 
nent place in the classroom. 
Give students a sheet of paper 
with definitions and ask them to 
predict which vocabulary word 

corresponds to each definition. 
Students can check their ideas 
by reading the text and noting 
the meanings of the words. 

What Yow'\ Learn 

operate. 

@ Describe kinds of landforms 

created by erosion. 

Figure 9 When valley glaciers 
melt they deposit sediment in 

characteristic landforms. Moraines 

consist of poorly sorted glacial till 

and eskers consist of layers of 

sediment. 

Meltwater 
Ice stream 

Lateral Moraines 

Eskers 

@ | Shaping Landscape : 

® Explain how agents of erosion 

® Identify landforms created by 

deposition of eroded material. 

Why It’s Important New Vocabulary 
Some erosion events, such as floods @ €Fosion 
and landslides, have catastrophic e sediment transport 
effects on lives and property. e deposition 

e drainage basin 

® Review Vocabulary e@ longshore current 

physical change: any change in size, 

shape, or state in which the identity 

of a substance remains the same 

Erosion, Transport, and Deposition 
You've learned about forces capable of building mountains. 

Forces with origins within Earth can create uplifted landforms 

through folding, faulting, or volcanic activity. Although they 

might seem like permanent features, mountains and other land- 

forms are subject to continuous change. Gravity is a factor in all 

change. Some of these changes also involve the action of agents 

at the surface of Earth, such as air, water, or ice. The shape of the 

land you see is what is left over after material has been removed 

or added by these agents. 

Erosion is the removal of surface mate- 

rial through the processes of weathering. 

Sediment transport is the movement of 

eroded materials from one place to 

another by water, wind, and/or glaciers. 

When a transporting agent drops its load 

of eroded material, deposition occurs. The 

characteristics of landforms created on the 

surface, such as the eskers and moraines 

shown in Figure 9, can help identify the 

\ type of agent that formed it. Analyzing the 
sediment in a surface deposit can reveal 

clues about its point of origin. For this rea- 

son surface sediment often is used to piece 

together the plate tectonic history of a 
region. 

Chapter Fasr Fie Resources 

‘Transparency Activity, p. 45 

MiniLAB, p. 4 

Enrichment, p. 30 

Reinforcement, p. 26 
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Directed Reading for Content Mastery, p. 18 

Cultural Diversity, pp. 33-34 



Figure 10 Gradient, or slope, affects the 
shape of a stream and its containing valley. 

Compare and contrast how a steep gradient 
and a gentle gradient affect the shape of a 

stream. 

Running Water 
An important agent of erosion that exerts a downward force 

on slopes is running water. In steep areas, running water cuts 
down through sediment and rock, creating V-shaped valleys. 
As the steepness of a slope decreases, more force is exerted 
sideways. Lateral cutting broadens river valleys and allows for 
floodplains to develop. The mouth of a river is where it meets 
the body of water or land surface into which it ultimately 
flows. Near the mouth, a river might wind back and forth, or 

meander, across its valley. Figure 10 shows how characteristics 
of a river can change as it flows from its source to its mouth. 

4 

Tributaries 

Caption Answer 
Figure 10 Rivers with steep gradients 
develop V-shaped valleys and have 
narrow floodplains. Rivers with gentle 
gradients develop broad valleys, several 
oxbows, and have wide floodplains. 

Visual Learning 

Figure 10 Erosion is occurring 
at several places in this diagram. 
Where is deposition occurring? 

Deposition is occurring in the river chan- 
nels, on along the river banks, on the 
river floodplain, and in the delta at the 
mouth of the river. 

Activity 
Land Analysis Obtain — topo- 
graphic maps (now available on 
CD-ROMs) and current local 
land-use maps for your area. 
Have students examine these 
maps to identify remnant land- 
forms and areas of potential 
erosion and/or flooding. 

Drainage Basins In most river systems, small streams called 
tributaries flow into larger streams, which in turn flow into even 
larger streams. This process of branching is much like a tree with 

small branches that can be traced to larger branches, and then to : 

a trunk. Most major river systems are well-known, such as the : States. 

Mississippi River. All of the land 

area that gathers water for a major 

river is the river’s drainage basin. 
Drainage basins are larger in area 
for major rivers and include all 

of the drainage basins of its 
tributaries. The Mississippi River 

drainage basin extends from the 

Appalachian Mountains westward 

to the Rocky Mountains. Both 

of these mountain ranges repre- 
sent drainage divides. A drainage 

divide is a boundary line separat- 
ing distinct drainage basins. 

Figure 11 illustrates the Mississippi 

River drainage basin. 

Figure 11 The Mississippi River 

drainage basin is the largest 

drainage basin in the United 
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Curriculum Connection 

Social Studies As areas were settled, towns sprang Have students use a map of your region and high- 
light those towns or cities which fit the descriptions 
above. Have them give a reason they think that city 
was key in the development of the area. Your state 
museum can probably provide copies of early maps 

up at various locations. Most often these towns 

were found along the banks of rivers, particularly 

where obstacles in the river were large enough to 

ortage around the obstacle. Lakes 
ieee ass nee ort, so lake ports were also of the state, which show the earliest settlements. 

aes ‘ es “alls” “Rapids.” Many towns have internet sites which include a brief 
important. Many of towns have “Falls,” “Rapids, ‘ i) [Rj Visual Spatial 

“Lake,” or the suffix “-ford” in their names. town history. h Pp 
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Video Lab available. 

Purpose Students will model 

runoff. 

Materials cookie sheet, faucet 

that will produce a thin, lami- 
nar stream of water 

Teaching Strategy It is impor- 
tant to stress that the cookie 

sheet is clean and grease-free 

and that the stream of water is 

as fine and laminar as possible. 

Troubleshooting Students may 
need to unscrew the aerator 

from the faucet to get the fine 

stream of water. 

Analysis 

It begins to meander over the 
sheet more. 
The two forces acting in the system 
are friction and gravity. Assuming 
that friction is uniform over the sur- 
face, we can assume that the water 
is responding only to gravity. When 
the sheet is at a steep angle (high 
gradient) the gravity component is 
directed straight off the sheet by the 
shortest path. As the angle of the 
sheet (river bed) lessens (low gradi- 
ent) the influence of gravity also 
decreases. The water flows along 
the strongest pull of gravity. This 
translates into meandering. 

Assessment 

Oral Have the students predict 
the shape of stream valleys with 
different gradients. Mountain 

streams (high gradient) tend to be 
straighter; streams that are less confined 

and have a low gradient will develop 
numerous meanders and broad flood 
plains. 

Figure 12 This portion of the 

Colorado River is cutting a deep, 

\-shaped valley as the Colorado 

Plateau is being uplifted. 

Modeling Runoff 

Procedure 
1. Obtain a clean, flat, 

smooth baking sheet. 
. Turn ona faucet and adjust 

the flow of water to a slow, 

smooth stream about the 

diameter of a pencil lead. 

. Place the baking sheet at 

a steep angle under the 

stream of water. Hold the 

sheet so that the water 

runs off along the length 

of the sheet. Record your 

observations. 

. Make several more obser- 

vations reducing the 

steepness each time until 

your last observation is 

with the stream perpendi- 

cular to the sheet. Record 

all observations. 

Analysis 
What happened to the stream 

flow pattern as you decreased 

the angle of the 

sheet? Explain. 

Figure 13 Streams with many 
bars within their channels are 

called braided streams. 

Channel Development As surface water flows downhill 
under the influence of gravity, water erodes the surface, creating 

its own path or following existing paths called channels. 

V-shaped valleys are formed from rivers cutting down through 

sediment and rock, eroding material from a slope. Steep canyons 

can form when downcutting is rapid. This is often a result of a 

recent uplift of land, as shown in Figure 12. 

What is the shape of a valley that is cut bya 
young stream? 

Stream Deposits Maybe you've seen accumulations or bars 
of sediment in stream channels. When running water slows 

down, it drops part of the sediment load it is carrying, largest 

particles first. Generally, bars form on the inside of bends in a 

river channel, where water speeds are slowest. But in regions 

where sediment is plentiful, bars might interrupt the flow of 

water right in the middle of the channel, as shown in Figure 13. 
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Use an Analogy bend. This causes erosion at this point. Over time, 

Oxbow Lakes Meandering streams often develop the erosion results in the narrowing of the land 
distinct features called oxbows. An oxbow is a between two meanders. This can be seen in 

U-shaped frame around an ox’s neck used to sup- several figures in this section. Continued erosion 
port a yoke. As water flows along a meander, it will cause the river to break through the narrow 

Answer Young streams cut V-shaped — slows down on the inside of the bend and ‘trip of land. This will cause the river to 
valleys. deposits the heavier sediment. The water speeds S*Taighten out at that point and will leave behind 

up and flows faster around the outside of the an isolated lake that is shaped like an oxbow. 
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Floodplains After a river floods, and as floodwaters subside, 
slow, and drop their sediment, floodplains form along the valley 
sides. These floodplains are part of a river, but they are only sub- 
merged during floods. Figure 14 shows a satellite image of a 

portion of the Missouri river before and during the 1993 flood. 
While they can be catastrophic to property, a beneficial effect of 

such a flood event is to rejuvenate soil quality. 

Deltas At the mouth of a stream 
that empties into a body of water, 

a fan-shaped sediment deposit 

called a delta will form. Deltas 

often have branching channels, like 

roots of a tree, called distributaries. 

Distributaries distribute water 

and mud into the water body they 

enter, as shown in Figure 15. 

Similar depositional features, 

called alluvial fans, form where the 

mouth of a stream enters dry land. 

Figure 15 Both tributaries and dis- 
tributaries are sometimes compared to 

branches or roots of a tree. Some dis- 

tributaries of the Mississippi River are 

shown here. 

Compare and contrast tributaries and 

distributaries. 

SECTION 2 Shaping the Landscape 

Figure 14 The Missouri River, 
shown above, sometimes over- 

flows its banks and spills onto its 

floodplain, shown below. 

Sciencap iN 
Topic: Bayou 

Visit fl.gpescience.com for Web 

links to information about the the 

Louisiana Bayous. 

Activity A bayou can be a creek, 

secondary watercourse, or any of 

various, usually marshy or sluggish 

bodies of water. Research the 

origin of the word bayou. Locate 

the Louisiana Bayous on a United 

States map. 

657 

Cultural Diversi 

Explorers from many different countries led the 

Quick Demo 
7 Meandering Streams 

Materials sand, baking tray, 
water 

Estimated Time 10 minutes 

Procedure A stream table filled 
with about 3 cm of clean sand- 
box sand can be used to perform 
the MiniLAB from this section. 
You can substitute a large baking 
tray for the stream table works. 
Follow the MiniLAB directions. 
The tray of sand should have a 
drain that flows into another pan 
(trap). The trap, in turn, over- 

flows into a sink. The trap is 
critical so that eroded sand does- 
n't clog the sink drain. Smooth 
the sand and change the gradient 
between trial runs. This appara- 
tus can be left up for student 
inquiry after the demo. 

—= | 

| Teacher al 
Pe Be goky 

- Stream Styles Rea 
A usually start as a stream redirects 

itself around ‘obstacles. in in the 
streambed. These patterns can 
be quite complex ‘if there are- 
multiple obstacles. At very ow 

- gradients or when the streambed. 

i is composed of soft mud, streams _ 
d develop multiple intertwined 
- streamlets. Then it is called a 

| braided stream. vo #6 wee 
i ae 

Caption Answer 
Figure 15 Tributaries carry water into the 
main channel, distributaries carry water 
away from the main channel. 

way into our country. Some places, therefore, 

have distinct ethnic characteristics. Place names 

of rivers, towns, and mountains often are Native 

American in origin. Have your students use state 

maps to identify features that have non-English 

names and research the origins of the place 

names they identify. [12] GU [f {} Visual-Spatial 

TT _—=—” 

Earth’s longest river is the Nile River in Africa, at 

6,484 km. 
The river with the highest discharge is the Amazon 

at 180,000 m?/s, 
The Amazon also has the largest drainage basin at 

5 879,273 sq. Km. 
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Discussion 
Erosion at Home Ask students to 

identify the kinds of erosion that 

are taking place in your region 

today. Extend the discussion to 
include the forms of erosion that 

have affected the region in the 
past and the resulting landforms 
that exist today. Have them spec- 
ulate as to how those landforms 

shaped the land use of the region. 

Answers will vary by region—consult 
your state/local museums and universi- 

ties for specifics to your region. For 

example: thick deposits of glacial out- 
wash and loess in central Illinois formed 
the basis for the fertile soils and subse- 
quent farming that developed. 

'%, Reading Check 

Answer Winter snow fall must exceed 

summer melt. 

~ Fun Fact 
Some well-known features in the 

United States are actually glacial in 
origin. Bunker Hill is a drumlin. 

Walden Pond (Thoreau, 1840s) is a 

kettle lake. 

Caption Answer 
Figure 16 A trunk valley is formed when 

valley glaciers move through regions once 
occupied by streams. A hanging valley is 
formed by a tributary glacial valley whose 
mouth is above the main valley. 

Sciencep NING 
Topic: Isostatic Rebound 

Visit fl.gpescience.com for Web 

links to information about the 

effect of the weight of glacial ice 

on Earth’s crust. 

Activity In your Science Journal, 

describe evidence that supports 

the fact that Earth’s crust 

rebounded upward at a location 

where the weight of glacial ice 

was removed. 

Figure 16 Valley glaciers create 

a variety of alpine, or mountainous, 

features. Along their paths, they 

accumulate soil and surface rocks 

that become abrasive material used 

to transform the landscape. 

Compare and contrast trunk val- 

leys and hanging valleys. 

Horn 

Arétes 

Trunk glacier 

Tributary glaciers 

Bowl-shaped basins called cirques form by erosion at 

the start of a valley glacier. Arétes form where two 

adjacent valley glaciers meet and erode a long, sharp 

ridge. Horns are sharpened peaks formed by glacial 

action at three or more cirques. 

Glaciers 
A region where winter snowfall exceeds summer melt has 

the potential to form a glacier. This excess snowfall must take 

place year after year for hundreds to thousands of years. 

Compaction within a thick mass of snow eventually can change 

it to glacial ice. Valley glaciers form at the top, or head, of river 

valleys in mountainous regions. They move down slope, usually 

following the path of the preexisting valleys as shown in 

Figure 16. Continental glaciers, which occupy huge land areas, 

cover all but the highest peaks. Ice moves away in all directions 

from where it accumulates. 

AC What is a requirement for a glacier to form? 

Imagine what happens when you pour pancake batter onto 

a cooking surface. It spreads out under its own weight. The more 

you pour the more it spreads. As ice accumulates, the pressure at 

its base increases and causes it to flow outward. The polar ice 

sheets of Greenland and Antarctica move in this manner. 

Glaciers become effective agents of erosion as they move 

either down slope as in valley glaciers or under their own weight 

as in continental glaciers. As the ice moves, it acts like a giant 

bulldozer scraping, gouging, and plucking soil and surface 

rocks. 

_— Horn 

Arétes 

Cirque 

7 
valley se 

Hanging valleys 

U-shaped valleys result when valley glaciers move 

through regions once occupied by streams. A tributary 

glacial valley whose mouth is high above the floor of 

the main, trunk valley is called a hanging valley. The 

discordance between the different valley floors is due to 

the greater erosive power of the trunk glacier. 
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Curriculum Connection 

Social Studies Students have learned that Earth’s 
asthenosphere is partially molten and flows under 
pressure. ‘The extreme thickness and weight of gla- 
cial ice causes deformation of the asthenosphere 
and a decrease in the crust’s elevation. When the 
weight of the ice is removed, the crust rises back up 
in a process called isostatic rebound. Evidence of 
this rebound can be observed in areas where large 

658 CHAPTER 21 Earth’s Changing Surface 

continental ice sheets once covered the land. Have 
students discuss the evidence for isostatic rebound 
provided by Viking ship moorings along the coasts 
of Canada and Scandinavia. Alternatively, they can 
discuss the changes observed at Sloop Cove NHS 
near Churchill, Manitoba. Guide them to note 
that sea level has not changed appreciably since the 
time of the Vikings. 



Erosional Features Valley and continental gla- 
ciers leave behind deep grooves or striations, which 
give clues about the direction the ice was moving. 
Continental glaciers gouged out the Great Lakes and 
the finger lakes of New York. Valley glaciers convert 
V-shaped stream valleys into distinctive U-shaped 
valleys. The downcutting force of valley glaciers dif- 
fers from those of streams. Rather than simply cut- 

ting downward, glacial ice exerts pressure to the 
sides as well. This creates the distinct and easily rec- 
ognized U-shaped valley. 

Ty, Reading Check What is the shape of a valley that 
is cut by glaciers? 

This downward cutting force of ice is a function 

of mass. Tributary glaciers with less mass cut less 

deeply. Larger trunk glaciers have more mass and 

erode more deeply. This produces tributary valleys 

that enter the main valley at different elevations, cre- 

ating hanging valleys. Stream divides are eroded into 
sharp ridges called arétes. Where ice first accumu- 

lates, a bowl-shaped depression called a cirque is 

formed. The formation of several cirques around a mountain 

results in the formation of a horn. Figure 16 illustrates some 

glacial landforms that form in mountainous areas. 

Glacier Deposits Ice cannot sort material like moving water 
does. So, when continental and valley glaciers melt, they dump 

all the rock material they are carrying. This material, known as 

till, is composed of random sediment sizes ranging from tiny 

clay particles to house-sized boulders. The large ridges of till 

that accumulate at the edge of a glacier are called moraines. An 

end moraine forms at the front of the ice, and lateral moraines 

form at the side of the ice. If two valley glaciers join together 

down slope, their lateral moraines get sandwiched together to 

form medial moraines. A ground moraine forms underneath 

melting continental ice sheets. 
Some of the smaller-sized particles ranging from clay to 

gravel are carried away by meltwater and form layered 

deposits on outwash plains. Deposits of outwash material are 

layered and sorted by size because of the action of water in 

transporting and depositing them. Glacial deposits in flat 

outwash plains often become fertile soils that support plant 

growth. Figure 17 shows examples of landforms deposited by 

melting ice. 

Kettle lakes 

Ground 
moraine 

Figure 17 End moraines are 
composed of poorly sorted soil and 

rocks that were scraped up by the 

glacier, moved ahead of it, and 

then deposited where it melted. 

Eskers are composed of finer soil 

and rock material that was 

deposited within the glacier. 
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Purpose demonstrate glacial erosion 

Materials sand, large cookie sheet, ice cubes, 

paper towels 

Alternate Materials box lid or shallow box 

Preparation Spread a 2- to 3-inch layer of 

sand on the cookie sheet. Make ice cubes. 

a 

(iS) LAB DEMONSTRATION 
Procedure Have a student push an ice cube 
over the sand and note where the sand 

erodes and where it accumulates. Have 

another student push a second cube beside 

the first. Repeat, but this time have the ice 

cubes start apart and come closer together. 

Expected Outcome Erosion occurs along 

the bottom and sides of the ice cubes while 

sand accumulates along the sides. 

Assessment 

Oral What types of moraines formed? Lateral, 
end, and medial moraines formed. 

(%, Reading Check 

Answer U-shaped 

Melting Ice 

Purpose to help students visual- 
ize till deposition more clearly 

Materials two large glass jars with 
lids, water, assortment of sedi- 

ment sizes, ice, hammer, large 

resealable bags 

Preparation Fill one jar one-third 
full with sediment. Add water to 
fill the jar and put on the lid. 
Crush the ice inside the plastic 
bag using the flat side of the ham- 
mer. Add sediment to the ice and 
quickly mix. Pour into the second 
jar and seal. Immediately put the 
jar into a freezer. 

Teaching Strategies 

e Remove “the jar irom the 
freezer at the beginning of class. 
Shake the first yarsto irecestue 
sediment and set it on the table. 
Place the second jar next to it. 
Do not move either jar during 
the class period. 
¢ Students will observe that the 
sediment in the first jar will settle 

out by size, just as it does in a 
river or stream. The sediment in 
the second jar will settle out as 

the ice melts but it will not be 
sorted. This is what happens as a 
glacier melts and till is deposited. 

For additional inquiry activities, see 
Science Inquiry Lab Manual. 

PELL) 
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Caption Answer 
Figure 18 Particles are blown by the 
wind until they are dropped. The leeward 

side of a dune is protected from the wind. 

The wind looses energy and the particles 
are dropped. 

Discussion 

What are dunes? Obtain photos or 
transparencies of the five major 
dune types: transverse, barchan, 

longitudinal, star, and parabolic. 
Explain that dune shape is 
dependent upon sand supply, 
wind velocity, variation in wind 

direction, and surface character- 

istics. Have small groups choose 
one dune type and speculate on 
the nature of the four character- 
istics listed above that result in 
the formation of their dune. 
Transverse—large sand supply, constant 

wind direction perpendicular to dune 

zpoints face downwind; Longitudinal— 
limited sand supply, strong winds from 

two slightly different directions, parallel to 
combined wind direction; Star—ample 
sand supply, three or four wind directions; 

Parabolic—limited sand supply, constant 
wind direction, points face upwind [12] 
GP jf} Visual-Spatial 

Science Journal 

Dust Bowl Experiences Have stu- 

dents write an eye witness 
account of a “black blizzard” dur- 

ing the dust bowl of the 1930s. 

Encourage them to discuss why 
the dust storms were called black 

blizzards and how these blizzards 

differ from snow blizzards. Snow 

melts, and the dust remains where it set- 

tles. Information is available 

from historical societies of any 

of the dust bow] states, such as 

Kansas and North Dakota. [2] 

Dune migration 

Figure 18 Erosion on the wind- 
ward side and deposition on the 

leeward side can cause sand dunes 

to appear to move. 

Infer Why does deposition occur 

on the leeward side of a dune? 

Windward eee 

‘ 
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Wind 
You might think that wind is the most 

important agent of erosion in deserts, but this is 

not so. Running water erodes more, especially 

during infrequent flash floods. Compared to 

water and ice, wind lacks the ability to pick up 

and carry large particles. However, wind can act 

as a sand blaster, blowing sediment around and 

polishing and smoothing landforms. In places 

where sand and smaller particles are abundant and not held in 

place by vegetation, wind can be a very effective agent of erosion. 

Leeward side 

Erosion by Wind The removal of small particles by wind, 
leaving heavier particles behind, is called deflation. Deserts 

often are pictured as endless sand dunes, but this is misleading. 
Many deserts have a rocky, rough texture caused by deflation. 
The remaining surface is known as desert pavement. Blowouts, 

or deflation hollows, are common landforms where wind is the 

dominant agent of erosion. These landforms are shallow depres- 
sions where wind has scooped out surface material, leaving high 

places behind. 

Wind Deposits As wind velocity decreases, the load of sedi- 
ment is dropped. The shapes and sizes of landforms that form 

depend on how constant the wind velocity is and on the supply 

of sediment. Fine silt from glacial outwash plains or deserts is 

picked up and deposited as thick, unlayered deposits called 

loess (LUS). Dunes form as the wind moves sand-sized particles 

into distinct forms, as shown in Figure 18. 

Wave Action 
The zone where land meets open water is an area where 

extreme forces operate. One cubic meter of water has a large 

mass. The force generated by breaking waves is large and pro- 
vides the energy to change surface features. 

Currents from Wave Action When waves approach a 
shoreline at an angle, they change directions, or are refracted. 
They wash up at a slight angle to the beach. The backwash 

returns to the sea perpendicular to the shoreline. Waves churn 

up beach sediment, which is carried back toward the sea with 
the backwash, then moved toward shore at an angle again. This 
process results in net sediment transport parallel to the shore- 
line, as illustrated in Figure 19. The resulting movement of 
water parallel to the shoreline is called a longshore current. 

Differentiated Instruction 

English-Language Learners Have students cut 
photos out of magazines, such as National 
Geographic or a travel magazine, to create a col- 
lage or poster of landforms created by erosion. 
Students should label or provide a key for their 
work in both English and their native language. 

The label should include the erosive agent that 
created the landform. 
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Reading Strategy 

Panel Discussion Choose five students to be 
experts for a discussion about erosion. Each 
expert will study the part of the text that cor- 
responds with one of the following: running 
water, glaciers, wind, wave action, and mass 
wasting. Other students. in the class will ask 
questions of the student experts. 



transport 

Erosion from Wave Action The action of waves loaded 
with sediment works like sandpaper and causes abrasion. This 
results in rounded pebbles and cobbles on the beach. Coastal 
cliffs often are eroded at their bases by wave action. This results 
in periodic collapse of cliff material into the sea. This material 
then is battered by waves and eventually reduced to smaller sizes 

that can be transported by the longshore current. Shorelines that 

are rock-bound with steep cliffs tend to experience differential 

weathering. A wide variety of landforms, such as sea stacks, sea 
arches, and headlands, are characteristic of rocky shorelines. 

[472 How does beach sand become rounded? 

Deposition by Wave Action Shorelines commonly lack ero- 
sional landforms when they have a thick sediment cover. Instead, 

the sediment on these beaches is constantly reworked producing 

a variety of depositional landforms. Longshore currents move 

sediment along the shore. Where this current slows, sediments are 

deposited as offshore sand ridges or bars. Sandbars run parallel to 

the shore. A sandbar that seals off a bay from the open ocean is 

called a baymouth bar. Spits are sand bars that project into the 

water from land and curve back toward land in a hook shape. 

Cape Cod is a well-known spit off the coast of Massachusetts. 
During severe storms, water levels can rise and create sand 

deposits known as barrier islands that can serve as protection for 

the mainland. The shallow lagoons between the islands and the 
mainland are nurseries for many forms of marine life. 

Mass Wasting 
When erosion occurs primarily as a result of gravity, whether 

triggered by an influx of water, by earthquakes, or by human 

activity, mass wasting occurs. Mass wasting takes place where 

slopes are overly steep or lacking vegetation. Events usually 

begin when support at the base of a slope is removed and the 

material above moves downhill. 

Figure 19 Longshore currents 

run parallel to the shoreline. They 

can completely remove some 

beaches by erosion and later 

deposit the sediment, forming new 

beaches farther down-current. 
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Reflection Ask students to think 

oe“ 

Visual Learning 

Figure 19 Have students examine 

the figure and ask the following: 
‘The beach is often called a “river 

of sand.” How can this figure be 
used to explain this name? The 
longshore current transports sand 
parallel to the shoreline. This process 
never stops, so sand is moving con- 

stantly. The movement of the sand can 

be seen as a river of sand. 

Answer Wave action transports sedi- 

ment and rolls it around—sediment 
acts like sandpaper and erodes adjacent 

particles. 

Post Reading 

about a place they’ve seen that has 
experienced erosion. Have them 
write a description of the area and 
an explanation of the erosion 
process. Write the terms wave 
action and running water on the 

board to prompt thinking. 
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DAILY INTERVENTION 

Check for Understanding 
Visual-Spatial Use the posters 
created for the Differentiated 

Instruction or Performance activ- 

Hace ae open matey for class Figure 20 In 1985 in Colombia, : Erosion by Mass Wasting Erosion caused by mass wasting 

review and critique. [2] > the Nevado del Ruiz volcano : is dependent upon the type of event and the type of materials 

erupted. Meltwater from its : involved. For example, slumps, which are common in soil along 

Reteach glacier-covered peak created a hillsides, produce concave, upward scars from which material 

Wind Erosion Use eye protection. mudflow that took 23,000 lives. : has detached and moved downward. Landslides or rockslides 

Use three trays filled with differ- In 1991 in the Philippines, Mount: also can produce distinct scars on slopes. Mudflows move rap- 

ent-sized particles: sand, gravel, Pinatubo erupted and covered its = idly and are as dense and damaging as fluid cement. These most 

or silt. Have students gently blow slopes with ash and pyroclastic > often occur following heavy rainfall or snowmelt. Figure 20 

across the surface of each tray, as flows. Heavy rains mixed with the illustrates an example of a mass wasting event. 

volcanic debris, creating a lahar, 

or mudflow, that covered much of : Deposition by Mass Wasting Mass wasting events tend to 
Bacolor Village, shown above. : dump their material in disorganized masses. This material 

: replaces the undermined material at the base of the landform. 

When sufficient material builds up, the slope becomes stabilized 

and mass wasting stops. Geologists often can identify ancient 

landslides by their disorganized structure. 

if they were blowing out birthday 
candles. They should repeat this 
several times, blowing stronger 
each time. Have them observe 
the amount of effort it takes to 
get each particle to begin to 
move. Silt will take little effort, 
sand more, but gravel may be 

immovable. [1] 
© section. 1) Teview. 

Summary Self Check 
Erosion, Transport, and Deposition . Define the general process of erosion. 

@ Features resulting from erosion, transport, . Describe the process of sediment transport by run- 
and deposition of sediment give clues about ning water, glaciers, wind, wave action, and mass 
the natural processes that formed them. wasting. 

Running Water and Glaciers . List at least two landforms associated with each of 

- @ Regions along streams have specific charac- processes listed in question 2. 

teristics depending on whether they are near . Think Critically How can you explain a sediment 
the head or near the mouth of the stream. deposit that contains unlayered and randomly sorted 

® Glaciers create characteristic landforms. material at the bottom and layered, well-sorted mate- 

Wind, Wave Action, and Mass Wasting rial at the top? 

e@ Wind erosion creates landforms such as 

blowouts and dunes. Applying Math 
@ Wave action creates longshore currents. 

Pm Me me 

% Assessment 

Performance Have students create 

a poster of photos that illustrate 

landforms created by an erosional 

agent. Use PASC, p. 145 P| 

. Calculate Ifa glacier moves 0.5 m per day, how far 
@ Mass wasting occurs when material moves does it move in 100 years? 

downslope mainly due to gravity. 
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ee ee eect Gee Section revielu 

1. loosening and removal of weathered are deposited; wind: wind-blown longshore current; mass wasting: sand bars, barrier islands; mass wast- 
material from Earth’s surface by an load is limited to sand and smaller downhill transport due to gravity, ing—slumps, rockslides, landslides 
agent of erosion particles, which are transported until sometimes with the aid of water mudflows. . 

2. running water: load is transported wind velocity decreases—the largest 3. running water—bars, floodplain, 4. The bottom layer was deposited by a 
until velocity decreases—the largest particles are deposited first; wave delta, alluvial fan; glaciers— glacier; the top layer was deposited | 
particles settle out first; glaciers: mov- action: particles are suspended and striations, U-shaped valley, moraines; by running water. 
ing ice rafts or pushes sediment along deposited with each wave and are wind—deflation hollows, dunes; 5. 18.3 km 
until the ice melts—all the particles transported along the shore by the wave action—sea stacks, sea arches, me MA.B.1.4.2 
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section , 

es / Groundwater pane 
An editable Microsoft® 

=== PowerPoint® presenta- 
W: vanittoe W tion is available on Interactive 

hat n 7, It’s Important New Vocabulary Chalkboard CD-ROM. 
m Explain the importance of Groundwater is a main source of @ infiltration 

groundwater. drinking water for society. © water table Bellringer 
m Describe how groundwater is ¥% permeability 

stored and obtained. ® Review Vocabulary @ aquifer 
@ List some concerns about future porosity: the percentage of open 

groundwater use. space in a material 

Reading Guide 
* Presen # FCAT Vocabulary 

Section Focus Transparencies 

also are available on the 

Interactive Chalkboard CD-ROM. | 

PELL) : 
The Water Cycle 

The oceans contain 97.2 percent of Earth’s water. That leaves : Al'sWellthat Ends Well Sera 
BS eC . ° . : Transparency 

only 2.8 percent as freshwater, three-quarters of which is tied up : I con rece Secoie ead the worlds wel are the only sours onan 
> . . . re ) 5 : water. People haye been digging wells for thousands of years, yet wells 

in glacial ice. This means less than 1.0 percent of Earth’s water is: can pon problems poorly built well or one that has Den tinted by 
. a ° poisonous substances is useless. Fortunately, there are ways to test well 

available for use. : water for contaminants, and many people who depend on wells for 
water perform such tests on a regular basis. 

Water Cycle Freshwater supplies are constantly being replen- 
ished through the water cycle. For example, large amounts of 

freshwater enter the water cycle by evaporation of seawater. A 

lesser amount enters the cycle through transpiration—the plant 

process in which water enters roots and is released through 
leaves as water vapor. The energy to power both evaporation 

and transpiration comes from the Sun. Water vapor in the air 

forms clouds, which in turn provide precipitation. Precipitation : Figure 21 The water cycle con- ae” roesdvaate ot, ae Te 
is freshwater, but it often is contaminated with pollutants :  tinually redistributes Earth’s water. «Aight emia oc 
washed from the air. Most hicndnoplanterninagac sata SAREE 

precipitation goes back into 

the ocean. The water that Condensation 
falls back on land can 

evaporate, runoff as stream 

flow, or infiltrate Earth. 

Infiltration is the process by 
which water enters Earth to 

become groundwater below 

the surface. Figure 21 illus- 

trates how these processes 

are interconnected through 

the water cycle. 

Reading Preview 

Tie to Prior Knowledge 

Porosity Fluids can be stored in 
the empty or pore spaces of 
materials. Some rocks are able 

to store water and other fluids. 
These rocks have porosity. 

Predict Meaning Ask students 

to scan the text to find new 
vocabulary words. Suggest that 
they note bold print, headings, 
and figures for clues to meaning. 
Have students predict the 
meaning of each word. Students 
can then read the text to verity 
or modify meanings. 
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Chapter Fas Fite Resources Reinforcement, p. 27 

Transparency Activity, p. +6 Directed Reading for Content Mastery, p. 19 

kab: Activity, pp. 13=14 Life Science Critical Thinking/Problem Solving, p. 23 

Enrichment, p. 31 Lab Management and Safety, p. 71 
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‘ey Quick Demo 
<x Porosity 

Materials glass beakers, non- 

absorbent materials, water, 

graduated cylinder 

Estimated Time 20 minutes 

Procedure Four 500-mL or larger 

glass beakers can be used to illus- 
trate different porosities. Select 
three different particle sizes of a 
non-absorbent material, such as 

gravel, sand, marbles, ball bear- 
ings, or pellets. Fill three of the 

beakers with a single particle 
size. Fill the fourth with a mix of 
the three sizes chosen. Have the 
students predict the percent 
porosity for each beaker. 

Then pour measured amounts of 
water into each beaker, recording 
the amount necessary to cover the 
particles and fill the beaker. 

The amount of water to cover 
(mL) divided by the amount of 

particles (mL) times 100 equals 
porosity. Typical answers should 
be less than 30 percent. 

eS =. | 

‘Teacher GQ] © ee se ttl > 

Porosities Single-sized “particles: 
 (well-sorted) tend to have higher 
- porosities than mixtures of differ 
ent particle sizes ; (poorly sorted). — 
| Typical rock porosities range 
from 0-20 percent to as high as_ 

130 percent. ‘Most people tend to ] 
overestimate porosity. = er 

gee wegiorparenn 
Rennes Ati 

Figure 22 Groundwater is 
stored in porous rock called 

aquifers. It is often recharged, ° 

or replenished, by infiltration 

in wetlands. 
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Groundwater 
All the water that is naturally stored underground is called 

groundwater, as illustrated in Figure 22. When water moves under- 

ground through infiltration into the pore spaces of sediment and 

rock, groundwater is replenished. The region near the surface 

where water can infiltrate freely is the unsaturated zone. The region 

below that, where water completely fills the pore space, is the satu- 

rated zone. The water table is the boundary separating these two 

zones. Factors affecting how easily water can infiltrate and recharge 

groundwater supplies include the slope of the land, the nature of 

the surface material, and the type and amount of vegetation. 

What is infiltration? 

Groundwater Storage A material must be capable of 
absorbing water in order for it to allow infiltration. If a material 

is not already saturated and enough time is available for water to 

pass through it, infiltration will occur. Unsaturated, porous sand 

or gravel will generally allow rapid infiltration. Surfaces made of 

clay or other impermeable material will generally allow little 

water to infiltrate. Most rainfall or snow melt runs off steep sur- 

faces or evaporates. Plants take in significant amounts of infil- 

trated water before the water can move deep enough to be stored. 

In some regions, the supply of groundwater has been stored 

for millions of years, but humans are withdrawing it faster 

than it can naturally be replaced. This is particularly bad in arid 

climates where rainfall is low. 

A rock unit that can transmit water through its pore space is 

called an aquifer. Sandstone and limestone often make good 

aquifers. A rock that slows or stops infiltration is an aquitard. A shale 

or clay layer makes a good aquitard. Small, local water tables can 

happen where an aquitard prevents downward infiltration. In this 

case water is said to be perched, or positioned above an aquitard. 

3 Infiltration 

Unsaturated zone 

Water Table 

Saturated zone 

Impermeable rock 

Answer the process of surface water 
seeping into the ground 

Visual Learning 

Figure 22 Note the positions of the saturated and 
unsaturated zones and the water table. What will 
happen to the position of the water table after a 
heavy rain? It will move up as more ground becomes satu- 
rated with water. [L2] Gi 
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Porosity and Permeability Water infiltrates through pore 
spaces, which are open spaces in sediments or rock. The com- 
bined volume of these spaces defines the material’s porosity. If 
porosity is low or if the pores don’t interconnect, then water will 
not flow easily, if at all. Such a condition is called low permeabil- 
ity. Permeability, illustrated in Figure 23, is a measure of how 
well a fluid can pass through a material. Water can continue to 
move through sediment and rock as long as there are intercon- 
nected pores available. This can cause the water table to rise and 
the zone of saturation to grow. When the water table rises to the 
surface, water can no longer infiltrate and run-off or flooding 
from more rainfall is likely. Figure 23 Fluids pass through 

interconnected pores but cannot 

pass through isolated pores. 

Applying Math BUS, 

POROSITY VOLUME Suppose that an aquifer with dimensions of about 450 km in length and 
200 km in width is 75 m thick. It has an average porosity of 7 percent. About how much 

water can the aquifer potentially hold? 

13/1158 known values and the unknown value 

Identify the known values: 

Length of aquifer (L) = 450 km or 450,000 m 

Width of aquifer (W) = 200 km, or 200,000 m 

Thickness of aquifer (T) = 75 m 

Porosity = 7% = 0.07 

Identify the unknown value: the porosity volume 

| SOLVE | the problem 

Volume of aquifer = L X W X T = 450,000 m X 200,000 m X 75 m 

(4.5 X 10°m) X (2.0 X 10° m) X (75 m) = 6.8 X 10!? m? 

Total volume of porosity = volume X porosity (%) 

6.8 X 10!2 m? X .07 = 4.7 X 10!! m> 

fq:iz@'@ the answer 

Does your answer seem reasonable? Check your answer by dividing it by the porosity, 

thickness, and width values. The result should be the length of the aquifer in meters. 

Practice Problems 

The Dakota Sandstone is 925 km long, 560 km wide, averages 4,200 m in thickness, and has 

an average porosity of 9.3 percent. What is its water storage volume? 

For more practice problems, go to page 879 and visit Math Practice at fl.gpescience.com. 
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Applying Math | 
Math Standards 

National: 1, 4,9 

Florida: MA.B.1.4.1 

Teaching Strategy 
It is helpful to liken this to determining 

how much water a sponge can hold 
when you can’t wring out the sponge. 
Stress that it is a two-part problem: 
determine total volume of the aquifer 

and then reduce that value to the 
amount equal to empty space. 

Answer to 

Practice Problem 

2.02 < 10"4 m? 

Activity 
Absorption and Infiltration Rate 
Have students time the rate at 
which different materials such as 

paper towels, cloth, and sponges 
absorb a given amount of water. 
Use similar materials to time 

how long it takes water to soak 
through (infiltrate) a stack of the 

same material. 

Reading Strategy 

Question a Partner After read- 
ing a section, students should 
write questions to ask a partner. 

Students will alternate asking 
and answering questions. The 
following topics can be used for 
questions: the water cycle, 

groundwater, and water re- 
sources. Encourage students to 
write higher-order compreh- 
ension questions. 

(IS) LAB DEMONSTRATION 
Procedure Place a paper towel over the 
end of a can with a 5-cm hole, followed by 

layers of plastic screening. Secure with rub- 
ber bands. Fill the can with gravel. Hold the 
can above the tray and pour water into the 

can. Time how long it takes for the water to 

wet the paper. Repeat the procedure with 

different sizes and mixes of sediment. 

Purpose demonstrate permeability 

Materials juice cans, plastic screens, rubber 

bands, clock, sand, gravel, tray, paper towels 

Preparation Cut one end out of a juice can. 

Make a large hole (5 cm) in the other end. 

Construct several more set-ups. 

Expected Outcome Gravel has the fastest 
time, then sand, and finally the mixes. 

Assessment 

Ask students to explain the different flow 
rates. As pore sizes decrease, friction 
increases, lowering the permeability. 
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| NATIONAL 
GEOGRAPHIC 

Visualizing the Role 

of Groundwater in 

Shaping Earth’s 

Surface 
Have students examine the pic- 

tures and read the captions. ‘Phen 

ask the following questions: Why 

are karst features most frequently 

found in areas with limestone 

bedrock? 

Why can’t groundwater be con- 

sidered a large underground 

lake? 

When groundwater evaporates 

in a glass, it leaves a solid film, 
but rainwater does not. What is 
the film? 

Caves Have students play a block 

game in which blocks of various 

sizes and shapes are stacked to 

form a structure. Carefully 

remove blocks from the bottom 

or middle of the stack to form 

openings and tunnels. Is it 

possible to create a cave that 
extends through the structure 

without causing a_ collapse? 

Repeat several times to determine 

an approximate percentage of 

blocks that can be removed 

while keeping the structure 

intact. fL2| 

NATIONAL VISUALIZING THE ROLE OF GROUNDWATER 
GEOGRAPHIC IN SHAPING EARTH’S SURFACE 

if 

Figure 24 

ome of the rainwater that falls on the ground 

flows into rivers and lakes. However, much of 

the water flows between soil particles and 

travels underground. Below ground, acidic water 

gradually dissolves limestone. Landforms that result 

from acidic water dissolving underground limestone 

are known as karst topography. Indications of karst 

areas include springs, caves, and sinkholes. 

Spring waters flow from the ground where 

the zone of saturation meets Earth’s sur- 

face. Depending on the level of the water 

table, springs can be either permanent or 

intermittent features of the landscape. 

Caves form as acidic groundwater flows 

through bedrock and dissolves limestone. 

When the water table drops, open chan- 

nels remain as caves. Limestone caves 

can extend many kilometers under- 

ground and include chambers that are 

tens of meters high. 

Sinkholes can form when the roof of a cave collapses. 

Sinkholes can range from small, sloping depressions where 

water can slowly work its way underground, to large chasms 

where the flow of a stream or river can be transferred to an 

underground cave. 

Challenge Have students find the average annual 

rainfall for your location. If all the rain could be 

collected, how large an area (in square meters) 

would be required to supply the water used by a 

typical household, about 250,000 liters/vear? Use 

the following factors: 1,000 L = | m?: one inch = 

0.0025 m. [13] 
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Water Resources 
Life is dependent on the availability of freshwater. Because of 

this, supplies are monitored and attempts are made to preserve 
water resources. Humans have a responsibility to protect fresh- 
water no matter what its source is. 

Obtaining Groundwater Some groundwater comes naturally 
from springs, which are where the water table intersects the 
ground surface. Alternatively, wells are holes dug or drilled into 
Earth. When a drill hole encounters the water table, water can be 
pumped to the surface. As water is removed from the zone of 
saturation, the water table is lowered. You might expect the 
water table’s surface to remain horizontal as water is taken away. 
This does not happen near the well because the groundwater 
flow path changes. 

Much like surface water, groundwater flows downhill. The nat- 

ural flow path of groundwater has both horizontal and vertical 
components, as illustrated in Figure 24. Also, groundwater flow 

rates usually are slow. As water is withdrawn, the direction of water 

flow shifts downward toward the well, depressing the water table 
around it into what is called a cone of depression. Depending on 

the rate of pumping, the cone of depression can affect water avail- 

ability from other local wells, or force wells to be drilled deeper into 

an aquifer to obtain water. Figure 25 illustrates this situation. 

Water Under Pressure Wells drilled into aquifers that are 
under sufficient natural pressure to force water up into a well are 
called artesian wells. They form when an aquifer is sandwiched 

between two aquitards. One example might be sandstone posi- 

tioned between two shale layers. The aquitards keep the water con- 

fined to the aquifer. When the aquifer is sloped, gravity on the water 
provides pressure on the low side of the slope. These wells usually 

are free flowing at the surface. 

“Environment 
ny 

Not In My Back Yard 

(NIMBY) In the past, aban- 

doned mines and parts of 

uninhabited valleys were 

used as landfill sites. Trash 

was thrown into these 

landfills. When it was dis- 

covered that many haz- 

ardous materials in trash 

were leaching into nearby 

water supplies, something 

had to be done. Research 

problems associated with 

locating sites for landfills 

and current improvements 

in landfill technology. Hold 

a class debate about the 

pros and cons of landfills. 

Sciencapl lie 
Topic: Hard v. Soft Water 

Visit fl.gpescience.com for Web 

links to information about the 

difference between hard and soft 

water and where they occur. 

Activity Create a map showing 

locations of hard and soft water 

across the United States. Explain 

what makes water hard or soft and 

how the effects can be reduced. 

Figure 25 As areas become 
more populated, more water wells 

often are drilled. This lowers the 

water table, causing some existing 

waier wells to go dry. 

Infer Why is a cone of depression 

created in the water table at the 

base of a water well? 
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Curriculum Connection Differentiated Instruction 

Chemistry Introduce the idea of water as the uni- 

versal solvent and conduct a discussion of how this 

property creates hard and soft water. ‘Io help with 

this discussion, your local water provider can give 

you information on the physical properties of the 

water in your area. If your municipality does not 

use groundwater, ask your water company to help 

you locate a nearby town or city that does. [L2] 

English-Language Learners Have students prepare a 
campaign poster for “Save Our Water” ground- 
water conservation. Suggest using print-media 
clippings or drawings and data from your region 
to keep the campaign local. Another topic could 
be “Help Control Water Pollution—Do Your 

Part”. {c2] [El 

Environment 

Not In My Back Yard (NIMBY) In 
the past, abandoned mines and 
parts of uninhabited valleys were 
used as landfills to hold trash. 
When it was discovered that 
many hazardous materials in 
trash were leaching into nearby 
water supplies, something had to 
be done. Research problems 
associated with locating sites 
for landfills and current 
improvements in landfill technol- 
ogy. Hold a class debate about the 
pros and cons of landfills. New 
technology and engineering techniques 

are continuing to improve the quality of 
landfill construction. However, as popu- 
lation increases and availability of land 
decreases, finding locations for landfills 

becomes increasingly more difficult. 

Discussion 

Water Issues Have students com- 

pile a class list of actions they 
could take to conserve water. 

Introduce local water issues here. 

Science Journal 

Fluoride—Good or Bad? Provide 
students with information on the 
addition of fluoride to municipal 
drinking water. The U.S. Envi- 
ronmental Protection Agency is a 
good place to start. Have students 
write an essay declaring whether 
this practice is good or not by 
comparing the pros and cons of 
fluoride in drinking water. 
Students should be able to defend 
their decision. 

Caption Answer 
Figure 25 As water is drawn up into the 
well, groundwater moves slowly through 
the pore spaces. 
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[”, Reading Check 

Answer from natural pollutants, such as 

arsenic, or infiltration from runoff 
Pollution 

Caption Answer 
Figure 26 Polluted groundwater is 

sometimes impossible to clean. 

oa Post Reading 

Ilustrations Have — students 
create illustrations of groundwa- 
ter moving through rock. Ask 
them to label impermeable rock, 
saturated and unsaturated zones, 

and the water table. Also, have Figure 26 Pollution canenter : Pollution and Groundwater Resources Pollutants that are 

them draw and label a sketch of groundwater through infiltration. : spilled or dumped on the ground and even air pollutants, washed 

the water cycle. Cleaning polluted groundwater can : from the air by precipitation, enter groundwater through infiltra- 

be difficult and costly. > tion, as shown in Figure 26. Particles of soil can filter larger con- 

yo Infer Why is it important to pre- taminants and prevent them from moving deeper. But, natural 

vent groundwater resources from : pollutants such as arsenic can contaminate infiltrated water. Such 

ii ii being polluted? > groundwater is not useful as a freshwater source. 

(472 How can groundwater become polluted? 

Check for Understanding 
Auditory-Musical Have students 
write a jingle or song with lyrics 

describing the water cycle. 

FeVIeLw 

Summary , Self Check 

Water Cycle . Explain the importance of groundwater. 

© Only about three percent of Earth’s water . Discuss the role of porosity and permeability in the 

sources are freshwater. Freshwater is transmission of water through rock. 

renewed through water cycle processes. 
Reteach 

Obtain information from your 

local or state water conservation 

organization that addresses local 

water concerns. Have the 

students read through the infor- 

mation and list the problems 
their area is dealing with and 

any solutions that have been 
employed. [L2] 

. Distinguish among the unsaturated zone, the saturated 
© Supplies of groundwater are replenished zone, and the water table. 

when surface water infiltrates into Earth. . Think Critically In a rapidly growing neighborhood, 
Groundwater streets, shopping centers, and homes are being built. 

@ The slope of the land, nature of the surface Discuss the possible long-term effects of such growth 

material, and the kind and amount of on groundwater infiltration and supplies. 
vegetation control infiltration. 

@ Porosity, permeability, and gravity control Applying Math 
how water will move through materials. 

. Calculate Suppose a community of 1,500 uses water 
Water Resources ne f at a rate of 1,000 L per person per day. This commu- 

nity relies on an aquifer that contains 1.5 billion L of 

water. How many years will this water supply last? 

@ Both surface and groundwater resources 

are susceptible to human and natural 

contamination. 

‘fT Assessment 

Content Have students outline 668 CHAPTER 21 Earth’s Changing Surface More Section Review fl.gpescience.com 
factors in their region that have an 

effect on the amount and quality 

of the region’s groundwater. Ask oo uae as Secrion Ve) 

what can be done or is being done ow z are 
in their region to protect their 1. Groundwater is the source from 3. The unsaturated zone has pores 4. These factors limit infiltration and 
water supply. For regions that use which most communities draw their that are not filled with water, the increase runoff and flood potential: 
surface water as the source, apply water supply. saturated zone has pores that are if unchecked, less water will enter 
the same ideas and ask why 2. Porosity determines the quantity filled with water, and the water the ground and groundwater 
groundwater is not used. of water that can be stored; per- table is the boundary separating supplies can be used up. 

meability determines the ease of the two. 5. 1,000 days or 2.7 years 
transmission of water between Ae Be MA.B.1.4.1 
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What You'\ Learn 

& Distinguish among geologic eras, 

periods, and epochs. 

m= Explain how scientists decide 

when a geologic time period ends 

and another begins. 

m= Explain the methods and logic 
used in relative dating. 

m= Interpret a geologic cross section. 

m Describe the methods and logic 

used in absolute dating. 

Why It’s Important 

An understanding of geologic time 

allows you to put current geologic 

events into a realistic perspective. 

® Review Vocabulary 

radioactivity: the process that occurs 

when a nucleus decays and emits 

alpha, beta, and gamma radiation 

Time 
In your daily life you have become accustomed to the length 

of a year, a day, or an hour. These units of time are ancient and 

were established by observing astronomical events. Figure 27 

shows a globe illustrating Earth’s time zones. They are deter- 
mined by the position of Earth with respect to the Sun during 

one cycle of Earth’s rotation. 

Absolute and Relative Dating You can give 
your age in years, months, days, and even hours. To 

do this you must have a starting reference—your 

birth date. Birth records often give the exact hour 

and minute of birth. This is an example of absolute 
dating. Absolute dating is the process of assigning 

a precise numerical age to an organism, object, or 

event. Technology allows scientists to add preci- 

sion to their findings involving geologic tme. 

Relative dating is the process of placing objects or 

events in their proper sequence in time. When you 

date events relatively, you know which came first, 

second, and so on. For example, students could be 

asked to line up in order of birth date, with 

oldest first. The key to relative dating is that the 

order is controlled by logical relationships, which 

might or might not involve the use of numbers. 

Reading Guide 

© 10 a.m. 

New Vocabulary 

e absolute dating 

e relative dating 

e uniformitarianism 

@ principle of superposition 

@ unconformity 

e fossil 

Figure 27 Earth is divided into 
24 time zones. 

OAM. 8A M. 7 A.M. 

Se 10 P.M. 
8pm. 9PM. : 
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Chapter Fast Fite Resources 

Transparency Activity, pp. 47, 49-50 

Enrichment, p. 32 

Reinforcement, p. 28 p. 11 

Directed Reading for Content Mastery, 

pp. 19-20 

Lab Worksheets, pp. 7-8 

Home and Community Involvement, p. 43 

Physical Science Critical Thinking/Problem Solving, 

Reading and Writing Skills Activities, pp. 15—16 

Mathematics Skills Activities, pp. 19-20 

NN 

INTERACTIVE i 
EHALIKBOATS | 

tion is available on Interactive 

Chalkboard CD-ROM. 

Bellringer 

Section Focus ‘Transparencies 

also are available on the 

Interactive Chalkboard CD-ROM. 

PELL) 

7) ESET Our Current Era Chapter 
Transparency 

We are currently living in the Holocene Epoch of the Quaternary 
Period. The transition from the previous Pleistocene Epoch to the 

Holocene is dated about 10,000 ye: . This change is identified by a 

climatic warming phase and the bi 1g of the present interstadial 
(warm period between glaciat Jost of all human activity and civ 

ilization occurs within this Holocene Epoch, 

1, Why are glacial periods used to define geologic epochs? 

2. What else occurs during the interstadial besides the retreat 
of glacies 

Will the Holocene Epoch ever end? What would mark the end 
of the Holocene? 

Reading Preview 

Tie to Prior Knowledge 

Fossil Clues Sedimentary rocks 
may contain fossils. Students 
will learn how these can be 
used to help interpret the age 
of the rocks or the history of 
their deposition. 

Vocabulary Chart Have stu- 

dents make a three-column 

chart. Have students write the 

new vocabulary words in the 

first column and the meanings 

in the second column. In the 

last column, they should create 
a memory cue by drawing a 
sketch to represent the word or 
writing a sentence. 
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Discussion 

Time Have students define tie in 

their own words and_ then 

describe the methods used to 

establish common units of time— 
day, month, and year. day = repeti- 
tion of the Sun on your meridian; month 
= repetition of a full moon on you merid- 
ian; year = repetition of the Sun at its 
highest or lowest point in the sky. 

It’s how old? James Hutton is 

considered the father of modern 

geology. Research Hutton’s life 
to discover how he became such 

an important scientific figure. 
James Hutton profoundly changed peo- 
ple’s thinking. He was controversial in his 
day, just as Charles Darwin was some 
years later for his view on the origin of 
species. Hutton’s observations led to the 
modern notions of a very old Earth. 

ry, Reading Check 

Answer statement that says that oldest 
rock layers occur at the bottom of a forma- 
tion, and become younger upward 

CS) Quick Demo 
’ Fossil or Just Bone 

Materials bones, fossil bones 

Estimated Time 10 minutes 

Procedure Obtain some clean 

bones from a butcher. Contact a 

college or state museum to bor- 
row some fossil bones. Have the 

students handle both and briefly 
discuss how they are different. 

Ask the question: How does a 

forensics expert know if the 

bones found in a woods are 

recent or fossils? Fossils will have 

been replaced by mineral matter and 
should be heavier and denser than recent 

bones. Replacement can change the 

color of the bone as well; brown or black 
usually indicates replacement by the 
mineral phosphate. Variegated colors 
often indicate silica replacement. 

It’s how old? James 

Hutton was instrumental 

in changing the way sci- 

entists think about Earth 

history. Research 

Hutton’s life to discover 

how a gentleman farmer 

became such an impor- 

tant scientific figure. 

Intrusion B Fault D 

Figure 28 The principle of 
cross cutting relationships often 

can be used to determine the 

chronological order of some of 

Earth’s geologic events. This 

illustration shows an intrusion of 

igneous rock that was separated 

later by a fault. 

Uniformitarianism Geologic time is so vast that when James 

Hutton introduced his ideas for relative dating of rocks in his 

native Scotland and proposed that they might be millions of 

years old, he was seriously doubted. Hutton proposed the idea of 

uniformitarianism, which states that the laws of nature operate 

today as they have in the past. The only changes might be in their 

rate or scale. By studying how geologic events take place today, 

scientists can infer how events took place in the past. 

Uniformitarianism often is stated “the present is the key to the past.” 

The idea of uniformitarianism is supported by many observations. 

Principles of Relative Dating 
To accurately date an event requires a set of logical rules that 

help determine the order of events. In the mid-1600s, Nicolaus 

Steno, a Danish physician, stated four principles that became the 

basis for understanding geologic events and the order in which 

they occurred. Suppose you were throwing papers into a waste- 

basket all day long, and at the end of the day you discovered you 

needed to find a paper from early that morning. You would 
know to look at the bottom of the basket, because the first things 

tossed away, or oldest papers, are at the bottom. In much the 

same way, the principle of superposition states that the oldest 

rocks in an undisturbed sequence of rock layers will be at the 

bottom of the sequence. 

(02 What is the principle of superposition? 

Original Horizontality In formulating the principle of orig- 
inal horizontality, Steno recognized that sedimentary layers 

always start off as horizontal layers. If you saw sedimentary lay- 

ers that were not horizontal, you should know that they had 

been disturbed. You could infer that they began as horizontal 
layers of sediment, were formed into rock, and then were moved 

out of the horizontal position by some force. 

Overlapping Features Another point of logic that helps 
establish a relative age is the principle of cross cutting relation- 

ships. This principle states that any rock formation or fault is 

younger than the rock or feature that it cuts through. How could 

an igneous rock intrusion squeeze through something that is 

not there? It seems apparent that the rocks affected by the intru- 

sion in Figure 28 had to be there first in order to be affected. 

Likewise, if a piece of rock were to become embedded in part of 

another rock, the piece had to exist before the rock into which it 
was incorporated. These rock pieces are called inclusions. 
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Science Journal 

Travel Log Have students pretend that they are 
time travelers on a journey through one of the 
geologic eras. Have the students write a science 
log for their journey from the beginning to the 
end of the era. The log should include descrip- 
tions of the animals and plants they saw along the 
way. A complete journal would include some geo- 
logic events as well. 
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Reading Strategy 

Determine Main Ideas Have students deter- 
mine main ideas for the following sections: Time, 
Principles of Relative Dating, Fossils, Absolute 
Dating, and Geologic Maps. Remind them that 
main ideas can be implied. Encourage students to 
put themselves in the author’s place and examine 
phrases for clues to what is important. 



Unconformities Rock sequences are like Earth’s diary. If you 
keep a diary there might be days when you make no new entries. 
Also, there might be days when you make entries, but tear them out 
later and destroy them. Deposition is similar. Rocks that occur in 
their proper time sequence might have gaps within the sequence. 
There are times when no sediments are being deposited that can be 

Disconformity 

observed later. Also, there are times when erosion destroys existing: Disconformity | ; : fo 5 a 
rock layers. Unconformities represent gaps in the rock record dur- Angular 
ing which erosion occurred or deposition was absent. Figure 29: unconformity 
shows a sequence of rocks that contains several unconformities. : 

“- Nonconformit a Reading Check BY 777anra unconformity? : 
: Igneous and 

metamorphic rocks 

The remains or traces of organisms found in the geologic : Figure 29 Three types of 
rock record are called fossils. Fossils can be direct remains, such : Unconformities are shown above: 

as an actual bone or shell. Sometimes fossil remains, such as the : 4isconformity, angular unconfor- 

inside of a shell, act as molds that form casts when filled with : ity, and nonconformity. A dis- 

sediment that later hardens to rock. In a process called replace- : conformity is an erosional surface 
ment, water containing dissolved mineral material might replace between horizontal rock layers. 
original shell or bone material with different minerals such as : An angular unconformity is an 

pyrite or quartz. In other cases, only a trace impression suchasa_: erosional surface between rock 

footprint or burrow is left for paleontologists to observe. : layer segments that intercept at 
a : anangle. A nonconformity is an 

Correlation While working as a canal engineer in England at : ¢fosional surface between sedi- 
the end of the eighteenth century, William Smith proposed the mentary rock and igneous or 

principle of faunal succession. Smith noticed that fossils : ™etamorphic rock. 

appeared in the same order in the rock layers dug out to build 

the canals, no matter where he found them. For example, if 
fossil Q were found in a sedimentary rock layer above fossil F, Figure 30 Sometimes the 
then Q also appeared above F in a different geographic region. : jelative age of rock units can bé 

If you apply the law of superposition to this observation, you : found by matching distinctive 

can conclude that fossil Q is younger than fossil F. ePiosiebearinehodcunistrontai 

The process of matching distinctive rock units from differ- 

ent regions is called correlation. Figure 30 illustrates how this is 

done. Paleontologists have been successful in correlating fossil-_ : 

bearing rock units on a global scale. Fossils that are most useful :  & 
as global time markers often are from organisms that were wide-_ : 

spread geographically, but lived in only a narrow, well-defined 

period of time. Such fossils are called index fossils. 

Not all fossil organisms existed over a wide area, however. 

Some fossils are not useful as time markers because they appear = =: 

the same over millions of years. In addition, recall that geologic : Eee pe 

processes such as mountain building and erosion can destroy : ee a. Section B 

fossils, making correlation difficult. Section A 

ferent locations. 
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Visual Learning Differentiated Instruction 

Figure 29 An unconformity is a surface that repre- Learning Disabled Have students mix the plaster 

sents a break in the geologic record. Usually a _ for the mold and cast activity. The plaster mix 

disconformity can be detected only by studying should not be too watery. A watery, soupy mix 

fossils in a sequence of sedimentary rock layers. A dries too slowly and the objects sink into the 

disconformity can occur when a surface is eroded _ plaster. 

and sediment is deposited on it at a later time. A 

disconformity also can occur when significant geo- 

logic time passes between depositions. (.2] > 

(% Reading Check 

Answer a gap in the rock record caused 
by periods of erosion or non-deposition 

‘ey Quick Demo 
“<a Molds and Casts 

Materials paper cups, plaster of 
paris, water, petroleum jelly, cot- 
ton swabs. 

Estimated Time 15 minutes per 

day (2) 
Procedure Mix the plaster of paris 
to the consistency of peanut but- 
ter. Half-fill a paper cup with 
plaster of paris. Coat an object 
with a very thin film of petroleum 
jelly and press it into the plaster 
surface to make an impression. 

Do not push it in all the way. Set 
it aside to harden. The next day, 
remove the object and coat the 
entire top surface of the plaster in 
the cup with a very thin film of 
petroleum jelly. Cotton swabs 
help with this. Fill the cup with a 
second batch of plaster. Set it 
aside to harden. The next day, 
peel the paper cup away and 
separate the two halves. If done 
properly, a large amount of 
detail will be preserved. The 
bottom half is a mold; the top 
half is a cast. 

5 ces % yf 

Gre elMeia 
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Teacher 
As time passes, there is an 

increased possibility that evi- 
dence needed for dating will be 
destroyed. With this scant evi- 
dence, precision is lessened; 
therefore, the limits of each time 
segment are set by very notice- 
able or revolutionary changes in 
the rock and fossil record. 
In more recent rocks there is an 
abundance of evidence and there- 
fore finer definitions of time are 
possible. 

Mine ee 

Use Science Words 
Prefixes Have students research 

the meaning of some of the pre- 
fixes used in the geologic time 
scale. 

Paleo = old/ancient 

Meso = middle 

Ceno = new 

Oligo = little/few 

Neo = new 

Eo = dawn 

Mio =] ess 

Holo = entirely 

Time Relationships Films often 
portray dinosaurs and humans 
in the same scenes. The last 

dinosaur died millions of years 

before the first humans 

appeared. It is worthwhile to 
consult a geologic time scale 

and review the first occurrence 

of major animal and_ plant 
groups. 

Homo sapiens 

evolves; most 

occur; Grand 

Canyon forms. 

become extinct. 

Dinosaurs are 

dominant; first 

birds appear; 

mountain 

building 

continues in 

western North 

America. 

Many marine 

invertebrates 

become extinct; 

building of 

Appalachians 

ends; glaciers 

retreat. 

Amphibians 

are dominant; 

glacial advances 

occur. 

Corals and other 

invertebrates 

are dominant; 

warm, shallow 

seas cover much 

of North 

America. 

Trilobites, 

brachiopods, 

other marine 

invertebrates 

are abundant; 

thick sediments 

deposited in 

inland seas. 

before present 

recent ice ages ~p Holocene Epoch 0.01 M.Y.B.P. 

Dinosaurs a 

_> Mississippian Period 

_> Silurian Period 

seen) 

Phanerozoic Eon 

Cenozoic Era 

Quaternary Period 
1.8 M.Y.B.P. 

Recent 

Pleistocene Epoch 1.8 M.Y.B.P. 

Neogene Period 
23.8 M.Y.B.P. 

Pliocene Epoch 5.3 M.Y.B.P. 
Miocene Epoch 23.8 M.Y.B.P. 

Paleogene Period 
65 M.Y.B.P. 

Oligocene Epoch 33.7 M.Y.B.P. 
Eocene Epoch 54.8 M.Y.B.P. 
Paleocene Epoch 65 M.Y.B.P. 

Mesozoic Era 

Cretaceous Period 

144 M.Y.B.P. 

Jurassic Period 

206 M.Y.B.P. 

Triassic Period 

248 M.Y.B.P. 

Mammals are 

abundant; 

angiosperms are 

dominant; Alps 

and the Himalayas 

begin to rise. 

Angiosperms 

appear; Rocky 

Mountains begin 

to form. 

First mammals, 

and cycads 

appear; Atlantic 

Ocean begins to 

form, Pangaea 

breaks up. 

Paleozoic Era 

Permian Period 

290 M.Y.B.P. 

Pennsylvanian Period 

323 M.Y.B.P. 

354 M.Y.B.P. 

Devonian Period 

417 M.Y.B.P. 

443 M.Y.B.P. 

Ordovician Period 

491 M.Y.B.P. 

Cambrian Period 

543 M.Y.B.P. 

*Millions of years | _ 
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Reptiles evolve; 

coal swamps 

form; shallow 

seas begin to 

withdraw. 

Fish are dominant; 

first amphibians; 

Appalachians 

continue to 

form in North 

America 

and Europe. 

First land plants 

form, first insects. 

First fish appear; 

Appalachians 

begin to form. 

Ediacara 

organisms 

develop. 

Bacteria-like 

organisms form; 

several episodes 

of mountain 

building occur. 

Geologic Time Scale Historians 
speak of the Industrial Revolution, and 

musicians refer to the Classical Period. 

These time periods began and ended 

with some event that marked a notice- 

able change in society and music. 

Similarly, paleontologists observe 

changes in the fossil record and associ- 

ate them with boundaries of time units, 

shown in Figure 31. At these bound- 

aries, fossils of certain life forms are no 

longer present and new life forms begin 

to appear. Boundaries also might be 

established by evidence of a catastrophic 

geologic event. Such events might have 

caused environmental changes that led 

to extinctions or changes in life forms. 

Absolute Dating 
Some atoms in minerals of a newly- 

formed igneous rock are like a clock that 

has been reset. A quantity of unstable 

radioactive element—the parent iso- 

tope—starts its decay at the time of 

mineral formation and gradually decays 

to a stable daughter isotope. Because 
radioactive isotopes decay in predictable 

ways, scientists can analyze the ratio of 

parent to daughter isotopes in a mineral 

to calculate the time that has elapsed 

since that mineral formed. 

Radioactive Decay Some types of 
atoms are unstable and decay by casting 

off, or emitting, parts of their nuclei. 

Decay mechanisms produce new iso- 

topes—some produce daughters with dif- 

ferent atomic numbers, some involve a 

change in atomic mass, and some involve 

a change in both. 

Figure 31 Phanerozoic means “visible life.” 

Calculate What fraction of Earth’s history does 

the Phanerozoic eon represent? 

Visual Learning 

Figure 31 Have students examine the geologic 
time scale and note how each era is subdivided. 

Ask students to suggest reasons why the Cenozoic 
is subdivided into more units than the other eras. 

The Cenozoic contains the youngest rocks on Earth and the 
youngest fossils. There has been less time to destroy fossil material. 
Because the abundance of fossils is higher in these younger 
rocks, the formations can be subdivided with greater detail. 

’ 
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Most dinosaur skeletons found in nature aren't com- 
plete. The bones become scattered and many are not 
preserved. Skeletons displayed in museums display 
those available bones. The curators create copies of 
the missing parts. For example, if the right foreleg is 
found, but there is no left foreleg, the right is used as 
a model for the missing left. 



Table 1 Commonly Used Isotopes for Dating Earth Materials 

Radioactive Parent Stable Daughter Half-Life 

Carbon-14 Nitrogen-14 5,730 years 

Uranium-235 Lead-207 713 million years 

Potassium-40 Argon-40 1.3 billion years 

Uranium-238 Lead-206 4.5 billion years 

Thorium-232 Lead-208 14.1 billion years 

Rubidium-87 Strontium-87 49.0 billion years 

Half-Life Every radioactive isotope has a 
half-life. The half-life is the time it takes for 

one- Shale of a radioactive parent sample to decay to its stable 

daughter. After one half-life, the ratio of parent atoms to daugh- 

ter atoms is 50:50, or 1:1. For example, if the half-life of a parent 

isotope is 500,000 years and a rock is analyzed and the observed 

daughter/parent ratio is 1:1, one half-life has elapsed and the age 

of that rock is 500,000 years. During the next half-life, there is 
decay of one-half of the remaining parent isotope, resulting in 

one-fourth parent to three-fourths daughter, or 25:75. 

PR What is half-life? 

Useful Isotopes All of the isotopes in Table 1 except 
carbon-14 are common in many types of rocks. Carbon-14 is 

useful for dating organic Earth materials such as wood and peat. 

Generally, absolute ages are determined from unaltered min- 

erals in igneous rocks. This is because sedimentary and meta- 

morphic processes involve water or other fluids. When they 

interact with the rock it can cause the amount of parent iso- 

topes, daughter isotopes, or both to change. When this happens, 

the age that is determined will be too young or old. 

To see how geologists combine relative dating techniques 

with absolute dating techniques, look at Figure 32. You could 

conclude from the rock layers at Location A that Fossil C is 

between 2.1 and 2.4 million years old, Fossil A is older than 

2.4 million years, and Fossil E is younger than 2.1 million years. 

These conclusions use radiometric dating for the age values and 

superposition for the order of events. What age relations can 

you determine for Fossils C, B, E and F at Location Bé 

Figure 32 Relative dating and 

absolute dating techniques can be 

combined to help determine the 

ages of some fossils. 

Infer Why is Fossil C considered to 

be between 2.1 and 2.4 million 

: years old? 

Location A 

2.1 & 
million Lava flow 

years 
24 Fossil C 

million a Lava flow 

years wane 
oe ~ Fossil A 

Location B 

| SEEeeR 
? 

million Fossil C 

years i 

Fossil F 

Fossil E 

Fossil B 

| Fossil A 
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_ Content 
__£ Background 

Radioactive decay occurs when 
unstable atoms spontaneously 

break apart releasing alpha parti- 
cles making them a more stable 
element. The rate at which che 
atoms decay depends on the 
element. Radiocarbon dating 
was recently used to determine the 
fate of a set of human skeletal 
remains found near Kennewick, 

Washington. If they could be 
determined to be Native 
American, they would be pro- 
tected by the Native American 
Graves Protection and Repatri- 
ation Act of 1990 (NAGPRA). In 

1999, four small bone samples 

were tested at three independent 
laboratories. Results indicated that 
the chronological age of the bones 
is between 9510 to 9320 years ago. 
This age predates the arrival of any 
European explorers. So, the 
remains are considered to be 
Native American. 

(’, Reading Check 

Answer applies to radioactive isotopes; 
is the length of time required for half the 
set amount of an isotope to decay to its 
stable daughter product 

Caption Answer 
Figure 32 The rock layer below Fossil C 
has been radiometricly dated to be 2.4 

million years old, the rock layer above 
Fossil C has been radiometricly dated to 
be 2.1 million years old. 
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[’%, Reading Check 

Answer a two-dimensional representa- 

tion of the rocks at Earth’s surface 

Make A Model 

Geologic Structures Students enjoy 
making models of geologic 
cross-sections or geologic struc- 

tures. Anticlines, synclines, basins, 

domes, or more elaborate cross- 

sections can be made of any 
material. A novel twist is to 

create them from edible materials. 

A variation is to create a cross- 

section cake, where the icing 

hides the structure. Straws pushed 
through the cake act like drill 

cores. Students can infer the 

structure and test their hypothesis 
by cutting (and eating) the cake. 

GD |f\ Visual-Spatial 

Caption Answer 
Figure 33 uplift from below the rock 
layers, or lateral forces converging 
toward a central area 

|B | Basin 

Youngest exposed rocks 

iC) Dome 

Figure 33 Tectonic processes 
can cause Earth’s plates to shift, 

collide, and separate. Sometimes 

this leads to the deformation of 

horizontal rock layers. 

Infer What direction(s) of force 

might be needed to create a dome? 

674 CHAPTER 21 Earth’s Changing Surface 

Geologic Maps 
Geologic cross-sections, like the simplified sketch in 

Figure 32, represent a vertical slice taken through Earth. 

Geologic maps, on the other hand, show the horizontal surface 

distribution of various rock formations. Most geologic maps 

also include a legend that indicates the ages of the rock forma- 

tions at the surface. Geologic maps are two-dimensional models 

of Earth’s crust for a given region. Geologists plot the location, 

orientation, and boundaries of rocks found at the surface. These 

data are obtained by direct field observation, through drill cores, 

aerial photography, and satellite observations. 

(dive What is a geologic map? 

Basins and Domes Recall that rock layers can be deformed 
by tectonic processes that result in the formation of faults and 
folds. One example of a deformed structure is a basin. Recall 

that the principle of original horizontality states that sediments 

are laid down in horizontal layers as shown in Figure 33A. 

Compressional forces due to plate tectonic activity cause the lay- 

ers to fold and to dip downward. Figure 33B shows the surface 

map expression of a basin. In basins, the youngest rocks are 

exposed in the center and tilt or dip inward. 

Domes are essentially the opposite of basins. In this case, the 

rock layers are uplifted at the center of the structure. The surface 

appearance of a dome, shown in map view in Figure 33C, is sim- 

ilar to a basin. In this case, the oldest rocks are at the center and 

dip outward. Visualize this by warping up a stack of papers into 

a hill. Next, imagine sawing off the top of the paper hill. The saw- 

ing would expose the bottom layers of paper in the middle. In the 

case of rock formations, the sawing represents erosion, and the 
lower paper layers represent the oldest rock layers. 

Folds Folding of the crust can also be recognized on geologic 
maps. Recall that compressional stresses tend to squeeze and 

shorten materials. If the forces on part of Earth’s crust are 

mainly compression forces, then rocks subjected to the com- 

pression might wrinkle up or fold. Hold a sheet of paper flat 

with both hands and push the sides together. The paper wrinkles 

either up or down. Folds of rock appear much the same way. 

An upward wrinkle of rock formations is an anticline and a 

downward wrinkle is a syncline, shown in Figure 34A. Try the 

paper trick again, but hold one hand still and push with the 
other. You get a fold that flops over horizontally. This is called a 
recumbent fold. 

Visualleaming. 0s eee 
Figure 33. Examination of the diagram indicates 

that up-folded layers should form a mountain and 
down-folded layers should form a_ valley. 
However, a well-known rock exposure in the 

Appalachian Mountains of Maryland exhibits the 
opposite. The road cut through the mountain 
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shows down-folded layers. Ask students how this 
might be possible. Accept reasonable answers. The 
Appalachian Mountains are so old that erosion has worn down 
the original high mountains. In many places, what once were 
valleys are now the high points, thus down-folded layers make 
up what are now the mountains that we see. [L2] > 



Axial plane G} oldest 
exposed 

rocks 

Axis 

a ‘ : 

Syncline — Anticline 

Youngest exposed rocks 

Plunging Plunging Plunging 

anticline syncline anticline 

Figure 34 Two basic types of 
folds are found in rock layers. 

CY Synclines form a trough and 

anticlines form an arch. 

@ If these folds are tilted, they 

a” aN 4 form plunging folds. On a geologic Aas 
map, plunging folds appear as 

V-shaped or horseshoe patterns. 

Plunging Folds The axis of a fold is an imaginary line where 
Earth’s surface meets the axial plane. The axial plane divides the 
fold in half, and is usually perpendicular to the compression 
force. If the forces are applied unevenly the axis of the fold 
might plunge back into the Earth, producing a surface pattern of 
rock like the one shown in Figure 34B. 

These structural features can give you an idea of how geolo- 
gists illustrate what the surface of the crust looks like in given 
locations. Practice viewing the structures in cross section and 

map view, and apply relative dating logic to the structures. You 

will soon be able to reconstruct the events that formed the fea- 
tures, and tell a story about their history. 

© Section. qi 

Summary 

Time ie 

@ Uniformitarianism states the processes occur- 

ring today are the same as they have been in 

the past. Rate and extent may have changed. 

Principles of Relative Dating 

@ Steno’s principles helped to develop an 

understanding of geologic events. 

Fossils 

® Fossils are the remains or traces of once-living 

organisms. Correlation is the matching of rock 

outcrops from one region to another. 

Absolute Dating 

® Analyzing the radioactive decay of radioactive 

isotopes helps to establish numerican dates 

for objects and events. 

Geologic Maps 

© Geologic maps are two-dimensional models 

of a region of Earth’s crust. 

More Section Review fl.gpescience.com 

Teview 

Self Check 

Discuss how events in Earth history determine bound- 

aries for geologic time units. 

. Compare and contrast absolute and relative dating. 

. Describe three lines of logic used in relative dating. 

Draw and label respective diagrams. 

. Think Critically You're hiking down a canyon that has 

been deeply eroded, exposing numerous folds. One fold 

is recumbent, with layers turned completely over. 

Describe the problems this structure could cause for 

relative dating, if only a small portion of its rock layers 

were exposed. 

Applying Skills 

. Calculate an Age Suppose the ratio of radioactive 

parent to stable daughter isotope in a mineral within 

an igneous rock is 12.5:87.5. The half-life of the 

parent isotope is 7.13 >< 108 years. How old is the 

rock sample? 
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section 
LE ee a 

a review 

1. Mass extinction of key animal forms 3. 

or global geologic events establish 

boundaries. 
2. Both are used to establish time rela- 

tionships; absolute dating estab- 
lishes numerical dates while relative 
dating establishes the order of 

events. 

superposition—oldest material is 

at the bottom of an undisturbed 
sequence of rock; cross-cutting— 
features which cut across other fea- 
tures are younger than the feature 
they transect; original horizontal- 
ity—sedimentary rocks start off as 

horizontal layers 

4. The dates would be in reverse order, 
but fossil inclusions may alert you to 
the reversed order. 

5. 3 half-lives < 713,000,000 years = 

2.1 billion years 

pe MA.B.1.4.2 

Post Reading 

Fix. -Up Strategy Model ae 

strategy by reading a challenging 
passage aloud. As you read, ask 
clarifying questions, change read- 
ing pace, review figures, and 
reread when necessary. Have stu- 
dents practice the strategy with a 
partner, using a passage they find 
particularly difficult. 

3 Assess 

DAILY INTERVENTION 

Check for Understanding 
Visual-Spatial Have the class con- 
struct a living geologic time scale 
on the school’s football field. 
Assuming Earth is 4.5 billion 
years old, | inch equals 1,250,000 

years. Have students make large 
pennants on stakes to mark geo- 
logic and biologic events on the 
time line. [L2]}@ 

Reteach 

Use the Launch Lab time line 
that was created and have the stu- 
dents add detail to it by including 
periods, eras, and epochs. Have 

them illustrate the timeline by 
correctly sketching in the animals 
and plants common to specific 
periods. |L1]@> 

™ Assessment 
Create Have each student pre- 
pare a game-show-style answer 
that asks a question for the cate- 
gory Geologic Time. Critique each 
answer and use the best answers 
for an end-of-chapter review. 
Use-PASGr p20: 
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© Real-World 
Problem 

Purpose Demonstrate the meth- 
ods used in relative dating of 
geologic cross sections. 

Process Skills observe, inter- 
pret, infer 

Time Required 90 minutes 

© Procedure 

Teaching Strategy Have stu- 
dents carefully examine the 
example(s) given and stress that 
the list of events will include 
more than just the layers of rock 
shown in the cross-section. 

© Analyze Your 
Data 

Expected Outcome Students 
will be able to apply the laws of 
relative dating. 

Answers to Chronologies 

Tiltin Hilton 

1. B conglomerate 

2. Csandstone 

. D limestone 

. F sandstone 

. Gshale w/inclusions of F 

. tectonic movement 

. angular unconformity 
8. L conglomerate 
9 Mlimestone 

10. N shale 

NH UW S&S Ww 

Criss Cross 

1. F sandstone 
2. angular unconformity 
3. Mlimestone 
4. Oshale 
5. S limestone 

6. T conglomerate w/inclusions of 
7. disconformity 
8. W shale 

9. Gintrusive igneous rock any time 
after S 

Goals 

sections. 

features. 

@ Infer a probable 

chronology for the 

events. 

Materials 

sections 

os 
| Stee 

FeSe Sandstone 
fxs ¢ g 

Eee : 
ie _ Shale 
EM i, z 
eS 

ee ee - Conglomerate 

hae ne 
eS Extrusive igneous 

Ieee rock lava flow 
be 

Eee. Contact 
EP en . 

he metamorphism 

| Intrusive 
E ae es . . 

baat igneous rock 

ieee: 

| ee 

hes ¥ 

ges 
le — 

fig % 

@ Observe geologic cross 

@ Interpret events that 

caused the observed 

copies of geologic cross 

It's ab@ut time- 
relative, that is. 

® Real-World Problem : 
When interpreting the geologic history of a region, geologists follow 

the principles of relative dating. As with all scientific disciplines, they 

might get help by exchanging information with other scientists. Some 

rocks in an area of interest might have been dated using radioactive 

isotopes or index fossils. How can geologists determine a chronologi- 

cal order of events that took place in a section of Earth’s crust over 

many millions of years? 

© Procedure 
1. Familiarize yourself with the symbols in the legend that signify dif- 

ferent rock types and other cross section features. 

2. Examine the cross sections. On your own paper, list the order of 

events that took place for each cross section, listing the oldest first. 

Note that the number of steps is not simply the number of rock 

layers in the cross section. 

Criss cross 
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10. H intrusive igneous rock anytime 
after G and S 

No Fault of Mine 

1. A limestone 

2. Cshale 

3. D sandstone 

4. F limestone 

5. G conglomerate 
6. disconformity 

676 CHAPTER 21 Earth’s Changing Surface 

7. | shale 6. Cshale 
8. J sandstone 7. folding 
9. Fault X 8. angular unconformity 

9. Bsandstone 
Intruder 10. disconformity 
1. Q limestone 
2. R sandstone 
3. S extrusive igneous rock 
4. K sandstone 
5. T extrusive igneous rock 

11. M shale 

12.N intrusive igneous rock anytime 
after B sandstone 



3. Be sure to include all of the events or actions 

that changed or helped form the Earth materials 

shown in each of the four cross sections. For 

example, unconformities, faulting, folding, or 

other changes also need to be placed in proper 

order. 

© Analyze Your Data 
1. Analyze each cross section and determine 

whether there is more than one possible chrono- 

logical interpretation. 

2. Identify features that are most useful in 

supporting relative age relationships. 

© Conclude and Apply 
1. Evaluate cross sections that apparently have 

more than one possible explanation for a 

geologic history. 

2. Explain whether or not the absolute ages for 

the intrusions in cross section Crisscross agree 

with the relative ages of the intrusions. 

3. How would your answer have changed for cross 

section Crisscross if you did not have absolute 

age data? 

4. Summarize your reasoning for establishing a 

relative age for fault X in the cross section 

No Fault of Mine. 

ommunicating 
ms Your Data 

Prepare an oral defense for your 

interpretation of one of the cross sections. 

Answer questions from classmates who 

might have made different conclusions 

about the same cross section. 

Intruder 

Alternative Inqui 
What was the sequence? Students can model 

geologic events by using different colors of clay to 

represent horizontal, angular, and folded rock 

layers. Using plastic knives and spoons to create 

erosion surfaces and faults. Exchange cross sections 

with other students and have them infer the 

sequence in which the original models were made. 

Have students relate their interpretation of a cross section 

as part of the Error Analysis process. 

Answers to Questions 

1. Student answers will vary. 
2. Cross cutting features and intrusions 

are most helpful. 

Error Analysis Have students 
compare their chronologies and 

resolve any differences. More 

than one solution is possible for 

those cross sections with the 

answer statement “anytime after.” 

© Conclude and 

Apply 
1. Student answers will vary. The key to 

apply is “anytime after.” 
2. Absolute ages agree; relative age 

would not change; absolute ages are 
used for confirmation. 

3. Relative age would not change; 
absolute ages are to establish ages of 
rocks before or after intrusions. 

4, Fault X has to come after the 
youngest layer that it effects align- 
ing the sequences on both sides of 
the fault reveals the same sequence 
Gras 

(PO Rocce ee he 
'f% Assessment 

Performance Ask students to 

draw a simple, labeled, geologic 
cross section that illustrates each 

of the relative dating principles: 
superposition, cross cutting, and 

original horizontality. Then have 

them create labeled drawings to 

illustrate a cross section of a 

geologic structure: basin, dome, 

anticline/syncline. 
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TIME 
Content Background 
Groundwater flow is a very com- 
plex, poorly understood subject. 
Channels underground can carry 
water in directions unrelated to 
the surface topography. Because 
the patterns of water distribution 
are not generally mapped and 
groundwater often travels tens or 
hundreds of miles from the 
recharge zone, disturbance of 
groundwater can have unexpected 
effects. In addition to problems of 
water shortage, this makes pollu- 
tion of groundwater particularly 
problematic. Groundwater min- 
ing frequently causes the surface 
to subside as water is removed 
from the aquifer, creating struc- 
tural problems to buildings as the 
grounds settles inches or feet per 
year. Also, once the water is 
removed, many subsurface soils 

become compacted by the weight 
of soil above. These soils cannot 
be recharged with fresh water, 
permanently destroying that part 
of the aquifer. 

Discussion 

Water Sources What other 

sources of water could be used in 

order to avoid mining ground- 
water? Possible answers: streams, 

water collected from surface runoff in 

mountains; desalination of seawater; 

catching water that falls on roofs for use 
in building; recycling wastewater 

Activity 
Have students measure the 

capacity of a large plastic or metal 
bowl by filling it with water from 

a graduated cylinder or measuring 
cup. Empty the bowl and fill it 
completely with coarse gravel. 
Have students add a measured 
amount of water to the rim of the 

bowl. Determine what percent of 
the bowl of gravel is actually open 
space between rocks. Several 

groups of students can use differ- 

ent sizes of gravel and compare 
the results. 

TIME }ig 

Tapping 

reshwater is one of our most important 

natural resources. Although it may seem 

that there is an unlimited supply of 

water—just turn on the faucet and there it is— 

water supplies can run out. Much of Earth's 

freshwater is stored in aquifers, inside the cracks 

and pores of rock and soil. Some of this water 

flows to the surface and is continually replaced 

by rainfall that filters through the ground. Other 

aquifers lie far below the surface, holding water 

that fell as rain thousands of years ago. 

Humans pump water from underground for 

many uses including drinking, bathing, irrigating 

crops, and for manufacturing. Because the time 

needed for water to move into an aquifer can be 

years or even centuries, these uses consume 

water faster than it can be replaced by natural 

processes. When that happens, water is no 

longer a renewable resource and groundwater 

shortages become likely. 

If water is pumped from a well faster than it 

can be replaced, the area around it becomes 

depeleted. This results in wells must be drilled 

deeper and deeper. Eventually the water flow 

becomes too slow to be useful. Groundwater 

shortages don't just affect the amount of water, 

but they can also affect its quality. Under normal 

conditions, the direction of underground water 

TENGE. “sc: 
6 1 C seg pathy 

Interview Contact a local hydrologist for an interview. Before the 

interview, do research to determine the sources of water for your 

community and what happens to treated wastewater. Make a list of 

interview questions. Conduct the interview and write a summary. 

into the 

rground 
flow tends to be the same as the slope of the sur- 

face. As the supply is depleted, water flows from 

all directions toward the well. In places near the 

ocean, salt water flowing into the aquifer can 

make the water useless. 

Water conservation—using less water—slows 

the depletion of the aquifer. This helps the sup- 

ply refill naturally. Many communities are taking 

steps to avoid groundwater shortages. In some 

places, wastewater is cleaned and recycled for 

other uses to reduce the amount of underground 

water needed. Another way to use recycled 

wastewater is ro refill the groundwater supply. 

Treated wastewater is either pumped back into 

the ground or allowed to filter back into the 

aquifer from constructed wetlands. 

TIME 
For more information, visit 

fl.gpescience.com 

Research Provide time for students to 

discuss whether there are possible alternative 

sources for water supply and disposal and 

advantages and disadvantages of each. Ask for 
suggestions for reducing water usage. 

Resources for Teachers and Students 

The Hidden Sea: Ground Water: Springs, and Wells by 

Francis H. Chapelle, Geoscience Press, 
‘Tucson, AZ, 1997 

Understanding Groundwater by W. Jesse Schwalbaum, 
Nova Science Publishers, Commack, NY 1997 

USEPA, Water Resource Center (RC-4100) 

1200 Pennsylvania Avenue NW, 

Washington DC 20460 
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chapter’ (Op Study Guide SLC 6 
=e | Study Guide 

6. Mass wasting is any form of erosion driven 

1. Meade PE tka cine of by gravity, such as landslides and mudflows. |, Summary statements can be 
: anical weathering reduces the size of used by students to review the 
materials. Chemical weathering creates new major concepts of the chapter. 
materials or dissolves material through Groundwater 
chemical reactions. 3 a 1. Groundwater accumulates by the infiltra- 

2. Differential weathering causes rock that is tion of surface water. Infiltration is 

resistant to particular climate conditions to controlled by slope of land, type of Scienceag lie 
stand out in the landscape. surface material < and ¢ ot : car S : ce meatal and type and amount Visit fl.gpescience.com 

3. Soil is composed of SS uo SAE AEE More Section Review 
2. Groundwater is stored 

in aquifers. The move- 

ment of groundwater in 
an aquifer is influenced 

by gravity, the structure 

of the aquifer, and by 

the porosity and perme- 
ability of the aquifer. 

weathered rock, decay- 

ing organic matter, 

water, and air. Soil type 

depends on the nature 

of the material from 

which it forms, climate 

type, and location. 

Interactive Tutor 

Vocabulary PuzzleMaker 

More Chapter Review 

Standardized Test Practice 

Assessment Transparency 
4. Erosion and chemical depletion of soil are Wake odditoneleeeerenent 

global problems. 3. ies aes questions, use the Assessment 

aera : ne aad h Transparency located in the 
<2 Shaping the Landscape Wega elas transparency book. 

to the surface by human-made wells. 
. Erosion is a set of processes that physically 
remove material at Earth’s surface. Section 4 Geologic Time | Assessment 

2. All the land area that collects water for a Pee — q p Ase Walaa acta Eoation aI 97 | 
A : : : : a ative dating principles are used to : 

major river is a drainage basin. Se UENc Batibo eae : 
determine the order of geologic events. 
Radiometric dating uses the decay of 

radioactive isotopes to establish a numeri- 

cal age for materials. 

3. In order to develop, glaciers require long 
periods of time in which winter snowfall 

exceeds summer melt. Glaciers create 

erosional and depositional features. ; 
2. Geologic maps illustrate the horizontal 

4. Erosion by wind generally is limited to par- Aiibution of coc roumarone 

ticle sizes that are sand-sized or smaller. 

5. Erosion by wave action on rocky coastlines 

leaves resistant landforms behind, such as 1. Wind transports the materials of soil such as organic matter, 

sea stacks and arches. Beach erosion and PUL ZT TEES Use the Foldable that you made at the begin- re B lightest 
€ : ; P 5 Cm lorful D most dense 

deposition is caused partly by movement ning of this chapter to help you review Earth's erosional and BE ix wind crason toners dcop tenlsral = oftlonsd 
depositional features. Soar a Fenner of sediment by longshore currents. 

4. There is also a(n) impact associated with wind erosion as city 

funds are spent clearing and cleaning affected areas, 

« A social © economical 
B emotional D philosophical 

Interactive Tutor fl.gpescience.com CHAPTER STUDY GUIDE 679 

~ Have students use 
OLDABLES ; 

their Foldables to 

review erosional and depositional 
features. 

CHAPTER STUDY GUIDE 679 



chaprer 

Review 

sing Vocabulary 

1. aquifer 

2. relative dating 

3. drainage basin 

4. uniformitarianism 

5. permeability 

6. weathering 

7. soil 

8. water table 

9. unconformity 

10. B 14. B 

11. D 15. B 

1256 16. D 

13.A 17. B 

Interpreting Graphics. 

18. H.L. %P % D 

eyo) 50 

p) a) 75 

3, wamlideo 87.5 

4 6.25 93/5 

680 CHAPTER REVIEW 

chapter oy Review : 

\ SC.A.2.4.3, $C.D.1.4.3, $C.D.1.4.4 

sing Vocabulary 

absolute dating p.669 principle of superposition 

aquifer p.664 p.670 

deposition p.654 relative dating p.669 

drainage basin p.655 sediment transport p.654 

erosion p.654 soil p.650 

fossil p.67 unconformity p.67| 

infiltration p.663 uniformitarianism p.670 

longshore current p.660 water table p.664 

% permeability p.664 weathering p.646 

# FCAT Vocabulary 

Match the correct vocabulary word(s) with each 

definition given below. 

1. a rock layer that stores and transmits water 

2. a means of establishing the order of events 

3. region that collects water for a stream 

system 

4. concept that the laws of nature act today 

as they have in the past 

5. a measure of the ability of a fluid to pass 

through a material 

6. processes of chemical or physical break- 

down of a substance 

7. Earth’s surface covering consisting of 

weathered rock, decaying organic matter, 
water, and air 

8. boundary separating the saturated zone 

and the unsaturated zone 

9. a surface representing a period of erosion 
or non-deposition 

10. What is a process that leaves resistant rock 

remaining in the landscape? 
A) deposition 

B) differential weathering 

C) sediment transport 

D) infiltration 

680 CHAPTER REVIEW 

11. 

2: 

13. 

14. 

Use the illustration below to answer questions 11-12. 

Which soil horizon contains the greatest 

amount of organic matter? 

A) A horizon 

B) B horizon 

© C horizon 

D) O horizon 

Which soil horizon represents weathered 

bedrock? 

A) A horizon 

B) B horizon 

C) C horizon 

D) O horizon 

Which of the following is NOT a typical 

soil texture component? 

A) gravel 

B) sand 

C) silt 

D) clay 

~ 

Which of the following is formed by 

glaciers? 

A) V-shaped valleys 

B) moraines 

©) flood plain 

D) deltas 

Vocabulary PuzzleMaker fl.gpescience.com 

Curriculum ‘Tags 

Use the ExamView® Pro Test Bank CD-ROM to: 

* create multiple versions of tests 

create modified tests with one mouse click for inclusion students 

edit existing questions and add your own questions 

build tests aligned with state standards using built-in State 

change English tests to Spanish with one mouse click and vice versa 



© | chaprer 

Review 
chapter oh oH 

15. 

16. 

Select the material that slows or stops 

movement of ground water. 

A) aquifer 

B) aquitard 

C) water table 

D) saturated zone 

Select the relative principle that states: The 
oldest rock layer is on the bottom. 

22. 

23. 

Review 

Infer why cities that draw their water from 

a drainage basin need to understand how 

surrounding land is used. 

infer why rocks or fossils that are found 

lying on the ground are not useful for rel- 

ative dating. 

Use the illustration below to answer question 24. 

19. 

20. 

ritically 

The climate is arid. With little rain- 

fall, dissolution of carbonate rocks 

such as limestone is minimal. 

The infiltration area that supplies 
the spring is contaminated. 

A) original horizontality 21 ~ Fossil E 21. A confined aquifer has an aquitard 

B) cross cutting relationships million Lava flow above and below it. 

©) faunal succession years 22. If contaminants are dumped or veg- 
D) superposition 2.4 oe etation is cut away in these areas, 

17. Which time unit of the geological time nition es the resulting water will enter the 
ec an eres y  cossil A drainage basin in a degraded 

18. 

ito: 

20. 

21. 

condition. A) eon 

B) epoch 24. Describe how absolute dates from ancient 23. Loose fossils could have come from 
©) period lava flows could be used to determine the anywhere and have no direct con- 
D) era absolute ages of fossils. nection to any rock. 

Interpreting Graphic _ 

Copy and complete the table below. 

25. 

26. 

Apply The half-life of carbon-14 is 5730 

years. Explain why carbon-14 is useful for 

dating objects that are 75,000 years old 

and younger. 

Apply Explain why glacial deposits made of 

till are often poorly drained and swampy. 

24. 

25. 

Fossils found in layers between the 
absolutely dated lava flows must be 
of an age between those absolute 
ages. 

If an object is 75,000 years old, 13 
half-lives have elapsed. Because so 

jHalf-lives  % Parent —_-% Daughter little of the parent material 
Po ncingenerign aan remains, it is difficult to obtain a 

50 50 lying Math rents : 
_ Ze Applying reliable date for objects that are 

: 12.5 87.5 27. Suppose an aquifer is known to be older. 
3 6.25 93.75 200 km long and 75 km wide. lite its 26. Till is poorly sorted, which means 

4 average saturated thickness is 40 m and that pore spaces are few and small. 

Thinking Critically 

Explain why a soluble rock such as lime- 

stone can stand out as cliffs in the western 

United States. 

Infer how water from a natural spring 

could become contaminated. 

Explain the difference between a confined 

aquifer and an unconfined aquifer. 

More Chapter Review fl.gpescience.com 

it has an average porosity of 3 percent, 

estimate how many cubic kilometers of 

water could potentially be stored in the 

aquifer. 

28. An igneous rock sample was dated using 

radioactive potassium. Measurement 

indicates that 1/32 of the original parent 

potassium is left in the sample. The half- 

life of potassium is 1.3 billion years. 

How old is this igneous rock? 

CHAPTER REVIEW 681 

(= gsessment 

\@y Reproducible Masters 
Chapter Fast File Resources 

Chapter Review, pp. 37-38 
Chapter slests, pp. 9-42 ; 
Assessment Iransparency Activity, p. 51 

Glencoe Science Web site 
Chapter Review Test 

Standardized ‘Test Practice 

™% Assessment — 
Glencoe Technology 

é Assessment ‘Transparency 
D ExamView™ Pro Testmaker 
1) MindJogger Videoquiz 
) Interactive Chalkboard 

Applying Math — 

Porosity is low and water does not 
drain well through till. 

Math Standards 

National: 1, 4,9 

Florida: MA.B.1.4.1 

27. 18 km? 
28. If 1/32 of the parent isotope 

remains, five half-lives have 
elapsed. 1.3 billion years X 5 = 
6.5 billion years. 

CHAPTER REVIEW 681 
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Standardized Test Practice 

Answer Sheet An answer sheet 
can be found at fl.gpescience.com. 

Standardized Test Practice Answer Sheet 

\ Multiple Choice 

riage esponse 

9. 40 

10. 14,000 years 

11. 20 years 

682 STANDARDIZED TEST PRACTICE 

chapter 

u oice iple 

Use the illustration below to answer question 1. 

N 

4 square 1 square 

units unit 

1. How does mechanical weathering affect 

rock material? 

A. alters chemical composition 

B. increases rock surface area 

C. increases rock volume 

D. slows chemical weathering 

2. Which is a mixture of weathered rock, 

organic matter, water, and air? 

A. feldspar 

B. parent material 

C. rock rust 

D. soil 

3. Which is the dropping of sediment load? 

A. deposition 

B. erosion 

C. transporting 

D. weathering 

|_Test-Taking Tip _| Tip 

Remember Never leave any answer blank. 

nn 

682 STANDARDIZED TEST PRACTICE 

wy Standardized Test Practice 

Record your answers on the answer sheet provided by your teacher or on a sheet of paper. 

The assessed Florida Benchmark appears above the question. 

————— 

4. Which develops as force within a stream is 

exerted sideways? 

A. floodplain 

B. mouth 

C. source 

D. tributary 

Use the illustration below to answer question 5. 

Oldest exposed 

rocks 

5. Which structural form is illustrated above? 

A. anticline 

B. basin 

Cc. dome 

D. syncline 

6. Which is where a stream’s water flows into 

another body of water? 

A. floodplain 

B. mouth 

C. source 

D. tributary 

t SC.D.1.4.3 ) 
7. Which forms at the front of a glacier? 

A. end moraine 

- ground moraine B 

C. lateral moraine 

D . medial moraine 



Standardized 

Practice __ Test chapter O) 

Standardized Test Practice 

8. Which forms when sand is moved by 

wind? 

A. currents 

B. delta 

Cc. dunes 

D. loess 

--/ @ 

Use the illustration below to answer question 9. 

100 } 

90 } Soil Textural Classes 

= Heavy 

70 | clay Sandy 
= | 
8&8 60 ———__——_ clay 

= "# da 
E 50 | Silty y 
z ,, |clay 

a “0 Silty clay Clay Loamy 

30 | loam loam Sandy clay sand 

: < loam 

20 Sit :\ leat i] eg: NJ Sand ' Sandy ‘ 

Ll Ei ts <bean 7 
Q | 

0 10 20 30 40 50 60 70 80 90 100 

Percent sand 

9. Which soil texture consists of 50 percent 

sand and 40 percent clay? 
SC.A.2.4.3 

10. If the half-life of an isotope is 7,000 years 
and the amount of that isotope present in 

an igneous rock is only one-fourth of the 

original amount, how old is the rock? 

11. Soil erosion in an area is 3.0 cm per year. 

The soil profile is 2.4 m thick and 25 per- 

cent of that is topsoil. How long will it 

take for the topsoil to erode away? 

Standardized Test Practice fl.gpescience.com 

READ 
INQUIRE 
EXPLAIN 
| 

ort Response 

12. How does water work to cause mechanical 

weathering called frost wedging? 

13. How does slope affect the soil horizon? 

14. Why is vegetation important to the type of 

soil that forms? 

15. What is the drainage basin of a river? 

16. How does a delta form? 

17. How does a bar form on the inside of a 

bend in a stream? 

18. How does a glacier erode the land’s 

surface? 

READ 
INQUIRE 

eee | ende esponse 

Use the art below to answer question 19. 

Shoreline 

‘ ¢ ‘ fseainnnt 4 J * j 
transport 

e Longshore 
"erases, be current % 

19. PARTA How does a longshore current 

form? 

PARTB Explain how a longshore current 

affects erosion and deposition. 

STANDARDIZED TEST PRACTICE 683 

ort Response 

12. Water enters cracks in the rocks 

where it then freezes. As the water 

freezes, it expands, forcing the 

cracks apart. 

13. Steep slopes cause thin, poor-qual- 

ity soils. As slope decreases, thicker 
soil horizons will develop. 

14. Vegetation provides a supply of 

organic material for the soil. 

15. All of the land area that gathers 
water for the river. 

16. At the mouth of a stream where it 
empties into another body of water, 

sediment is deposited in a fan- 

shaped deposit. 

17. Water flow is the slowest at the 
inside of a bend ina stream. When 
the water flow slows, sediment is 
deposited forming a bar. 

18. A glacier acts like a bulldozer, scrap- 
ing, gouging, and plucking soil and 

surface rocks. 

€~ Extended Response — 

19. Part A: Movement of water paral- 

lel to the shoreline is caused by the 

refraction of waves that approach 

the shoreline at an angle. 

Part B: As water recedes from the 
beach, it erodes material and carries 
it out to sea. As the water approaches 

the beach at an angle, it transports 

and deposits that material farther 

downcurrent. 

Rubrics 
For more help evaluating Short- 
and Extended-Response ques- 
tions, see the rubrics on p. 9T- 

STANDARDIZED TEST PRACTICE 683 



Unit Contents 

1 Stability in Bonding 

2 ‘Types of Bonds 

3 Writing Formulas and 

Naming Compounds 

1 Chemical Changes 

2 Chemical Equations 

3 Classifying Chemical 
Reactions 

4 Reaction Rates and Energy 

1 How Solutions Form 

2 Solubility and Concentration 

3 Acids, Bases, and Salts 

4 Strength of Acids and Bases 

1 Radioactivity 

2 Nuclear Decay 

3 Detecting Radioactivity 

4 Nuclear Reactions 

1 Observing the Universe 

2 Evolution of Stars 

3 Galaxies and the Milky Way 

4 Cosmology 

y Juest 
= is designed to engage 

students in researching the chem- 

ical components of fireworks, how 

chemicals are used to produce dif- 

ferent colors, the history of 

fireworks, and how firework dis- 

plays are created. Students will 

answer a set of questions following 

their Web research to demon- 

strate the knowledge they have 

gained, ; 

684 Unit 6 Interactions of Matter 

How Are 

PROJECT | Study Skills 
Organize Information Main idea- 
detail notes help students 
organize content from reading 

assignments. After studying solutions and chemical 
reactions, students Use the two-column strategy. In the 

left column, students list a variety of acids and bases. In 
the right-hand column, students write pertinent details 
about each, such as the properties, pH, and uses. 

— Algae &, 
Photogray 
eonivrect 

| oa 

Acid Properties: 

pH: 

Uses: 



[ n the mid-1800s, scientists experimented with light- 
sensitive chemicals. They found that when paper was 

treated with such chemicals and then exposed to light, 
the resulting reaction changed the paper's color. If an 
object blocked some of the light, a silhouette of the object 
was created. One set of chemicals produced prints— 
called cyanotypes—of white images on a blue back- 

; ground. A botanist named Anna Atkins saw the potential 
of this process. Until that time, the only way to create 

pictures of plants had been to draw them. Atkins used 

cyanotypes to create impressions of the plants. In 1843, 

she published a book of cyanotype images of algae, 
including the two seen at lower right. It was the first book 
ever to be illustrated by photography. Since Atkins’ time, 

photography has gone through many changes. But itis 
still a powerful tool for making images of 
the natural world—which includes this 

giant jellyfish, whose image is being 

captured by an underwater photographer. 

Visit unit projects at 

Projects include: 

ee SSSEEESESEEEEREEESEESEEEESESEEEEE 

to find project ideas and resources. 

* Career Explore careers in space travel. Design a creative want-ad and work as 

a class to compile a mock newspaper classified section. 

* Technology Discover what elements are used to make salts, how they are 

made, where they can be found, and where they are used. Create a formula 

for personal bath salts or salt scrubs. 

* Model Research the Mars rovers. Design blueprints, and construct a model 

with moveable parts. 

a Chemistry of Firewerks explores the chemical compounds of 
ues E . 

fireworks, what chemicals are used, and how firework displays are 

created. 

NATIONAL 
GEOGRAPHIC 

e Students are probably familiar with a spe- 

cific application of the cyanotype process— 

blueprints. If any of their families have 

blueprints of their homes, have students 

share them with the class. 

e Ask students to hypothesize how cyan- 

otypes can be used to photocopy 

How Are Algae & Photography Connected? 

something. 

Tell stu- 

dents that this type of copying was first 

done in the mid-1800s. 

‘Tell students that they will study many 

such interactions of matter and energy. All 

chemical reactions involve energy transfer. 

Career Have students explore 

the field of astro-geology, cos- 

mology, aerospace engineering, 

or other space travel careers. 
Using the information they have 

gathered, students may design a 
creative want-ad advertising an 

employment opportunity. A class 

mock newspaper classified sec- 

tion may be compiled to share 
student work. 

Technology Assign a specific salt 

to a pair of students. Using a 

variety of resources, have stu- 

dents research what elements are 

used to make their salt, how it is 

made, where it can be found, and 

where it is used. Some students 

may be interested in researching 
bath salts and their popularity in 
today’s society. Salt research sug- 
gestions might include: 

sodium chloride (NaCl), 

potassium chloride (KCl), 

ammonium chloride (NH, Cl), 

magnesium sulfate (MgSO,), 
sodium sulfate (Na,SO,), 

potassium acetate (CH,CO,K), 
sodium nitrate (NaNO, ), 
barium sulfate (BaSO,), 

copper(II) acetate (Cu(CH,;CO,)), 
or ammonium sulfate 

((NH,),SO,). 

Model In small groups, have stu- 

dents research the Mars rovers. 

Students may design blueprints 
of an electronic robot including 

remote controls and the capabil- 
ity to move, scoop, and retrieve. 
Actual working models may be 

possible using donated and recy- 
cled materials. 

Additional Resources Visit unit 

projects at fl.gpescience.com for 

more information, resources, 

and assessment rubrics. 

Unit 6 Interactions of Matter 685 
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Section/Objectives Standards Labs/Features 

State/Local Chapter Opener National 

See pp. 16T-17T fora 

Key to Standards 

Section 1 Stability in Bonding — 

@  2sessions CP 1 block 
1. Describe how a compound differs from its 

component elements. 
2. Explain what a chemical formula represents. 

3. Explain that the electric forces between 

electrons and protrons, which are oppositely 

charged, are essential to forming compounds. 

4. State a reason why chemical bonding occurs. 

Launch Lab: Chemical Bonds and 

Mixing, p. 687 

Foldables, p.687 

Section2 Types of Bonds : 

@ 3sessions cp? 

5. Describe ionic bonds and covalent bonds. 
6. Identify the particles produced by ionic 

bonding and by covalent bonding. 

7. Distinguish between a nonpolar covalent bond 
and a polar covalent bond. 

1.5 blocks 

National Content Florida Science Online, p.691 

Standards: Benchmarks: Lab: Atomic Trading Cards, p.693 

UCP.1=3, UCPS; SC.A.1.4.5, 

A.1,A.2,B.2,B.4, SC.A.2.4.5, 

B.6 S¢C.C1,42 

National Content | Florida Integrate Life Science, p.695 

Section 3 Writing Formulas and Naming Compounds 

@  3sessions CP 1.5 blocks 

8. Explain how to determine oxidation numbers. 

9. Write formulas and names for ionic 

compounds. 

10. Write formulas and names for covalent 

compounds. 

686A CHAPTER 22 Chemical Bonds 

Standards: Benchmarks: MiniLAB: Observing a Bond Type, 

UCP.1-3, UCP5, SC.A.1.4.1, p.698 

A.1,A.2,B.2,B.4, SGA.1.4.2, Visualizing Polar Molecules, p.699 
B.6, F.1 SC.A.1.4.5, 

SC.A.2.4.1, 

SG.A.2.4.5 

National Content | florida Integrate History, p. 705 
Standards: Benchmarks: Applying Math: Determing a 

UCP.1-3, UCP.5, S@A2 4a) Formula, p. 705 

A.1,A.2,B.4, B.6, SC.A.2.4.5 Applying Science: Can you name 
G.3 binary ionic compounds?, p. 706 

MiniLAB: Making a Hydrate, p. 708 
Video Lab 

Lab: Modeling Chemical Bonding, 

pp. 710-711 

Oops! Accidents in Science: 
A Sticky Subject, p. 712 



Lab Materials Reproducible Resources Section Assessment 

Launch Lab: water, 
vegetable oil, rubbing 

alcohol, food dye, 100-mL 
graduated cylinder, 
dropper 

Chapter Fasr Fite Resources 

Foldables Worksheet, p. 17 

Directed Reading Overview, 
IE) 

Note-taking Worksheets, 
pp. 33-35 

ENCo . 
ey Ys 

Glencoe Exclusive! 

All-In-One Planner and Resource Center 

Technology 

TeacherWorks includes: 

* Interactive Teacher Edition 

* Lesson Planner with calendar 

* Access to all program 

blacklines 

* Correlations to standards 

* Web links 

Lab: 4-in X 6-in cards, 

periodic table 

Need Materials? 
Contact Scie i 
: 

nce Kit at 1-800-828-7777 or www.sciencekit.com, 

Chapter Fasr Fite Resources 

Transparency Activity, p. 44 

Enrichment, p. 30 

Reinforcement, p. 27 

Directed Reading, p. 20 

Lab Worksheets, pp. 5-6 

Lab Activity, pp. 9-12 

Cultural Diversity, p.69 

Portfolio 

Assessment, p. 687 

Differentiated Instruction, p. 690 

Performance 

Applying Math, p. 692 

Content 

Section Review, p.692 

MiniLAB: inflated balloon, 
wool or fur, running water 

Chapter Fast Fite Resources 

Transparency Activity, p.45 

MiniLAB, p. 3 

Enrichment, p. 31 

Reinforcement, p. 28 

Directed Reading, p. 20 

Lab Activity, pp. 13-16 

Science Inquiry Labs, pp. 43-44 

& Section Focus Transparency 

®) Interactive Chalkboard 
CD-ROM 

Student Works Plus 
& 
boa & 

Portfolio 

Differentiated Instruction, p.699 

Performance 

MiniLAB, p. 708 
Applying Math, p. 702 

Content 

Section Review, p. 702 

& Section Focus Transparency 

® Virtual Labs CD-ROM 
®) Interactive Chalkboard 

CD-ROM 

)  StudentWorks Plus 

MiniLAB: plaster of paris, 

water, small bowl, rubber 

hammer, hair dryer 

Lab: small samples of 

crushed ice, table salt, and 

sugar; wire test-tube holder; 

test tubes; laboratory 

burner; stopwatch 

Og, 
7 Nu 

ASSESSMENT 

Or, ner 

Chapter Fasr Fite Resources 

Chapter Review, pp. 37-38 
Chapter Tests, pp. 39-42 

Standardized Test Practice, pp. 92-95 

Chapter Fasr Fite Resources 

Transparency Activity, p. 46 

MiniLAB, p. 4 

Enrichment, p. 32 

Reinforcement, p. 29 
Directed Reading, pp. 21, 22 

Transparency Activity, pp.47-48 

Lab Worksheets, pp. 7-8 

Portfolio 

Cultural Diversity, p. 707 

Performance 

Applying Math, p. 705 

Applying Science, p. 706 

MiniLAB, p. 708 

Applying Math, p. 709 

Content 

Section Review, p. 709 

End of Chapter Assessment 
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TO MindJogger Videoquiz 
s) Virtual Labs CD-ROM 

ExamView® Pro Testmaker 

TeacherWorks CD-ROM 

Interactive Chalkboard CD-ROM 
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& Section Focus Transparency 

& Teaching Transparency 

©) Interactive Chalkboard 

CD-ROM 

*) StudentWorks Plus 

[D Video Lab 

Performance Assessment in the Science 

Classroom (PASC) 
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ale 
and markings all give clu 
ake a picture, 

\. Where do the remaining pieces belong? How do you know? 
2. How might a compound and its individual elements compare to 

1 puzzle and its pieces? 

This is a representation of key blackline 

masters available in the Teacher Classroom 

Resources. See Resource Manager boxes 

within the chapter for additional information. 

Key to Teaching Strategies 

The following designations will help you 
decide which activities are appropriate 
for your students. 

L1| Level 1 activities should be 

appropriate for students with 

learning difficulties. 

L2| Level 2 activities should be within 

the ability range of all students. 

[3] Level 3 activities are designed for 

above-average students. 

@® ELL activities should be within 
the ability range of English 

Language Learners. 

COOP LEARN Cooperative Learning 

activities are designed 

for small group work. 

Multiple Learning Styles logos, 

as described on page 12T, are 

used throughout to indicate 

strategies that address different 

learning styles. 

These strategies represent student 

products that can be placed into 

a best-work portfolio. 

Problem-Based Learning activities 
apply real-world situations to 

learning. 
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=) Wesetiassy A Crystal Nature 
>: Transparency 

¢ of the salt in the picture 

ocean water? 

3, How do people use salt? 

Chemical Bonds 

n water? How might you recover salt from. 

1e fables and answer the follawing questions. 

3, GroupA Group B 

| Water Epsom salts | Mg(OH), 

| Carbon dioxide 1s Sugar | CwHnOr, 
| Ammonia h } Lye | NaoH 
| sant Baking soda NaHCO, fa oe) 
| Methane I, Vinegar C:H,O2 

inds in Group A are different from the compounds in 
ause only the compounds in Group A__. 

© gases at room temperature 
B are used in preparing food 
C contain a metal and a nonmetal 
D contain only two different elements 

2. According to the chemical formula for lye, all of the following ele- 

H oxygen 
] sodium 

3. According to the information contained in the tables, which 
compound has a total number of atoms greater than 10? 
A Baking soda C Sugar 
B Methane D Vinegar 

4, According to the tables, which compound has the LEAST number 
of total atoms? 
¥ Ammonia H Salt 
G Carbon dioxide ) Water 

Transparency 

drie: letting it dry? Concrete doe 

water, 
durable 

eiaty For Best Results, Add Water 

Why are these workers trying to keep the concrete wet rather than 

incorporating water into its molecular structure. If there's not enough 

Chapter 

rainy, temperate region? 

2. What would 
What if it g¢ et? 

3. When ane 

1. How might construction be different in the desert compared to a 

if a bag of dry concrete got a little damp? 

sidewalk is finally dry, where does the water go? 

WAS) Atomic Trading Cards 

Lab Preview 
Directlo 
1 What 

Procedure 

Hands-On Activities 

Procedure 
Part A—Observing Reactions of Known 

s 

C aa The Five Solutions Problem 
Activity 

Hands-On Activities 



Content Outline 

ute 

Teele Chemical Bonds 
Worksheet 

Section 1 Stability in Bonding 

A. Some clement 

© Atorra form sompounals when the compound le more 
1. Noble gases are more than oth Henvers bexause they 

Meeting Individual Needs 

Overview 
Chemical Bonds 

Meeting Individual Needs 

Kenic Stability in Bonding 

Directions: £och statement befow contains a pul of terms or pluses n parentheses. Ove the term or phvase 
that makes cach statement tre 

1. The properties of 2 componinil are (the same as ifferent front) the properties of the element 
thac make up the compound 

2 No andl C1 are cherical (synnbols, formulas) 
Natl and NaOH are chemical (symibals Formulas 
Wthe formula Hy, the number 2 isa (vubscriph superseriph) 
The number 2 in the formula PhO wells you that each unit of this compound containe tw 
ylrogen. oxygen atom 
1a symbol in a chemical formula oes Wot haye a subscript alter i, wuniCol that compound 
Jontaing (ne atonis Jom) OF That elernent 
The total number af atoms in FeO is (two, five, ste 
here ar 1. Yen) different elements in H,SO, 

An atom és chemically stable if ts outer energy level (is filed with, contains 
For atoms le pases annd most other elements, the outer 
has (3, 8) eh 
The noble gases do not readily form compounds because they (ate, sre not) chemically stable 

12. 4 chemical bond isu (forse, chemical) that hold atoms together in» compound 
1, Chemical bonds form when atoms Hose, pal oF (share multiply) elestrons 
Directions: Complete the rable below/by using the formula ofeach compound to entity the elements thot 
«exch compound contains and he numberof atoms of each ofthese elements in a unit of the compound. The fist 
formula has been done fr you 

Formula Elomont 1 Elomont 2 Elomont 3 
2 tysdrogen aeygon 

Directions: For cach wtumn listed tnuicate whether-electrans will be yw for the atom to 

1. sodium 

hlorin 

goes 

Directions: Anowrr she fllowing questions om the lines 
5, What are the chemical formulas for salt and water 

What is the chemical formula for a compouind made up of Oyo ators of silicon and threw 

Joesn't helium form compound 

What is an atom with a net positive or negative change call 

What do the elements in Group 1 of the periodic table al have in common? 

Tat happens to the electrons in chlorine atom and o sodium hen they combine 

i 3 
2 RS 
=z 
zr 
H = 

Enrichment 

Electron Dot Diagrams 

The electrons in an atoms outer 
| bonds atid chemical react 

on dot diagram. The outerm 
Tv this activity: you will Uraw elex 

Procedure 
1, Write the or the elernent 

dot diagrarns this symbol represen 
nucleus and all of the electrons of 
except the uuterinent electrons 

Example: The symbol for chlorine is. In 
dot diagram, this symbol represents the nutes and 
the ten eletons in the fst nwo energy level. around theo 

many outer electrons the element 
Du this by finding to which a 

energy level are the electrons that are important to consider in 
fons. These electrons can be te 2 diagram called an 
at electrons are deaven as dots an themical symbol 
tron dot diagrams for several element 

Fordectron 3+ Draw a dot to represent each election. 
nal in the outer the element: To 
Fey electrons can be placed on each side of the 

symbol, The first trons should be 
paired on the right side of the symbol 
The rest of th 
distributed 

on electron 

2. Use the periodic tabile to determine tow Example: The eleetron dot diagram fev chlorine 

pth 

Example: CNorine belongs to Group 17. the 
‘halogens, which have seven outer electro 

Conclude and Apply 

i calcium 

2. Why do sodium and potassium hi 

he elements liste 

& argon 

ave the same n Jots in the diagram 
chemittry of these two element: 

section @ Stability 

08 eee 

What You'll Learn 

Make Flash Cards As you 
read, ynake flash card of each 
lornest mentioned in the test 
Include the nanve of the 
élenvent, ts chemical yymbal 
vndits electron dot diagram. 

Find Moin ideas Nu 
2 Foldable tke th one below 
As you red hs ection wre 
down the maln Kens about 
mtined slroan orm 

sro stabil 

222 QUFTIRD (heme Gout 

in Bonding 

‘@ Before You Read 

Have you ever seen an object with rust on it? What was the 
object made of Why do you think rust formed on it 

@ Read to Learn 

Combined Elements 
Have you ever noticed that the Statue of Liberty’is green? 

Was it painted green’ Is it made of green stane® Actually, the 
Statue of Liberty is made of the metal copper: Copper is 4a 
element. Pennies are also made of copper. If copper usually hat 
a shiny, metallic color, then why is the Statue of Liberty green’ 

Do compounds look like thelr elements? 
Some matter around you is in the form of elements 

For example, axygen, copper, and sulfur are all element 
All three exist by themselves. They can also combine with 
other elements in a chemical reaction to form compounds. 
When copper, sulfur, and oxygen combine in a chemical 

reaction, they produce the green coating like on the Statue of 
Liberty. This compound is copper sulfate, which is a green 
solid. It is nothing like the elements that combined to make 
it. Copper isa shiny, copperscolored solid, Sulfur is 0 yellow 
solid. Oxygen is a colorless, odorless gas. When elements 
combine, they fart compounds with their own propertic 

Do compounds have new properties? 
‘Compounds may have different jyroperties from the element 

that form them, Sodium chloride, or table salt isa compound 
made from the elements sodium and chlorine. Sodium is a 
shiny, soft, silvery metal that rescts violently with water 

Le Sicilians Which press ix taking by the lar F neva hemical combination: 
ule 

Jectron teansfer je They have a slightly positive end and, 
a slightly nepaive enu electron sharing 

Diysical Stlente with Earth Sconce 

Chemical Bonds 

Part A. Vocabulary Review 
Directions: Complete he sentenke by waiting the core ers nthe blonk 

1, An atom that has gained or last ihe at 
an atom fu Js outer energy levee fed with elevtron 

a (ells what elemnents make np a compound snd the ratios of the 
atoms of those elernent 

sailorile bat hava inlecule 

9 rvjgavund Hat tas water chernitcally attached tits on 

10, ‘The tree of attesetion ber apyronite chiaryes of the 1 Jan le compen x 

Part B. Concept Revi 
Directions: Place ap Jide each stotement that ogrees with tat wos sald in your textbook. Place 
am grec, and rewnite the stoterment so that Hts correct 

Chapter 

1. Testing Concepts 

Chemical Bonds 

Directions: Determine whether the razed rerm makes each statement tue or false Ifthe totement fue 
write true ia the blank. Ifthe sire 

L 

Directions: For each ofthe following, write the letter of the fem or phrase that best competes the statement or 
answers the question, 

— 11, The elements tha 
a Wait of the carn 
aa. chemical symb 
1 chemical form 

ements fli, writen the blank the ferm that makes the statement true 
Covalent compound are often crystalline yolids at roomy temperature 
The properties of a canpound are the mneas the properties of the 
clomente making uy the compound: 
Because a water molecule has a slight pasitive charge at ene endiand 
» slight nepative charge at the other end (Cis « nonpolar molecule 
Molecules are newt 
Aton ne when the compound is lex: sable than the separate 

The term antydroue means without water 
sium axide bs 4 polyatomic fon 

Particles formed front the covalent bonding of atoms are called fons 
When atoms gain or lose electrons, the charged particles that result 
are called molecule 
The formula SO," stands for anvmonium. 

umake up pund and the number of atoms of each element in 
npound can be shown in a 
bol © subscript 

nb ncgaliveion —&. molecule rptal 
Jn.chemical formulas. the number of atoms ia a unit af the dis shown by 

. oxidation number hydrate 

\ chemical bond 
4, subscrip 

‘that oxcurs ben atoms share electrons is al J 
be covalent & polyatoms magnet 

Which of the following correctly shows the formula for a hydrat 
b. MgsO\(HO), © HO, MgSO, « “TD 

Orem Bands 
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Tue Stability in Bonding 
*% Atomic Stability 

electrons to become more stable. 

This concept forms the basis for understanding 
chemical bonding. The most stable configuration 

of electrons is found in the noble gases. Atoms 

gain, lose, or share electrons, some more easily 
than others, so that they have the same electron 
configurations as the noble gases. For example, a 

chlorine atom gains an electron (Cl) and attains 

an electron structure like the chemically stable 
noble gas argon. Sodium loses one of its 11 elec- 
trons (Na‘) to attain an electron structure like 

neon. In general, metals tend to form positively 
charged ions (lose electrons) and nonmetals form 

negatively charged ions (gain electrons). 

Mii Types of Bonds 
™/ Electron Dot Structures 

One of the most convenient ways 

to picture the sharing of electrons 
between atoms in covalent or 

polar covalent bonds is to use 
electron dot struc- 

tures. Electron dot 

Atoms undergo rearrangements of 

Science Content Background 
structures are often called Lewis structures, after 

American chemist G. N. Lewis (1875-1946), 

who invented this symbolism. Electron dot 
structures represent an atom’s outer-level, or 
valence, electrons by dots. Atoms form covalent 
bonds by sharing electron pairs, with the result- 
ing molecules drawn by assigning the correct 
number of valence electrons to each atom. 
Group 13 atoms have three valence electrons, 
Group 14 atoms have four valence electrons, 
and so on across the periodic table. 

Group 18 elements, such as neon and argon, 
rarely form covalent bonds because they have a 
stable configuration of eight electrons in their 
outer energy levels. This is called the octet 
rule—representative elements react so that they 
attain eight electrons in their outer energy level. 

Lewis dot structures can be used to model 
covalent bonding and predict the number of 
bonds between atoms in a compound. For exam- 
ple, in N>, the atoms share three pairs of 
electrons. Each pair represents a bond, so N> has 
a triple bond. Multiple bonds are shorter and 
stronger than single bonds because there are 
more electrons holding the nuclei together. 

Although Lewis dot structures are accu- 
rate models of bonding for most compounds, 
laboratory data from some compounds do not 
always agree with conclusions drawn from 
these models. This is the case with O3. The 

Lewis dot structure predicts that O, will 
contain a double bond and four elec- 

. tron pairs. Bond length studies have 
shown that the O; bond length is 

consistent with that of a double bond. 
However, O, is known to be paramag- 
netic (it has unpaired electrons). This 

apparent discrepancy has been 
resolved by applying quantum- 
based molecular orbital (MO) 
theory. 

Barry L. Runk/Grant Heilman Photography, Inc. 
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Electronegativity 
When two different kinds of atoms share a pair 
of electrons, a bond forms in which electrons 
are shared unequally. The attractive force that 
an atom of an element has for shared electrons 
in a molecule is known as its electronegativity. 
Nobel laureate Linus Pauling (1901-1994) 
developed a scale of relative electronegativities, 
in which the most electronegative element, 
fluorine, is assigned a value of 4.0. The higher 
the electronegativity, the stronger an atom 
attracts electrons within a bond. Electro- 
negativity generally increases from left to right 
across a period and decreases down a group for 
typical elements. 

Teacher to Teacher 
Mark Resch, 

Ripon High School 

Ripon, Wisconsin 

“| balance an 8-inch piece of 2 X 4 lumber ona watch glass. 

Then, | induce a charge in an inflated balloon by rubbing it in 

my hair. | hold the charged balloon to the side near one end 

of the 2 X 4. The balloon will be attracted to the wood. | move 

the balloon to the other side to reverse direction. Unless the 

air is very humid, this will work.” 

Mark Resch 

Polar or Nonpolar? 
A general knowledge of electronegativities 
can be used to make predictions about bond 

polarity. A general guideline is that bonds 

between atoms with the same or similar values 

are nonpolar covalent, bonds between atoms 

whose values differ by more than 1.7 are sub- 

stantially ionic, and bonds between atoms 

Teer, 

Helping You Prepare 

€fhaprer content resources: 

Internet Resources 

For additional content background, visit 

fl.gpescience.com to: 

e access your book online 

e find references to related articles in popular 

science magazines 

e access Web links with related content background 

e access current events with science journal topics 

Print Resources 

Chemistry; The Molecular Nature of Matter and 

Change, by Martin S. Silberberg, McGraw-Hill, 2003 

Structure and Bonding, by Jack Barrett and Eddie 

Abel, Wiley, John & Sons, Incorporated, 2002 

whose values differ by less than 1.7 are polar 
covalent. At the extreme, one or more elec- 

trons are actually transferred and an ionic bond 
results. It is important to realize that bonding 
is a continuum—the difference between ionic 
and covalent is a gradual change. 

Writing Formulas and 

Naming Compounds 

Hydrates 
The best-known hydrates are 

crystalline solids that lose their structure upon 
removal of their bound water. Although the 

number of molecules of water in a given 

hydrate is fixed, some substances can form sev- 

eral different hydrates. For example, there are 
four different hydrates of iron (II) sulfate, each 

with separate and unique physical properties. 

CHAPTER 22 Helping You Prepare 686F 



Chapter Vocabulary 
chemical formula, p. 689 

ion, p. 692 
chemical bond, p. 694 
ionic bond, p. 696 

covalent bond, p. 697 * 
molecule, p. 697 #* 
polar molecule, p. 700 
nonpolar molecule, p. 700 

binary compound, p. 703 

oxidation number, p. 
polyatomic ion, p. 70 

hydrate, p. 708 

¥# FCAT Vocabulary 

Sa 

= > wy 

Science Journal 
answer: Glue joins separate 

Sample 

pieces together to form a stable 

object. Atoms bond with other 

atoms to form molecules and 

compounds. The glue that 

holds atoms together is the 

chemical bond. 

INTERACTIVE. 
CHALKBOAKD 

with Image Bank 

This CD-ROM is an editable 

Microsoft® PowerPoint 

presentation that includes: 
a pre-made presentation for 
every chapter 
interactive graphics 

animations 

audio clips 

image bank 

all new section and chapter 
questions 

Standardized Test Practice 

transparencies 

Foldables directions 

links to fl.gpescience.com 

= 
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PowerPoint’ Presentations 

( chaprer previews Elements Form Chemical Bonds 
Just as these skydivers are linked together 

to make a stable formation, the atoms in 

elements can link together with chemical 

bonds to form a compound. You will read 

about how chemical bonds form and learn 

ee how to write chemical formulas and 

equations. 
| em ‘ Eat 

x Sciemce Journal Describe how glue is similar to 

chemical bonds. 

Stability and Change ‘The relationship between an 
atom’s electronic structure and its stability is 

described in this chapter. Chemical bonding 

enables stable. Chemical 

changes take place when existing bonds are bro- 
atoms to become 

ken and new bonds form. 

Bond Strength Use the analogy of these skydivers 
gripping hands to associate bond strength with 

the formation of stable and unstable formations. 
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Purpose Use the Launch Lab to 

introduce students to the inter- 

action between liquids with 

FOLDABLES Chemical Formulas Every 

SUT EUFEL UC = compound has a chemical for- 
mula that tells exactly which 

elements are present in that compound and polar bonds and liquids with 

exactly how many atoms of each element are ; nonpola r bonds. |L2 Visual- 

present in that compound. Make the following Spatial 
Foldable to help identify the chemical formulas 

in this chapter. 
jar salad dressings will not 

he bottle is shaken. Howe 
vill mix. The ¢ 

Preparation Prepare small bea- 
kers of each liquid for each 
group. 

Materials two 100-mL gradu- 
ated cylinders, water, vegetable 

oil, rubbing alcohol, food dye, 

dropper 

Teaching Strategy Explain that 

the molecules in water, food dye, 
and rubbing alcohol have polar 

| STEP 2 | Cut along every third line of onlythe | chemical bonds, but the mole- 

top layer to form tabs. cules in vegetable oil have 
nonpolar chemical bonds. 

Fold a sheet of notebook paper verti- 

cally from side to side. 

Think Critically 
f When the oil was added to the water 

Read and Write Go through the chapter, find F and the cylinder was shaken, the oil 

ten chemical formulas, and write them on the . 

front of the tabs. As you read the chapter, write formed bubbles that quickly separated 

what compound each formula represents under from the water when the cylinder was 
the appropriate tab. allowed to sit. The oil then formed a 

layer on top of the water. The drops of 

food dye moved through the nonpolar 

Preview this chapter's content} oil as droplets. Once the drops of food 

99) Me | and activities at dye passed through the oil/water 

: boundary, they mixed with the water 

molecules, exploding with color. The 

alcohol, which is polar, remained on top 

of the oil, and the food dye dissolved in 

it immediately. 

Assessment 
Portfolio Ask students to draw a 

labeled diagram of their gradu- 
ated cylinder filled with liquids. 
Use Performance Assessment 

in the Science Classroom, 

ey 

FOLDABLES 
Study Organizer 

Dinah Zike 
Study Fold 

Student preparation materials for 

this Foldable are available in the 

Chapter Fast Fie Resources. 
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4 Motivate 
‘ . . ® 

An editable ESET 

“. PowerPoint® presenta- 

tion is available on Interactive 

Chalkboard CD-ROM. 

Bellringer 

Section Focus ‘Transparencies 

also are available on the 

Interactive Chalkboard CD-ROM. 

[2] 

Eeaieiasats Picking Up the Pieces 

Jigsaw puzzles e hundreds—even thousands—of pieces. To 
complete the puzzle, you need to infer how each piece fits together. 
Size, shape, and markings all give clues as to how the pieces should be 
placed to make a picture. 

|. Where do the remaining pieces belong? How do you know? 
2. How might a compound and its individual elements compare to 

a puzzle and its pieces? 

Tie to Prior Knowledge 

Jigsaw Puzzle Have students con- 
sider how pieces of a jigsaw 
puzzle fit together in an orderly, 
exact way. Explain that it is pos- 
sible to predict how atoms of 

different elements fit together in 

an exact way. As an example, dis- 
cuss how water forms when two 

parts hydrogen combine with 

one part oxygen. The “parts” in 
this case are atoms that form 

chemical bonds with one 

another. 

Content-Specific Words Ask 

students to create cartoons that 
describe each of the vocabulary 
words. For ion, students might 

draw an atom character giving 
away the letter “e,” which repre- 
sents an electron. 
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What You'll Learn 

represents. 

bonding occurs. 

Figure 1 The difference 
between the elemental copper 

metal and the copper compound 

formed on the Statue of Liberty 

is striking. 

® Describe how a compound differs 

from its component elements. 

Explain what a chemical formula 

Explain that the electric forces 

between electrons and protons, 

which are oppositely charged, are 

essential to forming compounds. 

State a reason why chemical 

Palco covers = St01.42, ee 

Reading Guide 

Why It’s Important 

The millions of different kinds 

of matter around us are a result 

of chemical bonds. 

Combined Elements 

® Review Vocabulary 
compound: substance formed from 

two or more elements in which the 

exact combination and proportion of 

elements is always the same 

New Vocabulary 

e@ chemical formula 

@ ion 

Have you noticed the color of the Statue of Liberty? It is green. 

The Statue of Liberty is made of copper, which is an element. 

Uncombined, elemental copper is a bright, shiny copper color. 

When copper is exposed to the weather over a 

long period of time, the metal combines with sub- 

stances in the atmosphere and changes color. 

Compounds Some of the matter around you is 
in the form of uncombined elements such as 

copper, sulfur, and oxygen. However, like many 

other sets of elements, these three elements can 

unite chemically to form a compound when the 

conditions are right. The green coating on the 

Statue of Liberty and some old pennies is a result 

of this chemical change. One compound in this 

coating, seen in contrast with the ele- 

mental copper in Figure 1, is a com- 

pound called copper sulfate. Copper 

sulfate isn’t shiny and copper colored 

like elemental copper. Nor is it a pale- 

yellow solid like sulfur or a colorless, 

odorless gas like oxygen. It has its own 
unique properties. 

Chapter Fasr Fire Resources 

‘Transparency Activity, p. 44 

Directed Reading for Content Mastery, 
pp. 19-20 

Note-taking Worksheets, pp. 33-35 

Lab Activity, pp. 9-12 

Enrichment, p. 30 

Reinforcement, p. 27 

Cultural Diversity, p. 69 

Lab Worksheet, pp. 5—6 

Physical Science Critical Thinking/Problem Solving, 

sD al! 



New Properties An obser- 
vation you will make is that 

the compound formed when 

elements combine often has 

chemical and physical proper- 
ties that aren’t anything like 

those of the individual ele- 
ments. Sodium chloride, for 

example, shown in Figure 2, is 
a compound made from the 

elements sodium and chlo- 

rine. Sodium is a shiny, soft, 
silvery metal that reacts vio- 

lently with water. Chlorine is Sodium 

a poisonous greenish yellow 
Chlorine > Sodium chloride 

gas. Would you have guessed Figure 2 Sodiumisa soft, silvery metal that combines with chlorine, a 

that these elements combine greenish yellow gas, to form sodium chloride, which is a white crystalline solid. 

to make ordinary table salt? 
chlorine. 

Formulas 

Describe how the properties of table salt are different from those of sodium and 

The chemical symbols Na and Cl represent the elements 

sodium and chlorine. When written as NaCl, the symbols make up 

a formula, or chemical shorthand, for the compound sodium chio- 

ride. A chemical formula tells what elements a compound con- 

tains and the exact number of the atoms of 

each element in a unit of that compound. The 

compound that you are probably most familiar 

with is H,O, commonly known as water. This 

formula contains the symbols H for the 

element hydrogen and O for the element oxy- 

gen. Notice the number 2 written as a subscript 

after the H for hydrogen. Subscript means 

“written below.” A subscript written after a 

symbol tells how many atoms of that element 

are in a unit of the compound. If a symbol has 

no subscript, the unit contains only one atom 

of that element. A unit of H,O contains two 

hydrogen atoms and one oxygen atom. 
Look at the formulas for each compound 

listed in Table 1. What elements combine to 

form each compound? How many atoms of 

each element are required to form each of the 

compounds? 

rom j hat a chemical eading Chec Describe w 

formula tells you. 

Table 1 Some Familiar Compounds 

Familiar Name 

Sand Silicon dioxide Si0, 

Milk of magnesia = Magnesium hydroxide Mg(0H), 

Cane sugar Sucrose CH,,0,, 

Lime Calcium oxide Ca0 

Vinegar Acetic acid CH,COOH 

Laughing gas Dinitrogen oxide N,0 

Grain alcohol Ethanol GH,0H 

Battery acid Sulfuric acid H,S0, 

Stomach acid Hydrochloric acid HC 

SECTION 1 Stability in Bonding 689 

Chemical Name Formula 

Caption Answer 
Figure 2 Table salt is a stable, white 
solid. Sodium is very reactive with water, 
silver in color, soft, and a metal. Chlorine 

is a poisonous, greenish-yellow gas. 

Discussion 

Similar Formulas Point out that 
H,0O and H2O, have similar 

chemical formulas. Does this 

mean they are similar com- 
pounds? Explain. They are not 
similar compounds. The addition of one 
oxygen atom changes H0 (water), a 
substance that is critical for life, into 
H0, (hydrogen peroxide), a substance 
that is used as a disinfectant and quickly 
reacts with many other compounds. 

Logical-Mathematical 

Text Question Answer 

sand: 1 atom of silicon (Si), 2 of oxygen 
(0); milk of magnesia: 1 atom of magne- 

sium (Mg), 2 of oxygen (0), 2 of hydrogen 
(H); cane sugar: 12 atoms of carbon ((), 22 
of hydrogen (H), 11 of oxygen (0); lime: 1 
atom (ion) of calcium (Ca), 1 of oxygen (0); 

vinegar: 2 atoms of carbon (C), 2 of oxygen 
(0), and 4 of hydrogen (H); laughing gas: 2 

atoms of nitrogen (N), 1 of oxygen (0); 
grain alcohol: 2 atoms of carbon (0), 6 of 
hydrogen (H), 1 of oxygen (0); battery 
acid: 2 atoms of hydrogen (H), 1 of sulfur 
(S), 4 of oxygen (0); stomach acid: 1 atom 
of hydrogen (H), 1 of chlorine (Cl) 

Logical-Mathematical 

'%, Reading Check 

Answer tells what elements are pres- 
ent in a compound and the exact number 

of the atoms of each element in a unit of 
that compound 

Reading Strategy 

Preview Prior to reading, ask students to 

scan the text. remind them to notice figures 

and bold print. Provide discussion prompts 

such as the following, to heighten interest: 

What does H2O represent, and why do we use 

symbols? 
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Visual Learning 

Figure 3 Have students predict 
whether each atom shown 

would more likely gain or lose 
electrons to form an octet. An 

atom with fewer than four electrons in 
the outer energy level tends to give up 
electrons, while those with more than 
four tend to gain electrons to form an 
octet. Visual-Spatial 

Use an Analogy 
Gloves In a cold climate, each 
person would seek to have two 
gloves to keep his or her hands 
warm. Someone with fewer than 
two would try to get warm by 
gaining a glove or two. A person 
with more than two gloves 
might give up those not needed 
for warmth. Individuals with 
exactly two gloves would not be 
involved in any rearrangements. 
Similarly, some atoms give up 
electrons to have eight in their 
outer energy levels, while others 

must obtain electrons to have 
eight. An atom with exactly eight 
electrons in its outer level does 
not need to gain or lose elec- 
trons, so it does not participate 
in rearrangements of electrons 
between atoms. The atoms of all 
the nonreactive noble gases 
except helium have eight elec- 
trons in their outer energy 
levels. Helium’s outer level is 
complete with two electrons. 

Activity 
Binary Compounds Have the stu- 
dents create binary compounds 
using the periodic chart. Then 
have the student research that 
compound and describe it to the 
other students. 

Caption Answer 

Figure 5 Group 18 

1 2 13 14 15 16 17 18 
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Figure 3. The number of elec- 

trons in each group’s outer level 

increases across the table until the 

noble gases in Group 18, where 

each has a complete outer energy 

level. 

Atomic Stability 
Why do atoms form compounds? The electric forces 

between electrons and protons, which are oppositely charged, 

hold atoms and molecules together, and thus they are the forces 

that cause compounds to form. The periodic table on the inside 

back cover of your book lists the known elements. However, the 

six noble gases in Group 18 do not form compounds, or do so 

with difficulty. Atoms of noble gases are unusually stable. 

Compounds of these atoms rarely form because they are almost 

always less stable than the original atoms. 

The Unique Noble Gases To understand the stability of the 
noble gases, it is helpful to look at electron dot diagrams across 

a period. Electron dot diagrams show only the electrons in the 

outer energy level of an atom. They contain the chemical sym- 

bol for the element surrounded by dots representing its outer 

electrons. How do you know how many dots to make? For 

Groups 1 and 2 and 13 through 18, you can use the periodic 

table or the portion of it shown in Figure 3. Elements in Group 

1 each have one outer electron. Those in Group 2 each have two. 

Those in Group 13 each have three, those in Group 14, four, and 

so on to Group 18, the noble gases, which each have eight. 

Figure 4 Electron dot diagrams 

of noble gases show that they each 

have a stable outer energy level. 

Chemical Stability An atom is chemically stable when its 
outermost energy level has the maximum number of electrons. 

The outer energy levels of helium and hydrogen are stable with 

two electrons. The outer energy levels of all the other elements 

are stable when they contain eight electrons. Figure 4 shows 

electron dot diagrams of some of the noble gases. Notice that 

eight dots surround kr, Ne, Xe, Ar, and Rn, and two dots 
surround He. 
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Differentiated Instruction Teacher 
Challenge Some students will wonder why the text 
skips elements in Group 3 to Group 12 when talk- 
ing about outer-level electrons. Encourage these 

Darmstadt, Germany; and Berkeley, students to research and write brief reports about 
| California are working to synthesize new why these transition metals are skipped. The outer . 

4 elements: energy levels of these elements are similar to those of ele- 

je RMN NE TTS SS es Ia och aes EE ments in Groups 1 or 2. As electrons are added, they fill in 
incomplete lower electron energy levels. Linguistic 

_ New Elements ‘The number of known ele- 
ments may change during your use of this 
text. Research teams in Dubna, Russia; 

'%, Reading Check 

Answer Helium has a full outer 
energy level and is chemcally stable. 

5 
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Energy Levels and Other Elements How do the dot dia- 
grams represent other elements, and how does this relate to their 
ability to make compounds? Hydrogen and helium, the elements 
in period 1 of the periodic table, can hold a maximum of two elec- 
trons in their outer energy levels. Hydrogen contains one electron 
in its lone energy level. A dot diagram for hydrogen has a single 
dot next to its symbol. This means that hydrogen’s outer energy 
level is not full. It is more stable when it is part of a compound. 

In contrast, helium’s outer energy level contains two elec- 
trons. Its dot diagram has two dots—a pair of electrons—next 
to its symbol. Helium has a full outer energy level and is chem- 

ically stable. Helium rarely forms compounds and the element is 
a commonly used gas. 

When you look at the elements in Groups 13 through 17, you 

see that none of the elements has a stable energy level. Each group 

contains too few electrons for a stable level of eight electrons. 

VAST B Why is it rare for helium to forma compound? 

Outer Levels—Getting Their Fill As you just learned, 
hydrogen is an element that does not have a full outer energy 

level. How does hydrogen, or any other element, become stable? 
Atoms with partially stable outer energy levels can lose, gain, or 

share electrons to obtain stable outer energy levels. They do this 

by combining with other atoms that also have partially complete 

outer energy levels. As a result, each becomes stable. Figure 5 

shows electron dot diagrams for sodium and chlorine. When 

they combine, sodium loses one electron and chlorine gains one 

electron. You can see from the electron dot diagram that chlo- 

rine now has a stable outer energy level, similar to a noble gas. 

But what about sodium? 
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rT 
Sodium Chlorine 

SciencepNliNe 
Topic: Dot Diagrams 

Visit fl.gpescience.com for Web 

links to information about using 

dot diagrams to represent outer 

energy level electrons. 

Activity Draw a dot diagram of 

methane, CH,. 

Figure 5 Sodium, asa Group 1 

element, will lose one electron. It 

will have the same number of elec- 

trons as neon. Chlorine, which 

belongs to Group 17, will gain one 

electron. It will have the same 

number of electrons as argon. 

Identify the group number where 

neon and argon can be found. 
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Differentiated Instruction 

‘te Quick Demo 
’ Chemical Reactions 

Materials calcium metal, 1 M HCl, 
beaker 

Estimated Time 10 minutes 

Safety Precautions 

Ca Ed 2S a Bd 
Procedure Place a pea-sized piece 
of calcium metal in a small 

amount of 1 M HCl. Have stu- 
dents note the production of 
bubbles as H) is given off. 

Carefully evaporate the liquid, 
leaving CaCl). On the board, 
write the dot diagram for the 
ions contained in this ionic 
compound. Both Ca’* and CI" contain 
eight outer electrons. (If zinc metal 
is used instead of Ca, ZnCl5 

will form.) [2] G@® |} Visual- 
Spatial 

Make a Model 

Elements Have students use var- 
ious colors of modeling clay to 
make spheres that represent 
metals and nonmetals. Tell them 
to use smaller spheres of a spe- 
cific color to show electrons. 
Attach the correct number of 
electrons to each model sphere 
to represent the outer energy 
level of the selected atoms. 
Challenge students to use a peri- 
odic table to identify possible 
elements that each model repre- 
sents. Then have them explain 
how the element in each model 
can obtain eight outer electrons 
through various combinations 
with other elements. TELL) 

Kinesthetic 

Text Question Answer 
Its outer level is filled, too. 

se 

Fun Fact 
The minimum amount of energy Learning Disabled Prepare physical models of var- Challenge Use dot diagrams with one carbon 

needed to remove the outermost ious atoms and have the students assemble them. atom and two oxygen atoms to make an arrange- 

Then they can see how the electrons are essential ment that gives the carbon and oxygen atoms an 

to forming stable chemical bonds between atoms. octet. Place carbon in the center and make double bonds 

between the carbon and oxygen atoms. In this arrangement, 

the carbon atom shares two electrons with one oxygen atom 

and two with the other. Each oxygen atom shares two elec- 

trons with the carbon atom. Visual-Spatial 

(highest energy) electron from a 

neutral atom in the gaseous state 

is referred to as the first ionization 
potential. 
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Stability Is Reached Sodium had only one electron in its 

outer energy level, which it lost when it combined with chlorine 
@® Post Reading , " 

Fix-Up Strategy Choose a 

challenging piece of text and read 
it aloud while interjecting ques- 
tions and strategies to aid 
comprehension. Show students 
how to use reflated figures to help 
unlock the text. Then, have stu- 

dents find their own difficult 
passage and practice close reading 
with a partner. 

DAILY INTERVENTION 

Check for Understanding 
Logical-Mathematical Have stu- 
dents review the periodic table 
and identify which groups 
would most likely form binary 
compounds with each other. 
Then have them give examples 
of some of the possible binary 
compounds and draw the dot 
diagrams of each one. 

Reteach 

Electron Distribution Remind stu- 
dents that giving up electrons 
can sometimes provide a new 
outer level of eight electrons. 
Make a poster with sodium’s 
electron distribution written 
out—two in the first level, eight 
in the second. Loosely tape a 
page with the single electron in 
the third energy level written on 
it over the poster. Demonstrate 

that when the outer page is 
removed (losing the electron), 

the new outer level is shown to 
contain eight electrons. {L1] 
& | WY Visual- af patiale 

Performance Have students write 

out the dot diagrams for two 

atoms of aluminum and for 

three atoms of oxygen. Then 

have them show how this com- 
bination gives all atoms eight 
outer, shared electrons. Use 
PASC yo. 127. 
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Figure 6 In water, hydrogen 

Combined Elements 

Formulas 

cal formulas. 

Atomic Stability 

their outer energy levels. 

and oxygen each contribute one 

electron to each hydrogen-oxygen 

bond. The atoms share those elec- 

trons instead of giving them up. 

saan 

@ When elements combine, the new compound 

has unique properties that are different from 

the original properties of the elements. 

@ Chemical symbols and numbers are shorthand 

for the elements and their amounts in chemi- 

@ The elements of Group 18, the noble gases, 

rarely combine with other elements. 

© Most atoms need eight electrons to complete 

692 CHAPTER 22 Chemical Bonds 

to form sodium chloride. However, look back to the next, outer- 

most energy level of sodium. This is now the new outer energy 

level, and it is stable with eight electrons. When the outer elec- 

tron of sodium is removed, a complete inner energy level 

becomes the new outer energy level. Sodium and chlorine are 

stable now because of the exchange of an electron. 

In the compound water, each hydrogen atom needs one elec- 

tron to have a stable outer energy level. The oxygen atom needs 

two electrons for its outer level to be stable with eight electrons. 

Hydrogen and oxygen become stable and form bonds in a dif- 

ferent way from sodium and chlorine. Instead of gaining or los- 

ing electrons, they share them. Figure 6 shows how hydrogen 

and oxygen share electrons to achieve a more stable arrange- 

ment of electrons. 

Atoms, too, lose or gain to meet a goal—a stable energy 

level. They do not lose or gain an advantage. Instead, they lose 
or gain electrons. An atom that has lost or gained electrons is 

called an ion. An ion is a charged particle because it now has 

either more or fewer electrons than protons. The positive and 

negative charges are not balanced. It is the electric forces 

between oppositely charged particles, such as ions, that hold 

compounds together. 

rFeVIeLU 

Self Check 

. Compare and contrast the properties of the individual ele- 

ments that combine to make salt with the compound salt. 

section. OF 

. Identify what the formula BaF, tells you about this 

compound. 

. Explain why some elements are stable on their own 

while others are more stable in compounds. 

. Think Critically The label on a box of cleanser states 

that it contains CH,COOH. What elements are in this 

compound? How many atoms of each element can be 

found in a unit of CH,COOH? 

Applying Math 

. Use Percentages Given that the molecular weight of 

Mg(OH),, magnesium hydroxide, is 58.32 g, what per- 

centage of this compound is oxygen? 

@ Electron dot diagrams show the electrons in 

the outer energy level of an atom. 

More Section Review fl.gpescience.com 

——T A Section review 

1. Sodium, as an element, is a solid 

metal. Chlorine is a gas. When the 

two combine to form sodium chlo- 
ride, they form a solid compound. 

2. The compound ratio is made up of one 

barium ion and two floride ions. Also, 
since the compound is made up of a 

metal and a nonmetal, it is likely ionic. 

3. If an element has eight electrons in 
its outer energy level, it has a ten- 
dency not to react because the 

element is stable. Other elements by 
form compounds as a way to com- 
plete their outer energy levels in 

order to become stable. 
4. Hydrogen, carbon, and oxygen are 

in the compound. Each unit con- 
tains four hydrogen, two carbon, 
and two oxygen atoms. 
54.86% 
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Perhaps you have seen or collected trading 

cards of famous athletes. Usually, each card has 

a picture of the athlete on one side with impor- 

tant statistics related to the sport on the back. 

Atoms also can be identified by their properties 

and statistics. 

© Real-World Problem —— 
How can a visible model show how energy lev- 

els fill when atoms combine? 

Goals 
@ Display the electrons of elements according 

to their energy levels. 

@ Compare and classify elements according 

to their outer energy levels. 

Materials 

4-in X 6-in index cards 

periodic table 

© Procedure 
1. You will get an assigned element from your 

teacher. Write the following information for 

your element on your index card: name, sym- 

bol, group number, atomic number, atomic 

mass, and metal, nonmetal, or metalloid. 

2. On the other side of your index card, show 

the number of protons and neutrons in the 

nucleus (e.g., 6p for six protons and 6n for 

six neutrons for carbon). 

3. Draw circles around the nucleus to repre- 

sent the energy levels of your element. 

The number of circles you will need is the 

same as the period the element is in on the 

periodic table. 

1 — Atemic Trading Cards 

4. Draw dots on each circle to represent the 

electrons in each energy level. Remember, 

elements in row 1 become stable with two 

outer electrons, while levels two and three 

become stable with eight electrons. 

5. Look at the picture side only of four or five 

of your classmates’ cards. Identify the ele- 

ment and the group to which it belongs. 

© Conclude and Apply —— 
1. As you classify the elements according to 

their group number, what pattern do you 

see in the number of electrons in the outer 

energy levels? 

2. Atoms that give up electrons combine with 

atoms that gain electrons to form com- 

pounds. In your Science Journal, predict 

some pairs of elements that combine in 

this way. 

mg Your Data 

Make a graph that relates the groups to the 

number of electrons in their outer energy 

levels. For more help, refer to the Science 

Skill Handbook. 

LAB 693 

lw Racntcmant se 
™ Assessment ommunicating 

Oral Ask students to which group carbon and sil- 

icon belong and whether these two elements are 

more likely to gain electrons, lose electrons, or 

share electrons when they form compounds. 

Group 14; because they have four electrons in their outer 

energy levels they most likely share electrons. Use 

Performance Assessment in the Science 

Classroom, p. 89. 

Your Data 
Have students enter the number of electrons in the 

outer energy levels of atoms and the numbers of the 

groups to which the atoms belong in a computer 

spreadsheet. Then have them use the spreadsheet’s 

graphing function to make the graph. 

© Real-World 
Problem ———— 

Purpose Students make models 
showing the number of electrons 
in the outer energy levels of 
atoms of various elements and 
compare and classify those 
elements. Visual-Spatial 

Process Skills formulate mod- 
els, classify, use numbers, 

compare and contrast, make and 
use graphs 

Time Required 40 minutes 

© Procedure 

Teaching Strategy To avoid 
confusion, assign elements from 
Groups 1, 2, and 13-18 only. 

Troubleshooting Emphasize 
to students that the circles around 
the nucleus are only representa- 
tions of the energy levels of 
electrons. Electrons do not actu- 
ally move in circles. 

© Conclude and 

Apply 
1. They are the same in each group. 
2. Sodium and potassium give up the 

only electron in their respective 
outer energy levels to chlorine and 

iodine, forming the chemically stable 
compounds sodium chloride and 
potassium iodide. 

LAB 693 



S Types of Bonds 
INTERACTIVE | An editable Microsoft® 
HAL eee 
are, PowerPoint presenta- 

tion Is anne on Interactive 

Chalkboard CD-ROM. 

Reading Guide 

Why It’s Important 

Bond type determines how 

compounds mix and interact 

with other compounds. 

# FCAT Vocabulary 

What You'll Learn 

@ Describe ionic bonds and cova- 

lent bonds. 

identify the particles produced 

by ionic bonding and by covalent ro) ; Uacabul 

also are available on the owe oe : Review Vocabu ne 

ce : : istinguish between anonpolar —_ atom: the smallest particle of an 
Interactive Chalkboard CD-ROM. Pa ich Rend and apolsnicorn” Mei Came cinched ores 

TELL) lent bond. ties of the element 

New Vocabulary 

e chemical bond 

e ionic bond 

% covalent bond 
Bellringer 

#% molecule 
e polar molecule 

e nonpolar molecule 

Section Focus Transparencies 

J A Crystal Nature 

rystals on the Dead Sea shore. When a salt 

crystal is pure, it is in the shape of a colorless cube, Impurities can Gain or Loss of Electrons 
You and a friend decide to go to the movies. When you arrive 

at the theater, you discover that you do not have enough money 

to buy a ticket. Your friend has enough money for both tickets 

and loans you the money. Now you both have enough money 

make salt appear to be different colors, like white or gray. Table salt is 
a compound of sodium and chlorine. 

Figure 7 A goiter, an enlarge- 

ment of the thyroid gland in the to go to the movies. 

neck, can be caused by iodine Recall that atoms also can loan electrons to other atoms so 

deficiency. : that both can reach a stable energy level. When atoms gain, lose, 
: or share electrons, an attraction forms that pulls the atoms 

together to form a compound. This attraction is called a chem- 

ical bond. A chemical bond is the force that holds atoms 

together in a compound. A compound has different physical 

and chemical properties from those of the atoms that make up 
the compound. 

Some of the most common compounds are made by the loss 

and gain of just one electron. These compounds contain an ele- 
ment from Group | on the periodic table and an element from 

Group 17. Some examples are sodium chloride, commonly known 

as table salt, and potassium iodide, an ingredient in iodized salt. 

1, Describe the appearance of the salt in the picture. 

2. What happens to salt in water? How might you recover salt from 

ocean water? 

3. How do people use salt? 

Reading Preview 

Tie to Prior Knowledge 

Electrolytes Ask students if they 
have ever consumed sports 
drinks. Explain that the elec- 
trolytes that are advertised to 
be in sports drinks are ions that 
are found naturally in human 
blood. 

Word Associations Ask  stu- 

dents to associate new 

vocabulary terms with related 

words. For example, chemical 

bond might be ree with 

link. Have students brainstorm 

associations and write them on 

the board. 
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Why do people need iodized salt? A lack 

of iodine causes a wide range of problems 

in the human body. The most obvious is 

an enlarged thyroid gland, as shown in Figure 7, but the 

problems can include mental retardation, neurological disor- 
ders, and physical problems. 

Section 2 Resource Manager 

Chapter Fasr Fire Resources 

‘Transparency Activity, p. 45 

Directed Reading for Content Mastery, p. 20 

Enrichment, p. 31 

MiniLAB, p. 3 

Lab Activity, pp. 13-16 

Reinforcement, p. 28 

Science Inquiry Labs, pp. 43-44 

Physical Science Critical Thinking/Problem Solving, 
Deals 



A Bond Forms What happens when potassium and iodine 
atoms collide? A neutral atom of potassium has one electron in 
its outer level. This is not a stable outer energy level. When 
potassium forms a compound with iodine, potassium loses one 
electron from its fourth level, and the third level becomes the 
complete outer level. However, the atom is no longer neutral. 
The potassium atom has become an ion. When a potassium 
atom loses an electron, the atom becomes positively charged 
because there is one electron less in the atom than there are pro- 
tons in the nucleus. The 1+ charge is shown as a superscript 
written after the element's symbol, K™, to indicate its charge. 
Superscript means “written above.” 

The iodine atom in this reaction undergoes change as well. 

An iodine atom has seven electrons in its outer energy level. 

Recall that a stable outer energy level contains eight electrons. 

During the reaction with potassium, the iodide atom gains an 

electron, leaving its outer energy level with eight electrons. This 

atom is no longer neutral because it gained an extra negative 

particle. It now has a charge of 1— and is called an iodide ion, 
written as |". The compound formed between potassium and 

iodine is called potassium iodide. The dot diagrams for the 
process are shown in Figure 8. 

'y, Reading Check What part of an ion’s symbol indicates its 
charge? 

Another way to look at the electron in the outer shell of a 

potassium atom is as an advertisement to other atoms saying, 

“Available: One electron to lend.” The iodine atom would have 
the message, “Wanted: One electron to borrow.” When the two 

atoms get together, each becomes a stable ion. Notice that the 
resulting compound has a neutral charge because the positive 

and negative charges of the ions cancel each other. 
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Ions and Nerve Cells 

Ions are important in 

many processes in your 

body. The movement of 

muscles is just one of 

these processes. Muscle 

movement would be 

impossible without the 

movement of ions in and 

out of nerve cells. 

Research the type of ions 

used by the nerve cells. 

Figure 8 Potassium and iodine 

must perform a transfer of one 

electron. Potassium and iodine end 

up with stable outer energy levels. 

Infer why the size of the ion 

changes with the change in electron 

distribution. 
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Visual Learning Differentiated Instruction 

Figure8 Have students find potassium and iodine on 

the periodic table. How many electrons does potas- 

sium have? 19 How many does iodine have? 53 Have 

students count the electrons in each atom and ion in 

Figure 8. Explain that the first energy level in any 

atom can contain up to 2 electrons, the second level 

can contain up to 8 electrons, the third level can 

contain up to 18 electrons, and the fourth level can 

contain up to 32 electrons. Visual-Spatial 

Learning Disabled Provide students with two bar 

magnets. Have them use the magnets to deter- 

mine that opposite ends (charges) of the magnets 

attract and like ends (charges) repel. Relate this 

concept to the attractions that bring opposite 

ions together. Kinesthetic 

Answer the superscript written after 
the element's symbol 

[., See 

“ifesaence 

lons and Nerve Cells ‘The primary 
ions needed for nerve impulses 
are Na* and K*. Remind stu- 
dents that the properties of an 
ion of an element are different 
from) those! ot thes neutral 
atom. Forexample, both sodium 
and potassium metals react vio- 
lently with water, while their 
ions do not. 

Discussion 

Atom Identity How many protons 
and electrons are in an atom of 
chlorine? 17 protons and 17 electrons 
How many protons and electrons 
are in a common ion of Cl? 17 pro- 

tons and 18 electrons Remind students 
that while atoms gain or lose elec- 
trons fairly easily, changing the 
number of protons changes the 
identity of the atom. 
Logical-Mathematical 

Caption Answer 
Figure 8 An ion has fewer electrons. 

The attraction between the positive 
nucleus and the electrons become 

greater. 

Content 
Background 

Iodine, as well as other elements 

such as copper and iron, is neces- 
sary to have a healthy body. These 
elements, which are called trace 

minerals, regulate many chemical 
reactions in the body. 
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Discussion 

Electron Moves Explain to stu- 
dents that a metal may give up 
an electron when forming an 

ionic bond. What type of 
charge does the metal have after 

it loses an electron? positive 

Logical-Mathematical 

Activity 
lonic Bonds Using a classroom 
periodic table, or the one in the 

textbook, point out potassium 
(K) on the left of the table. Ask a 

volunteer to name a nonmetal 

that would likely form an ionic 
bond with that element. Possible 

answers: 0 or F (K20; KF) Repeat with 
barium (Ba). Possible answers: Cl or $ 

(BaCl,; BaS) Use this exercise to 

point out that the metals and non- 
metals that form ionic bonds 

often are located far apart on the 
periodic table. Logical- 
Mathematical 

Fun Fact 
Most ionic compounds are soluble 

in water, but are not soluble in 
nonpolar solvents. 

‘er Quick Demo 
Conductivity in Salt 

Materials 9-volt battery, two in- 
sulated copper wires, flashlight 
bulb, salt, distilled water, one 

beaker 

Estimated Time 15 minutes 

Procedure Pour distilled water 

into beaker. Connect one wire to 

positive pole of battery and put 
other end in one side of beaker 

into water. Run another wire from 

negative pole of battery to flash- 
light bulb and another wire from 
bulb to water at other end of 

beaker. After students see that 

bulb does not light up, add salt 
to beaker and stir water to dis- 

solve salt, bulb should then light 

up if enough salt is added. 

696 CHAPTER 22 Chemical Bonds 

Figure 9 This sparkler contains 
iron, which burns in air to produce 

an ionic compound that contains 

iron and oxygen. 

Figure 10 A magnesium atom 
gives an electron to each of two 

chlorine atoms to form Mg(Cl,. 

Magnesium 

696 CHAPTER 22 Chemical Bonds 

2 chlorine atoms 

The lonic Bond 
When ions attract in this way, a bond is formed. An ionic 

bond is the force of attraction between the opposite charges of 

the ions in an ionic compound. In an ionic bond, a transfer of 

one or more electrons takes place. With this transfer of electrons 

to form an ionic compound, a large amount of energy is 

released, as shown in Figure 9. 

Now that you have seen how an ionic bond forms when one 

electron is involved, see how it works when more than one elec- 

tron is involved. The formation of magnesium chloride, MgCL,, 

is another example of ionic bonding. When magnesium reacts 

with chlorine, a magnesium atom loses two electrons and 

becomes a positively charged ion, Mg**. At the same time, two 

chlorine atoms gain one electron each and become negatively 

charged chloride ions, Cl~. In this case, a magnesium atom has 

two electrons to lend, but a single chlorine atom needs to borrow 
only one electron. Therefore, it takes two chlorine atoms, as 

shown in Figure 10, to take the two electrons from the magne- 

sium ion to form the compound magnesium chloride. 

Zero Net Charge The result of this bond is a neutral com- 
pound. The compound as a whole is neutral because the sum of 

the charges on the ions is zero. The positive charge of the magne- 

sium ion is equal to the negative charge of the two chloride ions. 
In other words, when different atoms form an ionic compound, 

electrons move from one atom to a different atom, but the overall 

number of protons and electrons of the combined atoms remains 

equal and unchanged. Therefore, the compound is neutral. 

Metals and nonmetals usually combine by forming ionic 

bonds. Looking at the periodic table, you will see that the elements 

that bond ionically are often across the table from each other. Ionic 

compounds are often crystalline solids with high melting points. 

2G] Mg? [2c] 
Magnesium chloride 

Teacher iJ] ir 
lon Attraction A positive ion is always smaller : 
than its original neutral atom, and a negative 
ion is always larger than its original neutral 
atom. The charge on an ion acts as though it 
were located exactly in the center of the ion. 
Therefore, large ions have less attraction 

~ toward other ions; the center of char 

farther away. The more highly charged an i 
ion is, the stronger the force around it. The te 
strongest attractions take place between — 
small, highly charged ions such as Al?* and 
highly negative ions such as O?. Large, 
singly charged ions such as K* and I have 
less attractive force between them. — ‘ ees ; oa q 7 
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Sharing Electrons 
Some atoms of nonmetals are unlikely to lose or gain elec- 

trons. For example, the elements in Group 14 of the periodic 
table have four electrons in their outer levels. They would have 
to either gain or lose four electrons to have a stable outer level. 
Losing four electrons takes a great deal of energy. Each time an 
electron is removed, the nucleus holds the remaining electrons 
even more tightly. These atoms become more chemically stable 
by sharing electrons, rather than by losing or gaining electrons. 

The attraction that forms between atoms when they share 
electrons is known as a covalent bond. A neutral particle that 
forms as a result of electron sharing is called a molecule, as 
shown in Figure 11. 

Single Covalent Bonds A single covalent bond is made up 
of two shared electrons. Usually, one of the shared electrons 

comes from one atom in the bond and the other comes from the 

other atom in the bond. A water molecule contains two single 

bonds. In each bond, a hydrogen atom contributes one electron 

to the bond, and the oxygen atom contributes the other. The two 
electrons are shared, forming a single bond. The result of this 

type of bonding is a stable outer energy level for each atom in the 
molecule. 

Multiple Bonds A covalent bond also can contain more than 
one pair of shared electrons. An example of this is the bond in 

nitrogen (N,), shown in Figure 12. A nitrogen atom has five elec- 

trons in its outer energy level and needs three more electrons to 

become stable. It does this by sharing three of its electrons with 

another nitrogen atom. The other nitrogen atom also shares three 

of its electrons. When each atom contributes three electrons, they 

share six electrons, or three pairs of electrons. Each pair of elec- 

trons represents a bond. Therefore, three pairs of electrons repre- 

sent three bonds, or a triple bond. Each nitrogen atom is stable 

with eight electrons in its outer energy level. In a similar way, a 

bond that contains two shared pairs of electrons is a double bond. 

Carbon dioxide is an example of a molecule with double bonds. 

Covalent bonds form between nonmetallic elements. These 

elements are close together in the upper right-hand corner of 

the periodic table. Many covalent compounds are liquids or 

gases at room temperature. 

Figure 11 Each of the pairs of 
electrons between the two hydro- 

gens and the oxygen is shared as 

each atom contributes one elec- 

tron to the pair to make the bond. 

Figure 12 The dot diagram 
shows that the two nitrogen atoms 

in nitrogen gas share six electrons. 

Explain which of these gases 

would require the most energy to 

react with another element to form 

a compound, H, or N,. 
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Differentiated Instruction Science Journal 

English-Language Learners Use the dot diagrams 

to explain how atoms form covalent bonds in 

order to complete their outer electron energy 

level. Explain that the more covalent bonds that 

a compound has, the more energy that is required 

to separate the atoms with these bonds. Visual- 

Spatial 

Dot Diagrams Have students research the work of 

American chemist Gilbert N. Lewis and write 

short paragraphs in their Science Journals about 

his contribution to dot diagrams. The diagrams are 
called Lewis diagrams because he developed the idea as a way 

of explaining attractions besides ionic bonding between 

atoms. The dots allowed him to better explain bonding to his 

students. [L2] J) Linguistic 

Activity 
Bond Types Point out that in gen- 
eral the closer together reacting 
elements are on the periodic 
table, the more likely it is that 

they will share electrons with one 
another rather than form ionic 
bonds. Have students use this 
information to predict the type of 
bond that will form between car- 
bon and oxygen. covalent Have 
them predict the type of bond 
formed between each of the fol- 
lowing: sodium and oxygen, ionic; 
phosphorus and oxygen, covalent; 
magnesium and oxygen, ionic; alu- 
minum and oxygen, ionic; chlorine 
and oxygen, covalent; sulfur and 
oxygen, covalent. Logical- 
Mathematical 

Energy Levels 

Purpose to familiarize students 

with the energy levels of elements 

Possible Materials periodic table 
of elements 

Estimated Time 30 minutes 

Teaching Strategy Assign students 
to groups and give each group a 
different element from the peri- 
odic table. Then, have students 

sketch their element and its vari- 

ous energy levels to represent 

electrons making up those levels. 
Have students brainstorm ques- 
tions about elements. Allow them 

to explore these questions as time 
allows. 

For additional inquiry activities, see 
Science Inquiry Lab Manual. 

Caption Answer 
Figure 12 \\, 
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Purpose Students observe that 

water molecules are polar. 
Kinesthetic 

Materials water faucet, balloon, 

wool 

Teaching Strategy Practice to 
determine the amount of static 

charge that can be built up on 
the balloon. High humidity 

reduces the buildup, causing a 
smaller deflection of the water 

stream. 

Analysis 

1. The balloon acquires a charge 
when rubbed against the wool. 
When brought near a thin stream 
of water, the charge attracts water, 
causing the stream to bend. 

2. In both cases, opposites attract. A 

water molecule contains a negative 
region and a positive region that 

are similar to the opposite poles of 
a magnet. 

Assessment 

Oral Explain to students that 
pentane (CsHj2) is a nonpolar 

molecule. Ask students to pre- 
dict whether a stream of 
pentane would bend if they used 
the same procedure followed in 
the MiniLAB. No; pentane is nonpo- 
lar and therefore will not be attracted to 
the static charge on the balloon. Use 

Performance Assessment in 

the Science Classroom, p. 89. 
Logical-Mathmatical 

Caption Answer 
Figure 13 Chlorine atoms have a stronger 

attraction for electrons than hydrogen 
atoms. 
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Observing a Bond Type 

Eaocelig Fos Tis 
. Turn on the faucet to 

produce a thin stream 

of water. 

2. Rub an inflated balloon 

with wool or fur. 

3. Bring the balloon near the 

stream of water, and 

describe what you see. 

Analysis 
1. Explain your observations. 

2. Relate the attraction 

between the balloon and 

the water to the attraction 

between the north and 

south poles of two 

magnets. Why might 

water act like 

a magnet? 

Figure 13 The chlorine atom 

exerts the greater pull on the 

electrons in hydrogen chloride, 

which forms hydrochloric acid in 

water. 

Explain why the chlorine atom has a 

greater pull than the hydrogen atom. 

698 CHAPTER 22 Chemical Bonds 

Unequal Sharing Electrons are not always shared equally 

between atoms in a covalent bond. The strength of the attraction 

of each atom to its electrons is related to the size of the atom, the 

charge of the nucleus, and the total number of electrons the atom 

contains. Part of the strength of attraction has to do with how far 

the electron being shared is from the nucleus. For example, a 

magnet has a stronger pull when it is right next to a piece of metal 

rather than several centimeters away. The other part of the 

strength of attraction has to do with the size of the positive charge 

in the nucleus. Using a magnet as an example again, a strong mag- 

net will hold the metal more firmly than a weak magnet will. 

One example of this unequal sharing is found in a molecule 

of hydrogen chloride, HCl, which is shown in Figure 13. In 

water, HCl is hydrochloric acid, which is used in laboratories and 

in industry to clean metal, and is found in your stomach, where 

it helps to digest food. Chlorine atoms have a stronger attraction 

for the shared electrons than hydrogen atoms do. As a result, the 

shared electrons in hydrogen chloride will spend more time near 

the chlorine atom than near the hydrogen atom. The chlorine 

atom has a partial negative charge, represented by a lowercase 

Greek symbol delta followed by a negative superscript, 6. The 

hydrogen atom has a partial positive charge, represented by a5”. 

Y, Reading Check What determines the strength of attraction of 
an atom? 

Tug-of-War You might think of a covalent bond as the rope in 
a tug-of-war, and the shared electrons as the knot in the center 

of the rope. Figure 14 illustrates this concept. Each atom in the 

molecule attracts the electrons that they share. However, some- 

times the atoms aren't the same size. 

The same thing happens in tug-of-war. Sometimes one team 

has more people or stronger participants than the other. When 

this is true, the knot in the middle of the rope ends up closer to 

the stronger team. Similarly, the electrons being shared in a mol- 

ecule are held more closely to the atoms with the stronger pull 
or larger nucleus. 

(partial negative 

(partial positive ee charge) 

( * charge) ‘ 5— 
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Differentiated Instruction 

Challenge Have students research the electroneg- 
ativity scale developed by Linus Pauling and 
relate the information they find to the formation 
of covalent, polar covalent, and ionic bonds. 

Pauling’s electronegativity scale is a way of ranking the ability 

have a small or no electronegativity difference form a covalent 
bond. Those with a great electronegativity difference form an 
ionic bond. If the difference is moderate, a polar covalent bond 
forms. Each element is given a numerical ranking, so simple 
subtraction gives the electronegativity difference. (3) [3] 

of an atom to attract electrons within a bond. Two atoms that LS} Linguistic 



NATIONAL 
GEOGRAPHIC VISUALIZING POLAR MOLECULES 

Figure 14 

hen playing tug-of-war, if there are more—or stronger—team 
members on one end of the rope than the other, there is an unequal 
balance of power. The stronger team can pull harder on the rope 

and has the advantage. A similar situation exists in polar molecules, in which 
electrons are attracted more strongly by one type of atom in the molecule 
than another. Because of this unequal sharing of electrons, polar molecules . 
have a slightly negative end and a slightly positive end, as shown below. 

CHLOROFORM Ina molecule of chloroform 

(CHCI,), or trichloromethane (tri klor oh ME 

thayn), the three chlorine atoms attract electrons 

more strongly than the hydrogen atom does, 

creating a partial negative charge on the chlorine 

end of the molecule and a partial positive charge 

on the hydrogen end. This polar molecule is a - 

clear, sweet-smelling liquid once widely used as 

an anesthetic in human and veterinary surgery. 

HYDROGEN FLUORIDE Hydrogen and fluorine 

react to form hydrogen fluoride (HF). In an HF 

molecule, the two atoms are bound together 

by a pair of electrons, one contributed by each 

atom. However, the electrons are not shared 

equally because the fluorine atom attracts them 

more strongly than the hydrogen atom does. The 

result is apolar molecule with a slightly positive 

charge near the hydrogen end and a slightly 

negative charge near the fluorine end. 
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Visualizing Polar 
Molecules 

Have students examine the 

pictures and read the captions. 

Then ask the following questions. 

In your own words, describe 

why charge is distributed 

unevenly in chloroform mole- 

cules. 

Why are the hydrogen sides of 

both chloroform molecules and 

hydrogen fluoride molecules 

partially positive? 

Electron Dot Diagrams Work 
together as a class to draw on the 
board the electron dot diagrams 

for both molecules. Students 
should easily see that the elec- 
trons are concentrated on one 
side of each molecule, which 

leads to a partial negative charge 
on that side. Have students draw 

these diagrams in their Science 
Journals. Visual-Spatial 

Challenge Ask students to find out what an induced 

dipole is. Direct students to make posters showing 

examples of induced dipoles and explain their 

posters to the class. [3] Visual-Spatial 
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IY, Reading Check 

Answer a molecule that has a slightly 

negative end and a slightly positive end 

Using an Analogy 
Similarities Draw an analogy 
between the positive and nega- 
tive poles of a polar molecule 
and the magnetic north and 
south poles of Earth. Point out 
that one meaning of the word 
polar is “directly opposite.” 

Use Science Words 

Word Origin Have students use 
reference books to learn about 
the origins of various element 
names. Ask students to write each 

element symbol, name, and the 
source of its name. Many elements 

were named after countries or people. For 

example, polonium was named for 

Poland, the native land of its discoverer, 
Marie Curie. 

Discussion 

Compounds Ask students to 
describe various materials in the 

classroom and to suggest which 
elements make up each material. 
Typical responses are water—hydrogen 

and oxygen; metal objects—iron, alu- 

minum, mixtures of iron with other 
elements, such as carbon. 

Caption Answer 
Figure 15 unequal sharing of electrons 
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= > Polar or Nonpolar? For the molecule involved in this elec- 

: tron tug-of-war, there is another consequence. Again, look at the 

> molecule of hydrogen chloride. The unequal sharing of elec- 

©) ° > trons gives each chlorine atom a slight negative charge and each 

4 : hydrogen atom a slight positive charge. The atom holding the 

electron more closely always will have a slightly negative charge. 

*e °° The charge is balanced but not equally distributed. This type of 

H a > molecule is called polar. The term polar means “having opposite 

: ends.” A polar molecule is one that has a slightly positive end 

ae oe and a slightly negative end, although the overall molecule is 

> neutral. Water is an example of a polar molecule, as shown in 

H,0 : Figure 15. 
Water 

VC ee What is a polar molecule? 

is responsible for many of its Two atoms that are exactly alike can share their electrons 

unique properties. : equally, forming a nonpolar molecule. A nonpolar molecule is 

Explain the cause of polarity. : one in which electrons are shared equally in bonds. Such a mol- 

> ecule does not have oppositely charged ends. This is true of mol- 

ecules made from two identical atoms or molecules that are 

symmetric, such as CCl). 

Figure 15 The polarity of water 

Properties of Compounds 
Recall that atoms can form two types of bonds: covalent and 

ionic. A compound whose atoms are held together by covalent 

bonds is a covalent compound. 

Sugar is a covalent compound. A compound that is composed 

of ions is an ionic compound. Table salt, NaCl, is an ionic com- 

pound. Looking at both sub- 

stances, you would think they 
would have similar physical 

and chemical properties. 

Both sugar and salt, as 

shown in Figure 16, are used 

to change the taste of foods. 

You add sugar to lemonade 

or iced tea to make the drink 

sweet. Table salt is used to 

enhance the flavors of foods, 

such as meats and vegeta- 

bles. Sugar and salt have dif- 

ferent physical and chemical 
properties. 

Figure 16 Table sugar is an 

example of a covalent compound 

that is a crystalline solid soluble in 

water. lonic compounds, such as 

table salt, are also soluble in water. 

700 CHAPTER 22 Chemical Bonds 

Classify Text Provide students with three key 

questions related to the text. Have students cat- 
egorize information from the text under the key 
questions. A key question might be: How do dif- 
ferent types of bonds form? Students should take 
notes and categorize information on ionic bonds 
and covalent bonds under the key question. 



Figure 17 Candle wax and 

propane are covalent compounds 

that are insoluble in water. 

COLUMBIA 

Propane \ 

woe f . 

Covalent and lonic Properties The chemical and physical 
properties of covalent compounds and ionic compounds are dif- 
ferent. This difference in properties, as shown in Table 2, is due 

to differences in attractive forces of the bonds. 

Water Students probably believe 

that water is an electrolyte that 
conducts electricity. Point out 

that what we call “water” is 

usually a solution containing 
small amounts of dissolved mol- 

ecules and ions. The ions act as 

electrolytes, which allow the 
solution to conduct electricity. 

Covalent Compounds The covalent bonds between atoms 
in molecules are strong. However, the attraction between indi- r Virtual Labs 
vidual molecules is weak. It is the weak forces between individ- 

ual molecules that are responsible for the properties of covalent  : & Bonding How can you tell 

compounds. which elements form chemical 

Melting and boiling points of covalent compounds are rela- : | bonds? 

tively lower when compared to ionic compounds. Sugar will melt 

at approximately 185°C, whereas table salt will melt at 801°C. 

Covalent compounds, which will form soft solids, have poor 

electrical and thermal conductivity. Candles and propane gas 

shown in Figure 17 are covalent compounds. 

Table 2 Comparison of Covalent and lonic Compounds 

Covalent Compounds lonic Compounds 

Bond Type Electron Sharing Electron Transfer 

Melting and Boilin Lower Higher rs 
re : Post Reading 

Electrical Poo Good Ilustrations Have students 
if : Ae 

sree develop pictures to show ionic 

: and covalent bonding. Allow 

State at Room Solid, liquid, or Solid them to creatively personily 
Temperature gas characters representing bonding 

atoms. Ask them to choose a 

Forces Between Strong bonds between Strong attraction particular compound, such as salt, 
Particles atoms; weak attraction between positive and to represent in the illustrations. 

between molecules negative ions Allow students to work in pairs or 

SECTION 2 Types of Bonds 701 groups to encourage deeper 

understanding. 

Cultural Diversi 
Salt of the Earth Salt has been recognized as an _ tionships in many societies. ‘The Hebrew expres- 

important and essential substance in all cultures for _ sion “to eat the salt of the palace” means to think 

thousands of years. One of the major uses of saltin highly of someone, just as the English phrase 

all parts of the worlds is as a preservative. Salt is _ describing a person as “salt of the earth. 

used to symbolize fidelity and permanence of rela- 
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ry, Reading Check 

Answer lonic bonding causes brittleness. 

Check for Understanding 
Interpersonal Assign students to 
groups and have them develop 
a brief presentation for the class 
explaining the differences be- 
tween polar and nonpolar 
molecules. 

Reteach 
Identify Compounds List the for- 
mulas for HCl, H,O, NaCl, and 

MeClh on the board. Have stu- 

dents identify each compound as 
ionic or covalent. HC, covalent; H20, 

covalent; NaCl, ionic; MgCl, ionic. 

Logical-Mathematical 

Figure 18 Some common ionic 
compounds used in everyday life 

are potassium chloride as a salt 

substitute; potassium iodide added 

to table salt; and sodium fluoride 

added to toothpaste. 

aiswaiioo. opucnis 

lonic Compounds The ionic bonds between ions are rela- 

tively strong. This accounts for the high melting and boiling 

points of ionic compounds such as table salt. Examples of com- 

mon ionic compounds are shown in Figure 18. Ionic com- 

pounds are hard and brittle. When in a liquid or aqueous state, 

ionic compounds can conduct electric current. 

Strong attractive forces hold the ions in place. Ionic com- 
pounds are stable due to the attraction between unlike charges. 

The ions are drawn together and energy is released. Formation 

of ionic compounds ts always exothermic. 

4 2' Why are ionic compounds brittle? 

“section, 
Summary Self Check 

Performance Have each student 
write the symbol of one of the first 

30 elements on a sheet of paper. 
Now have the student use the peri- 

odic table to try to find an element 
that would form a covalent bond 

with the first element. Have stu- 

dents repeat the exercise for an 
ionic compound and explain their 
choices. Emphasize that both elec- 

tron configuration and attraction 

for electrons determine whether 

two atoms will bond with each 

other. Use PASC, p. 93. 

Gain or Loss of Electrons 

@ Anion is a charged particle that has either 

fewer or more electrons than protons, result- 

ing in a negative or positive charge. 

lonic Bond 

® An ionic bond is the force or attraction 

between opposite charges of ions in an 

ionic bond. 

@ An ionic compound ts neutral because the 

sum of the ion charges is zero. 

Sharing Electrons 

@ Some atoms, such as those in Group 4, share 

electrons instead of losing or gaining them. 

@ Covalent bonds can form single, double, or 

triple bonds. 

® Ina polar molecule, the electrons are shared 

unequally in the bond. This results in slightly 

charged ends. 

@ Electrons are shared equally in a nonpolar 

molecule. 

702 CHAPTER 22 Chemical Bonds 

. Explain why an atom makes an ionic bond only with 

certain other atoms. 

. Compare and contrast the possession of electrons in 

ionic and covalent bonds. 

. Name the types of particles formed by covalent bonds. 

. Concept Map Using the following terms, make a 

network-tree concept map of chemical bonding: ionic, 

covalent, ions, positive ions, negative ions, molecules, 

polar, and nonpolar. Define the terms atom and 

molecule. 

. Think Critically Choose two elements that are likely to 

form an ionic bond: 0, Ne, S, Ca, K. Next, select two ele- 

ments that would likely form a covalent bond. Explain. 

~ Applying Math — 
- Solve One-Step Equations Aluminum oxide, Al,0,, 

can be produced during space shuttle launches. Show 

that the sum of the positive and negative charges in a 

unit of Al,O, equals zero. 

More Section Review fl.gpescience.com 

reVieL — section 4) 

In covalent bonds, electrons are 

shared, sometimes unequally, 

3. Covalent bonding produces molecules. 
4. Check students’ work. 

5. lonic: Ca—O and K—0, because K 

and Ca are metals far from 0 on 

the periodic table; covalent: S—O 

1. In ionic bonds, one atom accepts 

electrons from another. This hap- 

pens only among elements having 

large differences in their attractions 
for electrons. 

2. In ionic bonds, one atom accepts 

an electron from another atom. 

because S and 0 are nonmetals close 
to each other on the periodic table 

6. The charge on Alis +3 and the 
charge on 0 is [2(+3)] + 

[3(—2)] = 0. 

Y MA.A.3.4.1 
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g a Naming Compounds 
Reading Guide 

Why It’s Important 

The name and the formula convey 

information about the compound. 

What Now Learn 
m™ Explain how to determine oxida- 

tion numbers. 

@ Write formulas and names for 

ionic compounds. 

m™ Write formulas and names for 

covalent compounds. 

© Review Vocabulary 
anion: a negatively charged ion 

Binary lonic Compounds 
Does the table in Figure 19 look like it has anything to do with 

chemistry? It is an early table of the elements made by alchemists, 

scientists who tried to make gold from other elements. The 

alchemists used symbols to write the formulas of substances. The 

first formulas of compounds that you will write are for binary 

ionic compounds. A binary compound is one that is composed 

of two elements. Potassium iodide, the salt additive mentioned in 

Section 2, is a binary ionic compound. Before you can write a for- 

mula, you must have all the needed information at your finger- 

tips. What will you need to know? 

Oxidation Numbers You need to know which elements are 
involved and what number of electrons they lose, gain, or share 

to become stable. Section 1 discussed the relationship between 

an element’s position on the periodic table and the number of 
electrons it gains or loses. Because all elements in a given group 

have the same number of electrons in their outer energy levels, 
they must gain or lose the same number of electrons. Metals 

always lose electrons and nonmetals always gain electrons when 

they form ions. The charge on the ion is known as the oxidation 

number of the atom. 
For ionic compounds, the oxidation number is the same as 

the charge on the ion. For example, a sodium ion has a charge of 

1+ and an oxidation number of 1+. A chloride ion has a charge 

of 1— and an oxidation number of 1—. 

New Vocabulary 

e binary compound 
@ oxidation number 

@ polyatomic ion 

e hydrate 

Figure 19 This old chart of the 
elements used pictorial symbols to 

represent elements. 
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Chapter Fasr Fite Resources 

Transparency Activity, pp. +6, 47-48 

Directed Reading for Content Mastery, 

pp: 2122 

Reinforcement, p. 29 

Enrichment, p. 32 

MiniLAB, p. 4 

Lab Worksheet, pp. 7-8 

Home and Community Involvement, p. 46 

Mathematics Skill Activities, p. 29 

Reading and Writing Skill Activities, p. 41 

Lab Management and Safety, p. 49 

An editable Microsoft® 

==. PowerPoint® presenta- 

tion is available on Interactive 

Chalkboard CD-ROM. 

Bellringer 

Section Focus Transparencies 

also are available on the 

Interactive Chalkboard CD-ROM. 

PELL) 

Ty For Best Results, Add Water Cuaeter 

Why are these workers trying to keep the concrete wet rather than 

letting it dry? Concrete doesn’t harden because it dries. It hardens by 

incorporating water into its molecular structure. If there’s not enough 

water, the concrete won't harden properly, and it won't be very 
durable. 

1, How might construction be different in the desert compared to a 

rainy, temperate region? 

2, What would happen if a bag of dry concrete got a little damp? 

What if it got very wet? 
3. When a new sidewalk is finally dry, where does the water go? 

Reading Preview 

Tie to Prior Knowledge 

Common Formulas Bring in 
labels from common _— sub- 

stances, such as antacids, that 

contain chemical formulas. 

Identify the substances shown 
by each formula. Then explain 
that students will discover how 

to read and interpret such for- 
mulas and how to name the 

compounds they represent. 

Word Parts Ask students to 
identify word parts that offer 
clues to meaning. For instance, 

binary compound could be broken 

apart. Bz indicates “two” com 
means “joining”. A binary com- 

pound is made up of two 
elements, as suggested by the 
word parts. 
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Quick Demo 
lon Charge 

Materials cellophane tape 

Estimated Time 5 minutes 

Procedure Binary ionic com- 
pounds form when oppositely 
charged ions attract each other. 
Demonstrate the basic forces 
involved by placing two 25-cm 
pieces of cellophane tape side by 
side on a plastic surface. Pull 
both up at the same time. As 
they are brought close together 
they will repel. Explain that this 
happens because both pieces of 
tape have acquired the same 
charge. Place one piece of tape 
on the surface and a second piece 
directly on top of the first. Pull 
them off the table and separate 
them. They now attract each 
other. Why? They have acquired 
opposite charges, which causes them to 
attract each other. Visual-Spatial 

Roman Numerals The use of | 
Roman numerals can be con- - 

fusing. Copper(II) oxide is 
CuO, with one copper atom 

for each oxygen atom. The 
compound copper(I) oxide is 

written as Cu,O, with two 

copper atoms for each oxygen 
atom. Remind students that 

the Roman numeral represents 
the charge on an atom, while 
Arabic subscript numbers, 
such as 2 and 3, show the num- 

ber of atoms of each element. 

Caption Answer 
Figure 20 charge on the ion 

(% Reading Check 

Answer 2° 
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ie ° 

ox 
Lithium | Beryllium 

3} 4 
Li Be 

Sodium Aluminum | _ Silicon 

1 13 14 

Na Mg Al Si 

Potassium} Calcium Gallium {Germanium} Arsenic I 

19 20 31 32 33 

K Ca Ga Ge As 

Rubidium | Strontium Indium Tin Antimony } Tellurium 

37, 38 49 50 51 52 

Rb Sr In Sn Sb Te 

Cesium Barium Lead Bismuth } Polonium | Astatine 

55 56 82 83 84 85 

Cs Ba Pb Bi Po At 

Francium | Radium 

87 88 

Fr Ra 

Oxidation Numbers and the Periodic Table The num- 
bers with positive or negative signs in Figure 20 are the oxida- 

tion numbers for the elements in the columns below them. 

Notice how they fit with the periodic-table groupings. 

The elements in Table 3 can have more than one oxidation 

number. When naming these compounds, the oxidation num- 
ber is expressed in the name with a roman numeral. For exam- 

ple, the oxidation number of iron in iron(II) oxide is 3+. 

ARC Leary What is the oxidation number for barium, Ba? 

Figure 20 The number at the 

top of each column is the most 

common oxidation number of ele- 

ments in that group. 

Define oxidation number. 

| Table 3 Special lons 

lonic Compounds Are Neutral When writing formulas, it 
Name Oxidation : is important to remember that although the individual ions in a 

Number : compound carry charges, the compound itself is neutral. A for- 

: mula must have the same number of positive ions and negative 

Coppertl) Le : ions so the charges balance. For example, sodium chloride is 
Copper(tl) we : made up of a sodium ion with a 1+ charge and a chloride ion 

: with a 1— charge. 

lron(II) 2+ : However, what if you have a compound such as calcium 

: fluoride? A calcium ion has a charge of 2+ and a fluoride ion 

lron(III) 3c has a charge of 1—. In this case, you need to have two fluoride 

; : ions for every calcium ion for the charges to cancel and the com- 
Chromium(!!) De pound to be neutral with the formula CaF,. 

Chromium(ttt Ae Some compounds require more thought. Aluminum oxide 

contains an ion with a 3+ charge and an ion with a 2— charge. 
Lead(Il) me You must find the least common multiple of 3 and 2 to deter- 

: mine how many of each ion you need. You need two aluminum 
Lead(IV) jee : ions and three oxygen ions to have a 6+ charge and, a 6— charge 

and, therefore, the neutral compound Al,O,. 
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Science Journal Y Active Reading 
Oxidation Number Have students use a periodic 
table to identify the oxidation numbers of the ele- 
ments in Groups I, 2, and 13-18. Ask students to 
make tables containing this information in their 
Science Journals. Visual-Spatial 

Reflective Journal Have students identify 
what they learned from activities. Then 
divide sheets of paper into several columns 
and record their thoughts under headings 
such as What I did, What I learned, Questions 
I have, Surprises I experienced, and Overall 
response. Have students write a Reflective 
Journal for writing formulas. 



Writing Formulas After you've learned how to find the oxi- 
dation numbers and their least common multiple, you can write 
formulas for ionic compounds. Write the formula for an ionic | se 
compound containing sodium and oxygen by using the follow- Jons Jakob Berzelius 
ing rules in this order. 

1. Write the symbol of the element that has the positive oxida- 
tion number or charge. Sodium, a Group | element, has an 
oxidation number of 1+. 

2. Write the symbol of the element with the negative number, ; ™@2Y Interests and dis- 
Nonmetals other than hydrogen have negative oxidation 
numbers. Oxygen has an oxidation number of 2—. 

3. To have a neutral compound, the positive charges have to : one of the founders of 

balance the negative charges. It takes two sodium ions to ; modern chemistry. 

balance the one oxygen ion. Thus, the formula becomes 
Na,O. 

Applying \Veta: Writing Chemical Formulas 

DETERMINING A FORMULA What is the formula for lithium nitride? 

3138 known values 

Identify the known values: 

Symbol and oxidation number of the positive element: 

Lithium te 

Symbol and oxidation number of the negative element: 

Nitrogen [ean Nee 

| SOLVE | the problem 

To have a neutral compound, it takes three Li!* 

3Li! + =1N3— Li,N, or Li,N 

Reduce the subscripts to the smallest whole numbers that retain the ratios of ions. 

fda @ the answer 

Does your answer seem reasonable? Check your answer by determining whether your 

compound is neutral. 

Practice Problems 

1. What is the formula for lead (IV) phosphide? 

2. What is the formula for iron (III) oxide? 

For more practice problems go to page 879, and visit Math Practice at f|.gpescience.com. 

ions to balance the one N’~ ion. 
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As a Swedish chemist, 

Berzelius is credited with 

developing the concepts 

of ions and ionic com- 

pounds. Because of his 

coveries in chemistry, 

Berzelius, like Antoine 

Lavoisier, is known as 
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Differentiated Instruction 

Challenge Have the students inspect the ingredient 

list on the side of various containers and find five 

chemical formulas. Have them determine the oxi- 

dation numbers of the various elements in each of 

the five compounds and make a table to exhibit 

their findings. 

Curriculum Connection 

Language Arts ‘The binary ionic compound Fe304 
is the naturally magnetic mineral magnetite. 
Magnetite was used in the ancient world as a 

compass; it was called a /odestone. Ask students to 

find out where the name magnetite comes from. 

Magnetite was named by the ancient Greeks after the place it 

was originally found, Magnesia in what is now Turkey. 

Linguistic 

Jons Jakob Berzelius Berzelius, 

who was trained as a medical doctor, 

Was a professor at Stockholm School of 

Surgery. He started in the chemical field 
by writing a chemistry book for his med- 
ical students. While doing research for 
his book, he discovered the law of con- 

stant proportion. 

Research Have students 

research which elements that 

Berzelius discovered. silicon, sele- 

nium, thorium, cerium 

Applying : 
Math Standards 

National: 2, 6,9 

Florida: MA.A.3.4.1 

This is what you know: Write the 

symbol and oxidation number of the 
positive element: Lead (Pb) = 4+ 

Write the symbol and oxidation num- 
ber of the negative element: 

Phosphorus (P) = 3— 

Least common multiple = 12 

This is what you need to do: 

Add subscripts so that the sum of the 

oxidation numbers is zero. 

3Pb = (3) (44+ ) = 12 +; 

4P = (4) (3—) = 12— 

Complete the formula. 

Answers to 
Practice Problems 

1. Pb3P, 

Z Fe,03 

Activity 
lon Names Give students a list 
of compound names that consist 
of the various ions presented in 
this chapter. Have them write 
and balance the formula so that 
the net charge is zero. 
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Activity 
Compound Teams Organize the 
class into two teams. Have team 

one make a list of the names 

of compounds and write the 

names on the board. ‘leam two 

must then write the correct for- 

mula next to each compound. 

Award one point for each correct 
answer. Then have team two make 

a list of compound formulas and 
write them on the board for team 

one to name. Alternate between 

the teams until one reaches a score 

of 10. [Lo] GED COOPLEARN IK 
Intrapersonal 

Visual Learning 

Table 3 In a binary compound 
involving oxygen, what name is 
given to the second part of the 
compound? oxide [L1] [) Visual- 
Spatial 

Applying Science 

Answers 

1. copper(I!) oxide 

2. aluminum chloride 

Mad Reading Strategy 

Metacongnitive Strategies 

Metacongnitive involves self- 
regulation of thinking and the 
use of strategies to support com- 
prehension. Model this strategy by 
reading aloud. Articulate thoughts 
regarding word meaning, con- 
tent, and integration of ideas. 

Show students how to use prior 
knowlege to aid comprehension. 
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Writing Names You can name a binary ionic compound 

from its formula by using these rules. ' Table 4 Elements in 

Binary Compounds ae 
: 1, Write the name of the positive 1on. 

Element -ide > 2. Using Table 3, check to see if the positive ion 1S capable of 

Name : forming more than one oxidation number. If the ion has 

: only one possible oxidation number, proceed to step 3. If it 

Oxygen oxide : has more than one, determine the oxidation number of the 

ion from the formula of the compound. To do this, keep in 

mind that the overall charge of the compound is zero and 

the negative ion has only one possible charge. Write the 

: charge of the positive ion using roman numerals in paren- 

Sulfur sulfide theses after the ion’s name. 

Phosphorus phosphide 

Nitrogen nitride 

3. Write the root name of the negative ion. The root is the first 

part of the element’s name. For chlorine, the root is chlor-. 

4. Add the ending -ide to the root. Table 4 lists several ele- 

ments and their -ide counterparts. For example, sulfur in a 

binary compound becomes sulfide. 

Subscripts do not become part of the name for ionic com- 
pounds. However, subscripts can be used to help determine the 

charges of these metals that have more than one positive charge. 

Applying Science 

Can you name binary ionic compounds? 

hat would a chemist name the the overall charge of the compound 

compound CuCl? is zero and that chlorine only forms 

a 1— ion. For the charge of the 

compound to be zero, the charge of 

the copper ion must be 1+. Write 

this charge using roman numerals 

in parentheses after the element’s 
name, copper(1). 

. Write the root name of the negative 

ion. The negative ion is chlorine and 

its root is chlor-. 

4. Add the ending -ide to the root, 
chloride. 

5. The full name of the compound 

CuCl is copper(I) chloride. 

Identifying the Problem 
There are four simple steps in 

naming binary ionic compounds. 

1. Write the name of the positive ion in 

the compound. In CuCl, the name of 
the positive ion is copper. 

- Check Table 3 to determine whether 

copper is one of the elements that 

can have more than one oxidation 

number. Looking at Table 3, you 

can see that copper can have a 1+ 

or a 2+ oxidation number. You 

need to determine which to use. 

Looking at the compound, you see Solving the Problem 
that there is one copper atom and 1. What is the name of CuO? 
one chlorine atom. You know that 2. What is the name of AICI,? 

706 CHAPTER 22 Chemical Bonds 

Teacher [i@] ie 
Hydrogen’s Assignment Hydrogen is nearly — made because of the ease with which those 
always found with a +1 charge. However, metals lose electrons to become + 1 ions. 
when hydrogen combines with active metals Examples include NaH and MgH). These 
such as those found in Groups 1 and 2, itis — compounds are called sodium hydride and 
arene are | pea he Sa Is ee Shoe _ See TT ae 
=a STATE : i oe , See SSSR: ; os SSRN SS MRC CER sopra 



Compounds with Polyatomic lons 
Not all ionic compounds are binary. Baking soda—used 

Table 5 Polyatomic lons | 

in cooking, as a medicine, and for brushing your teeth—has Charge Name Formula 
the formula NaHCO,,. This is an example of an ionic com- 
pound that is not binary. Some ionic compounds are com- las ammonium NH, * 
posed of more than two elements. They contain polyatomic 
ions. The prefix poly- means “many,” so the term polyatomic Ls acetate GH30) 
means “having many atoms.” A polyatomic ion is a posi- chlorate C103” 
tively or negatively charged, covalently bonded group of hydroxide OH™ 
atoms. Thus, the polyatomic ions as a whole contain two or nitrate NO, ~ 
more elements. The polyatomic ion in baking soda is the 
bicarbonate or hydrogen carbonate ion, HCO, . a carbonate (0,7 

sulfate SO m 

Writing Names Several polyatomic ions are listed in & I= phosphate PO, 
Table 5. To name a compound that contains one of these 

ions, first write the name of the positive ion. Use Table 5 to 

find the name of a polyatomic ion. Then write the name of the 

negative ion. For example, K,SO, is potassium sulfate. What is 

the name of Sr(OH),? Begin by writing the name of the positive 

ion, strontium. Then find the name of the polyatomic ion, OH”, 

which is hydroxide. Thus, the name is strontium hydroxide. 

Writing Formulas To write formulas 
for these compounds, follow the rules for 

binary compounds, with one addition. 

When more than one polyatomic ion is 

Figure 21 Naming Complex Compounds 

How would a scientist write the chemical formula 

needed, write parentheses around the 

polyatomic ion before adding the sub- 

script. How would you write the formula 

of barium chlorate? 

First, identify the symbol of the positive 

ion. Barium has the symbol Ba and forms a 

2+ ion, Ba**. Next, identify the negative 
chlorate ion. Table 5 shows that it is ClO, ”. 
Finally, you need to balance the charges of 

the ions to make the compound neutral. It 

will take two chlorate ions with a 1— 
charge to balance the 2+ charge of the bar- 

ium ion. Because the chlorate ion is poly- 

atomic, you use parentheses before adding 

the subscript. The formula is Ba(ClO,).. 
Another example of naming complex com- 

pounds is shown in Figure 21. 

for ammonium phospate? 
To write the formula, answer the following questions: 

—_— . What is the positive ion and its charge? 

The positive ion is NH,'* andits charge is 1*. 

N . What is the negative ion and its charge? 

The negative ion is POs and its charge is 3—. 

w . Balance the charges to make the compound neutral. 

a) three NH,'* ions (+3) balance one PO,3~ (3—) 

b) The charge of one ion (without the sign) becomes 

the subscript of the other. Add parentheses for 

subscripts greater than 1. 

NHS POL gives (NH,)3P0, 

The chemical formula for ammonium phosphate is 

(NH,)3PO,. 
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Differentiated Instruction Cultural Diversi 

Silicon Dioxide The binary covalent compound 

silicon dioxide, SiO, also known as quartz or 

rock crystal, has been revered in many cultures 

since ancient times. Have students report on 

some of the legends associated with S10). 

Japanese, ancient Greek, Cherokee Indian, Burmese, lrish, and 

Scottish are some of the cultures that have legends surround- 

ing Si0. 

Challenge Have students find the formulas, 
names, or charges of the following polyatomic 
ions: nitrite, NQ2 ; sulfite, 503°: MnO, _, perman- 

ganate; ClOz_, chlorite. Logical-Mathematical 

Discussion 

Polyatomic lons Provide practice 
using polyatomic ions by having 
students name each of the 

following compounds and deter- 
mine the number of atoms 

of the underlined element in 

each: Na3PQu4, 4 oxygen atoms, 

sodium phosphate; Alo(CO3)3, 3 car- 

bon atoms, aluminum carbonate; 

Ca(C7H30O2)2, 6 atoms of hydrogen, 

calcium acetate Logical- 
Mathematical 

~ Fun Fact 
Anhydrous compounds such as 
CaCl) are sometimes sold as prod- 

ucts to reduce humidity. Anhydrous 
calcium chloride absorbs moisture 

to become a hydrate in a moist 
basement. 
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Use Science Words 

Word Usage Have students use 

the word hydrate in a sentence in 

a way that describes its meaning. 

Possible answer: A hydrate forms when 

water molecules become attached to the 

ions of a compound. Linguistic 

Video Lab available. 

Purpose Students will create 

their own hydrates. 

Materials plaster of paris, water, 

small bowl, rubber hammer, 

hair dryer for each student 

Teaching Strategy Ask students 
to show their final products to 
the class. 

Analysis 

1. The plaster should not crack when 

tapped before it is heated, but it 
becomes brittle and cracks easily 
after being heated. 
Steam will rise from the plaster, 
and it will easily crumble and 
become powder. The heat removes 
water molecules from the hydrated 
gypsum causing the plaster to lose 
its strength. 

oe 

Assessment 

Performance Ask students to 
experiment with different pro- 
portions of water and plaster of 
paris to create hydrates with dif- 
ferent heat and stress-resistant 
properties. Use Performance 

Assessment in the Science 
Classroom, p. 89. 

Caption Answer 

Figure 22 (aS0, 

Making a Hydrate 

Procedure 

ors | a_#| © [9 
Ue Mix 150 g of plaster of 

paris with 75 mL of water 

ina small bowl. 

. Let the plaster dry 

overnight and then take 

the hardened plaster out 

of the bowl. 
. Lightly tap the plaster with 

a rubber hammer. 

. Heat the plaster with a 

hair dryer on the hottest 

setting and observe. 

. Place a towel over the 

sample, then lightly tap the 

plaster with the hammer 

after heating it. 

Analysis 
Uc What happened to the 

plaster when you tapped it 

before and after heating it? 
- What did you observe 

happening to the plaster 

as you heated it? Explain. 

Figure 22 The presence 
of water changes this powder 

into a material that can be used 

to create art. 

Identify the formula for this 

powder prior to the addition of 

water. 

Compounds with Added Water 
Some ionic compounds have water molecules as part of their 

structure. These compounds are called hydrates. A hydrate is a 

compound that has water chemically attached to its ions and 

written into its chemical formula. 

Common Hydrates The term hydrate comes from a word that 

means “water.” When a solution of cobalt chloride evaporates, 

pink crystals that contain six water molecules for each unit of 

cobalt chloride are formed. The formula for this compound is 

CoCl, + 6H,O and is called cobalt chloride hexahydrate. 

You can remove water from these crystals by heating them. 

The resulting blue compound is called anhydrous, which means 

“without water.” When anhydrous (blue) CoCl, is exposed to 

water, even from the air, it will revert back to its hydrated state. 

The plaster of paris shown in Figure 22 also forms a hydrate 

when water is added. It becomes calcium sulfate dihydrate, 

which is also known as gypsum. The water that was added to the 

powder became a part of the compound. 
To write the formula for a hydrate, write the formula for the 

compound and then place a dot followed by the number of water 

molecules. The dot in the formula represents a ratio of a com- 
pound to water molecules. For example, calcium sulfate dihydrate, 

CaSO, + 2H,O, is the formula for the hydrate of calcium sulfate 

that contains two molecules of water. 

Naming Binary Covalent Compounds 
Covalent compounds are those formed between elements 

that are nonmetals. Some pairs of nonmetals can form more 

than one compound with each other. For example, nitrogen and 

oxygen can form N,O, NO, NO, and N,O.. In the system you 

have learned so far, each of these compounds would be called 

nitrogen oxide. You would not know from that name what the 

composition of the compound is. 

S| 

Purpose to observe the difference between 

a hydrated and a dehydrated compound 

Materials copper(II) sulfate pentahydrate, 

test tube, Bunsen burner, water, dropper 

Procedure Place a small amount of cop- 
per(II) sulfate pentahydrate in the tube 

: and heat it in a flame. Have students 
TSS ANAT LID ET ENG LEE EES, TR ER DE A TIN ee 
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blue copper(II) 

observe the change. Let tube cool, then 
add a few drops of water. 

Expected Outcome When heated, the deep 
sulfate pentahydrate 

gradually changes into the white powder 
of the anhydrous compound. When water 
is added, the blue hydrate is restored. 

Assessment 
Write the formula for copper(II) sulfate 
pentahydrate. CuSO, -5H,0 Was this a 
chemical change or a physical change? A 
chemical change; it changed the identity of the 
material. . 



Using Prefixes Scientists use the Greek prefixes in Table 6 to 
indicate how many atoms of each element are in a binary cova- 
lent compound. The nitrogen and oxygen compounds N,O, 
NO, NO,, and N,O. would be named dinitrogen oxide, nitrogen 
oxide, nitrogen dioxide, and dinitrogen pentoxide. Notice that 
the last vowel of the prefix is dropped when the second element 
begins with a vowel, as in pentoxide. Often, the prefix mono- is 
omitted, although it is used for emphasis in some cases. Carbon 
monoxide is one example. 

What prefix would be used for seven atoms 
of one element in a covalent compound? 

These same prefixes are used when naming the hydrates pre- 
viously discussed. The main ionic compound is named the reg- 
ular way, but the number of water molecules in the hydrate is 
indicated by the Greek prefix. 

You have learned how to write formulas of binary ionic com- 

pounds and of compounds containing polyatomic ions. Using 

oxidation numbers to write formulas, you can predict the ratio 

in which atoms of elements might combine to form compounds. 

You also have seen how hydrates have water molecules as part of 

their structures and formulas. Finally, you have learned how to 

use prefixes in naming binary covalent compounds. As you con- 

Table 6 Prefixes for 

Covalent Compounds 

atatoms Pret 
] mono- 

2 di- 

5 tri- 

4 tetra- 

5) penta- 

6 hexa- 

i hepta- 

8 octa- 

tinue to study, you will see many uses of formulas. 

~~ section (en) 

Summary 

Binary lonic Compounds 

@ A binary compound is one composed of two 

elements. 

@ The oxidation number tells how many elec- 

trons an atom has gained, lost, or shared to 

become stable. 

@ The net charge of a compound is zero. 

Compounds with Complex Ions 

® A polyatomic ion is a positively or nega- 

tively charged, covalently bonded group 

of atoms. 

@ A hydrate is a compound that has water 

chemically attached to its ions. 

® Greek prefixes are used to indicate how many 

atoms of each element are in a binary cova- 

lent compound. 

More Section Review fl.gpescience.com 

EE 

FeVIELLU 

Self Check 

. Use Formulas Write formulas for the following com- 

pounds: potassium iodide, magnesium hydroxide, alu- 

minum sulfate, and chlorine heptoxide. 

. Use Formulas Write the names of these compounds: 

KCI, Cr,0,, Ba(Cl0,),, NH,C, and PCl,. 

. Name Mg,(PO,), * 4H,0 and write the formula for 

calcium nitrate trihydrate. 

. Think Critically Explain why sodium and potassium 

will or will not react to form a bond with each other. 

Applying Math 

. Solve One-Step Equations The overall charge on the 

polyatomic sulfate ion, found in some acids, is 2. Its 

formula is 50/7 _ If the oxygen ion hasa2- oxidation 

number, determine the oxidation number of sulfur in 

this polyatomic ion. 
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1. KI; Mg(OH)a; Alp(S04)3; (1,07 4. 

2. potassium chloride; chromium(III!) 
oxide; barium chlorate; ammonium 

chloride; phosphorus trichloride 

3. magnesium phosphate tetrahydrate; 

Ca(NO3)2*3H20 

c Section (a) 

5. Oxygen contributes 4 x —2 = 
— 8. The total charge is —2, so 

sulfur must contribute +6. 

ms MA.A.3.4.1 

Sodium and potassium will bond 

with atoms that are able to easily 

accept electrons. They would have 
a difficult time bonding with each 
other because both tend to lose 

electrons. 

(%, Reading Check 

Answer /iepta- 

Post Reading 

Science Journal Have students 
respond to the following prompt: 

Explain how binary compounds 

and compounds with complex ions 

are named. Include information 

reguarding the formation of these 

compounds and the chemical 

formulas used to represent them. 

Have students read and discuss 

their responses with a partner. 

DAILY INTERVENTION 

Check for Understanding 
Logical-Mathematical Have stu- 
dents read the labels of various 

products and find five com- 
pounds that have names with the 
numeric prefixes. Have them 

write out the formula for each of 

these compounds. 

Reteach 

Prefix Ask students why calcium 
chloride (CaCl) is named with- 

out using the prefix system 
shown in Table 5, while carbon 

tetrachloride (CCl4) does use a 

prefix to designate the number 
of chlorine atoms. The prefix system 
is used for covalent compounds between 

nonmetals. CaCl) is ionic. [L2| 
Logical-Mathematical 

l™ Assessment 

Performance ‘The common name 

for Na2B4O5 (OH)4: 8H20 is 

borax. It is used as an important 
source of boron and can also be 

used as a washing powder. Ask 
students to determine the num- 

ber of oxygen atoms in the 
molecule. Use PASC, p.101. 
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© Real-World 
Problem 

Purpose Students will com- 
pare and contrast chemical 
formulas by making models of 
chemical bonding using outer 
energy levels. Kinesthetic 

Process Skills classify, com- 
municate, compare and contrast, 
draw, label, infer, interpret sci- 

entific illustrations, organize 
data, think critically 

Time Required class period 

Safety Precautions Do not 
use candy in place of beans. You 
should not encourage eating in 
the lab. 

© Forma 
Hypothesis ——— 

Possible Hypothesis Students 
may hypothesize that ionic 
bonding occurs with the 
transfer of electrons to form 

ions and that covalent bonding 

occurs when electrons are shared 

between atoms. 

@ Test Your 
Hypothesis ——— 

Possible Procedures Give stu- 
dents three to nine beans. ‘This 

will allow them to model lithium 

to flourine. Encourage students 

to work with other students to 

model ionic bonding (transfer of 

electrons) and covalent bond- 

ing (sharing of electrons). 

Teaching Strategies 

¢ Using the egg carton, block 
off two of the egg spaces and 

review with students the 

capacity of first and second 
energy levels. 
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Goals 
@ Infer chemical formu- 

las by making models 

@ Compare and 

contrast models of 

ionic and covalent 

bonding. 

@ Draw and label 

diagrams to illustrate 

chemical bonding. 

Possible Materials 
modified egg carton 

beans 

*pennies 

*buttons 

*Alternate materials 

Safety Precautions 

re] 1 
Complete a safety work- 

sheet before you begin. 

of outer electron levels. 

Model and Invent 

Modeling Chemical Bonding 
© Real-World Problem —— 
Chemical bonding is one of the most important concepts in chemistry. 

Bonding is what makes different compounds. Even though atoms 

have a nucleus containing protons and neutrons, the part of the atom 

that is most important to chemists is outside the nucleus. How are 

electrons involved in chemical bonding? 

© Make a Model — 
1. Obtain a modified egg carton and beans from your teacher. The 

egg carton represents the first and second energy levels of an 

atom. The beans represent electrons. 

2. Decide which elements you can model by the number of beans 

you have. Consider how the periodic table can be used to deter- 

mine the number of outer electrons in an element. 

3. Model all the elements that you can create using the modified egg 

carton and beans. 

4. Draw the models of elements that you created in your Science 

Journal. 

5. Determine if the elements form ionic or covalent bonding. Record 

your conclusions in your Science Journal. 



© Test Your Model 
1. Look for element combinations that could represent 

chemical formulas for compounds and molecules. Some 
formulas may require more than one atom to form some 
types of elements and compounds. 

- Work with other students to make models of compounds 

and molecules produced by chemical bonding. 

. Draw the models of the compounds and molecules 

you made in your Science Journal. Record the type of 

bonding used to make the compounds and 

molecules. 

© Analyze Your Data 
1. 

© Conclude and Apply 
1. Describe why your model could be used to show examples of both ionic and cova- 

Explain how you can use the periodic table to identify 

the element that represents your model. 

. Explain whether elements in the metal groups on the periodic table have more 

or fewer electrons in their outer energy levels than the nonmetals. 

- The combinations of elements could represent chemical formulas. Explain why 

some formulas require more than one atom of an element. 

lent bonding. 

2. Predict what element your model would 

be if you received ten beans. Explain your reasoning. 

Your Data. 

Compare your conclusions with other 

students’ conclusions. What elements did 

their models represent? Explain how their 

elements differed in ability to form ionic 

and covalent bonds. 

‘T™, Assessment 

Oral Have students explain compounds or mole- 

cules using their model that were not done during 

the experiment. Use Performance Assessment 

in the Science Classroom, p. 143. 

Expected Outcome Monitor 
students so they discover simple 
matchups such as LiF and 
progress to compounds such as 
BeF), LO; BeO; and Be3N>. 

Remind students that elements 
can achieve stability by losing, 
gaining, or sharing electrons. 

© Analyze Your 
Data 

1. Using the periodic table, three beans 
would represent lithium, four beans 
beryllium, and so forth up to nine 
beans representing flourine. 

2. In general, metals have fewer elec- 
trons than nonmetals. 

3. Formulas such as BeF, show more 

flourine is needed to balance the 
charge in this compound. 

© Conclude and 

Apply 
1. Elements have the ability to lose, 

gain, or share electrons. 

2. This would represent neon, a noble 
gas that has a stable arrangement 
of eight outer level electrons. 

LAB 711 
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na £ Accidents 
Ss? in SCIENCE 

Content Background 
Glue has been around for a long 
time. Egyptian carvings dating 

back 3,300 years show figures 

gluing thin pieces of veneer to 
sycamore planks. Throughout 
history, most glues came from a 
variety of natural sources, includ- 
ing beeswax, flour paste, egg 

whites, cheese, and extracts from 

animal horns and fish. Only in 
the recent century did synthetic 
glues become more prominent. 
Glues work because they are able 
to seep into the crevices of a sur- 
face and form chemical welds to 
the molecules on that surface. 
Strong polymer chains give glues 
their strength and flexibility. 

metal spatulas, wood, paper, plastic. 

Everything stuck to everything, almost 

instantly, and with bonds I could not break 

apart,’ recalls the head of the research group. 

n 1942, a research team was working on 

creating a new kind of glass. The group 

was working with some cyanoacrylate 

monomers (si uh noh A kruh layt * MAH nuh 

muhrz) that showed promise, but a problem 

kept coming up. Everything the monomers 

touched stuck to everything else! 

Cyanoacrylate is the chemical name for 

instant, supertype glues. The researchers 

were so focused on finding a different type 

of glass that at the time, none of them recog- 

nized that they were working with an impor- 

Stick to It 
Most adhesives, commonly called glues, 

are long chains of bonded molecules called 

polymers. Cyanoacrylate, however, exists as 

monomers—single molecules with double 

bonds. And it stays that way until it hits any- Activity 
Glue Experiment Let small groups 
of students experiment with 
their own glue. Give each group 
15 mL of unflavored gelatin in a 
small beaker. Pour 25 mL of 
boiling water into the gelatin 

WARNING: Be careful with the 

hot water. Have students stir the 
mixture until the gelatin dissolves. 
Let them use paintbrushes to 
apply the glue to various types of 
materials such as paper, wood, 
and plastic to see which kinds of 
materials the glue will bond 
together. 

Analyze the Event 
Explain to students that Louis 
Pasteur was a French scientist 

who discovered, among other 
things, the rabies vaccine and the 
pasteurization process for milk. 
Write the following quote of 
Pasteur’s on the board: “In the 
field of observation, chance favors 

the prepared mind.” Ask students 
to brainstorm what they think the 

quote means and how it applies to 
this feature. Possible answers: The first 
group of researchers didn’t realize the 

possibilities of the discovery, but the 
later group did, so the later group had 
“prepared minds,” 
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tant new adhesive. 

working on new materials for jet plane 

In 1952, a member of the research team, 

canopies, made a similar complaint. The ethyl 

cyanoacrylate the team was working with again 

made everything stick together. This time, the 

insight stuck to the scientists like, well, like 

GLUE! “T began gluing everything I could lay 

my hands on—glass plates, rubber stoppers, 

Take Note Visit a store and make a table of different kinds of 
glues. List their common names, their chemical names, what they 

are made of, how long it takes them to set, and the types of surfaces 

for which they are recommended. Note any safety precautions. 

thing with moisture in it, such as air. Yes, even 

the small amount of moisture in air and on the 

surfaces of most materials is enough to dis- 

solve the double bonds in the monomers of 

cyanoacrylate, making them join together in 

long chains. The chains bond to surfaces as 

they polymerize. 

The discovery of cyanoacrylates had an 

immediate impact on the automobile and air- 

plane industries. And it soon “held” a spot in 

almost every household toolbox. Since the 

1990s, cyanoacrylate glues have also found a 

place in doctors’ offices. A doctor can apply a 

thin layer of instant glue instead of putting 

stitches in a cut. This specially made medical 

glue was approved by the U.S. Food and Drug 

Administration in 1998. 

° fi 

For more information, vi 

fl.gpescience.com 

Take Note ‘ell students to pay careful 
attention to the recommended uses for each 
type of glue. Ask students why one glue can- 
not meet all people’s needs. (Possible answers: 
Some glues can be toxic and so wouldn’t be 
useful for gluing drinking cups, as shown in 
the feature. Some glues might react chemi- 
cally with paper or wood. Some glues aren’t 
waterproof.) 

7 Resources for Teachers and Students 

“Adhesion,” Encyclopedia Brittanica 

The Encyclopedia of Modelmaking Techniques, by 
Christopher Payne and P. Quatro, 1996 

The Crafter’s Guide to Glues, by Tammy Young, 
Chilton Book Company, 1995 

Sticky, Rigby Interactive Library, 1996 
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GED Stability in Bonding 
1. The properties of compounds are generally 

different from the properties of the 
elements they contain. 

2. A chemical formula for 

a compound indicates 

the composition of a 

unit of the compound. 

This model of a water 

molecule shows the 

shape of the molecule 

and the relative sizes of 

the atoms. 

3. Chemical bonding occurs because atoms 

of most elements become more stable by 

gaining, losing, or sharing electrons to 

obtain stable outer energy levels. 

“Section 2 | Types of Bonds 

1. Covalent bonds are formed by the sharing 
of electrons. Ionic bonds between atoms are 
formed by the attraction between ions. 
Below is an example of an ionically bonded 

compound. 

2. Ionic bonding occurs between charged 

particles called ions and produces ionic 

compounds. Covalent bonding produces 

units called molecules and occurs between 

nonmetallic elements. 

Interactive Tutor fl.gpescience.com 

Study Guide 

ain ideas 

3. The unequal sharing of electrons produces 

compounds that contain polar bonds, and 

the equal sharing of electrons produces 

nonpolar compounds. 

Section 3 Writing Formulas and 
Naming Compounds 

1. An oxidation number indicates how many 

electrons an atom has gained, lost, or 

shared when bonding with other atoms. 

2. In the formula of an ionic compound, 

the element or ion with the positive 

oxidation number is written first, 

followed by the one with the negative 

oxidation number. 

Ww The name of a binary compound is derived 

from the names of the two elements that 

compose the compound. Salt is an example 

of a binary compound, sodium chloride. 

4. A hydrate is a compound that has water 

chemically attached to its ions and written 

into its formula. 

5. Greek prefixes are used in the names of 

covalent compounds. These indicate the 

number of each atom present. 

Use the Foldable that you made at the begin- 

ning of this chapter to help you review chemical bonds. 

CHAPTER STUDY GUIDE 713 

chaprer 

Stiidy Guide Q2 

Reviewing Main Ideas 

Summary statements can be 
used by students to review the 
major concepts of the chapter. 

SciencepINE 

Visit fl.gpescience.com 

More Section Review 

Interactive Tutor 

Vocabulary PuzzleMaker 

More Chapter Review 

Standardized Test Practice 

Assessment Transparency 
For additional assessment ques- 
tions, use the Assessment 

Transparency located in the trans- 
parency book. 

Assessment 

Directions: Carefully review the tables and answer the following questions. 

‘theca Group A We f Group B 

Water H,O Epsom salts Mg(Oh), 

Carbon dioxide co, Sugar C,,H2.0,, 

Ammonia NH, | Lye NaOH 

Salt Baking soda NaHCO, 

| Methane CH, Vinegar C,H,O, 

1, The compounds in Group A are different from the compounds in 
Group B because only the compounds in Group A__. 

A are gases at room temperature 

B are used in preparing food 
© contain a metal and a nonmetal 
D contain only two different elements 

2, According to the chemical formula for lye, all of the following ele- 

ments are found in a lye molecule EXCEPT __. 
F hydrogen H oxygen 
G nitrogen J sodium 

. According to the information contained in the tables, which 
compound has a total number of atoms greater than 10? 
A Baking soda C Sugar 
B Methane D Vinegar 

4. According to the tables, which compound has the LEAST number 
of total atoms? 
FP Ammonia H Salt 
i} Carbon dioxide } Water 

‘Chemica! Bonds 

my Use the Foldables 

FOLDABLES that you made at 
the beginnning of the chapter 
to help you review chemical 

bonds. 

CHAPTER STUDY GUIDE 713 



1. polyatomic ion 

2. binary compound 

3. polar molecule 

4, ion 

5. ionic bond 

6. covalent bond 

7. hydrate 

8. molecule 

9. oxidation number 

10. chemical formula 

19. More stable; Different from; lonic; 

Gained and lost; Covalent; Shared 

20. hydrogen sulfide; HS 

21. TeF., Naz S04, CS, BaC03 

714 CHAPTER REVIEW 

\ $C.A.1.4.2, 

chapter as 2 
See SSA AIA 

ionic bond p.696 

#% molecule p.697 

nonpolar molecule p. 700 

oxidation number p. 703 

polar molecule p. 700 

binary compound p. 703 

chemical bond p.694 

chemical formula p.689 

# covalent bond p,.697 

hydrate p. 708 

ion p.692 polyatomic ion p. /07 

#* FCAT Vocabulary 

Match each phrase with the correct vocabulary 

word or phrase. 

1. a charged group of atoms 

2. a compound composed of two elements 

3. a molecule with partially charged areas 

4. a positively or negatively charged particle 

5 . a chemical bond between oppositely 

charged ions 

. a bond formed from shared electrons i=)) 

7. a crystalline substance that contains water 

8. a particle made of covalently bonded 
atoms 

9. shows an element’s combining ability 

10. tells which elements are in a compound 

and their ratios. 

Choose the word or phrase that best answers the 

question. 

11. Which elements are least likely to react 
with other elements? 

A) metals 

B) noble gases 

©) nonmetals 

D) transition elements 

12. What is the name of CuO? 

A) copper oxide 

B) copper(I) oxide 

©) copper(II) oxide 

D) copper(III) oxide 

714 CHAPTER REVIEW 

13. Which formula represents a nonpolar 

molecule? 

A) N, ©) NaCl 

B) H,O D) HCl 

14. How many electrons are in the outer 

energy levels of Group 17 elements? 

A) | Ql 

B) 2 D) 17 

15. Which is a binary ionic compound? 

A) O, ©) H,SO, 
B) NaF D) Cu(NO,), 

16. Which is an anhydrous compound? 
A) H,O © CuSO, *5H,0 
B) CaSO, D) CasO7- 2H © 

17. Which atom has gained an electron? 

A) negative ion 

B) positive ion 

©) polar molecule 

D) nonpolar molecule 

18. Which is a covalent compound? 

A) sodium chloride 

B) calcium fluoride 

C) calcium chloride 

D) sulfur dioxide 

~~ Interpreting Graphics 

19. Copy and complete the concept map. 

Chemical 

Bonds 

form compounds kinds of 

a> 
because atoms with properties 
often become that are 

= electrons are electrons are 

by gaining, the 
losing, or sharing individual 

electrons atoms 

Vocabulary PuzzleMaker fl.gpescience.com 

Use the ExamView® Pro Testmaker CD-ROM to: 

* create multiple versions of tests 

create modified tests with one mouse click for inclusion students 

edit existing questions and add your own questions 
build tests aligned with state standards using built-in State 
Curriculum ‘Tags 

° change English tests to Spanish with one mouse click and vice versa 



20. Identify and write the 

name and formula 

for the compound ane 

illustrated to the right. - 

Use the table below to answer question 21. 

Which compounds exist? 

Formula Possible Compounds 

SF AlF or TeF, 

K,S0, Na,SO, or Ba,S0, 

C0, Cd, or GS, 

CaCO, 000, or BaC0, 

. Predict Elements from one family (vertical 

column) of the periodic table generally 

combine with elements from another 

family and polyatomic ions in the same 

ratio. For example, one calcium atom 

combines with two chlorine atoms to give 

CaCl, (calcium chloride), as it does with 

two fluorine atoms to give CaF, (calcium 

fluoride). Using the periodic table as a 

guide, predict which of the two com- 

pounds on the right side of the table 

above is more likely to exist based upon 

the formula on the left side. 

Thinking Critically 

. Draw Anhydrous magnesium chloride is 

used to make wood fireproof. Draw a dot 

diagram of magnesium chloride. 

. Use Formulas Artificial diamonds are made 

using thallium carbonate. If thallium has 
an oxidation number of 1+, what is the 

formula for the compound? 

. Compare and contrast polar and nonpolar 

molecules. 

More Chapter Review fl.gpescience.com 

chaBiea (Ge 

25. Write Baking soda, which is sodium hydro- 

26. 

Pai 

28. 

29: 

30. 

a1. 

Revie 

gen carbonate, and vinegar, which con- 

tains hydrogen acetate, can be used as 

household cleaners. Write the chemical 

formulas for these two compounds. 

Draw Conclusions Ammonia gas and water 

react to form household ammonia, which 

contains NH," and OH™ ions. The for- 
mula for water is H,O. What is the for- 

mula for ammonia gas? 

Draw Conclusions The name of a compound 

called copper(II) sulfate is written on a bot- 

tle. What is the charge of the copper ion? 

What is the charge of the sulfate ion? 

Explain what electric forces between oppo- 

sitely charged electrons and protons have 

to do with chemical reactions. 

Name Compounds Write the chemical name 

for the following compounds. 
A) Fe,S, © Ca(PO,), 
B) Cu(ClO,), D) (NH,),SO, 

Model One common form of phosphorus, 

white phosphorus, has the formula P, and 

is formed by four covalently bonded phos- 

phorus atoms. Make a model of this mole- 

cule, showing that all four atoms are now 

chemically stable. 

Determine the chemical formulas for the 

following compounds. 

A) potassium chloride 

B) calcium carbonate 

©) copper sulfate 

D) sodium oxide 

Applying Math 

32. Use Numbers What is the oxidation num- 

ber of Fe in the compound Fe,S,? 

A) 1° Cece 
B) 2° D) 4° 

CHAPTER REVIEW 715 

q 

\@y Reproducible Masters 
Chapter Fast File Resources 

Chapter Review, pp. 37-38 

Chapter. lests, pp. 39-42 . 

Assessment Transparency Activity, p. 49 

Glencoe Science Web site 
Chapter Review ‘Test 
Standardized Test Practice 

Glencoe Technology 

@ Assessment ‘Transparency 
® ExamView® Pro Testmaker 
TO MindJogger Videoquiz 
(®D Interactive Chalkboard 

chapter 

Review 22 

22. EC] Mg” ECLI” 
23. TI,C0, 

24. A polar molecule has opposite 
charges (positive and negative) on 
each end because of an unequal 
sharing of electrons. A nonpolar 
molecule does not have oppositely 

charged ends because the electrons 
involved are shared equally. 

25. NaH(,; HGH30) 

26. NH3 

27. Cur 50, 
28. In order to form an ionic charge, the 

quantity of electrons and protons 
are unequal. If one element loses 

electrons, another must gain in 
order to keep the neutral charge of 
the compound 

29. a. iron sulfide 

b. copper (II) chlorate 

c. calcium phosphate 

d. ammonium sulfate 

30.c Pee Ps 
Alea 

Use PASC, p. 123 

31. a. KCI 

b. CaCO; 

c. CuSO, 

d. Na,0 

Applying Math | 
Math Standards 

National: 2, 6,9 

Florida: MA.A.3.4.1 

325 3 

CHAPTER REVIEW 715 



chapter a3 chapte 9 Standardized Test Practice 

Standardized Test Practice 

The assessed Florida Benchmark appears above the question. 
Be Record your answers on the answer sheet provided by your teacher or on a sheet of paper. 

Answer Sheet An answer sheet | 4. What is the name of KC,H,0,¢ 
can be found at fl.gpescience.com. ultiple Choice . 

A. potassium carbide 
SC.A.2.4.2 

5 : ; B. potassium acetate 

Standardized Test Practice Answer Sheet 1. Which statement about this molecule is j nee 

os : — TRUE? C. potassium hydroxide 

A. This is a nonpolar molecule. D. potassium oxide 

B. The electrons are shared equally in the 5. What is the chemical formula for lead(II) 
bonds of this molecule. erie? 

C. This molecule does not have oppositely A. PbO 
charged ends. 

: B. Pb, © 
D. This is a polar molecule. : aes C. PbO, 

D.-Fb, 0; 
Use the figure below to answer question 2. Die 

Multiple Choice b SC.A.1.4.5 ] 
1.) 4.8 7.8 2. What type of bond holds the atoms of this 

A 5A molecule together? 
: 1.4 

3.A 6. C A. covalent 
a. 6. How many electrons are required to 

2 Oue complete the outer energy level of a 

ridded Response C. triple phosphorous atom? 

8.18 D. double A. one 

9.18 B. two 
3. What do the Group 7A elements become Chikre: 

7 Short Response when they react with Group 1A elements? a 
ort nesponse D. four 

} A. negative ions 
10. Nitrogen and fluorine have oxida- 

tion numbers of 23 and 21, B 

respectively. Nitrogen must gain C. positive ions 

D 

. neutral 
Test-Taking Tip 

Comprehension Be sure you understand the question before 
three electrons to fill its outer . polyatomic ions you read the answer choices. Make special note of words like 
energy level, while fluorine must : NOT or EXCEPT. Read and consider all the answer choices 
gain one. before you mark your answer sheet. 

11. NaCl is an ionic bond. In an ionic > 
bond, a transfer of electrons takes 
place. Because you have a1 and a2 716 STANDARDIZED TEST PRACTICE 

you get a zero net charge. Nal 1 aati a - 
(l2, which gives you a zero net (Extended Response 
charge. 

12. HCL is an example of covalent example of a tug-of-war with the isa 21 which when you put 
bonding of unequal sharing. Knot being the electron shows how Te Zia OF 
Chlorine atoms have a stronger the bonding happens. Therefore 13. This is a covalent bond. formed 
attraction for electrons than hydro- the electron goes more with the from sharing of alectrons Itisa 
gen does. Therefore, the electrons chlorine which is bigger. triple bond, as three pairs of elec- 
shared in hydrogen chloride will lonic bonding is an equal sharing trons are shared. 
spend more time near the chlorine of electrons so that they equal 0. 14. HH 020° EE: 

atom than the hydrogen atom. The Potassium is a 11 and chlorine "Peek eeates 
CCl BeBe Th 

716 CHAPTER 22 Chemical Bonds 



7. Which element is NOT part of the com- 
pound NH,NO,? 

A. nitrogen 

B. nickel 

C. oxygen 

D . hydrogen 

AC Gridded Response | 

8. When an atom is chemically stable, how 

many electrons are in its outer energy level? 
SC.A2.41 

9. How many electrons are there in an argon 

atom? 

READ 
INQUIRE INQUIRE ort Response 

Use the illustration below to answer question 10. 

Oxidation Numbers of Some 

Period 2 Elements 
; 

0 
—1] = 

—3 
—4 

Neon 

Fluorine 

Nitrogen 
Oxidation number 

10. Compare the oxidation numbers of nitro- 

gen and fluorine. Why do they differ? 

11. The bonding of atoms and molecules is 

the result of oppositely charged electrons 

and protons being held together by elec- 

tric forces within the atoms. Using this 
information, explain the bonding of NaCl. 

Standardized Test Practice fl.gpescience.com 

Standardized 

_Test Practice _ 

~ Extended Response 

12. KCl is an example of ionic bonding. HCl is 

an example of covalent bonding. Describe 

the difference in the bonds in terms of elec- 

trons and outer energy levels. 

Use the illustration below to answer question 13. 

® & 
) a hes C) 

@@ 
& & o © © » 

® 8 6 ® 

“N. + *N. es 

® 6 

13. Describe the bond holding the nitrogen 

atoms together in this molecule. 

14. Nitrogen occurs naturally as a diatomic 

molecule because N, molecules are more 

stable than nitrogen atoms. lel lOve It 

CL,, Br,, and I, are other diatomic mole- 

cules. Draw dot diagrams for three of 

these molecules. 

15. Explain why elements in Groups 4A, 

which have four electrons in their outer 
energy levels, are unlikely to lose all of the 

electrons in their outer energy levels. 

16. What factors affect how strongly an atom 
is attracted to its electrons? 

17. Create a chart that compares the proper- 

ties of polar and nonpolar molecules. Your 

chart should include several examples of 

each type of molecule. 

18. What is the difference between nitrogen 

oxide and dinitrogen pentoxide? Why are 
prefixes used to name these compounds? 

STANDARDIZED TEST PRACTICE 717 

chapter @? 

Standardized Test Practice 

compound with each other. 

Rubrics 
For more help evaluating 

questions, see the rubrics on 

p LOT 

18. Nitrgen oxide is NO, while dinitro- 

gen pentoxide is N205. Prefixes are 
used to identify the composition of 
compounds which are made of ele- 

ments that can form more than one 

Short- and Extended-Response 

15. These elements have four outer 16. The size of the atom, the sizeofthe 17. Polar Molecules Nonpolar Molecules 
positive charge in the nucleus, and 
the total number of electrons an 

atom has all affect the strength of 

the attraction between an atom 

and its electrons. 

shell electrons. It would take a lot 

of energy to lose four electrons, 
because each time an electron was 

lost, the other electrons would be 

held even more tightly by the 

nucleus. 

Have covalent bonds Have covalent bonds 

Electrons are held more closely by one 
Electr Sram ofthe niotectla ectrons are shared equally 

| Have slightly positive and slightly 

negative ends 

Examples: NH3, H)0 

Do not have oppositely charged ends 

Examples: CCl4, CH, 

STANDARDIZED TEST PRACTICE 717 
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Section/Objectives 

Chapter Opener 

Standards 

National State/Local 

See pp. 16T-17T fora 

Key to Standards. 

Labs/Features 

Launch LAB: Rusting—A Chemical 

Reaction, p. 719 

Foldables, p. 719 

Section 1 Chemical Changes National Content Florida Science Online, p. 722 
: 3e narks: MiniLAB: Design a Team 

@ 1 session © 1 block standetait Bi 2 iH ia erat oy) = Vice atee 

1. Identify the reactants and products in a AD B? B 3 G 3 ; 
chemical reaction. soe ite ao aes 

2. Determine how a chemical reaction satisfies 
the law of conservation of mass. 

3. Determine how chemists express chemical 
changes using equations. 

Section 2 Chemical Equations National Content Science Online, p. 727 

@ 2 sessions CP 1 block Standards: Applying Math: Barium Sulfate 

4. Identify what is meant by a balanced chemical a aaa NEETU iC 
equation. eireeecs 

5. Determine how to write balanced chemical 
equations. 

Section 3 Classifying Chemical Reactions National Content 

@ 2sessions CP 1 block Standards: 
: UCP.1-UCP.5, A.1, 

6. Identify the five general types of chemical AD. BD B3,B6 

reactions. 
7. Identify redox reactions. 

8. Predict which metals will replace other metals 

in compounds. 

Section 4 Reaction Rates and Energy National Content Florida Integrate Life Science, p. 735 

@ 3sessions CP 1 block Standards: Benchmarks Visualizing Chemical Energy, 

Ay eisai f h ; UCP.1-UCP5,A.1, | SC.A.1.4.4 p. 737 
- ldentity the source of energy changes In A2 B2.B3,86G.1_) SGB14.1 MiniLAB: Creating a Colorful 
chemical reactions. 

10. Compare and contrast exergonic and 
endergonic reactions. 

11. Examine the effects of catalysts and inhibitors 
on the speed of chemical reactions. 

718A CHAPTER 23 Chemical Reactions 

G2G3 Chemical Reaction, p. 738 
Integrate History, p. 740 
Lab: Catalyzed Reaction, p. 741 
Lab: Investigating Reaction 
Conditions, pp. 742-743 
Oops! Accidents in Science: A 
Clumsy Move Pays Off, p. 744 



Lab Materials 

Launch Lab: teaspoon, agar, 
beaker, hot plate, graduated 
cylinder, 1% phenolphthalein 
solution, petri dishes, 
uncoated steel nails, 
aluminum pie tins or nails 

Reproducible Resources 

Chapter Fasr Fie Resources 

Foldables Worksheet, p. 17 
Note-taking Worksheets, 

pp. 35-37 

Directed Reading Overview, 
p.19 

Glencoe Exclusive! 

% leacher Works = 
Section Assessment 

ENCOg, 
ey SY 

Y & 

va NTO 

All-In-One Planner and Resource Center 

Technology 

JeacverWorks includes: 

* Interactive Teacher Edition 

* Lesson Planner with calendar 

* Access to all program blacklines 

* Correlations to standards 
* Web links 

MiniLAB: 15 index cards, Chapter Fasr Fite Resources Portfolio ® Section Focus Tra nsparency 
markers Transparency Activity, p. 46 Curriculum Connection, p. 722 Teaching Transparency 

MiniLAB, p. 3 Performance ®) Interactive Chalkboard 
Enrichment, p. 31 MiniLAB, p. 724 CD-ROM 
Reinforcement, p. 27 Applying Math, p. 725 ®) StudentWorks Plus 
Directed Reading, p. 20 Content 1D Video Lab 
Transparency Activity, pp.51-52 Section Review, p. 725 

Lab Activity, pp. 9-11 

Chapter Fasr Fite Resources Portfolio & Section Focus Transparency 

Transparency Activity, p. 47 Assessment, p. 729 ®) Virtual Labs CD-ROM 
Enrichment, p. 32 Performance ®) Interactive Chalkboard 

Reinforcement, p. 28 Applying Math, p. 728 CD-ROM 

Directed Reading, p. 20 Applying Math, p. 729 ®) StudentWorks Plus 
Lab Activity, pp. 13-16 Content 

Section Review, p. 729 | 

Chapter Fasr Fie Resources Performance & Section Focus Transparency 
Need MAatertals2 Transparency Activity, p. 48 Applying Math, p. 733 ®) Interactive Chalkboard 

Enrichment, p. 33 Content CD-ROM Contact Scien i ce Kit at 1-800-828-7777 or www.sciencekit.com, 

Reinforcement, p. 29 
Directed Reading, p. 21 

Section Review, p. 733 

MiniLAB: water, test tube, 

copper(|l) bromide 
Lab: test tubes, rack, H2Oz, 
graduated cylinder, teaspoon, 
sand, hot plate, wooden splint, 

water, MnO, 

Lab: water, vinegar, baking 

soda, plastic bottle, test tube, 

beakers, graduated cylinder, 

marker, tape measure, 

stopwatch 

fe 
ASSESSMENT 

Chapter Fasr Fite Resources 

Chapter Review, pp. 39-40 

Chapter Tests, pp. 41-44 

Standardized Test Practice, pp. 96-99 

Chapter Fasr Fie Resources 
Transparency Activity, p. 49 

MiniLAB, p. 4 

Enrichment, p. 34 

Reinforcement, p. 30 
Directed Reading, pp. 21, 22 
Lab Worksheet, pp. 5-6, 7-8 

®&) StudentWorks Plus 

Portfolio 

Activity, p. 737 
Performance 

MiniLAB, p. 738 

Applying Math, p. 740 
Content 

Section Review, p. 740 

End of Chapter Assessment 

TO MindJogger Videoquiz 
«) Virtual Labs CD-ROM 

) ExamView® Pro Testmaker 

) TeacherWorks CD-ROM 

Interactive Chalkboard CD-ROM 

@ 

609 659 65a 6 

CHAPTER 23 Chapter Organizer 

Section Focus Transparency 

Interactive Chalkboard 

CD-ROM 
Stucent Works Plus 

By ae & 

Wp roa 

Performance Assessment in the Science 

Classroom (PASC) 

718B 



3 hemi cal Reactions Chapter 

ecto, 

SSsety A Changing World 

This family only having fun, they're doing chemistry! Toast 
ing marshma urning wood, and getting energy from food all 
involve changes in substances. 

oe 
r ESsiieaty A Balanced Viewpoint aren 

Transparency | 23 | SS Transparenc 

Transparencies 

Section Focus 

16 

sare put in th 
ions are balanced in a similar fashion. 

< <7 

Se Section [eer Free the Nitrogen! 
= Transparency 

i 

1. Describe what you see in this campfire scene, 

ome of the things you named look different than they 
did before the fire was lit? 

3, How will the marshmallows continue to change if kept in the fir 

ct 

pans be even? Explain. 

This is a representation of key blackline 

masters available in the Teacher Classroom | 

Resources. See Resource Manager boxes | 

within the chapter for additional information. 

Key to Teaching Strategies 

The following designations will help you 
decide which activities are appropriate 
for your students. 

Level 1 activities should be 
appropriate for students with 

learning difficulties. 

Level 2 activities should be within 

the ability range of all students. 

Level 3 activities are designed for 

above-average students. 

at happens to the atoms in the reaction 
2NO, ald put all the reactants of a chemical reaction in one pan 

and all the products in the other pan, would the two 

Directions: Carefully review the diagrams and ansiver the following questions 

1 Notid Aquariums °2Y" aquarium2 tid 

ethene 
IGH4) 

Aguartam aoe! 

10-0 J O-8- 

fF the experiment above, it is reasonable to 

Aquarium 2 

ject on the rot h in its immediate area 
B stows the rotting of a p ediate area 
© quickens the rotting of a peach in its immediate area 
1 slows the rotting process in the peach producing the gas 

to the information in the diagram, we can conclude that 

H carbon and oxygen 
} calcium and carbon 

rom the tree in 
ot quite ripe 

placing the 

© inside an enclosed space 
D neara breezy window 

atoms freed by lightning undergo a chemical or 

vello, oeelion 
4 Bastlasctd Makes a Great Chapter 

[cess Nightlight, Too | 23 | 
The animal you see below is a comb jelly, Most comb jellies are 

capable of giving off light. 

1. What type of reaction do you think allows the comb jelly to give 
off light? Why? 

2. Why is it important that the comb jelly generates light without 

Teaching 

——* 

1 ‘Teaching Reaction Equation 
Transparency 

‘3 s Zz Zz 

= 

@® ELL activities should be within 
the ability range of English 

Language Learners. 

COOP LEARN Cooperative Learning 

activities are designed 

for small group work. 

Multiple Learning Styles logos, 

as described on page 12T, are 

used throughout to indicate 

strategies that address different 

learning styles. 

These strategies represent student 

products that can be placed into 

a best-work portfolio. 

[PBL Problem-Based Learning activities 
apply real-world situations to 
learning. 

LAB Catalyzed Reaction 
a \ 

Lab Preview 
Directions: Aner these questions bef 

Hands-On Activities 

a tute 
tae 
€ 3 ELScnme Conservation of Mass 

Activity 

Hands-On Activities 

Strategy 
wl shove that 

rns ~] 2]: 

Procedure 

Figure 1 
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Content Outline 

ate 

[eeeeaem Chemical Reactions 
Worksheet 

Chemical Changes Section 1 

\ 

Now 

2 The found mas of products (liquid mercury and ot 

fe numbers which represent the of unit 
Meeting Individual Needs 

Meeting Individual Needs 

Spaay fenpiaipul Gunaay 

Directions: Answer te fhowing questions using complete Sentence. 
1, Whot is a catalyst 

3. What i an inhibitor 

4. What isan endothermic reaction’ 

Directions: Decide if each reaction below involves a catalyst, an inhibitor, or nether. Write C for corals, Yor 
Inhtvtoy, or W for nether in the Bank atthe eft 
— 5, Hirushing the cut exiges of fruits with lemon juice can prevent the darken 

‘that contact with air can cate 
In the buman body, proteins calle! eneyries Help to speed iy chemical p 

lumi ich r alusninusnc protects the aluminum 
firther reaction with the 
Food preservatives called HT and MHA slow dawn the spoilage of certain food 
Nickel Is wed to sncrease the rate of methane formation from the adklition of hydrogen 
ant carbon manele, Nickel doey not ysermanently change 

Directions: Decide if each reaction below is endergonic ov exergonic. ln rhe blank a the lft, wate EN for 
‘enderyonic or EX for exergonw 
10. When a lit match i¢ placed in alcohol, the alcohol ignites producing teat and Night 
11. Energy in the form of electricity can be added to water to break apart the water 

ecules nto hyurogen gas and oxygen 
_ 12 A pieve of coaliplaced!in w furnace gives off heat andl light before turning to ash. 

13. When ammonivm chloride mixes with water, the solution formed feels col 

term 
1h 

The substances that are produced in u chemical change arv 
called rectunte 

4-In a chemical equation the rewclants are on the keft side of the 

5. Ina chemical equation an equal sgy is used w separate the 
reactants from the products 

Directions: Answer she following questions on the lines provide 
6 Write dawn in the form of a chemical equation the process of making a ham sandwich from 

of bread, theee slices of cheese, and four ham. 

sywotion what are the coefficients for each of the reactants and products 

Suppose you wanted lo heat the sandwich, How wuld you Indicate that inthe 
emical equati ¢ HT 

ules of liquid water (H\0, 
are subject they transform into. ule of gascous axygen (0. 

of gaseous hydrogen (H. 

— I 

Home Chemistry 

Directtons: For each ofthe following chemical reactions, identity the reactant. Use library references ond 
chemistry books to help you identity the products and answer the questions Write a chemical equatian for eoch 
reatlon 
Materials 

ve (baking sol 

at contains the eraynie catalase. Catalase helps to break down hydrogen peroxide 
Into water and uxyRen. From fresl chicken meat, CUL Iwo pleces of white nieat about the sbie of 

1 pea, Place each piece a separate sitll gla ss, add enough fresh hydrogen 
an antiseptic i H vet the nveat, Caver the other peve with 

Write the chemical reaction. WARNING: linmeiiandy ufter handling the dhieken. 1 
ysl your hal 

Maybe you use natural gas for cooking. heating your home, of heating seater; The ma 
{ny natural gas ie methane. Write the chemical eyuation for the combustion of methane 

of the methane is burned 

Suppose your furnace ar stave is not very efficient. What harmful products can be the result of 
the incomplete combustion of methane? 

HOGH\0)) 10 a small lass. Add 

b. Write the chemical equation for this reaction 

«. Why is baking soda used in bakingt 

Meeting Individual Needs 

Reading Essentials 

RB Chemical Reactions 

section © Chemical Changes 
Te tt rt tte en 

® Before You Read 
Think about what happens when you bake a cake. On the 

What You'll Learn 

lines below, describe how the ingredients change form 
throughout the process of baking a cake. 

ott Con @ Read to Learn 
Quiz As you read 
Vere down ihe Describing Chemical Reactions 

ni rie expand out of liquids. Powerful aromas move through the 

happen inside your body. A chemical reaction iy « change 

How do chemical and nuclear reactions 
froxzanes] isrpared 

Whien chemical reactions occur, new compounds form 
© Askduestions Hobe w 2 new comp 
Foldable ike the one shove. Feecamdenyh! cnawer = Wnts break and new bonds fort. Recall that chemical bonds 

They form when chemical bonds between the atoms in reac 

the quedtlons about Antoine form when atoms share outer electrons or when electrons are 
Lavoisier ond bis experiments transferred from one atom to another. In chemical reactions, 

only the outer elec 
The nucleus af ans atorn i¢ not affected by a chemical reac 

tion, An atom’s nucleus is changed only when there is nuclear 
decay or a nuclear reaction. Nuclear reactions include fission 
and fusion. The energy released by nuclear reactions is million: 
of times greater than the energy released hy chemical reactions 

23-2 QuATRD © 

DIRECTIONS 

Mg(s) + Og) —> 2MgO(s) 
Magnrniuen plus orrgen produces 

magnesium oxide 

| oper coating that 
| (Liberty is different 

spper pene 
| Lie 

he Copper expose 10 aif ar 
forms hydrased ino (HT) 

Jo Copper exposed ty air prv 

Assessment 

Chapter Chemical Reactions 
Review 

Part A, Vocabulary Review 
Directions: Comer the following sentences using the terms ited below 

synthesis exothermic catalyst decomposition —_ coefficients 
endothermic single displacement Inhibitor reactants 

precipitate chemical double-displacement products balanced 

Hoin shenuical reactions ts a(n 

released iy 9 chernieal reaction vs primarily (nthe form of heat, that reacdion 1 

at or Ale Fgh se te esuation 
1} equation, He substanues tat are produced are called 

Assessment 

ate 

Chapter Chemical Reactions 

1. Testing Concepts 
Directions: For eah ofthe flowing. write eter ofthe term o pease that best completes the sentence 
answers the question, 

1. Substances that prevent certain ch tions are called 
‘6. inhibitor a products 

nt replaces another element a compound, the reaction b 

nthe 
inngle-diyplavernent ouble-dinplacernent 
substance to the right of the arrow ita chernical equation i a 

a. catalyst b. precipitate & reactant & product 
A chernical reaction in which tle energy releaved 1s primarily (n the form of leat \v 

& Tammable bo exothermic Ge endothermic dh. endenganic 
A substance that speeds up a chemical reaction without undergoing 4 permanent 
fhange itsel Veal 

a. inhibitor b ent © reactant i. catalyst 
Numbers that precede symbols and formulas in w chemical equation are called 
a subscript 'b, superscript fractions, i. cvellicient 
A chemjeal reaction in which two or more substances combine fo form anather 
wubstanice fa 

i. synthesis b. dewon © reactant A. product 
The breaking down of 4 sul . ore cubtances i 
a. displacement b synthesis ition dL. emlotherm 
Each substance on the lett side of w inva chemical equation is a 

reactant b pre 6, coelficlen d. caly 
I energy in the form heat Is required for a chemical reaction to take place, the 
reaction Is 
« ewthermi b. reactant © balanced d. erothermi 
Hin chemical equation, the symbol that means “dissalyed is yrater” bs 
a th fea 4 
An example of a balance ical equation 
a. AGNO) + NaCloo4 Age) 9 2N: 
bh 2AyNO\ » ZNaCl-aNAgCl + 2N. 
© AgNO, * NaCh-aAgCl + NaNO. 
d. AgNO, + 2NUCI © AKCT-aAgCl + 

Assessment 
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sialadbaall 22: Chemical Reactions: 
a 

Science Content Background ' 
Chemical Changes 
Conservation of Mass 

mass, many consider eighteenth- 
century French scientist Antoine-Laurent 
Lavoisier to be the founder of modern chemistry. 
Lavoisier’s work, done during the late 1700s, 

included some of the first quantitative chemical 
experiments ever performed. He showed that the 
quantity of matter is the same at the end of a 
chemical reaction as it is at the beginning of the 
reaction. 

Teacher to Teacher 
Jaime A. Sullivan, 

South Caldwell High School 

Hudson, NC 

“One way to get a reaction out of the kids is to demonstrate 

with fire. In this case, | use a mixture of baking soda and vine- 

gar to produce carbon dioxide, then | douse a lit candle in the 

C0). Now that they're wondering how the flame was put out, 

| explain that a chemical reaction took place and | show them 

the chemical formulas for vinegar (aqueous acetic acid, 

GH,0>(aq)) and baking soda (sodium hydrogen carbonate, 

NaHCO3). | let them determine on their own (and they even- 

tually will) that what is actually produced is CO,(g).” 

Jaime A. Sullivan 

While most of Lavoisier’s experiments cen- 
tered on combustion, he also investigated the 
composition of water. In fact, he named the two 
components of water—hydrogen and oxygen. 
With the help of other scientists, he devised a 
chemical naming system that served as the basis 
of the modern system. 

Lavoisier held many public offices in France, 
working in areas such as finance, agriculture, 

education, hygiene, and social welfare. In these 
capacities, he attempted to introduce various 
reforms, among them changes in the French 
monetary and tax systems, and also in farming 

718E CHAPTER 23 Chemical Reactions 

For his work on conservation of 

methods. During the French Revolution, he and 
other influential French leaders fell out of favor. 

Lavoisier was arrested in 1793. On May 8, 1794, 

after a trial that lasted less than a day, Lavoisier 

and 27 others were beheaded. 

Prise Chemical Equations 
Balanced Equations 
A chemical equation must show 

g the identities and relative amounts 
of the reactants and products. However, it can 
also indicate the physical states of the reactants 
and products, whether energy is released or 
absorbed, and whether a catalyst is used. A 
chemical equation is not accurate unless the for- 
mulas are correct and the equation is balanced. 

Classifying Chemical 

Reactions 

Types of Reactions 
Most chemical reactions can be 

classified as one of five types of reactions: 
synthesis, decomposition, single-displacement, 
double-displacement, and combustion. In a 

double-displacement reaction, two elements 
replace one another in two different com- 
pounds. Double-displacement reactions occur 
only in solution and only if a precipitate, a gas, 
or water is formed. 

Charles D. Winters/Photo Researchers 



Reaction Rates and Energy 
Chemical Reactions and 
Energy 
Every reaction has a rate, or speed 

at which it proceeds. The study of reaction rates 
and reaction mechanisms is known as chemical 
kinetics. Temperature, concentration, particle 

size, Catalysts, and the nature of the reactants 
determine the reaction rate. The rate of a reaction 
is not constant throughout the course of the reac- 
tion because the rate is proportional to reactant 
concentration. The concentration of reactants 
decreases as reactants are converted to products. 
In other words, as the reactants are used up to 
form products, the reactants cannot find one 
another as often as they could in the beginning of 
the reaction. This decreases the rate of reaction. 
To counteract this slowdown, an excess of one 

reactant is often used to keep the reaction from 
becoming impractically slow. 

In 1888, the French chemist Henri Le 

Chatelier (1850-1936) set forth a simple impor- 
tant generalization on the behavior of equilibrium 
systems. This generalization, known as Le 
Chatelier’s principle, states that if a stress is 
applied to a system at equilibrium, the system will 
shift to relieve that stress and restore equilibrium 
under a new set of conditions. The application of 
Le Chatelier’s principle helps in predicting the 
effect of concentration, temperature, and volume 

on the rate of chemical reactions. 

Endergonic Reactions 
Catalysts are extremely important to industrial 
chemistry. Many industrial processes use catalysts 

to lower reaction temperatures, thus reducing 

energy costs. Once suitable catalysts are found, 

chemical reactions that are otherwise too slow to 

be of practical value may become cost-effective. 

Enzymes are large proteins that act as cata- 

lysts for biological reactions. The enzyme 

amylase found in human digestive systems 1s able 

Helping You Erepare 

to catalyze the breakdown of starch to yield 
glucose but has no effect on cellulose, even 
though the two compounds are similar. This is 
why humans can digest a hamburger bun, but not 
the grass that fed the cow. 

haprer conrent fesou Tces 

Internet Resources 

For additional content background, visit 

fl.gpescience.com to: 

e access your book online 

e find references to related articles in popular 

science magazines 

e access Web links with related content background 

e access current events with science journal topics 

Print Resources 

Chemicals and Reactions, Jon Richards, Copper Beach 

Books, Brookfield, CT, 2000 

Energy and Chemical Change, Brian J. Knapp, Grolier 

Educational, Danbury, CT, 1998 

Oxidation and Reduction, Brian J. Knapp, Grolier 

Educational, Danbury, CT, 1998 

Inquiry-Based Experiments in Chemistry, Valerie 

Lechtanski, Oxford University Press, 2000 

CHAPTER 23 Helping You Prepare 

John Paul Endress/The Stock Market 
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Chapter Vocabulary 
chemical reaction, p. 720 

reactant, p. 720 * 

product, p. 720 * 

chemical equation, p. 723 

balanced chemical equation, p. 726 vy 

comb y istion reaction, p. 730 
= 3 

mposition reaction, p. 

synthesis reaction, p. 

deco 

single-displacement reaction, 

p. 731 

double-displacement reaction, 

p.732 
activation energy, p.735 * 

endothermic reaction, p. 735 

rate of reaction, p. 738 * 

exothermic reaction, p. 738 

catalyst, p. 740 #* 
inhibitor, p. 740 

% FCAT Vocabulary 

Science Journal Most 
responses will be chemical 

reactions. 

~ ys \t oe — 

’ Chaprer preview _ 

4 withimage Bank _ 
eee 

PowerPoint* Presentations | 

This CD-ROM is an editable 

Microsoft~ PowerPoint™ 

presentation that includes: 

a pre-made presentation for 

every chapter 

interactive graphics 

animations 

auc 

image bank 

all 

que 

Sta 

transparencies 

10 clips bis 
& a 

ew section and chapter 
stions 

dardized ‘Test Practice 

Systems and Interactions Chemical reactions 
Foldables directions : ; : : ' depend on interactions among chemical com- 
links to fl.gpescience.com 

pounds. A chemical reaction can be considered to 

be a system into and out of which energy flows. 

718 2 ( CHAPTER 23 Chemical Reactions 

tall matter as observable, measurable properties. 
be changed in form with varying efficiency. 

All-American Chemistry 
Few things are as American as fireworks on 

the Fourth of July. The explosions of color t 

and deafening booms get huge reactions from 

crowds across the country. These sights and 

sounds are the results of chemical reactions 

involving various substances with oxygen. 

Science Journal Describe several cause-and-effect 

types of events that might happen in your refrigerator. Later, 

decide which of the events are chemical reactions. 

Fireworks All of the fireworks effects we enjoy, 

including the vibrant colors and the boom of the 

explosions, are the result of chemical reactions. The 

colors come from small amounts of metal ions-blue 

from copper, red from lithium, gold from sodium, 

and green from barium. The booms and bangs are 

the result of chemical reactions with oxygen. 



SS St 

Purpose Use this Launch Lab to 

introduce students to chemical 
FOLDABLES | 
Study Organizer 

Chemical Reactions Make the 

following Foldable to help you 

classify chemical reactions. 

GERD Fold a sheet of 
paper in half 

lengthwise. 

reactions and to the evidence that 

a chemical change has occurred. 

(2| GES ff} Visual-Spatial 

Preparation Prepare agar by 
dissolving about /2 teaspoon of 

agar in about 240 mL of water. 

Heat just until boiling. Cool 

slightly and stir in 2 mL of 1% 

phenolphthalein (in alcohol) 

solution. Pour enough solution 

into the petri dishes to partly 
submerge the nails. Strips of 

Mark four lines 

evenly spaced at cian 

even intervals ee 4 — m 

down the page. aluminum cut from aluminum 

| pie tins may be used in place of 
aluminum nails. WARNING: 

7 aluminum strips may have sharp 

Cut only the top | edges. For this lab, use only un- 

layer along the four fo | | coated nails. 

Blais te Wake swe | Materials agar mixture, petri 
tabs. Label the tabs : ; ES me: ca 
a a —— dishes, aluminum nails, iron nails 

‘ Teaching Strategy Ask students 
“oe how we know when a chemical 

change has taken place. evidence 

Classify As you read, record examples of each such as color changes 

type of reaction from the book, then review the 

4 chapter and list other examples mentioned in Think Critically 

pe seXTCL TigmURse{ Cou! aiealleiohs. Rusting involves many chemical reactions. 
Among them is the formation of iron 

hydroxides, which cause the phenolph- 

thalein to turn pink. The red-brown color 

that appears later indicates the formation 

of iron(II) oxide. Aluminum reacts 

slowly with oxygen, but this will not 

be visible here. 

Preview this chapter's content 

Mn line and activities at 
| 

Assessment 
Process Have students use colored 

markers to draw the two colors 

observed with the iron nail. Point 

out that these represent two dif- 
ferent reactions. [L2| 

[EV ts4 Dinah Zike 
eis «otudy Fold 

Student preparation materials for 

this Foldable are available in the 

Chapter Fasr Fize Resources. 
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| An editable Microsoft® 

=! PowerPoint® presenta- 

tion 1s available on Interactive 

Chalkboard CD-ROM. 

PowerPoint® Presentai 

Bellringer 

Section Focus ‘Transparencies 

also are available on the 

Interactive Chalkboard CD-ROM. 

[2] 

1 Beeches A Changing World eee 
Transparency 

This family is not only having fun, they're doing chemistry! Toast- 

ing marshmallows, burning wood, and getting energy from food all 
involve changes in substances. 

|. Describe what you see in this campfire scene. 

2, How do some of the things you named look different than they 

did before the fire was lit? 

3. How will the marshmallows continue to change if kept in thi 

\ ds Reading Preview 

m Tie to Prior Knowledge 

Observing Reactions Ask students 
to describe evidence they have 
observed of chemical reactions. 

Examples will vary but could include evolu- 
tion of a gas (baking soda and vinegar); 
production of heat and light (burning a 

fuel); color change (cooking a hot dog over 
a fire); formation of a precipitate (spoiling 
of milk.) 

Activate Background Know- 

ledge Place students in groups 
and have them brainstorm 

meanings of new vocabulary 
words. Assign a recorder in each 

group to take notes and share the 

group's ideas with the class. After 
students read the text, have them 
return to their groups to elabo- 

rate on their definitions. 

What \ow'll Learn 

= ldentify the reactants and 

@ Determine how a chemical 

reaction satisfies the law of 

conservation of mass. 

@ Determine how chemists 

express chemical changes 

using equations. 

Figure 1 Different parts of the 

atom are used in chemical and 

nuclear reactions. 

Identify how chemical bonds are 

formed. 

Chemical reactions use 

electrons to form new 

substances. 

Electron 

cloud 

Nucleus \ 
X 

Nuclear reactions use the - 

nucleus to form new 

substances. 

720 CHAPTER 23 Chemical Reactions 

| Reading Guide 

products in a chemical reaction. 

Me FCAT Vocabulary 

Why It’s Important New Vocabulary 

Chemical reactions cook our food, e@ chemical reaction 

warm our homes, and provide #% reactant 

energy for our bodies. % product 
e chemical equation 

® Review Vocabulary 
chemical change: change of one 

substance into a new substance 

Describing Chemical Reactions 
Dark mysterious mixtures react, gas bubbles up and 

expands, and powerful aromas waft through the air. Where 

are you? You are in the kitchen baking a chocolate cake. 

Nowhere in the house do so many chemical reactions take 

place as in the kitchen. 
Chemical reactions are taking place all around you and even 

within you. A chemical reaction is a change in which one or 

more substances are converted into new substances. The sub- 

stances that react are called reactants. The new substances pro- 

duced are called products. 

Chemical and Nuclear Reactions When chemical reac- 
tions occur, new compounds form when bonds between 

atoms in the reactants break and new bonds form. Recall that 

chemical bonds form when outer electrons, called valence 

electrons, are shared between atoms or are transferred from 

one atom to another. As a result, only the outer electrons of 

atoms are involved in chemical reactions. The nucleus of an 

atom is not affected by a chemical reaction. An atomic 

nucleus changes only when nuclear decay or a nuclear reac- 

tion, such as nuclear fission or fusion, occurs. The energy 
released by a nuclear reaction is millions of times greater 

than the energy released by a chemical reaction. Figure 1 

summarizes the difference between nuclear and chemical 
reactions. 

Chapter Fasr Fite Resources 

‘Transparency Activity, pp. 46, 51-52 

Directed Reading for Content Mastery, 

pp. 19-20 
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Enrichment, p. 31 

MiniLAB, p. 3 

Reinforcement, Dees, 



Conservation of Mass 
By the 1770s, chemistry was changing from the art of 

alchemy to a true science. Instead of being satisfied with a super- 
ficial explanation of unknown events, scientists began to study 
chemical reactions more thoroughly. Through such study, the 
French chemist Antoine Lavoisier established that the total mass 
of the products always equals the total mass of the reactants. 
This principle is illustrated in Figure 2. 

The Father of Modern Chemistry When Lavoisier 
demonstrated the law of conservation of mass, he set the field of 
chemistry on its modern path. In fact, Lavoisier is known today 
as the father of modern chemistry for his more accurate expla- 
nation of the conservation of mass and for describing a com- 
mon type of chemical reaction called combustion, which you 
will learn about later in this chapter. Lavoisier also pioneered 
early experimentation on the biological phenomena of respira- 

tion and metabolism that contributed early milestones in the 

study of biochemistry, medicine, and even sports medicine. 

[v, Readin g Chec How did Lavoisier’s contributions earn him the 

title of Father of Modern Chemistry? 

Nomenclature Antoine Lavoisier’s work led him to the con- 

clusion that language terminology would be critical to commu- 

nicate novel scientific ideas. Lavoisier began to develop the 

system of naming substances based on their composition that 

we still use today. In 1787, Lavoisier and several colleagues pub- 

lished Méthode de Nomenclature Chimique as one of the first sets 

of nomenclature guidelines. 

Before 
burning 

After 
burning 

Figure 2 The mass of the candles 

and oxygen before burning is 

exactly equal to the mass of the 

remaining candle and gaseous 

products. 

Describe the principle that is 

represented in this figure. 

SECTION 1 Chemical Changes 721 

Reading Strategy Differentiated Instruction 

Clarify Text Model this strategy by reading a 

challenging piece of text aloud. Demonstrate 

that when students encounter new vocabulary or 

difficult concepts, they can employ clarification 

strategies. As you read, articulate your thoughts, 

reread when necessary, and show students how to 

use the context of the passage to help them clarify. 

Challenge Photographs are made using a chemical 

reaction driven by exposure to light. Ask students 

to find out what metal is typically involved in the 

process. Silver ions in silver bromide (AgBr) can be changed 

to silver metal when exposed to light. [L3] [RY Linguistic 

Caption Answer 
Figure 1 Outer electrons are shared or 

transferred between atoms. 

Activity 
Table of Elements Lavoisier was an 
early contributor to what became 
the periodic table of elements. 
Have students use the library to 

find names of other scientists who 

helped shape and fill the table. 

Nomenclature Students may 
think that there is only one form 
of nomenclature that serves all 
branches of science. Explain — 
that different disciplines have | 
different forms of specific no- 
menclature, but at the same | 

time emphasize that nomencla- 
ture is consistent within each | 
area. Also™semphasizessthars 
guidelines are established to 
maintain consistency and uni- 
formity and that the guidelines 
for nomenclature are often — 
similar across disciplines. ‘Uhis 
makes it possible for scientists 
whose work crosses scientific 
boundaries to communicate | 
effectively. 

Answer He explained the theory 
of conservation of mass and was 
key in developing modern chemical 
nomenclature. 

Caption Answer 
Figure 2 law of conservation of mass 
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Use an Analogy 
Balancing a Ledger Lavoisier’s 
background included tax collect- 
ing and auditing. Balancing a 
ledger is somewhat like balanc- 
ing a chemical equation. One 
must carefully consider what 
goes in and what comes out 
without losing anything. 

‘ey Quick Demo 
7 Conservation of Mass 

Materials balance, Erlenmeyer 
flask, sodium carbonate, water, 

calcium chloride, stopper, test 
tube 

Estimated Time 15 minutes 

Procedure Add 0.50 g of sodium 
carbonate and 25 mL of water in 

the flask. Add 10 mL of water 

and 0.10 g of calcium chloride to 
a small test tube. Put the test 

tube in the flask. Weigh the flask 
and contents. Shake the stop- 

pered flask so that the tube 
contents mix with the flask con- 

tent. Reweigh the stoppered 
flask. The mass of the flask and 

contents remain the same. 

GB Ji) Visual-Spatial 

ry, Reading Check 

Answer Ina chemical reaction, matter is 

not created or destroyed. 
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Figure 3 Antoine 
Lavoisier’s wife, Marie- 

Anne, drew this view of 

Lavoisier in his laboratory 

performing studies on oxy- 

gen. She depicted herself at 

the right taking notes. 

Sciencep NINE 
Topic: Antoine Lavoisier 

Visit fl.gpescience.com for Web 

links to information about Antoine 

Lavoisier and his contributions to 

chemistry. 

Activity In your Science Journal, 

write a brief biography of Antoine 

Lavoisier that includes some of his 

non-scientific activities and politi- 

cal interests, as well as his scien- 

tific contributions. 
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Lavoisier’s Contribution One of the questions that moti- 
vated Lavoisier was the mystery of exactly what happened when 

substances changed form. He began to answer this question by 

experimenting with mercury. In one experiment, Lavoisier 

placed a carefully measured mass of solid mercury(II) oxide, 

which he knew as mercury calx, into a sealed container. When he 

heated this container, he noted a dramatic change. The red pow- 

der had been transformed into a silvery liquid that he recog- 

nized as mercury metal, and a gas was produced. When he 

determined the mass of the liquid mercury and gas, their com- 

bined masses were exactly the same as the mass of the red pow- 

der he had started with. 

mercury(II) oxide 

10.0 g 

oxygen plus mercury 

0.7 + 9.32 ll 

Lavoisier also established that the gas produced by heating 

mercury(II) oxide, which we call oxygen, was a component of 

air. He did this by heating mercury metal with air and saw that 

a portion of the air combined to give red mercury(II) oxide. He 

studied the effect of this gas on living animals, including him- 

self. Hundreds of experiments carried out in his laboratory, as 

shown in Figure 3, confirmed that in a chemical reaction, mat- 

ter is not created or destroyed, but is conserved. This principle 

became known as the law of conservation of mass. This means 

that the total starting mass of all reactants equals the total final 
mass of all products. 

faite") What does the law of conservation of mass state? 

Curriculum Connection 

History Have students research and write a short 

report about the time period in France in which 
Lavoisier lived (mid- to late-eighteenth century). 

For comparison and perspective, have them 
relate the same period to the happenings in 
America. BA I) Linguistic 

CHAPTER 23 Chemical Reactions 

Differentiated Instruction 

English-Language Learners Express to the class that 
scientists from many countries have made signifi- 
cant contributions to general science. Recount the 
scientific contributions of the Frenchman 
Lavoisier and have non-English language speak-_ 
ers read a chemical reaction so they can recognize 
that the formulas and notation are the same, 
regardless of the language of the scientist. 



Writing Equations 
If you wanted to describe the chemical reaction shown 

in Figure 4, you might write something like this: 

Nickel(II) chloride, dissolved in water, plus sodium 
hydroxide, dissolved in water, produces solid nickel(II) 
hydroxide plus sodium chloride, dissolved in water. 

This series of words is rather cumbersome, but all of the 
information is important. The same is true of descriptions 
of most chemical reactions. Many words are needed to state 
all the important information. As a result, scientists have 
developed a shorthand method to describe chemical reac- 
tions. A chemical equation is a way to describe a chemical 
reaction using chemical formulas and other symbols. Some 

of the symbols used in chemical equations are listed in 
Table 1. 

The chemical equation for the reaction described above 

in words and shown in Figure 4 looks like this: 

NiCl,(aq) + 2NaOQH(aq) — Ni(OH),(s) + 2NaCl(aq) 

On the left side of the equation are the reactants, 

nickel(II) chloride and sodium hydroxide. On the right side 

of the equation are the products, nickel(II) hydroxide and 

sodium chloride. 

It is much easier to tell what is happening by writing the 

information in this form. Later, you will learn how chemi- 

Table 1 Symbols Used in 

Chemical Equations 

Symbol Meaning 

3 produces or yields 

+h plus 

(s) solid 

(I) liquid 

(9) gas 

(aq) aqueous, a substance 

is dissolved in water 

heat the reactants are heated 
a 

light the reactants are 

3 exposed to light 

elec. an electric current is 

=> applied to the reactants 

cal equations make it easier to calculate the quantities of 

reactants that are needed and the quantities of products 

that are formed. 

RLU ULLELLLL 

sodium hydroxide 

ride. Sodium chlor 

product formed, is 

Figure 4 A white precipitate of 
nickel(Il) hydroxide forms when 

is added toa 

green solution of nickel(II) chlo- 

ide, the other 

in solution. 
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Science Journal 

Soda Coefficients Have students calculate the total 

amount of soft drink in two 2-L bottles, three six- 

packs of 355-mL cans, and one case of 355-mL 

cans. Total = 4,000 + 6,390 + 8,520 = 18,910 mL. 

The coefficients in 2 bottles, 3 six-packs, and I case 

indicate the number of packaged units. Coef- 

ficients in a chemical equation indicate the 

number of units of atoms. 

Chemist Symbols Some chemists 
symbol (cr) to represent s solids that are 

\ structure. 

Teacher 
, & 
use the 

a 

crystals and (amor) to represent amor- c 
phous solids, which have no definite | 

Pes) 

peers SE 

Use an Analogy 
Baseball Scores Have a baseball 
coach or interested student bring 
in a scorer’s record book from 

a baseball game. The records 
are kept for each inning with 
accepted symbols for events such 
as strikeout (K), home run (HR), 

infield out made by throw from 
third to first base (5-3), etc. The 
symbols in baseball allow a great 
deal of information to be re- 

corded accurately in a small space. 
Chemical equations do this as 

well. Logical-Mathematical 

Discussion 

Burning Copper Burning a piece of 
copper in a flame will produce a 
product that has a greater mass 
than the original copper. Why 
doesn’t this violate the law of 
conservation of mass? The mass of 

oxygen participating in the burning 
process must be included as part of the 
mass of the reactants. Logical- 
Mathematical 

Fun Fact 
Lavoisier was an early advocate of 

the use of chemical equations. He 
used symbols to show both the 
identity and quantity of materials in 
reactions and thought that algebra 
was the best language for express- 

ing scientific information. He wrote, 
“In order to show at a glance the 
results of what happens .. . | have 

constituted formulae of a kind that 
could at first be taken for algebraic 
formulae .. .” 

SECTION 1 Chemical Changes 723 



Video Lab available. 

Purpose Students see that coef- 

ficients are not conserved in a 

chemical equation but that mass 
is. Logical-Mathematical 

Materials 15 index cards per 
student, markers 

Safety Precautions Request assis- 
tance from a parent or guardian. 

Teaching Strategy Sugeest stu- 
dents redo the activity, varying 
the composition of a team. 

Analysis 

1. GyF2G 2 guards + 2 forwards + 

1 center — 1 team 

The equation uses coefficients like 
a chemical equation, and it shows 

conservation of mass. Only a specific 
number of each type of player can 

be used per team. Those left over sit 
on the bench (cannot be used). 
The total number of cards at the 
beginning equals the number of 

leftover cards plus the cards being 
used for the team. 

2 

WwW 

Assessment 

Oral Ask students how many 
guards would be needed to 
make four teams. 4 X 2 = 8 
How many complete teams 
could be made around 5 cen- 
ters? 5 X 1 = 5 teams How many 
players would be left over when 
the following players assembled 
to make teams: 10 guards, 9 for- 
wards, and 5 centers? = 4teams 

with 1 extra forward, 1 extra center, 
2 extra guards Use PASC, p. 101. 

(% Reading Check 

Answer They act as unit managers, 

representing the number of units of 
each substance taking part in a reaction. 

Designing a Team 

Equation 

Procedure 

1. Obtain 15 index cards and 

mark each as follows: five 

with Guard, five with 

Forward, and five with 

Center. 

. Group the cards to form as 

many complete basketball 

teams as possible. Each 

team needs two guards, 

two forwards, and one 

center. 

Analysis 
1. Write the formula for a 

team. Write the formation 

of a team as an equation. 

Use coefficients in front of 

each type of player needed 

for a team. 

. How is this equation 

like a chemical equation? 

Why can’t you use the 

remaining cards? 

. How do the remaining 

cards illustrate the law 

of conservation of matter 
in this 

example? 

NP + 

Nicl, 

724 CHAPTER 23 Chemical Reactions 

Unit Managers 
What do the numbers to the left of the formulas for reactants 

and products mean? Remember that according to the law of 

conservation of mass, matter is neither made nor lost during 

chemical reactions. Atoms are rearranged but never lost or 

destroyed. These numbers, called coefficients, represent the 

number of units of each substance taking part in a reaction. 

Coefficients can be thought of as unit managers. 

~~ j function of coefficients in a chemical ¥, Reading Chec What is the 
equation? 

Imagine that you are responsible for making sand- 

wiches for a picnic. You have been told to make a certain 

number of three kinds of sandwiches, and that no substi- 

tutions can be made. You would have to figure out exactly 

how much food to buy so that you had enough without 

any food left over. You might need two loaves of bread, 

four packages of turkey, four packages of cheese, two 

heads of lettuce, and ten tomatoes. With these supphes 

you could make exactly the right number of each kind of 

sandwich. 

In a way, your sandwich-making effort is like a chemical 

reaction. The reactants are your bread, turkey, cheese, lettuce, 

and tomatoes. The number of units of each ingredient are 

similar to the coefficients of the reactants in an equation. The 

sandwiches are similar to the products, and the numbers of each 

kind of sandwich are similar to the coefficients. 

Knowing the number of units of reactants enables chemists 

to add the correct amounts of reactants to a reaction. Also, these 

units, or coefficients, tell them exactly how much product will 

form. An example of this is the reaction of one unit of NiCl, 

with two units of NaOH to produce one unit of Ni(OH), and 

two units of NaCl. You can see these units in Figure5. 

Figure 5 Each coefficient in the equation represents 

the number of units of each type in this reaction. 

ay 2Na0H => Ni(OH)> ai 2Nacl 

Visual Learning 

Figure 5 Have students count the atoms in the 

illustration and match them with the formulas in 
the equation. Point out which atoms combine to 
form each product. v2] TN Visual-Spatial 
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Post Reading 

Science Journal Have students respond to the 
following prompt in their Science Journals: 
What did you learn by reading about chemical 
reactions, chemical equations, and the law of 
conservation of mass? Encourage students to 
include their own opinions and thoughts regard- 
ing what they read. 
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2 a SencemaeaReRANniNi lanai sini ail Figure 6 This time line of 
1787 1820 1882 1919 1957 nomenclature development and 

Cc CINTEGRATE IUPAC Antoine Lavoisier and his col- : 
Pak i 7 3 Aa : ae 
Fes History leagues understood the importance of : ture organizations for almost every 

using a nomenclature system that helps scientists communicate 
their data. Since that time, the guidelines have continued to 
evolve with scientific discovery. In 1919, the International Union 
of Applied Chemistry (IUPAC) was formed. The primary mis- 
sion of the IUPAC is to coordinate guidelines for naming chem- 
ical compounds systematically. Figure 6 illustrates some of the 
early events in nomenclature development. 

In addition to chemical nomenclature, IUPAC also is 
responsible for standardizing chemistry methods, evaluating 

atomic weights and environmental programs, along with many 
other areas relating to chemistry. 

section 1" TEVIELL . 

Summary 

Describing Chemical Reactions 

@ A chemical reaction is a process that involves 

one or more reactants changing into one or 

more products. 

@ In chemical reactions and nuclear reactions, 

different parts of the atom form new 

substances. 

Conservation of Mass 

@ A basic principle of chemistry is that matter, 

during a chemical change, can neither be 

created nor destroyed. 

Writing Equations 

@ Chemical equations describe the change of 

reactants to products and obey the law of 

conservation of mass. 

Unit Managers 

© Coefficients represent how many units of each 

substance are involved in a chemical reaction. 

More Section Review fl.gpescience.com 

. Identify the reactants and the products in the following 

. Identify the state of matter of each substance in the 

. Compare and contrast a chemical reaction and a 

. Explain the importance of the law of conservation of mass. 

. Think Critically How would global communication 

. Solve One-Step Equations When making soap, if 

publications does not end in 1957. 

In fact, today there are nomencla- 

branch of scientific study, and the 

rules and guidelines for naming 

substances continue to evolve. 

Self Check 

chemical equation. 

Cd(NO3),(aq) + H,S(g) —> CdS(s) + 2HNO,(aq) 

following reaction. 

Zn(s) + 2HCI(aq) —> H,(g) + ZnC,(aq) 

nuclear reaction. 

between scientists have been changed if IUPAC had not 

been established? 

~ Applying Math — 

890 g of a specific fat react completely with 120 g of 

sodium hydroxide, the products formed are soap and 

92 g of glycerin. Calculate the mass of soap formed to 

satisfy the law of conservation of mass. 

SECTION 1 Chemical Changes 725 

: section GI revielu 

1. reactants: Cd(NO3)) and H2S; chemical reaction, the electrons are 5. Scientists from different countries 

products: CdS and HNO3 rearranged to create new bonds. In would have a difficult time 

2. Znis.a solid, HCl is dissolved in a nuclear reaction, the nucleus of discussing discoveries due to a lack 

water, H) is a gas, and ZnCl is the atom is changed. of a common language. 

dissolved in water. 4. The law of conservation of mass 6. 890 + 120 = 1,010 g of reactant, 

3. Both reactions produce a change, explains why matter in the universe which must equal 1,010 g of product; 

resulting in a new product. In a does not go away permanently. 1,010 — 92 = 918 g of soap. 

Be | MA.D.2.4.1 

side Logical-Mathematical 

Content 
Background 

IUPAC is an_ international 

organization with one mission of 

promoting free exchange of 
scientific information. There are 

C_CINTEGRATE 
Mad HIStory 

65 countries whose scientists 

are affiliated with IUPAC. 

Countries such as Croatia and 

the Netherlands are members 

of TUPAC. 

Check for Understanding 
Chemistry Flashcards Create a set 
of chemistry flashcards by writing 
the chemical formulas for a vari- 
ety of substances on standard 
index cards. Also write several 
forward-pointing arrows on some 
cards. Have students create basic 
chemical reactions demonstrating 
the concept of “reactants produce 
products”. Remember when cre- 
ating the flashcards to include 
appropriate product substances to 
pair with the reactants. 

Reteach 

Understanding Coefficients Show 
that the balanced equation for 
the decomposition of water is 
2H,O > 2H> + O>. Ask stu- 

dents to use the coefficients to 
determine the number of hydro- 
gen and oxygen atoms on each 
side of the equation. 4 hydrogens 
and 2 oxygens on the left side and 4 
hydrogens and 2 oxygens on the right 

™; Assessment 
Performance Have students ex- 

amine this unbalanced equation 
for the rusting of iron (Fe + 

O7 + H,0 > Fe O3 + 3H»O) to 

determine the products and 

reactants and use coefficients to 

balance the equation. 4Fe + 

30) a 6H,0 —- 2Fe,03 : 3H,0 

Use PASG, p.. 101: 
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bs 5 : -® 

aS An editable Microsoft" 
- @® 

—— = PowerPoint® presenta- 

tion is available on Interactive 

Chalkboard CD-ROM. 

Bellringer 

Section Focus ‘Transparencies 

also are available on the 

Interactive Chalkboard CD-ROM. 

[L2] E> 

Balances have been used for a very long time to compare the 
weights of different objects. Usually, an unknown weight is put in one 

pan and known weights are put in the other until the two pans are 

even, Chemical equations are balanced in a similar fashion. 

1. How is the arrow in a chemical equation like the fulcrum of a 

balance? 

2. If you could put all the reactants of a chemical reaction in one pan 

of a balance and all the products in the other pan, would the two 

pans be even? Explain. 

Reading Preview 

Tie to Prior Knowledge 

Building Blocks Ask students if 
they remember attachable plastic 

building blocks. Remind stu- 
dents that the structures could be 

disassembled to make different 

objects from the same blocks. In 

a similar way, a balanced chemi- 

cal equation represents the 
rearrangement of a set of atoms 
into new compounds. 

Word Analysis The new vocab- 

ulary term balanced chemical 

equation 1s composed of three 
words. Have students determine 

the meaning of each word. Then 
ask them to predict the meaning 

of the whole term. As they read, 
students may verify or modify 
their understanding of the term. 

What You'll Learn 

= Identify what is meant by a bal- 

anced chemical equation. 

= Determine how to write bal- 

anced chemical equations. 

Figure 7 Mercury metal forms 
when mercury oxide is heated. 

Because mercury is poisonous, this 

reaction is never performed ina 

classroom laboratory. 

Reading Guide : 

© Review Vocabulary 
subscript: in a chemical formula, a 

number below and to the right of a 

symbol indicating number of atoms 

Why It’s Important 

Chemical equations are the lan- 

guage used to describe chemical 

change, which allow scientists to 

develop products for our world. 
New Vocabulary 

@ balanced chemical equation 

Balanced Equations 
Lavoisier’s mercury(II) oxide reaction, shown in Figure 7, 

can be written as: 

heat 

EeO(s) — > Hee.0),(2) 

Notice that the number of mercury atoms is the same on both 

sides of the equation but that the number of oxygen atoms is not 

the same. One oxygen atom appears on the reactant side of the 
equation and two appear on the product side. 

Atoms Heol Hg + O, 

Hg l l 

O l 2 

But according to the law of conservation of mass, one oxygen 

atom cannot just become two. Nor can you simply add the sub- 
script 2 and write HgO, instead of HgO. The formulas HgO, 

and HgO do not represent the same compound. In fact, HgO, 

does not exist. The formulas in a chemical equation must accu- 

rately represent the compounds that react. 

Fixing this equation requires a process called balancing. 

Balancing an equation doesn’t change what happens in a reac- 

tion—it simply changes the way the reaction is represented. The 

balancing process involves changing coefficients in a reaction to 

achieve a balanced chemical equation, which has the same 

number of atoms of each element on both sides of the equation. 

Chapter Fast Fire Resources 

‘Transparency Activity, p. 47 

Directed Reading for Content Mastery, p. 20 

Lab Activity, pp. 13-16 
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Reinforcement, p. 28 

Enrichment, p. 32 

Home and Community Involvement, p. 46 



Choosing Coefficients Finding out which coefficients to 
use to balance an equation is often a trial-and-error process. In 
the equation for Lavoisier’s experiment, the number of mercury 
atoms is balanced, but one oxygen atom is on the left and two 
are on the right. If you put a coefficient of 2 before the HgO on 
the left, the oxygen atoms will be balanced, but the mercury 
atoms become unbalanced. To balance the equation, also put a 2 
in front of mercury on the right. The equation is now balanced. 

Atoms 2HgO — _ 2Hg + O 2 
Hg 2 2 

O 2 2 

Balancing Equations Magnesium burns with such a bril- 

liant white light that it is often used in emergency flares as 

shown in Figure 8. Burning leaves a white powder called mag- 

nesium oxide. To write a balanced chemical equation for this 

and most other reactions, follow these four steps. 

Step 1 Write a chemical equation for the reaction using 

formulas and symbols. Recall that oxygen is a diatomic molecule. 

Mg(s) + O,(g) > MgO(s) 

Step 2 Count the atoms in reactants and products. 

Atoms Mg sa ON NO 

Mg | 

O 2 1] 

The magnesium atoms are balanced, but the oxygen atoms are 

not. Therefore, this equation isn’t balanced. 

Step 3 Choose coefficients that balance the equation. 

Remember, never change subscripts of a correct formula to bal- 
ance an equation. Try putting a coefficient of 2 before MgO. 

Mg(s) + O,(g) + 2MgO(s) 

Step 4 Recheck the numbers of each atom on each side of the 

equation and adjust coefficients again if necessary. Now two Mg 

atoms are on the right side and only one is on the left side. So a 

coefficient of 2 is needed for Mg to balance the equation. 

2Mg(s) + O,(g) > 2MgO(s) 

coefficients? 

How can you balance a chemical equation using 

SECTION 2. Chemical Equations 

Sciencep ING 
Topic: Balancing Chemical 

Equations 

Visit fl.gpescience.com for Web 

links to information about 

balancing chemical equations. 

Activity Using the Web links, 

locate a website that offers prac- 

tice problems for balancing chemi- 

cal equations. Copy several of the 

unbalanced equations in your 

Science Journal and try to balance 

them. Check your work against the 

answers on the web site when you 

are done. 

Figure 8 Magnesium combines 
with oxygen, giving an intense 

white light. 
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Differentiated Instruction 

Learning Disabled The concept of coefficients may Challenge Safety air bags in automobiles depend 

be difficult for students to understand. ‘Take time ona chemical reaction to inflate. Have students 

to relate the use of coefficients in chemical equa- supply the coefficients needed to balance the 

tions to the students’ mathematics experience. In equation: NaN3(s) > Na(g) + No(g) 

this instruction use simple, non-chemical examples ?NaN2(s) > 2Na(s) + 3N(g) 

to illustrate the concept of coefficients. 

produ: 

Fun Fact 
Air bags should really be called 
nitrogen bags. They are not filled 

with air, but with nitrogen. 

'%, Reading Check 

Answer by atrial-and-error process, then 
by counting the number of atoms of reac- 
tant and product molecules 

Reading Strategy 

Synthaslze and Summarize 

Have students summarize the steps 
required to balance a chemical 
equation. Remind them that they 
should put ideas together in a con- 
densed form using their own 
words. This requires synthesizing. 
Ask students to include an example 
in their summaries to help clarity. 

Discussion 

Balancing Strategies Discuss with 
the class various techniques or 
strategies that might be helpful 
for students to visualize the 
number of atoms on each side of 
the equation and work through 
the process of assigning coeffi- 
cients. Encourage students to 
share their individual processes. 
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Applying 
Math Standards 

National: 1, 2,9, 10 

Florida: MA.D.2.4.1 

Answers to 
Practice Problems 

1. 2HC| + Na,C03 — 2NaCl + 

H,0 + C0, 

2. 2NaOH + CaBr) — Ca(OH), + 
2NaBr 

Students may think that when — 
the body of a car rusts away, 
leaving holes in the metal, that — 
the law of conservation of mat- 

ter is not obeyed: Explain that 
the corrosion of iron in the 

presence of water and oxygen in | 
fact does obey the law, and rein- — 
force this fact by introducing | 
the chemical equation for the 
oxidation of iron: 4Fe(s) + 

| 30;(p) 52 Fe,0,00. 

antima 
“o. In Balance What is a 

balanced chemical equation? 

rey hatiteg i ttar@ Use Coefficients 

BARIUM SULFATE REACTION A sample of barium sulfate is placed on a piece of paper, which 

is then ignited. Barium sulfate reacts with the carbon from the burned paper producing 

barium sulfide and carbon monoxide. Write a balanced chemical equation for this 

reaction. 

| IDENTIFY | known values 

We know the substances that are involved in the reaction. From this, we can 

write a chemical equation showing reactants and products. 

BaSO,(s) + C(s) + BaS(s) + CO(g) 

| SOLVE | the problem 

The chemical equation above is not balanced. There are more oxygen atoms 

on the left side of the equation than there are on the right side. This must be 

corrected while keeping all other atom counts in balance. Begin to balance 

the equation by first counting and listing the atoms before and after the 

reaction. 

Kind of Number of Atoms Number of Atoms 

Atom Before Reaction After Reaction 

Ba l 

S ] 

O 1 

G ] 

Next, adjust the coefficients until all atoms are balanced on the left and right 

sides of the arrow. Try putting a 4 in front of CO. Now you have 4 oxygen 

atoms on the right, which balances on both sides, but the carbon atoms 

become unbalanced. To fix this, add a 4 in front of the C in the reactants. 

The balanced equation looks like this: 

BaSO,(s) + 4C(s) — BaS(s)+ 4CO(g) 

| CHECK | your answer 

Count the number of atoms on each side of the equation and verify that they 

are equal. 

Practice Problems 

1. Balance this equation: NaOH(aq) + CaBr,(aq) > Ca(OH),(s) + NaBr(aq). 

2. HCl is slowly added to aqueous Na,CO, forming NaCl, H,O, and CO,,. Follow the steps 

above to write a balanced equation for this reaction. 

For more practice problems, go to page 879, and visit Math Practice at fl.gpescience.com. 

728 CHAPTER 23. Chemical Reactions 

‘@» Post Reading 

Fix-Up Strategy Model this strategy by going 

back to a challenging section of text. Articulate 
your thoughts. Make a connection between 
real-world concepts and the material in the text. 
Predict, stop to think, visualize, retell what 

you've read, and reread. Allow students to prac- 
tice this strategy with a partner. 

728 CHAPTER 23 Chemical Reactions 



Polish Your Skill When lithium metal is treated with water, 
hydrogen gas and lithium hydroxide are produced, as shown in 
Figure 9. 

Step 1 Write the chemical equation. 

Li(s) + H,O — LiOH(aq) + H,(g) 

Step 2 Check for balance by counting the atoms. 

Atoms) ey TOR a LIOH sc HH, 

Li ] l 

H 2 | 2 

O I l Figure 9 When lithium metal is 

added to water, it reacts, produc- 

ing a solution of lithium hydroxide 

and bubbles of hydrogen gas. 

This equation is not balanced. There are three hydrogen 
atoms on the right and only two on the left. Complete steps 3 
and 4 to balance the equation. After each step, count the atoms 
of each element. When equal numbers of atoms of each element 

are on both sides, the equation is balanced. The balanced chem- 
ical equation looks like this: 

2Li + 2H,O > 2Li0H + H, 

The coefficients and subscripts are multiplied together, not 

added, to determine the correct number of atoms for each element. 

Section | 2 Teview 

. Self Check 
. Describe two reasons for balancing chemical equations. 

Summary 

Balanced Equations 

@ A chemical equation is a way to indicate reac- . Balance this chemical equation: Fe(s) + 0,(9) —> FeO(s). 

tants and products and relative amounts of . Explain why oxygen gas must always be written as 0, 

each. in a chemical equation. 

A balanced chemical equation tells the exact . Infer What coefficient is assumed if no coefficient is 
number of atoms involved in the reaction. written before a formula in a chemical equation? 
Balanced chemical equations must satisfy the 

law of conservation of matter; no atoms of 

reactant or product can be lost from one side 

to the other. 

Coefficients are used to achieve balance ina 

chemical equation. 

. Think Critically Explain why the sum of the coefficients 

on the reactant side of a balanced equation does not 

have to equal the sum of the coefficients on the product 

side of the equation. 

Applying Math 

. Use Numbers Balance the equation for the reaction 

Fe(s) + Cl,(g) — FeCl, (s). 

Chemical equations cannot be balanced 

by adjusting the subscript numerals in 

compound names because doing so would 

change the compounds. 

More Section Review fl.gpescience.com SECTION 2. Chemical Equations 729 

A Le ty as & ee Ce 

section Ae) review 

1. Conservation of mass requires that 2. 2Fe + 0)—> 2Fe0 

the number of atoms of anelement 3. Oxygen gas exists as a diatomic 

on the left side equals the number molecule. number of atoms. 

of atoms onthe right side. Balanced 4. 1 
equations accurately depict chemi- 

cal changes. 

Be | MA.D.2.4.1 

5. The coefficients represent the num- 
ber of units of a compound, not the 

6. 2Fe(s) + 3Cl2(g) > 2FeCs(s) 

JAILY INTERVENTION 

Check for Understanding 
Logical-Mathematical Bring a dis- 
posable butane lighter to class. 
Write the formula for butane, 
C4H 0, on the chalkboard, and as 

you light the lighter, ask students 
to identify the chemical reaction 
taking place. Oxygen is combining with 

the carbon and hydrogen to produce 
water and carbon dioxide. Have them 
write and balance the equation 
for the reaction. 2G4Hy) + 130) > 

8C0) + 10H,0 [c3) 19 

Reteach 

Molecular View Using the style of 
Figure 5, draw on the chalkboard 
the structures of Ca(OH) , 

H3aPOg, Ca3(POa)o, and EO: 

Tell students that calcium hy- 
droxide reacts with hydrogen 
phosphate to produce calcium 
phosphate and water. Ask students 
to write the balanced chemical 
equation for this reaction. 
3Ca(OH), + 2H3P04 — Ca3(PO,4). + 

6H)0 Visual-Spatial 

poy 
ed 

; Assessment 
4 

Performance Have students draw 
Venn diagrams to contrast the 
changes in chemical reactions 
with those in nuclear reactions. 

In a chemical change, the atoms do not 
change their basic identity. In nuclear 
changes, the identity of an atom is 
often changed. Use PASC, p. 167. 

LP HE) 
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An editable Microsoft® 

presenta- | per = PowerPoint® 

tion is available on Interactive 

Chalkboard CD-ROM. 

Bellringer 

Section Focus Transparencies 

also are available on the 

} 

Interactive Chalkboard CD-ROM. 

[L2] 

3 Sie Free the Nitrogen! 
Transparency 

Nitrogen is the most abundant gas in the atmosphere. However, in é 
the atmosphere, nitrogen is held in molecules by very strong triple 
bonds. In order to be used by living things, these triple bonds need to 
be broken. Lightning can supply energy that frees nitrogen atoms to 

form new compounds. 

|. Do the nitrogen atoms freed by lightning undergo a chemical or 

physcial change? 

2. Describe what happens to the atoms in the reaction 

N, + 0, 3 2NO. 

. de Reading Preview 

Tie to Prior Knowledge 

Chemical Reactions “The new vocab- 
ulary describes the five general 
types of chemical reactions. Ask 
students to think of situations in 

which these terms are used. 

Combustion—burning; Synthesis—join- 
ing carbon dioxide and water; 
decomposition—one substance converting 
to others as it falls apart, single and double 
displacement—-similar to collectors trading 
one or two souvenirs. 

Morphological Word Analysis 

Ask students to look at word parts 
they know within the term decom- 
position reaction. Discuss the 
meaning of the prefix de- and re-, 

and the words compose, composi- 
tion, act, and action. Show students 
how meanings are hidden within 
words. 

730 CHAPTER 23 Chemical Reactions 

What Vou'll Learn 
m {dentify the five general types of 

chemical reactions. 

= Identify redox reactions. 

= Predict which metals will 

replace other metals in 

compounds. 

Figure 10 Rust has accumulated 
on the Jitanic since it sank in 1912. 

identify the general formula for a 

synthesis reaction. 

730 CHAPTER 23 Chemical Reactions 

Classifying Chemical 
Reactions 

Reading Guide 

Why It’s Important 

Classifying chemical reactions helps 

to understand what is happening and 

predict the outcome of reactions. 

New Vocabulary 

e combustion reaction 

@ synthesis reaction 

e decomposition reaction 

e single-displacement reaction 

® Review Vocabulary e double-displacement reaction 

states of matter: the physical forms 

in which all matter naturally exists, 

most commonly solid, liquid, and gas 

Types of Reactions 
You might have noticed that there are all sorts of chemical reac- 

tions. In fact, there are literally millions of chemical reactions that 

occur every day, and scientists have described many of them and 

continue to describe more. With all these reactions, it would be 

impossible to use the information without first having some type 

of organization. With this in mind, chemists have defined five main 

categories of chemical reactions: combustion, synthesis, decompo- 

sition, single displacement, and double displacement. 

Combustion Reactions If you have ever observed some- 
thing burning, you have observed a combustion reaction. As 

mentioned previously, Lavoisier was one of the first scientists to 

accurately describe combustion. He deduced that the process of 

burning (combustion) involves the combination of a substance 

with oxygen. A combustion reaction occurs when a substance 

reacts with oxygen to produce energy in the form of heat and 

light. Combustion reactions also produce one or more products 

that contain the elements in the reactants. For example, the 

reaction between carbon and oxygen produces carbon dioxide. 

Many combustion reactions also will fit into other categories of 

reactions. For example, the reaction between carbon and oxygen 

also is a synthesis reaction. 

Section 3 Resource Manager 

Chapter Fasr Fite Resources 

‘Transparency Activity, p. 48 
Enrichment, p. 3: 
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Synthesis Reactions One of the easiest reaction types 
to recognize is a synthesis reaction. In a synthesis reaction, 
two or more substances combine to form another substance. 
The generalized formula for this reaction type is as follows: 
A + B— AB. 

The reaction in which hydrogen burns in oxygen to form 
water 1s an example of a synthesis reaction. 

2H,(g) + O,(g) > 2H,O(g) 

This reaction is used to power some types of rockets. Another 
synthesis reaction is the combination of oxygen with iron in the 
presence of water to form hydrated iron(II) oxide or rust. This 
reaction is shown in Figure 10. 

Decomposition Reactions A decomposition reaction is 
just the reverse of a synthesis. Instead of two substances coming 

together to form a third, a decomposition reaction occurs when 

one substance breaks down, or decomposes, into two or more 

substances. The general formula for this type of reaction can be 
expressed as follows: AB—> A + B. 

Most decomposition reactions require the use of heat, 

light, or electricity. An electric current passed through water 

produces hydrogen and oxygen as shown in Figure 11. 

elec. 

ZrO eb (ey<e O5I g) 

Single Displacement When one element replaces another 
element in a compound, it is called a single-displacement 
reaction. Single-displacement reactions are described by the 

general equation A + BC — AC + B. Here you can see that 

atom A displaces atom B to produce a new molecule AC. A 

single displacment reaction is illustrated in Figure 12, where a 

copper wire is put into a solution of silver nitrate. Because cop- 

per is a more active metal than silver, it replaces the silver, form- 

ing a blue copper(II) nitrate solution. The silver, which is not 

soluble, forms on the wire. 

Cu(s) + 2AgNO,(aq) — Cu(NO,), (aq) + 2Ag(s) 

Ar ee Describe a single-displacement reaction. 

Figure 11 Water decomposes 

into hydrogen and oxygen when 

an electric current is passed 

through it. A small amount of 

sulfuric acid is added to increase 

conductivity. Notice the propor- 

tions of the gases collected. 

Describe how this is related to the 

coefficients of the products in the 

equation. 

Figure 12 Copper ina wire 

replaces silver in silver nitrate, 

forming a blue-tinted solution 

of copper(II) nitrate. 
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Visual Learning j=. Reading Strategy 

Caption Answer 
Figure 10 A+B—> AB 

Figure 11 There are twice as many 
molecules of hydrogen being produced 
than molecules of oxygen. The coefficient 
of hydrogen is 2 and the coefficient of 

oxygen is 1. 

(%, Reading Check 

Answer One element replaces another 

in a compound. 

Activity 
Building Reactions Bring in a set of 
connecting, colored blocks and 
ask students to demonstrate the 
five types of chemical reactions 
using the blocks as the reactants 
and products. For example, they 
might combine a blue block with a 
red block to demonstrate a syn- 
thesis reaction or start with two 
blocks combined and_ separate 
them to demonstrate a decompo- 
sition reaction. Encourage capable 
students to use more than three or 
four blocks to demonstrate more 
complex reactions. 

Quick Demo 
’ Synthesis Reaction 

Materials magnesium ribbon, 
Bunsen burner and lighter, tongs, 
crucible or glass catch plate 

Estimated Time 15 minutes 

Procedure Demonstrate the syn- 
thesis of magnesium oxide by 
burning magnesium ribbon in 
oxygen. Using tongs, position a 
small piece of magnesium ribbon 
in the flame of the Bunsen burner. 
Hold the magnesium away from 
you and do NOT look directly into 
the flame. Place the magnesium 
over a crucible or glass plate as it 

Shared Reading Read the section Synthesis is burning to catch the ash 

Reactions aloud to the class. Draw attention to (MgO). Reinforce the demon- 

headings, figures, and equations. Ask questions, stration with the balanced 

clarify, and summarize as you read. Allow student chemical equation for the reac- 

volunteers to read other sections to small groups — tion: 2Mgy,) + O2() > 2MgOw). 

of four to five students as they practice effective 

reading strategies. 

Figure 12 Ask students if the copper replacement 

of silver could have any practical use. It is a good 

way to retrieve silver for recycling. [L2] Logical- 

Mathematical 
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Discussion 
Double-Displacement Reaction 
Refer to the Teacher to ‘Teacher 
idea at the beginning of this 
chapter in which a chemical 
reaction created a gas that 
extinguished a candle. Discuss 
how this is a double-displace- 
ment reaction. 

Make a Model 

Electron Transfer Have students 

use themselves as model compo- 
nents to illustrate electron 

transfer in a redox reaction. 

Arrange several “electron” stu- 

dents around two nuclei, then 

have one or two of the “elec- 

trons” move over to the other 

atom. Describe how this model 

proves that a loss of electrons 
equals a gain of electrons some- 
where else and that matters is 

neither created nor destroyed 
when electrons move. 

(% Reading Check 

Answer Double-displacement reac- 

tions frequently produce a precipitate. 

Use an Analogy 
Basketball Before a basketball 
game, the coach assembles the 

players and selects five to form the 
starting team. Which one of the 
four reactions does this resemble? 
synthesis One of the starting play- 
ers on the basketball team fouls 
out of the game. The coach then 
substitutes a player from the 
bench into the game. Which one 
of the four reaction types does 
this resemble? single displacement 

Logical-Mathematical 

732 

that is less active. 

Figure 14 Solid barium sulfate 
settles to the bottom of a test tube 

containing potassium nitrate. 

Observe Has a chemical change 

occurred in this photo? How can 

you tell? 

732 CHAPTER 23 Chemical Reactions 

Figure 13 This figure shows the activity series 

of metals. A metal will replace any other metal 

SATA GT ASSAD SSR OTT 

= a 

(Hydrogen) 

Copper 
Silver 

Gold LEAST ACTIVE 

The Activity Series Sometimes single-displacement reac- 

tions can cause problems. For example, if iron-containing vegeta- 

bles such as spinach are cooked in aluminum pans, aluminum 

can displace iron from the vegetable. This causes a black deposit 

of iron to form on the sides of the pan. For this reason, it is better 

to use stainless steel or enamel cookware when cooking spinach. 

We can predict which metal will replace another using the dia- 

gram shown in Figure 13, which lists metals according to how 

reactive they are. A metal can replace any metal below it on the 

list but not above it. Notice that copper, silver, and gold are the 

least active metals on the list. That is why these elements often 

occur as deposits of the relatively pure element. For example, 

gold is sometimes found as veins in quartz rock. Copper is 
found in pure lumps known as native copper. Other metals can 

occur as compounds. 

Double Displacement In a double-displacement reaction, 

the positive ion of one compound replaces the positive ion of 

the other to form two new compounds. A double-displacement 

reaction takes place if a precipitate, water, or a gas forms when 

two ionic compounds in solution are combined. A precipitate is 

an insoluble compound that comes out of solution during this 

type of reaction. The generalized formula for this type of reac- 
tion is as follows: AB + CD — AD + CB. 

rin airy What type of reaction produces a precipitate? 

The reaction of barium nitrate with potassium sulfate is an 

example of this type of reaction. A precipitate—barium sulfate— 

forms, as shown in Figure 14. The chemical equation is as follows: 

Ba(NO,),(aq) + K,SO,(aq) + BaSO,(s) + 2KNO,(aq) 

These are a few examples of chemical reactions classified 

into types. Many more reactions of each type occur around you. 

Differentiated Instruction 
Learning Disabled Use visual learning techniques 
to describe the five main types of chemical reac- 
tions. Brightly colored blocks can be used to 
represent reactants products, and the reactions can 
be demonstrated physically in addition to the expla- 
nations in the text and teacher lectures. 

CHAPTER 23 Chemical Reactions 

Challenge Many single-displacement reactions 
involve oxidation and reduction. Challenge stu- 
dents to determine the importance of the two 
terms in determining the activity of a metal. 
Oxidation refers to losing electrons; reduction refers to gaining 
electrons. Chemical activity for metals usually involves the 
exchange of electrons, Active metals give up their electrons, or 
oxidize, easily. Linguistic 



Oxidation-Reduction Reactions One characteristic that 
is common to many chemical reactions is the tendency of the 
substances to lose or gain electrons. Chemists use the term 
oxidation to describe the loss of electrons and the term 
reduction to describe the gain of electrons. Chemical reactions 
involving electron transfer of this sort often involve oxygen, 

which is very reactive, pulling electrons from metallic elements. 
Corrosion of metal is a visible result, as shown in Figure 15. 

The cause and effect of oxidation and reduction can be taken 

one step further by describing the substances after the electron 

transfer. The substance that gains an electron or electrons obvi- 

ously becomes more negative, so we say it is reduced. On the 

other hand, the substance that loses an electron or electrons 

then becomes more positive, and we say it is oxidized. The elec- 

trons that were pulled from one atom were gained by another 

atom in a chemical reaction called reduction. Reduction is the 

partner to oxidation; the two always work as a pair, which is 

commonly referred to as redox. 

Figure 15 One of the results of 

all of these electrons moving from 

one place to another might show 

up on the metal body of a tanker. 

© Section. ) 7 

Summary 

Types of Reactions 

® Lavoisier was one of the first scientists to 

accurately describe a combustion reaction. 

® For single-displacement reactions, we can 

predict which metal will replace another 

by comparing the activity characteristic 

of each. 

® Some reactions produce a solid called a 

precipitate when two ionic substances are 

combined. 

® Chemical reactions are organized into 

five basic classes: combustion, synthesis, 

decomposition, single displacement, and 

double displacement. 

Oxidation-Reduction Reactions 

® Oxidation is the loss of electrons and reduc- 

tion is the corresponding gain of electrons. 

@ Redox reactions often result in corrosion 

and rust. 

@ Asubstance that gains elections is reduced, 

and a substance that loses elections is 

oxidized. 

More Section Review fl.gpescience.com 

Teview 

Self Check 

. Classify each of the following reactions: 

a. CaO(s) + H,0 —> Ca(OH), (aq) 

b. Fe(s) + CuSO,(aq) —> FeSO, (aq) + Cu(s) 

c. NH,NO,(s) —> N,0(g) + 2H,0(g) 

. Describe what happens in a combustion reaction. 

. Explain the difference between synthesis and decom- 

position reactions. 

. Determine, using Figure 13, if zinc will displace gold in 

a chemical reaction and explain why or why not. 

. Think Critically In the reaction 2 Na+ Cc 2NaCl, 

which atom is reduced and which atom is oxidized? 

Applying Math 

. Use Proportions The following chemical equation is 

balanced, but the coefficients used are larger than 

necessary. Rewrite this balanced equation using the 

smallest coefficients. 

9Fe(s) + 12H,0(g) > 3Fe,0,(s) + 12H,(9) 

. Use Coefficients Sulfur trioxide, (SO), a pollutant 

released by coal-burning plants, can react with water 

in the atmosphere to produce sulfuric acid, H,SO,. 

Write a balanced equation for this reaction. 

SECTION 3. Classifying Chemical Reactions 733 

1. (a) synthesis (b) single displace- 

ment (c) decomposition 

ET ae eee 

Ssecrion 

Decomposition involves breaking 

compounds down. 4H,(Q). 

) review 

2. Asubstance combines with oxygen 4. Zinc will displace gold because zinc 7. $03 +H)0 —> H)50, 

to produce energy. 
3. Synthesis involves bringing ele- 

ments or compounds together. 

is more reactive than gold. 
5. reduced — Cl; oxidized — Na 

Be MA.D.2.4.1 

6. 3Fe(s) =f 4H,0(/) =e Fe30,(s) sr 

Caption Answer 
Figure 14 Yes; a precipitate (barium 
sulfate) forms as a result of the reaction. 

' Post Reading ¥ 

sea Writing Ask students to 

choose a class of chemical reac- 
tions. Students will research the 
reaction type and compose an 
essay that includes a description of 
the reaction, including examples. 

-Y INTERVENTION 

Check for Understanding 
Auditory-Musical With the class, 
come up with some mnemonic 
devices to remember the five 

types of chemical reactions. You 
may devise a poem or jingle. 
Have the students write the 
results in their Science Journals 

to reinforce the topic and for 
future study reference. 

Reteach 

Play Cards Ask students to review 
the following four kinds of chem- 
ical reactions by using colored 
note cards. Synthesis: Tape two 
different colored cards together. 
Decomposition: ‘Two cards that 
are taped could be pulled apart. 
Single-displacement: ‘Iwo differ- 
ent cards are taped together and a 
third colored card replaces one of 
them. Double-displacement: Two 
cards, from each of two sets of two 

different colored, taped cards are 
traded. a} = IN Kir Kinesthetic 

T™, Assessment 

Performance Have students com- 
plete and balance the following 
single-displacement reaction: 

K + AlCl Se 

3K + AlCl; — 3KCI + Al 

Use PASC, p. 101. 
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Motivate 

ine ERACTIVE An editable Microsoft® 

: a PowerPoint® presenta- 

tion is available on Interactive 

Chalkboard CD-ROM. 

Bellringer 

Section Focus Transparencies 

also are available on the 

Interactive Chalkboard CD- ROM. 

[2] > 

MELE SIGUSA Nightlight, Too 
The animal you see below is a comb jelly. Most comb jellies are 

capable of giving off light. 

1, What type of reaction do you think allows the comb jelly to give 

off light? Why? 
2. Why is it important that the comb jelly generates light witho: 

heat? 

Reading Preview 

Tie to Prior Knowledge 

Eating Food Ask how energy is 
obtained from food. Chemical bonds 
in proteins, carbohydrates, and fats store 
energy. During digestion, those bonds are 
broken and new ones form. The energy 
required to break bonds is less than the 

energy released when new bonds form, so 
the net result is the release of energy. [t2] 

Word Chart Post each new 

vocabulary word on a separate 
poster board. Give students 
simple definitions of all words. 

Ask them to probe “deeper 
meanings” of the words based on 

their background knowledge or a 

preview of the chapter. Have 
them record examples, word 

associations, or explanations 
after they have read the section. 

a 

What You'll Learn 

@ Identify the source of energy 

changes in chemical reactions. 

Compare and contrast exergonic 

and endergonic reactions. 
Examine the effects of catalysts 

and inhibitors on the speed of 

chemical reactions. 

Figure 16 When its usefulness 

is over, a building is sometimes 

demolished using dynamite. 

Dynamite charges must be placed 

carefully so that the building col- 

lapses inward, where it cannot 

harm people or property. 

Reaction Rates and Energy 

¥# FCAT Vocabulary 

Why It’s Important New Vocabulary 

Chemical reactions provide energy to # activation energy 

cook your food, keep you warm, and @ endothermic reaction 

transform the food you eat into sub- _ @ exothermic reaction 

stances you need to live and grow.  * rate of reaction 

% catalyst 

® Review Vocabulary @ inhibitor 
chemical bond: the force that holds 

two atoms together 

Chemical Reactions and Energy 
Often a crowd gathers to watch a building being demolished 

using dynamite. In a few breathtaking seconds, tremendous 

structures of steel and cement that took a year or more to build 

are reduced to rubble and a large cloud of dust. A dynamite 
explosion, as shown in Figure 16, is an example of a rapid 

chemical reaction. 
All chemical reactions release or absorb energy. This energy 

can take many forms, such as heat, light, sound, or electricity. 

The heat produced by a wood fire and the light emitted by a 

glow stick are two examples of reactions that release energy. 

Conservation of Energy in Chemical Reactions 
According to the law of conservation of energy, energy cannot 

be created or destroyed, but can only change form. In com- 

pounds, chemical potential energy is stored in chemical bonds 

between atoms. In some chemical reactions, chemical potential 

energy is changed to other forms of energy, such as heat or light, 

and is released. In other chemical reactions, forms of energy 

such as heat or light are converted to chemical potential energy 

and stored in bonds that form, and energy is absorbed. In all 

chemical reactions, energy is never created or destroyed, but 

only changes form. All reactions follow the laws of conservation 
of mass and energy. 

Chapter Fasr Fixe Resources 

‘Transparency Activity, p. +9 

Directed Reading for Content Mastery, 

pp. 21-22 

Enrichment, p. 34 

MiniLAB, p. 4 
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Reinforcement, p. 30 
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Activation Energy 
As you learned earlier, atoms and molecules have to bump 

into each other before a product can be formed. In order to 
form new bonds, atoms have to be close together. In addition to 
being close, the reactants require a certain amount of energy in 
order to allow the reaction to start. This minimum amount of 
energy needed to start a reaction is called activation energy. 
If there is not enough energy, the reaction will not start. 
Spilled gasoline does not ignite unless there is an energy 

source. Once ignited, the gasoline releases enough energy 

to keep going. Activation energy, which differs from reaction 

to reaction, is required for both exothermic and endothermic 
reactions. 

Endergonic Reactions 
Sometimes a chemical reaction requires more energy to 

break bonds than is released when new ones are formed. These 

“Life Science 

Controlling Body Heat 
Some animals, such as 

birds, are classified as 

endotherms because 

their body temperature 

remains constant. An 

animal whose body 

temperature varies with 

its environment, such 

as a reptile, is classified 

as an ectotherm. What 

other animals that can be 

classified as ectotherms? 

2 Teach 

Activity 
Hand Warmers Obtain several 
packaged hand warmers used for 
outdoor activities from a sports 
supply store. Have students 
carefully follow the directions 

and observe the results. Place 
the hand warmers around a small 
beaker of water and measure the 
temperature change in the water. 
What causes heat to be released? 
Many such packaged devices have a 
sealed sample of iron that slowly com- 
bines with oxygen (rusts) after the seal is 
broken and releases more heat than is 
required to get the reaction started. 

GD jh} Kinesthetic 

reactions are called endergonic reactions. The energy absorbed 

can be in the form of light, heat, or electricity. 

Electricity is often used to supply energy to endergonic reac- 

tions. For example, electroplating deposits a coating of metal 
onto a surface. Use Science Words 

Word Meanings Ask students to 
break the words endergonic and 
exergonic down into parts, and 
find out what each part means. 
Have them then explain why 
the words are appropriate for 
describing chemical processes 
that release or require energy. 
Ex-ergon-ic: ex- out of, ergon- work, -ic - 
having the character of. End-ergon-ic: 
end- into, ergon- work, -ic- having the char- 

acter of. An exergonic reaction produces 
energy that can do work. An endergonic 
reaction requires energy, or work, in order 

to occur. Linguistic 

Heat Absorption When the energy needed is in the form 
of heat, the reaction is called an endothermic reaction. 
The term endothermic is not just related to chemical reac- 

tions. It also can describe physical changes. The process of 

dissolving a salt in water is a physical change. If you ever had 

to soak a swollen ankle in an Epsom salt solution, you 

probably noticed that when you mixed the Epsom salt in 

water, the solution became cold. The dissolving of Epsom 

salt absorbs heat. Thus, it is a physical change that is 

endothermic. 
Some reactions are so endothermic that they 

can cause water to freeze. One such endothermic 

reaction is that of bar- 

ium hydroxide (Ba(OH),) 

and ammonium chloride 

(NH,Cl) in water, shown 

in Figure 17. 

Figure 17 Asan endothermic 

reaction happens, such as the reac- 

tion of barium hydroxide and 

ammonium chloride, energy from 

the surrounding environment is 

absorbed, causing a cooling effect. 

Here, the reaction absorbs so much 

heat that a drop of water freezes 

and the beaker holding the reac- 

tion sticks to the wood. 

“Life Saence” 

Controlling Body Heat Both birds 
and mammals are endotherms. 

Endotherms have internal 

processes that maintain a constant 

body temperature. The internal 
processes cool endotherms if they 
are too warm, and warm them if 

they are too cool. Amphibians are 
ectotherms, such as frogs, toads, and sala- 
manders. 
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| ActiveReading 

Bubble Map Using a bubble map helps students 

start ideas flowing about a given topic. Words 

are clustered to describe a topic or idea that is 

studied. Students can use a bubble map for a 

prewriting, to generate ideas before writing in 

their Science Journals, or to review for a test. 

Have students design a bubble map for energy 

exchanges in chemical reactions. [2] 
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Teacher 
Bos Energy A cold pack 

absorbs heat as ammonium 
nitrate dissolves. The dissolving 
rocess usually i is considered a 

_ physical change, not a chemical 
reaction. In most changes, the 
energy ci can be tracked as it moves 

_ from the surroundings to the sys- 
em and + vice versa. In the cold 
pack, the system | is the chemical 
dissolving in water. The sur- 
‘roundings are the plastic bag, the 
air, aad body area, ete. 

sai LES 

Visual Learning 

Figure 19 Bring in several glow 
sticks and demonstrate the reac- 
tion. Be sure to quiet the class so 
they can hear the containers 
breaking inside the sticks. When 
the reaction is taking place, moni- 
tor how long it takes for the glow 
to be visible and how long it lasts. 

process 

Materials supersaturated 

ST EE REET 9S te 

solution 

sodium acetate, sodium acetate crystal 

Preparation Make a saturated solution of 

sodium acetate. Leave excess crystals in 

3 the bottom of the flask. Heat and 

Figure 18 With an endothermic 

reaction, the reactants have a 

lower energy level than the prod- 

ucts. The reactants must overcome 

the activation energy barrier in 

order to form new products. 

mmm Energy => 

Figure 19 Glow sticks contain 

three different chemicals—an 

ester and a dye in the outer section 

and hydrogen peroxide in a center 

glass tube. Bending the stick breaks 

the tube and mixes the three com- 

ponents. The energy released is in 

the form of visible light. 
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CO(g) + NO, (9) 

Products 

Activation | 

energy Energy 

absorbed 

by reaction 

Reactants 

momen Reaction progress —> 

Endothermic Reactions With an endothermic reaction, 

the chemical reaction will not take place unless energy is 

added. A constant source of energy must be added to keep the 

reaction going. The products have more stored energy than the 

reactants. 
Figure 18 shows an energy diagram for the reaction of car- 

bon dioxide (CO,) and nitrogen monoxide (NO). With an 

endothermic reaction, the reactants have a lower energy level 

than the products. In order for the products to form, an input of 

energy is needed for the reactants to overcome the activation 

energy barrier. 

Exergonic Reactions 
You have seen many reactions that release energy. Chemical 

reactions that release energy are called exergonic (ek sur GAH 

nihk) reactions. In these reactions, less energy is required to 

break the original bonds than is released when new 

bonds are formed. As a result, some form of energy, 

such as light or heat, is given off by the reaction. The 
familiar glow from the reaction inside a glow stick, 

shown in Figure 19, is an example of an exergonic 

reaction, which produces visible light. In other reac- 

tions, however, energy is 

~ released as heat. This is the 

@ Hydrogen case with some heat packs 
zt bs 

peroxide that are used to treat muscle 

aches and other medical con- 

ditions. Another release of 

| energy is used to power rock- 
Solution of a F 

dyeandieeten ets, as shown in Figure 20. 

Purpose to demonstrate an exothermic 

stir until 

736 CHAPTER 23 Chemical Reactions 

of 

room temperature. 

feel the outside of the flask. 

Expected Outcome The solution will crys- 
TE a RES LE AI SAE AF SR EE, 

PS LAG DEMONSTRATION 

the crystals dissolve. Cool undisturbed to 

Procedure Drop an additional crystal of 

sodium acetate into the solution. Have 

students watch the solution and carefully 

tallize, and the flask will become hot. 

Assessment 

Why did the solution release heat? The 

amount of energy required to break the bonds in the 
solution is less than the energy released when new crys- 
tals formed. The excess energy is released as heat. 



~ | NATIONAL 
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Visualizing Chemical 
Energy 

Have students examine the pic- 

tures and read the captions. Then 

ask the following questions. 

How much more thrust did 
the Jupiter C rocket produce 
than Goddard’s rocket? 369,350 

N/400 N = 923.38 times more thrust 

Why does the space shuttle 
require so much thrust to launch it 
into orbit? because it has so much mass 

Activity 
Rocket Technology Have students 

research the development of 
rocket technology throughout 
history and prepare time line 
posters showing the major mile- 
stones in this technology. 

Visual-Spatial [Ey 

cS Quick Demo 
<a)’ Model Rocket 

Materials various tube materials 

such as straws, towel tubes, plastic 
tubing 

Estimated Time 30 minutes 

Procedure Make several small 

“rockets” and demonstrate the 

amount of force it takes to launch 

them. Rockets can be simple 

straws (small inside a large straw) 

propelled by your lungs or tube 
constructions launched by a hand 
pump. Relate to the class that to 
use a greater force to launch the 

rocket requires a heavier, sturdier 

rocket to withstand the force. 

Demonstrate different designs to 

aid the flight of the rocket. 

= ae = a ea: ers Explain that the design to fly is an 

important consideration inside 
NStTrUCTION) Earth’s atmosphere, but is incon- 

Visually Impaired If students cannot see the model Challenge Ask students to research new develop- 

rocket you demonstrated in the Quick Demo ments in rocket technology and the projected 

sequential in space. |L2 

activity, organize the class into small groups and dates that the new technology will be used. Ask 

have each group make its own model rocket. students to give short oral reports to the class 

Visually impaired students can work with others describing what they learn. |L3 

to accomplish the rocket design and they can 

provide the thrust for the craft. 
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Purpose to observe evidence of 
a chemical reaction TELL) 

Visual Spatial 

Materials water, test tube, cop- 

per(II) bromide 

Safety Precautions Use the 
safety symbols list to explain 
the safety hazards, examples, 

and precautions as they apply 
to this lab. Approve safety 
forms before work begins. 

Teaching Strategies “The chemi- 
cal reaction that occurs is 

1. CuBr) + 4H,0 > Cu(H,0)4°* 
20) 

2. Cu(H0)4°* + H,0 > 
Cu(H,0)30H~ + H307 

Analysis 

1. brown 

2. blue 

3. A chemical reaction occurred. 

Assessment 

Performance Have students 
repeat the activity and look for 
signs of energy absorbed or 
released by the reaction. Use 
Performance Assessment in 

the Science Classroom, p. 97. 

(%, Reading Check 

Answer The energy given off by the 
reaction is primarily in the form of heat. 

Creating a Colorful 

Chemical Reaction 

Procedure 

. Sprinkle a few crystals of 

copper(II) bromide into 

the test tube. Record the 

color of the crystals in your 

Science Journal. 

. Pour 5 mL of water into the 

test tube. Observe the color 

change of the crystals. 

. Slowly add more water and 

observe what happens. 

Analysis 
1. What color were the cop- 

per(Il) bromide crystals 

after you added them to 

the test tube of water? 

. What color were they when 

you added more water? 

. What caused this color 

change? 

Figure 21 In an exothermic reac- 

tion, molecules have enough energy 

to overcome the activation energy 

barrier. Energy is released with the 

formation of new products. 

Activation 

energy 

released 

by reaction 

eum Reaction progress > 
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Exothermic Reactions When the energy given off in a reac- 

tion is primarily in the form of heat, the reaction is called an 

exothermic reaction. The burning of wood and the explosion 

of dynamite are exothermic reactions. Iron rusting is also 

exothermic, but, under typical conditions, the reaction proceeds 

so slowly that it’s difficult to detect any temperature change. 

Why is a log fire considered to be an exothermic 
reaction? 

Exothermic reactions provide most of the power used in 

homes and industries. Fossil fuels that contain carbon, such as 

coal, petroleum, and natural gas, combine with oxygen to yield 

carbon dioxide gas and energy. Unfortunately impurities in 

these fuels, such as sulfur, burn as well, producing pollutants 
such as sulfur dioxide. Sulfur dioxide combines with water in 

the atmosphere, producing acid rain. 

Energy Release The energy diagram for an exothermic 
reaction is the reverse of an endothermic reaction. With an 

exothermic reaction, the products have less stored energy than 

the reactants. As shown in Figure 21, the reactants, carbon 

monoxide (CO) and nitrogen dioxide (NO,) have a higher 

energy level than the products. The molecules have enough 

energy to overcome the activation energy barrier. 

Chemical Reaction Rates 
According to the kinetic theory of matter, atoms and molecules 

are always moving. In order for a chemical reaction to occur, the 

atoms and molecules that are the reactants have to bump into each 

other or collide. The rate of reaction is the speed at which reac- 

tants are consumed and products are produced in a given reaction. 

Reaction rate is impor- 

tant in the manufacturing 

industry because the faster 

the product can be made, 

the less it usually costs. 

Sometimes a fast reaction 

rate is undesirable, such as 

the rate of reaction that 

causes food spoilage. In this 

case, the slower the reaction 

rate, the longer the food will 

stay edible. What conditions 

control the reaction rate, and 

how can the rate be changed? 

Products 

Cultural Diversity 

Japanese Chemistry In 1908, the Japanese chemist 
Kikunae Ikeda (1864-1936) used chemical reac- 

tions to make monosodium glutamate from 

hydrolyzed kelp protein. This synthesis became 
the foundation of Japan’s chemical industry. 

Reading Strategy 

Discussion Groups Organize the class into 
groups of four students. Ask each group to dis- 
cuss the following prompts: What role does 
energy play in chemical reactions? How are 
chemical reaction rates affected by different 
factors? Have students share a summary of their 
ideas with the class. 
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Temperature Energy is needed by atoms and 
molecules to break old bonds and to form new 40 
ones. One way to increase the activation energy is to 35 
add heat or increase the temperature. With an 

increase in temperature, atoms and molecules 

move faster and kinetic energy increases. With 

faster moving atoms and molecules, more mole- 

cules have kinetic energy greater than activation 
energy. The atoms and molecules now will have 

enough energy to break old bonds at higher tem- 

perature, which will increase the reaction rate. A 

chemical reaction will go faster at higher tempera- 

ture and slower at lower temperature as shown in 
Figure 22. 

Relative reaction rate 

Concentration When you walk through the hallways at 

school, you are more likely to bump into another student 

if the hallways are crowded. A similar situation is shown in 

Figure 23. The closer atoms and molecules are to each other, the 

greater the chance of collision. The amount of substance present 

in a certain volume is called its concentration. Increasing the 

concentration of a substance increases the reaction rate. 

Surface Area Only atoms or molecules in the outer layer of a 
substance tan collide with other reactants. When a substance is 
finely divided, it has a larger surface area than when it was 

whole. Increasing the surface area increases the chance for colli- 

sions, which will increase the reaction rate. A powdered reactant 

will produce a faster reaction rate than a lump of the same reac- 
tant. For instance, grain elevator operators have to be careful of 

explosions and fire. The dust from the grains in the bin has a 

larger surface area than the whole grains. With an ignition 

spark, the dust will catch fire rapidly and cause an explosion. 

Agitation If you are making lemonade, the water, sugar, and 

lemon juice are mixed in order to get the product. Agitation or 

Reaction Rate and Temperature 

(330K,32) 

290 300 310 320 330 

Temperature (K) 

Figure 22 Increasing the tem- 
perature of a reaction increases the 

frequency of collisions, which will 

increase the rate of reaction. 

Real-World Rust 

Purpose ‘Io recognize that some 

chemical reactions have finan- 
cial impacts, explain to students 
that when metal rusts, money 
must be spent to correct the 
problem and prevent further 
corrosion. 

Possible Materials pencil and 
paper 

Estimated Time 20 minutes 

Teaching Strategies 

¢ Start the brainstorming by 
giving an example of corrosion 
on a bridge support. Visit each 
group to be sure they are think- 
ing of appropriate examples. 
* Do not limit the brainstorming 
to the problem and solutions of 
rust. Accept and discuss other 
types of chemical reactions that 
may have financial impacts. 

¢ Accept and discuss chemical 
reactions that can have real- 
world impacts on health or safety 
and encourage creative solutions 
to these types of situations. 

For additional inquiry activities, see 
Science Inquiry Lab Manual. 

Discussion 

— 

Reaction Factors Explain to students 
that in order to react, molecules 

must collide, must have sufficient 

energy, and must collide with the 

correct orientation. Any factor, 

such as concentration, tempera- 

ture, and catalysts that influence 
those requirements will have an 
effect on the reaction rate. 

stirring is a physical process that allows reactants to mix. A low 

stirring rate will slow the reaction due to fewer collisions. 

Chemical reactions can be controlled by agitation. 

Pressure Another way to influence the reaction rate is with 

pressure. By increasing the pressure of gases, molecules have less 

room to move about and the concentration of the reactants 

increases. This will boost the chance of collisions, which means 

the reaction rate increases. Decreasing the pressure means fewer 

collisions, and lower reaction rate. 

Collisions are less 

frequent in a dilute solution. 

Figure 23 People are more 

likely to collide in crowds. 

Molecules behave similarly. 
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j= Post Reading 

Extended Research Ask students to research 

the purpose of catalysts and inhibitors. Have ee 

them develop a short paper that describes the 

function of each, along with specific examples 

Have students present their findings to the class. 

sn proces 

‘Two, Sh pee te 
c 

LAB 739 



Catalysts The metals in exhaust catal- 
ysis help break down the unused 
hydrocarbon fuel molecules into less 
harmful compounds. 

Research Have students research 

current trends in catalyst systems 

for automobiles and other vehi- 

cles that use fossil fuels. Findings 

can be noted in students’ Science 

Journals. 

y, Reading Check 

Answer lowers the activation energy 

Access | 
Check for Understanding 
Sounds of Chemistry Reiterate that 
the boom sounds from fireworks 

are also the results of chemical 

reactions. Have students name 

other sounds of chemical reac- 

tions. the backfire sound from a car or the 

pop sound from a toy cap gun |L2 

Reteach 
Chemical Energy Write the follow- 
ing two equations on the board: 

A+B—-C + heat 

Xap Y + heat — 7 

Which equation depicts an 
endothermic reaction? second one 
Which depicts an exothermic 
reaction? first one Logical- 
Mathematical | 

Catalysts Metals, such as 

platinum and palladium, 

are used as catalysts in the 

exhaust systems of auto- 

mobiles. What reactions do 

you think they catalyze? 

Summary 

Conservation of Energy 

@ Ina chemical reaction, the total amount of 

energy is the same. Energy is neither created Dr 

nor destroyed. 

| Chemical Reactions and Energy 

| © Chemical reactions release or absorb energy, 

as chemical bonds are broken and formed. 

| ® Anendothermic reaction absorbs heat. 

» @ An exothermic reaction releases heat. 5. 

Chemical Reaction Rates 

| © Temperature, concentration, and pressure can 

affect reaction rates. 

| @ In an exothermic reaction, reactants have 

more energy than the products. 

| @ In an endothermic reaction, the reactants 

have less energy than the products. 

740 CHAPTER 23 Chemical Reactions 

Catalysts and Inhibitors Some reactions proceed too 

slowly to be useful. To speed them up, a catalyst reaction can be 

added. A catalyst is substance that speeds up a chemical reaction 

without being permanently changed itself. When you add a cat- 

alyst to a reaction, the mass of the product that is formed 

remains the same, but it will form more rapidly. A catalyst low- 

ers the activation energy of the reaction. With the lowering of 

the activation energy, collisions among molecules now will 

become more effective, thus increasing the rate of reaction. 

Check Explain how a catalyst speeds up a reaction. 

At times, it is worthwhile to prevent certain reaction from 

occurring. Substances that are used to slow down a chemical 

reaction are called inhibitors. The food preservations BHT and 

BHA are inhibitors that prevent spoilage of certain foods, such 

as cereals and crackers. 
One thing to remember when thinking about catalysts and 

inhibitors is that they do not change the amount of product 

produced. They only change the rate of production. Catalysts 

increase the rate and inhibitors decease the rate. Other factors, 

including concentration, pressure, and temperature, also affect 

the rate of reaction and must be considered when catalyzing or 

inhibiting a reaction. 

VIEL 

Self Check 

1. Explain whether the term endothermic can be used to 

describe physical changes. 

Describe how temperature can affect reaction rate. 

3. illustrate As an exothermic reaction, methane and 

oxygen will react to form carbon dioxide and water. 

Draw the activation energy chart showing where the 

reactants and products belong. 

4. Explain why crackers containing BHT stay fresh longer 

than those without it. 

Think Critically To develop a product that warms 

people’s hands, would you choose an exothermic or 

endothermic reaction to use? Why? 

_ Applying Math 

. Calculate If an endothermic reaction begins at 26°C and 

loses 2°C per minute, how long will it take to reach 0°C? 

7. Use Graphs Create a graph of the data in question 6. 

After 5 min, what is the temperature of the reaction? 

More Section Review fl.gpescience.com 

'% Assessment 

Oral Ask students to suppose 
that they are each holding a test 
tube that has a chemical change 1. 
taking place inside. The tube is 
beginning to feel colder. Is the 2, 
process in the tube endothermic 

or exothermic? Endothermic; the 
system is gaining energy from the sur- 
roundings—your hand. Use PASC, 
Deo [2] 
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ce | Section 

Endothermic can be used to 3. The student's graph should be simi- 

qi review 

to warm people’s hands. 
describe physical changes. lar to Figure 21. 6. 13 min 
A chemical reaction will go faster at_ 4. BHT slows the spoilage of the 7. Check students’ graphs. After 5 min, 
a higher temperature and slower at cracker. 
a lower temperature. 5. Exothermic; it would release energy 

reaction is approximately 18°C. 

P| MA.B.1.4.2, MA.E.1.4.1 
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A balanced chemical equation tells nothing 

about the rate of a reaction. One way to affect 

the rate is to use a catalyst. 

© Real-World Problem 
How does the presence of a catalyst affect the 

rate of a chemical reaction? 

Goals 
@ Observe the effect of a catalyst on the rate 

of reaction. 

@ Conclude, based on your observations, 

whether the catalyst remained unchanged. 

Possible Materials 
test tubes (3) hot plate 

test-tube rack wooden splint 

3% hydrogen peroxide, beaker of hot 

H,0, (15 mL) water 

10-mL graduated cylinder © manganese 

small plastic teaspoon dioxide, MnO, 

sand (1 g) (1 g) 

Safety Precautions 

rele] F1®] ei @i is 
WARNING: Hydrogen peroxide and manganese 

dioxide can irritate skin and eyes. Point test tubes 

away from other students. 

© Procedure ——————- 
1. Label three test tubes and set them ina 

test-tube stand. Pour 5 mL of hydrogen 

peroxide into each tube. 

2. Place about 1 g of sand in tube 2 and the 

same amount of MnO, in tube 3. 

3. In the presence of a catalyst, H,0, decom- 

poses rapidly producing oxygen gas, 0,. 

weetmwaas) Reaction 

Hypothesize what will happen when the 

smoldering wood is introduced to each test 

tube. Test each tube by lighting a wooden 

splint, blowing out the flame, and inserting 

the glowing splint into the tube. The splint 

will relight if oxygen is present. 

4. Place all three tubes in a beaker of hot water. 

Heat on a hot plate until all of the remaining 

H.0, is driven away and no liquid remains. 

© Conclude and Apply— 
1. Observe the changes that happened when 

the solids were added to the tubes. 

2. Infer which substance, sand or MnO,, was 

the catalyst. 

3. Identify what remained in each tube after 

the H,0, was driven away. 

ommunicating 
gy Your Data Ba 

Compare your results with those of your 

classmates and discuss any differences 

observed. For more help refer to the 

Science Skill Handbook. 
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% Assessment 

Performance Have students repeat the test with a 

small piece of liver instead of MnO). Ask what 

was in the liver to cause increased O2 production. 

an enzyme Use Performance Assessment in the 

Science Classroom, p. 97. 

tube at each step of the procedure. 

Have students draw illustrations showing each test 

© Real-World 
Problem — 

Purpose Students operationally 
define a catalyst and observe its 
action. Kinesthetic 

Process Skills observe, infer, 
form operational definitions, 
classify, recognize cause and 
effect 

Time Required 30 minutes 

© Procedure 

Safety Precautions Have stu- 
dents tie back long hair and keep 
clothing away from open flame. 
Use the safety symbols list to 
explain the safety hazards, exam- 
ples, and precautions as they 
apply to this lab. Approve safety 
forms before work begins. 

Teaching Strategy Demon- 
strate the glowing splint test for 
students. 

Troubleshooting To ensure 
that the splint will relight, be 
sure the splints still have some 
glowing ember when introduced 
into the test tube. A completely 
cold splint will not relight. 

© Conclude and 

ayy ————. 

1. There was no observable change 

from the addition of sand, but the 
MnO) increased the rate of oxygen 
production. 

2. manganese dioxide 

3. the sand in one tube, the MnO; in 

the other tube 
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© Real-World 
Problem ———— 

Purpose Explain and infer the 
factors of concentration, tem- 

perature, pressure, and catalyst 

that affect the rate of a chemical 

reaction. 

Time Required 1 class period 

Process Skills Analyze results, 
collect sdata; fexplain,, inter, 

interpret data, observe, organize 

data, summarize, use scientific 

explanations 

© Procedure ——— 

Alternate Materials You can 
use small Erlenmeyer flasks 
instead of plastic water bottles. 
You can collect gases by water 
displacement to get more quan- 
titative data. 

Safety Precautions Use the 
safety symbols list to explain 
the safety hazards, examples, 
and precautions as they apply to 
this lab. Approve safety forms 
before work begins. 

© Follow Your 
Plan 

Teaching Strategy You may 
want to demo the technique of 
setting up the balloons so stu- 
dents can see how it works. 

742 

Investigating Reaction Contitions 
© Real-World Problem 
Many people believe that you cannot perform chemical reactions 

without expensive equipment or costly chemicals. But this isn’t 

true; chemical reactions happen everywhere. All you need is a food 

store to find many substances that can produce exciting chemical 

reactions. What factors determine how much product is produced 

in a chemical reaction or how fast a reaction occurs? 

Goals 
@ Evaluate the effect of 

concentration on the 

rate of a chemical 

reaction. 

@ Examine the effect of 

temperature on the 

rate of a chemical 

reaction. © Procedure 
1. Copy the data tables into your Science Journal. Materials 

water 

vinegar solution 

baking soda 

balloons (3) 

plastic 0.5-liter soft-drink 

bottles (3) 

test tube 

150-mL beakers (3) 

100-mL graduated cylinder 

marker 

tape measure 

stop watch 

*clock with second hand 

*Alternate material 

2. Prepare the following solutions: a 50% vinegar solution by 

mixing 50 mL of vinegar with 50 mL of water; a 30% vinegar 

solution by mixing 30 mL vinegar with 70 mL of water and a 

10% vinegar solution by mixing 10 mL of vinegar with 90 mL of 

water. Pour these solutions into labeled 0.5-L plastic bottles. 

3. Mark a small test tube about 1—2 cm from its bottom. Fill the 

test tube to the line with baking soda. Put the baking soda 

into one balloon. Repeat, adding baking soda to the other two 

balloons. 

Safety Precautions 

er ioel-s [os 

Real-World Connection ‘Io extend this lab, have 
students design an experiment that can collect 
quantitative results that can be graphed. Other 
reactions that can be carried out are the reaction 
of zine with hydrochloric acid. 
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4. Place the mouth of one balloon over the mouth of one 0.5-L bottle. Do not let 

any of the baking soda fall into the solution. 

wi Lift each balloon to allow the baking soda to fall into each vinegar solution. 
Observe time of reaction and measure how much each balloon inflates. Record 

your observations in your data table. 

6. Rinse the plastic bottles with water. 

Prepare three 30% vinegar solutions. 

Bottle A will have cold water added. 

Bottle B will have room temperature 

water added. Bottle C will have hot 

water added. 

7. Prepare the baking soda in the 

balloons as in step 3. Add the baking 

soda to the solution. Time how long 

it takes for the reaction to finish. 

Measure how much each balloon 

inflates. Record your observations in 

the data table. 

© Analyze Your Data 

Concentration Table 

Concentration 50% 30% 10% 

Observations Do not write in this book. 

Temperature Table 

Temperature ColdTemp RoomTemp Hot Temp 

Observations Do not write in this book. 

1. Describe how increasing the concentration of a solution affects the rate of 

a chemical reaction. 

2. Summarize how temperature affects the rate of a chemical reaction. 

3. Explain why the balloons became inflated. 

© Conclude and Apply 
1. Infer how a change in pressure can affect the 

rate of chemical reaction of this system. 

2. Explain how temperature and balloon 

inflation are related. 

ommunicating 
_ Your Data mm 

in your class. 

Compare your results with other students 

LAB 

Test Your Model 

Concentration 50% 30% 

Observations Balloon is biggest —_| Balloon is blown up 

10% | 

Balloon is smallest 

Temperature Cold | Room Temperatur 

Observations very slow medium rate 

ejHot | af 

very fast 
J 

© Analyze Your 
Dat mmm 

1. The higher the concentration, the 
faster the rate of reaction. 

2. The higher the temperature, the 

faster the rate of reaction. 

3. The balloon became inflated because 

of the gas generated. 

© Conclude and 

Apply 
1. Increasing the pressure has the same 

effect as increasing the concentra- 
tion, so the rate of reaction will 

increase. 
2. The higher the temperature, the 

more inflated the balloon became. 

fw Rogie ece ak 
l™ Assessment 

Performance Design an 
experiment that quantitatively 

demonstrates how concentra- 
tion or temperature affects the 
rate of chemical reaction. 
Use PASC; p. 95. 
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Content Background 
When Chardonnet made his 
discovery in 1878, the French 
silk industry was in danger 
because something was causing 
the silkworms to die. Louis 
Pasteur was working to solve the 
mystery while, at the same time, 

Chardonnet was working to find 
a replacement for natural silk. 
He derived the solution from 
which he finally produced his 
artificial silk from the pulp of 
mulberry leaves, the natural food 
of silkworms. When he displayed 
the product at the Paris Ex- 
position in 1889, he got backing 
for it immediately. It wasn’t called 
rayon until about 1924. 

Discussion 

Learn from Mistakes Ask students 
why it might have been obvious 

to Chardonnet that his accident 

might lead to artificial silk. 
because he had been searching for an 
artificial silk anyway Discuss how 
this outcome might give students 
a new perspective on making 

mistakes. Remind students that 

we learn from mistakes and mis- 

takes can often give a whole new 

outlook on a problem. 

Analyze the Event 
Eventually, the diseases striking 
silkworms were identified and 

controlled. Why do you think 
Chardonnet’s artificial silk re- 

mained so popular? Possible answers: 

because now the amount of silk pro- 

duced could be easily controlled. As 
much or as little fabric could be made as 

was necessary to meet demand. No 

longer did people have to worry about 
silkworms getting sick. [12] 
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a Clumsy 
Move Pays 

Off 
reat scientific discoveries can happen in 

some very unlikely ways. Most people 

might not think that an accidental spill 

left uncleaned would become significant, but 

that’s exactly what led a chemist named 

Hilaire de Chardonnet (hee LAYR « duh 

shar doh NAY) to his discovery. In 1878, 

Chardonnet accidentally knocked over some 

nitrate chemicals. He put off cleaning up the 

mess and ended up inventing artificial silk. 

Silk is produced naturally by silkworms. 

In the mid-1800s, though, silkworms were 

dying from disease and the silk industry was 

suffering. Businesses were going under and 

people were put out of work. Many scientists 

were working to develop a solution to this 

problem. Chardonnet had been searching for 

a silk substitute for years—he just didn’t plan 

to find it by knocking it over! 

Rayon 

fiber 

Create Work with a partner to examine the fabric 

content labels on the inside collars of your clothes. 

Research the materials, then make a data table that 

identifies their characteristics. 

BOs / ee 

Hilaire de Chardonnet 

A Messy Discovery 
Chardonnet was in his darkroom develop- 

ing photographs when the accidental spill took 

place. He decided to clean up the spill later 

and finish what he was working on. By the 

time he returned to wipe up the spill, the 

chemical solution had turned into a thick, 

gooey mess. When he pulled the cleaning cloth 

away, the goop formed long, thin strands of 

fiber that stuck to the cloth. The chemicals had 

reacted with the cellulose in the wooden table 

and liquefied it. The strands of fiber looked 

just like the raw silk made by silkworms. 

Within six years, Chardonnet had devel- 

oped a way to make the fibers into an artifi- 

cial silk. Other scientists extended his work, 

developing a fiber called rayon. Today’s rayon 

is made from sodium hydroxide mixed with 

wood fibers, which is then stranded and 

woven into cloth. 

Rayon has another real-world application. 

To help prevent counterfeiting, dollars are 

printed on paper that contains red and blue 

rayon fibers. If you can scratch off the red or 

blue, that means it’s ink and your bill is coun- 

terfeit. If you can pick out the red or blue 

fiber with a needle, it’s a real bill. 

Orr’ 

Create Sugeest students include in 
their tables information on the weather con- 

ditions for which each piece of clothing is 

used. Ask students to examine the textures 
They 

and elasticity of the clothing and hypothe- 
size how the polymers must be arranged. 
[2] Bright Ideas, by Sharon Dalgleish, Mason Crest 

Publishers, 2003 

Resources for Teachers and Students 

Mistakes that Worked, by Charlotte Foltz Jones, 
Doubleday, 1994 

All Laughted ... From Light Bulbs to Lasers, 
by Ira Flatlow, Perennial, 1993 

For more information, vis 

fl.gpescience.com 
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“Section 1 Chemical Changes 

1. Ina chemical reaction, one or more sub- 

stances are changed to new substances. 

2. The substances that react are called reac- 

tants, and the new substances formed are 

called products. Charcoal, the reactant 

shown below, is almost pure carbon. 

3. The law of conservation of mass states that 

in chemical reactions, matter is neither cre- 

ated nor destroyed, just rearranged. 

4. The law of conservation of energy states 

that energy is neither created nor destroyed. 

Section 2 Chemical Equations 

1. Balanced chemical equations give the exact 

number of atoms involved in the reaction. 

2. A balanced chemical equation has the same 

number of atoms of each element on both 

sides of the equation. This satisfies the law 

of conservation of mass. 

3. When balancing chemical equations, change 

only the coefficients of the formulas, never 

the subscripts. To change a subscript would 

change the compound. 

Interactive Tutor fl.gpescience.com 

“Section 3 | Classifying Chemical 
Reactions 

1. In synthesis reactions, two or more sub- 

stances combine to form another substance. 

2. In single-displacement reactions, one ele- 

ment replaces another in a compound. 

3. In double-displacement reactions, ions in 

two compounds switch places, often form- 

ing a gas or insoluble compound. 

4. Using the activity series chart, scientists can 

determine which metal can replace another 

metal. 

“Section 4 | Reaction Rates and Energy 

1. When energy is released in the form of 
heat, the reaction is exothermic. An 

endothermic reaction 

requires heat to get 

started. This flame is 

releasing light and 

heat energy. 

NI Temperature, con- 

centration, and the 

presence of a catalyst 

can change the rate 

of reaction. 

Ww Activation energy is the minimum amount 

of energy needed to start a reaction. 

4. Reactions may be sped up by adding cata- 

lysts, such as a nickel catalyst. A reaction 

can be slowed down by adding inhibitors. 

LETTS Use the Foldable that you made at the begin- 

ning of this chapter to help you review chemical reactions. 

CHAPTER STUDY GUIDE 745 

Summary statements can be 

used by students to review the 

major concepts of the chapter. 

Sciences ING 

Visit fl.gpescience.com 

More Section Review 

Interactive Tutor 

Vocabulary PuzzleMaker 

More Chapter Review 

Standardized Test Practice 

Assessment Transparency 

For additional assessment ques- 
use the 

Transparency \ocated in the trans- 
parency book. 

tions, Assessment 

Assessment 

Chapter Chemical Reactions = Assessment 

<> Transparency 

Directions; Carefully review the diagrams and answer the following questions. 

No lid 

1, From the results of the experiment above, it is reasonable to 

assume that the production of ethene 

A has no effect on the rotting of a peach in its immediate area 

B slows the rotting of a peach in its immediate area 

C quickens the rotting of a peach in its immediate area 

D slows the rotting process in the peach producing the gas 

2. According to the information in the diagram, we can conclude that 

ethene consists of 

F hydrogen and helium H carbon and oxygen 
G carbon and hydrogen J calcium and carbon 

George wanted to use the peaches that he picked from the tree in 

his backyard to bake a pie. However, some were not quite ripe. 
George could best speed the ripening process by placing the 

peaches 
A in the retrigerator C inside an enclosed space 

B outside by the tree D near a breezy window 

‘Ghemicat Reactions 

Have students use 
FOLDABLES the Foldables that 
they made at the beginning of 

the chapter to help them review 
scientific processes. 

CHAPTER REVIEW 745 
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The two are opposite processes; in a 

synthesis reaction substances are put 
together and in a decomposition 
reaction they are taken apart. 

Ina chemical change, reactants 
change into products. 

The two produce opposite outcomes; 

catalysts speed up chemical reactions, 

while inhibitors slow them down. 

The two are opposite reactions; 

exothermic reactions release heat and 

endothermic reactions absorb heat. 

Chemical reactions are processes in 

which new substances, called prod- 

ucts, are formed. 

In single-displacement reactions, 

only one element of one compound 
is replaced by another element. In 
double-displacement reactions, two 

elements in two compounds change 

places. 

Not all chemical reactions are syn- 

thesis reactions, but all synthesis 
reactions are chemical reactions. 

Checking Concepts) 
8. D 13. D 

9. D 14. B 

10. D 15. A 

11. D 16. D 

1 PE 17. D 
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chapter 3 

A scons $C.B.1.4.2 

sing Vocabulary 

* activation energy | endothermic reaction 

balanced chemical p. 73! 

equation | exothermic reaction 

* catalyst p. 740 p. 73& 

chemical equation p inhibitor p. 740 

chemical reaction p. / ¥% product p 

combustion reaction # rate of reaction | 

‘ # reactant p 

decomposition reaction single-displacement 

31 reaction p 

double-displacement synthesis reaction 

reaction p. 732 Dig: 

# FCAT Vocabulary 

For each set of vocabulary words below, explain 

the relationship that exists. 

1. synthesis reaction—decomposition reaction 

2. reactant—product 

3. catalyst—inhibitor 

4. exothermic reaction—endothermic reaction 

5. chemical reaction—product 

6 . single-displacement reaction—double- 

displacement reaction 

7. chemical reaction—synthesis reaction 

Checking Concepts 

Choose the word or phrase that best answers the 
question. 

8. Oxygen gas is always written as O, in 

chemical equations. What term is used to 

describe the “2” in this formula? 

A) catalyst © product 

B) coefficient D) subscript 

9. In an endothermic reaction, which has the 

lower energy? 

A) catalyst 

B) inhibitor 

C) product 

D) reactant 

746 CHAPTER REVIEW 

Review 

10. What law is based on the experiments of 

Lavoisier? 

A) atomic theory 

B) collision theory 

©) conservation of energy 
D) conservation of mass 

Ue 

12. 

115% 

14. 

1S. 

16. 

LW 

What must an element be in order to 

replace another element in a compound? 

A) less inhibiting ©) more inhibiting 
B) less reactive D) more reactive 

How do you indicate that a substance in 

an equation is a solid? 

A) (1) © (s) 
B) (g) D) (aq) 

Classify the reaction: 

2H (8) + O,(9) = 2ELO (eg): 

A) combustion 
B) decomposition 

©) single displacement 

D) synthesis 

What compound is the food additive BHA? 

A) catalyst ©) oxidized 

B) inhibitor D) reduced 

Which symbol indicates that a substance 
is dissolved in water when writing an 

equation? 

A) (aq) QO (g) 

B) (s) D) (/) 

What word would you use to describe 

HgO in the reaction that Lavoisier used to 

show conservation of mass? 
A) catalyst © product 

B) inhibitor D) reactant 

When hydrogen burns, what is oxygen’s 
role? 

A) catalyst 

B) inhibitor 
©) product 

D) reactant 

Vocabulary PuzzleMaker fl.gpescience.com 

Curriculum ‘Tags 

Use the ExamView® Pro Testmaker CD-ROM to: 

* create multiple versions of tests 

create modified tests with one mouse click for inclusion students 

edit existing questions and add your own questions 

build tests aligned with state standards using built-in State 

change English tests to Spanish with one mouse click and vice versa 



18. 

a. 

= —— 2HI 

| 

~ Interpreting Graphics _ 

Copy and complete the concept map 

using the following terms: oxidized, redox 
reactions, lost, reduced, oxidation, gained, 
and reduction. 

consist of a pair of 

reactions called 

in which electrons are 

and the substance is 

Sequence Sometimes a bond formed in a 

chemical reaction is weak and the product 

breaks apart as it forms. This is shown by 

a double arrow in chemical equations. 

Copy and complete the concept map, 

using the words product(s) and reactant(s). 
In the blank in the center, fill in the for- 

mulas for the substances appearing in the 

reversible reaction. 

H,(g) + L(g) = 2HI(g) 

Products Reactant 

becomes 

\ is 

—— 

forms 

More Chapter Review fl.gpescience.com 

Bete! 22) Review 

20. 

21. 

22 

23. 

24. 

2. 

Write a balanced chemical equation for the reac- 

tion of propane C3Hg(g) burning in oxygen 

to form carbon dioxide and water vapor. 

Interpret the balanced chemical equation 

from question 23 to explain the law of 

conservation of mass. 

Hypothesize Zn is placed in a solution of 

Cu(NO,), and Cu is placed in a Zn(NO,), 

solution. In which of these will a reaction 

occur? 

Predict what kind of energy process hap- 

pens when lye, NaOH(s), is put in water 

and the water gets hot. 

Recognize Cause and Effect Sucrose, or table 

sugar, is a disaccharide. This means that 

sucrose is composed of two simple sugars 

chemically bonded together. Sucrose can 

be separated into its components by heat- 
ing it in an aqueous sulfuric acid solution. 

Research what products are formed by 

breaking up sucrose. What role does the 
acid play? 

Classify Make an outline with the general 

heading Chemical Reactions. Include the 
five types of reactions, with a description 

and example of each. 

Applying Math 

26. Use Numbers When 46 g of sodium were 

exposed to dry air, 62 g of sodium oxide 

formed. How many grams of oxygen 
from the air were used? 

. Calculate Mass Chromium is produced 

by reacting its oxide with aluminum. 

If 76 g of Cr,O, and 27 g of Al com- 

pletely react to form 51 g of Al,O,, 

how many grams of Cr are formed? 

CHAPTER REVIEW 747 

\@y Reproducible Masters 
Chapter Fast File Resources 

Chapter Review, pp. 39-40 
Chapter slests; ppsti1—4 
Assessment Transparency Activity, p. 53 

Glencoe Science Web site 
Chapter Review ‘Test 
Standardized ‘Test Practice 

Glencoe Technology 

& @ Assessment ‘[ransparency 
@® ExamView® Pro Testmaker 
9 MindJogger Videoquiz 
(@® Interactive Chalkboard 

chapter 

Review 23 

nterpreting raphics 

18. 

19. 

See student page. 

See student page. 

Thinking Critically 
20. 

21. 

Applying Math 

C3H3(g) + 502(g) — 3C02(g) + 

4H)0(q) 
There are 3 atoms of carbon, 8 atoms 
of hydrogen, and 10 atoms of oxygen 
on both sides of the equation. 

. Zinc reacts in the solution of copper 
nitrate and displaces copper to form 
Zn(NO3)2.In the second solution, no 

reaction is observed. 

. exothermic 

. Fructose and glucose; the acid is a 

catalyst. 

. Chemical Reactions 

1. Combustion Reaction 
A substance reacts with oxygen 
to produce energy as heat or 
light. 

Il. Synthesis Reaction 
Two or more elements or 
compounds combine. 

IIl.Decomposition 
A compound is broken down 
into its elements or other 
compounds. 

IV. Single Displacement 
An element in one compound is 

replaced by another element. 

V. Double Displacement 
Two elements from two differ- 
ent compounds replace each 
other. Accept all reasonable 
examples. 

Math Standards 

National: 1, 2,9, 10 

Florida: MA.D.2.4.1 

26. 

2; 

STANDARDIZED TEST PRACTICE 

62g — 46g = 16g of 0) 

52g 

747 



chapter B3 

Standardized Test Practice 

Answer Sheet An answer sheet 

can be found at fl.gpescience.com. 

Standardized Test Practice Answer Sheet 

Q@2e00 oO) 

¢ Multiple Choice 

ridded Response 

7. 89.4 

Shanta, cS) Standardized Test Practice 

The assessed Florida Benchmark appears above the question. 
ae | Record your answers on the answer sheet provided by your teacher or on a sheet of paper. 

ultiple Choice 

Use the illustration below to answer question 1. 

1. The photograph above shows a chemical 

reaction in which water decomposes into 

hydrogen gas and oxygen gas when an elec- 

tric current is passed through it. Which of 

the following is the correct chemical equa- 
tion for this reaction? 

A. H,O(!) > H,(g) + O(g) 

B. H,O(!) > 2H(g) + O(g) 

C20, 0) == 2H (9) + 20) 

D . 2H,O() > 2H,,(g) + O,(g) 

2. Which substance is the precipitate in the 
following reaction? 

Ba(NO3),(aq) + K,SO,(aq) > 

BaSO ne :) + 2KNO 3(4q) 

A. Ba(NO,), 

B. K,SO, 

C. BaSO, 

D. KNO, 

748 STANDARDIZED TEST PRACTICE 

3. Which reaction is endothermic? 

A. iron rusting 

B. burning wood 

C. exploding dynamite 

D . mixing Epsom salt in water 

Use the figure below to answer question 4. 

‘Lithium ~ 
Potassium 
Calcium 
Sodium 
Aluminum 

Zinc 
Iron 

Tin 

j Lead 

(Hydrogen) 
Copper 
Silver 

Gold LEAST ACTIVE 
EE ETT EP GEODETIC. 

i 

4. Which metal would most likely replace lead 

in a solution? 

A. potassium 

B. copper 

C. silver 

D. gold 

5. Which type of reaction is the opposite of a 
synthesis reaction? 

A. displacement 

B. reversible 

Cc. combustion 

D . decomposition 

748 CHAPTER 23 Chemical Reactions 



Standardized 
Test Practice Chapter 23 

Standardized Test Practice 

xtende esponse 

£ =f (— Gridded Response esponse 10. Food preservatives are a type of inhibitor. 
Explain why this is useful in foods. 11. The equation has oxygen as a single 

a atom; however, oxygen gas is a 
6. A reaction of 24 g of sodium hydroxide INQUIRE | diatomic molecule, 02. The correct 

with 20 g of hydrogen chloride gives off S| extended Response form of the equation is 4Al(s) + 
12 g of water. What mass of sodium 303(9) — 2Al;03(5). | 

chloride is formed in this reaction? 11. Explain what is wrong with the following 12. A chemical reaction is exergonic if 
balanced equation: it releases energy. A reaction is 

7. From an experiment to seperate water into exothermic ifit gives off energy in 
hydrogen and oxygen, a student collected the form of heat. The reaction 
10.0 g of hydrogen and 79.4 g of oxygen. What is the correct form of the equation? shown is exergonic because it 

i aT releases heat and produces visible 
light. It is exothermic because it pro- 
duces warmth and burning. 

13. The unbalanced chemical equation is | 
Mg(s) + 02(g) —> Mg0(s). To bal- | 
ance the equation, adjust the 
coefficient with MgO to balance oxy- 

gen and with Mg to balance | 
magnesium. The equation is bal- | 
anced as 2Mg(s) + 03(9g) > 

4Al(s) + 6O(g) > 2AL,0,(s) 

How much water was originally involved in 

the process? 

READ 

ort Response 
—————} 

8. What is a synthesis reaction? 

Use the illustration to answer question 12. 

Use the illustration to answer question 9. 

2Mg0(s). 
TT 12. The photograph above shows a chemical | 

—z— reaction between magnesium, Mg, and Rubrics | | 

oxygen gas, O,. This reaction is exergonic | 
and exothermic. Explain what these terms For more help evaluating | 
mean and how you can tell that a chemical Short- and Extended-Response | 
reaction is exergonic or exothermic. questions, see the rubrics on 

p. 9T: | 
13. The reaction of magnesium and oxygen 

a gas forms magnesium oxide, MgO. Write 

the chemical equation for this reaction 

and explain the process you use to balance | 
9. The illustration above shows the reaction of 

the equation. 
aqueous nickel(II) chloride, NiCl,, and 

aqueous sodium hydroxide, NaOH, to form 

solid nickel(II) hydroxide, Ni (OH),, and |_Test-Taking Tip_| 
aqueous sodium chloride, NaCl. State the Missing Information Questions often will ask about missing | 

conversation of mass as it applies to this information. Notice what is missing as well as what is given. | 

chemical reaction. a eS ee ee 

Standardized Test Practice fl.gpescience.com STANDARDIZED TEST PRACTICE 749 

¢ Short Response 

8. A synthesis reaction is a chemical 9, The number of atoms of nickel, 10. An inhibitor slows down the rate of 

reaction in which two or more sub- chlorine, sodium, oxygen, and a reaction. Preservatives slow 

stances combine to form another hydrogen that are present before down the rate of food spoilage. 

substance. the reaction equals the number of 

each present after the reaction. 

STANDARDIZED TEST PRACTICE 749 



chapter 

Section/Objectives 

Chapter Opener 

Standards 

National 

See pp. 161-177 fora 

Key to Standards. 

State/Local 

Labs/Features 

Launch Lab: Magic Solutions, p. 751 

Foldables, p. 751 

Section 1 How Solutions Form 

@ 2sessions CP 1 block 
1. Identify the components of a solution. 

2. Explain how things dissolve. 

3. Identify the factors that affect the rates at 

which solids and gases dissolve in liquids. 

National Content 

Standards: 

UCP.1-3, UCP.5, 

AGl, A:2) Bale B2, 

B.3 

Section 2 Solubility and Concentration 

@ session cp 5 block 

4. Define the concept of solubility. 
5. Identify how to express the concentration of 

solutions. 
6. List and define three types of solutions. 
7. Describe the effects of pressure and 

temperature on the solubility of gases. 

National Content 

Standards: 

UCP.1-3, UCP.5, 

A.1,A.2, B.2, B.6 

Section 3 Acids, Bases, and Salts 

@ 3 sessions cp 1.5 blocks 

8. Compare and contrast acids and bases and 

identify the characteristics they have. 

9. Examine some formulas and uses of common 
acids and bases. 

10. Determine how the processes of ionization and 

dissociation apply to acids and bases. 

National Content 

Standards: 

UCP.1, UCP.2, 

UGPBAUGP5, 

A.1,A.2, B.2,B.3 

Section 4 Strength of Acids and Bases 

@ 2sessions CP 1 block 
11. Determine what is responsible for the strength 

of an acid or a base. 
12. Compare and contrast strength and 

concentration. 

13. Examine the relationship between pH and acid 
or base strength. 

14. Explain electrical conductivity. 

750A CHAPTER 24 Solutions, Acids and Bases 

National Content 

Standards: 

UCP.1, UCP.2, 

UCP3, UCP5, 

Aal, A:2,B.2,63 

Florida Integrate Career, p. 753 

Benchmarks Visualizing Metal Alloys, p. 754 
SC.A.1.4 MiniLAB: Observing the Effect of 

Surface Area, p. 756 GD Video Lab 
Applying Math: Surface Area, p. 757 

Florida Science Online, p. 762 

Benchmarks: 

SG@AIAS; 

SC.A.1.4.4 

Florida MiniLAB: Observing Acid Relief, 

Benchmarks p. 766 

SC.A.1.4 Integrate Life Science, p. 768 

Science Online, p. 770 

Lab: Determining Acidity, p. 775 

Lab: Saturated Solutions, 
pp. 776-777 



Lab Materials 

Launch Lab: white paper, 
cotton balls, 

phenolphthalein indicator, 
universal indicator, 

ammonia, vinegar 

! 

Reproducible Resources 

Chapter Fasr Fite Resources 
Foldables Worksheet, p. 17 
Directed Reading, p. 19 

Note-taking Worksheets, 
pp. 35-37 

Section Assessment 

¢ENCo 
on y= 

¥, & 5) 
Vane? 

Glencoe Exclusive! 

feacher Works == 
All-In-One Planner and Resource Center 

Technology 

Jeacoer’Works includes: 

* Interactive Teacher Edition 

* Lesson Planner with calendar 

* Access to all program blacklines 

* Correlations to standards 

* Web links 

MiniLAB: ground sugar 
cubes (2), whole sugar 

cubes (2), medium-sized 

glasses (2), distilled water, 
stirring rods (2) 

Chapter Fasr Fite Resources 

Transparency Activity, p. 46 

MiniLAB, p. 3 

Enrichment, p. 31 

Reinforcement, p. 27 

Directed Reading, p. 20 

Need materigls2 
Contact Scie nce Kit até 1-800-828-7777 or www.sciencekit.com, 

MiniLAB: 150 mL water, 

250-—mL beaker, 1M HCl, 

universal indicator (12 

drops), antacid tablet, 

graduated cylinder, dropper 

en 

Chapter Fasr Fite Resources 
Lab Activity, pp. 9-12 
Transparency Activity, p. 47 
MiniLAB, p. 4 
Enrichment, p. 32 
Reinforcement, p. 28 
Directed Reading, p. 20 
Transparency Activity, 

DDsi—52 

Portfolio 
Assessment, p. 758 
Performance 

MiniLAB, p. 756 
Applying Math p. 758 
Content 

Section Review, p. 758 

Video Lab 

& Section Focus Transparency 

©) Interactive Chalkboard 
CD-ROM 

®) StudentWorks Plus 

Portfolio 

Assessment, p. 763 

Performance 

Applying Math p. 763 

Content 

Section Review, p. 763 

® Section Focus Transparency 

6 Teaching Transparency 

©) Virtual Labs CD-ROM 
*®) Interactive Chalkboard 

; CD-ROM 

®) StudentWorks Plus 

Chapter Fasr Fite Resources 

Transparency Activity, p. 48 

MiniLAB, p. 4 

Enrichment, p. 33 

Reinforcement, p. 29 

Directed Reading, p. 21 

Portfolio 

Curriculum Connection, p. 765 

Performance 

MiniLAB, p. 766 
Applying Math, p. 770 

Content 

Section Review, p. 770 

& Section Focus Transparency 

®) Interactive Chalkboard 
CD-ROM 

®) StudentWorks Plus 

Lab: homemade cabbage 
indicator, coffee filter, waxed 
paper, grease pencil or 
masking tape, teaspoons (3), 
alum, cream of tartar, fruit 
preservative 
Lab: distilled water, test tubes, 
test tube holder, test-tube rack, 
thermometer, sugar, copper- 
wire stirrer, graduated cylinder, 
beaker, hot plate, ring stand 

Chapter Fasr Fite Resources 

Chapter Review, pp. 39-40 

Chapter Tests, pp. 41-44 

¥ 

s 

v 

& 

Standardized Test Practice, pp. 100-103 I 

¥ 

s 

Chapter Fasr Fire Resources 

Transparency Activity, p. 49 

Enrichment, p. 34 

Reinforcement, p. 30 
Directed Reading, pp. 21-22 

Lab Activity, pp. 13-16 

Lab Worksheets, pp. 5-6, 7-8 

Performance 

Applying Math, p. 774 

Content 

Section Review, p. 774 

End of Chapter Assessment 

TD MindJogger Videoquiz 

Virtual Labs CD-ROM 

ExamView® Pro Testmaker 

TeacherWorks CD-ROM 

Interactive Chalkboard CD-ROM 

& Section Focus Transparency 

© Interactive Chalkboard 

CD-ROM 

*®) StudentWorks Plus 

Performance Assessment in the Science 

Classroom (PASC) 



This is a representation of key blackline 

masters available in the Teacher Classroom 

Resources. See Resource Manager boxes 

within the chapter for additional information. | 

Key to Teaching Strategies 

The following designations will help you 
decide which activities are appropriate 

for your students. 

[4] Level 1 activities should be 

appropriate for students with 

learning difficulties. 

[2] Level 2 activities should be within 

the ability range of all students. 

[3] Level 3 activities are designed for 

above-average students. 

G@® ELL activities should be within 

the ability range of English 

Language Learners. 

COOP LEARN Cooperative Learning 

activities are designed 
for small group work. 

Multiple Learning Styles logos, 

as described on page 12T, are 

used throughout to indicate 

strategies that address different 

learning styles. 

P| These strategies represent student 

products that can be placed into 

a best-work portfolio. 

PBL} Problem-Based Learning activities 

apply real-world situations to 
learning. 

4cto, eaten 
Boat A Sweet Job 

sparency 

nth 

ay 
Temperature Effects on 

MSS Solubility 

Table 3 Solubility of Compounds in g/100 g of Water 
‘Temperatures 

f Composition of Common Solutions 

Solution | Created by combining 

Brass 
Salt water | Solid-liquid 

Liquid-liquid 

Soda Gas—liquid 

ie 

[veo 
(eae 

Air Gas-gas 

Hands-on Activities 

Student Text Lab Worksheet Laboratory Activities 

lan 
€] [Elec Examining Properties 

Activity of Solutions 

Peat 
\AB, Determining Acidity 

Lab Preview 
Directions: Answer thee g 

Hands-On Activities 
Strategy 

Materials FW Gl oY 

Procedure 
Part A—Solid in Solution 

750C CHAPTER 24 Solutions, Acids and Bases 



Enrichment 
Content Outline 

ee . ba elion % ge, 
Oe How Solutions Form Surface Area and Speed 

= of Dissolving 

Meeting Individual Needs 
Meeting Individual Needs Meeting Individual Needs 

Directed Reading (English/Spanish) 

Se Solutions, Acids, and Bases 

secrion © How Solutions Form 

@ Before You Read 

@ Read to Learn 

What is a solution? 
Meeting Individual Needs 

= Chapter Solutions Chapter Solutions 
Se Review Test 

Part A. Vocabulary Review |. Testing Concepts 
Directions: lt : - =o by en Directions: For rac ofthe Slowing wets te keer of he tom or phrase that Dest cess th 

: 
& 

2 

CHAPTER 24 Resource Manager 750D 



Ehapren an Soluti ons, Adds, and Bases 

Science Content Background —__ 
Prteaiese How Solutions Form 

How Substances Dissolve 
Attractive forces between the 

& atoms, ions, or molecules of a sub- 
stance eneld liquid and solid substances together. 
When a substance is surrounded by a solvent, 
particles of the substance may be attracted to 
the solvent molecules by various forces. If these 
attractive forces are strong enough to overcome 
the internal attractive forces of the solute, the 

substance will be soluble to some extent. A 
substance with an extremely low solubility is 
usually said to be insoluble. 

The process of dissolving, called dissolution, 
involves energy. Energy is absorbed when the 
structure of a molecular solid or liquid is broken 
down or the ions of an ionic crystal are sepa- 
rated. Energy is released when the particles of 
solute form new bonds with the solvent. In the 
cold packs used by athletic trainers, more energy 
is absorbed in the first part of the dissolution 
process than is released in the second. For that 
reason, the overall process is endothermic, and 
the liquid becomes colder. 

INSTANT 

COLD 
PACK | 

David R. Frazier/ Photo Researchers, Inc. 

750E CHAPTER 24 Solutions, Acids and Bases 

Psp Solubility 

‘ and Concentration 

Types of Solutions 
A solution is saturated when equi- 

librium between the undissolved solute and 
dissolved solute is established at a particular 
temperature. It is important to state the tem- 
perature of a saturated solution. Because a 
solution that is saturated at one temperature 
may not be saturated at another temperature. 
In the state known as solution equilibrium, the 
solute is dissolving into the solution and com- 
ing out of solution at exactly the same rate. 

If a solution contains more dissolved solute 
than it usually can hold at a given temperature, 
the solution is said to be supersaturated. 
Supersaturated solutions are unstable and dis- 
turbances such as jarring, stirring, scratching 
the walls of the container, or dropping in a 
“seed” crystal cause the solution to return to 
the saturated state. 

Acids, Bases, and Salts 

Solutions of Acids and Bases 
A good operational definition of 
acids and bases is that acids 

increase the concentration of hydronium ions 
(H;0*) when dissolved in water and bases 

increase the concentration of hydroxide ions 
when dissolved in water. Other characteristics 
come from work by Robert Boyle in the 1600s. 
Acids have a sour taste, are corrosive, turn lit- 

mus from blue to red, and lose their acidity 
when they react with alkaline (basic) materials. 
Bases feel slippery, change litmus from red to 
blue, and become less a/kaline when they react 
with acids. The word alkaline became synony- 
mous with basic because alkalines are the “basis” 
for making salts. 



Strength of Acids and Bases 
pH of a Solution 
The term pH is derived from the 
German potenz (power) and H for 

hydrogen. It refers to the power of 10 used to 
express the molar H;O* concentration. The 
approximate pH of a solution can be determined 
by using an acid-base indicator. Bromothymol 
blue, for instance, changes color in the pH range 
6.0—7.6 from yellow in its acid form to blue in its 
base form. Phenolphthalein changes in the pH 
range of 8.2—9.8 from colorless in its acid form 
to pink in its base form. A mixture of indicators 
called universal indicator can be used that meas- 
ures the range of pH from 0-14. 

A salt is an ionic compound that is formed 
when an acid neutralizes a base. Salt solutions 
can be neutral, acidic, or basic, depending on the 
acid-base properties of the constituents. As a 
general rule, salts formed by the reaction of a 
strong acid with a strong base are neutral, salts 
formed by reaction of a strong acid with a weak 
base are acidic, and salts formed by the reaction 
of a weak acid with a strong base are basic. 

Internet Resources 

For additional content background, visit 

fl.gpescience.com to: 

e access your book online 

e find references to related articles in popular 

science magazines 

e access Web links with related content background 

e access Current events with science journal topics 

Print Resources 

Clean Solvents: alternative media for chemical 

reactions and processing, by M.A. Abraham, 

faprer conten! resources 

Helping You Prepare 

Teacher to Teacher 
Pam K. Hintz, 

Elgin/New Leipzig Public School 

Elgin, North Dakota 

“To show how solutions can be useful in analytical applications, 

| prepare a simple chromatography demonstration. | place a 

dot of permanent marker near the bottom of a strip of coffee 

filter paper and a dot of water-based marker ink on another 

strip. Then | dip the strips in separate beakers with a small 

amount of water (water line below the ink dots) and let them 

sit for about 45 minutes. We take a minute for the students to 

predict what will happen and we come back to the beakers at 

the end of class. Students should see that the water-based ink 

dissolved in the water and, as the water was absorbed up the 

paper, separated out to show the colors that combined to 

make the ink. Chromatography techniques like this one are 

used to isolate and analyze the individual components of 

unknown substances.” 

Pam K. Hintz 

American Chemical Society (symposium series 

819), 2000 

Elements, compounds, and mixtures, by B.J. Knapp, 

Grolier Educational, 1998 

Properties of Solvents, by X. Marcus, Wiley & Sons, 

1998 

Acids, Bases, and Salts, Brian J. Knapp, Grolier 

Educational, Danbury, CT, 1998 

Acids, Bases, and Salts (CHEMLAB), Keith Walshaw, 

Atlantic Europe Publishing Co., 1998 
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solution, p. 752 
solute, p. 753 

solvent, p.753 
aqueous solution, p. 753 

solubility, p. 759 
concentration, p. 760 
saturated solution, p. 761 
unsaturated solution, p. 761 
supersaturated solution, p. 762 

acid, p. 764 
indicator, p. 764 
base, p. 766 
strong acid, p. 7 
weak acid, p. 77 

strong base, p. 
weak base, p. 7 
pipe /73 

Stun 
responses will vary at the begin- 
ning, but all students should 

come to recognize that all liquids 
are not necessarily solutions and 
all solutions are not necessarily 
liquids. 

Mixed-Up Chemistry 

How Solutions Form INTERACTIVE | 

ZR ereetdrse Menace armtatinr 
PowerPoint’ Presentations 

This CD-ROM is an editable 
Microsoft® PowerPoint® 
presentation that includes: 
* a pre-made presentation for 

every chapter 
* interactive graphics 

* animations 

Solubility and Concentration 

Acids, Bases, and Salts 

Strength of Acids and Bases 

Determining Acidity 

Saturated Solutions 
Science Journal 

How is the solubility 

of a compound determined? 

| 

i 

i 

} 

* audio clips 

° image bank | Theme Connection About the Photo 

all new section and chapter : ee 
Systems and Interactions Solutions are systems Underwater Solutes This diver may not know it, 

, Secale eee Dec whose properties are determined by the inter- but the underwater environment is full of solutes 
© franeparencies / actions between the molecules or ions of the in solution. Water dissolves many substances, and 
Srotishlee de cecane | solute and the molecules or ions of the solvent. — the salty seawater itself is a solution. The oxygen 
‘pee tank that makes this dive possible also contains a 
nr as j solution—a gas solution of nitrogen or possibly 

ee helium mixed with oxygen. 
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This tab, you will create an invisible 
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Preview this chapter's content 

@niine and activities at 

noe SAE A ekg teh once Re Sen AMER EAEALRLT SPOR Eat ND: De LAINE A PSC 

FOLDABLES 
Study Organizer 

Solutions, Acids, and Bases 

Make the following Foldable 

to help you identify the main 

characteristics of solutions, acids, 

and bases. 

| STEP 1) Fold a sheet of paper 

vertically from side 

to side. Make the 

front edge about 

1.25 cm longer than 

the back edge. 

| STEP 2 | Turn lengthwise 

and fold into thirds. 

Siam Unfold and cut only the top layer 

along both folds to make three tabs. 

Li J 

\ \ 

\ \ | 

\ 

| STEP 4) Label each tab. 

Solutions Acids | Bases 

Reading for Main Ideas As you read the 

chapter, list the characteristics of solutions, 

acids, and bases. 

Purpose Use the Launch Lab to 

introduce students to the con- 

cept of acids and bases. 
Kinesthetic 

Materials white paper, cotton 

balls, cotton swabs, phenolph- 

thalein indicator, universal 

indicator, ammonia, vinegar 

Teaching Strategy 

‘To extend this activity, students 
could use vinegar and baking 
soda dissolved in water to write a 
message. The message is then 
revealed using red cabbage indi- 
cator. If acidic and basic solutions 
are used, the messages will show 

up as different colors. 

Think Critically 
Sample answer: The writing appeared 

when vinegar or ammonia was rubbed 

across an indicator. The pH changed, 

which allowed the writing to appear. 

Assessment 

Oral Ask students to explain how 
indicators can show if a solution 

is acidic or basic. The indicator will 

be one color for acids and another color 

for bases. 

V2) Dinah Zike 
ST iii otudy Fold 

Student preparation materials for 

this Foldable are available in the 

Chapter Fasr Fize Resources. 
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tion is available on Interactive 

Chalkboard CD-ROM. 

Bellringer 

Section Focus ‘Transparencies 

also are available on the 

Interactive Chalkboard CD-ROM. 

jap 

“Transparency 

The solution to your lunchtime hunger may be a mixture, There are 

different kinds of m 
others are mixed un 
mixtures, 

1, Which items in 
unevenly mixed? 

2. Do you think thi 
Why? 

3. What invisible mixture do you depend on every moment of 

every day? 

Reading Preview 

Tie to 

Mixtures Have students recall 

what t 

ogeneous and homogeneous 

mixtures. In a heterogeneous 

mixture, the mixed materials 

ALCRMN® 

homogeneous mixture is one in 
which 

uted evenly at the molecular or 

ionic level. 

Word Analysis Point out that 
several 

followed by syllables in paren- 
theses. 

how tc 

correctly. Model the process 
with aqueous (A kwee us) solu- 

tion. Point out that aqua means 
“water” 

Latin. 

752 

An editable Microsoft® 

PowerPoint presenta- 

nixtures—some are the same throughout, while 

nevenly. This picture shows a few of both kinds of 

this picture are the same throughout? Which are 

e salad is the same kind of mixture as the vinegar? 

Prior Knowledge 

hey know about heter- 

t distributed evenly. A 

the particles are distrib- 

What You Learn 
m Identify the components of a 

solution. 

Explain how things dissolve. 

Identify the factors that affect 

the rates at which solids and 

gases dissolve in liquids. 

Figure 1 The liquid solution in 

the hummingbird feeder contains 

sugar, food coloring, and other 

substances. 

TT TT 

Why It’s Important 

Solutions play an important role 

in your everyday life. Examples 

of everyday solutions are sports 

drinks, dishwashing detergents, 

752 CHAPTER 24 Solutions, Acids, and Bases 

Reading Guide 

and shampoos. 

#€ FCAT Vocabulary 

® Review Vocabulary 
homogeneous mixture: solid, liquid, 

or gas that contains two or more sub- 

stances blended evenly throughout 

New Vocabulary 

e solution 

e solute 

e solvent 

¥% aqueous solution 

What is a solution? 
Hummingbirds are fascinating creatures. They can hover for 

long periods while they sip nectar from flowers through their 

long beaks. To attract hummingbirds, many people use feeder 

bottles containing a red liquid, as shown in Figure 1. The liquid 

is a solution of sugar and red food coloring in water. 

Suppose you are making some hummingbird food. When you 
add sugar to water and stir, the sugar 

crystals disappear. When you add a few 

drops of red food coloring and stir, the 

color spreads evenly throughout the 

sugar water. Why does this happen? 

Hummingbird food is one of many 

solutions. A solution is a mixture that 
has the same composition, color, 

density, and even taste throughout. 

The reason you no longer see the 

sugar crystals and the reason the red 

dye spreads out evenly is that they 

have formed a completely homoge- 

neous mixture. The sugar crystals 

broke up into molecules, 

the red dye into its molecules, 

and both mixed evenly among the 
water molecules. 

sugar 

L2 

words in this section are 

These syllables show 
) pronounce the words 

and is derived from 
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Section 1 Resource Manager 

Chapter Fast Fite Resources 

‘Transparency Activity, p. +6 

Note-taking Worksheets, pp. 35- a7 

Directed Reading for Content Mastery, 

pp. 19-20 

Enrichment, p. 31 

Lab Activity, pp. 9-12 

MiniLAB, p. 3 

Reinforcement, p. 13 

Reading and Writing Skill Activities, p. 17 

Mathematics Skill Activities, p. 13 



Solutes and Solvents 
In a solution, one substance is dissolved in another. In the 

hummingbird solution, sugar which is the substance being dis- 
solved, is the solute. Water, which is the substance doing the dis- 
solving, is the solvent. When a solid dissolves in a liquid, the 
solid is the solute and the liquid is the solvent. In salt water, salt 
is the solute and water is the solvent. In carbonated soft drinks, 
carbon dioxide gas is one of the solutes and water is the solvent. 
When a liquid dissolves in another liquid, the substance present 
in the larger amount is usually called the solvent. A solution in 
which water is the solvent is called an aqueous (A kwee us) 
solution. 

How do you know which substance is the solute 

in a solution? 

Nonliquid Solutions Solutions also can be gaseous or even 

solid. Examples are shown in Figure 1 and Figure 2. Did you 
know that the air you breathe is a solution? In fact, all mixtures of 

gases are solutions. Air is a solution of 78 percent nitrogen, 21 

percent oxygen, and small amounts of other gases such as argon, 

carbon dioxide, and hydrogen. The sterling silver and brass used 

in musical instruments are an example of a solid solution. The 

sterling silver contains 92.5 percent silver and 7.5 percent copper. 

The brass issa solution of copper and zinc metals. Solid solutions 

are known as alloys. They are made by melting the metal solute 

and solvent together. Most coins, as shown in Figure 3, are alloys. 

Figure 2 Solutions also can be 
mixtures of solids or gases. 

Identify the parts of a solution. 

Solid phase 

Bronze is a solid solution 

of copper and tin. 

A diver breathes a gas 

solution containing 

compressed air. 

Surface-Coating Chemist 
A scientist who develops 

products such as house 

paints and polyurethane 

wood finishers is called a 

surface-coating chemist. 

Paints, varnishes, and 

synthetic clear coatings 

are solutions. These prod- 

ucts are designed to pro- 

tect the surface of an 

object from the environ- 

ment. Make a list of five 

items that have a protec- 

tive coating that was 

applied as a solution. 

Gas phase 

SECTION 1 How Solutions Form 753 
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Science Journal 

Everyday Solvents and Solutes Have students recall 

that solvents and solutes are all around them. Ask 

them to list in their Science Journals solvents and 

solutes they encounter in their daily lives. Their bodies 

contain solutes dissolved in water. Paint thinner, spot removers, 

and nail polish remover are all solvents that do not contain 

water. Linguistic 

Reading Strategy 

Set the Purpose Have students outline this 

section using text headings as guides. Set the 
purpose by asking them to make sure their 
outlines contain main ideas. Remind them 
that main ideas are often signaled by words 
and phrases in bold. 

SECTION 1 How Solutions Form 

Teach 

Caption Answer 
Figure 2 solute and solvent 

Answer It is the substance being dis- 
solved and is usually the substance that 
is present in the lesser amount. 

Activity 
Salt Residue Have students stir 
table salt into 50 mL of water 
until no more salt dissolves. Then 
have them add 5 mL of powdered 
chalk and stir again. Have them 
pour the liquid through filter 
paper. They should observe the 
chalk on the filter paper. Have 
them evaporate the filtered liquid 
and observe the residue remain- 

ing (salt). Explain that if filter 

paper can separate a substance out 
of a liquid, the substance was not 
dissolved. The chalk did not dis- 
solve; the salt did. TELL) 

Visual-Spatial 

ic INTEGRATE 
Gareer 

Surface-Coating Chemist Suggested 
answers: polyurethane on wood floors, 
parking lot line marks, house paint, and 
nail polish 

These chemists usually have a 
degree in chemistry and spe- 
cialize in surface coatings. 
Many colleges offer four-year 
degrees in chemistry, but fewer 
colleges offer courses in surface 
coatings. 

Research Have students research 
to find colleges and universities 
that offer classes in surface coating. 
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TT NATIONAL a NATIONAL 
: a GEOGRAPHIC GEOGRAPHIC VISUALIZING METAL ALLOYS 

Figure 3 3 

Visualizin g Metal ave you ever accidentally ‘ o ba Susan B. Anthony dollar 

Al loys | put a non-United States coin 

into a vending machine? Of Sm < Sacagawea dollar 

course, the vending machine didn't : 

accept it. If a vending machine is 

that selective, how can it be fooled 

Have students examine the pic- 

tures and read the captions. Then 

ask the following questions. 

Why is it necessary for vending | by two coins that look and feel very 

machines to be able to recognize different? This is exactly the case 

a coin by its size, weight, and with the silver Susan B. Anthony dol- 

electrical conductivity? lar and the new golden Sacagawea 
dollar. Vending machines can’t tell 

them apart. 

Look at the photograph of the 

two types of dollars. Do they 

appear to be made from the same 

alloy? 
<@ Vending machines recognize coins by 

size, weight, and electrical conductivity. 

The size and weight of the Susan B. Anthony 

coin were easy to copy. Copying the coin’s 

electrical conductivity was more difficult. 

Coin Composition Have students 
find the composition of the 
Susan B. Anthony dollar. 

Construct a circle graph for the 
Susan B. Anthony dollar similar 

to the one shown in the text 

for the Sacagawea dollar. |L2 

Logical-Mathematical 

Manganese 

Manganese brass alloy brass alloy 

—  ——— eres A. Over 30,000 samples of coin coatings 
~~ Manganese brass alloy were tested to find an alloy and thickness 

A The dollar's copper core is half the that would copy the conductivity of the 

coin’s thickness. It is sandwiched between Susan B. Anthony dollar. The final compo- 

two layers of manganese brass alloy. sition of the alloy is shown in the graph 

above. The key ingredient? Manganese. 
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Alloys Steel is an alloy of mostly iron with 
Challenge Have students find out how vending 

machines check the size, weight, and electrical | 
a Ieee various other metals and semimetals adde 

conductivity of coins. Have students report their pe aac 
] So aie : : ae Chromium, carbon, ; ickel are s aXe findings to their class. [3] Linguistic , carbon, and nickel are solutes 

added to molten iron, which is cooled to 

make a solid alloy. 
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How Substances Dissolve 
Fruit drinks and sports drinks are examples of 

solutions made by dissolving solids in liquids. Like 
hummingbird food, both contain sugar as well as other 
substances that add color and flavor. How do solids such 
as sugar dissolve in water? 

The dissolving of a solid in a liquid occurs at the sur- 
face of the solid. To understand how water solutions 
form, keep in mind two things you have learned about 
water. Like the particles of any substance, water mole- 

cules are constantly moving. Also, water molecules are 

polar, which means they have a positive area and a neg- 

ative area. Molecules of sugar also are polar. 

How It Happens Molecules of sugar dissolving in 
water are shown in Figure 4. First, water molecules clus- 

ter around sugar molecules with their negative ends 

attracted to the positive ends of the sugar. Then, the 

water molecules pull the sugar molecules into solution. 

Finally, the water molecules and the sugar molecules 
mix evenly, forming a solution. 

How do water molecules help sugar 
molecules dissolve? 

The process described in Figure 4 repeats as layer 

after layer of sugar molecules move away from the crys- 

tal, until all the molecules are evenly spread out. The 

same three steps occur for most solid solutes dissolving 

in a liquid solvent. 

Dissolving Liquids and Gases The same process 

takes place when a gas dissolves in a liquid. Particles 

of liquids and gases move much more freely than do 

particles of solids. When gases dissolve in gases or when 

liquids dissolve in liquids, this movement spreads 

solutes evenly throughout the solvent, resulting in a 

homogenous solution. 

Dissolving Solids in Solids How can you mix 
solids to make alloys? Although solid particles do move 

a little, this movement is not enough to spread them 

evenly throughout the mixture. The solid metals are first 

melted and then mixed together. In this liquid state, the 

metal atoms can spread out evenly and will remain 

mixed when cooled. 

Figure 4 Dissolving sugar in water can be 

thought of as a three-step process. 

Step 1 Moving water molecules cluster 

around the sugar molecules as their negative 

ends are attracted to the positive ends of the 

sugar molecules. 

Step 2 Water molecules pull the sugar 

molecules into solution. 

Step 3 Water molecules and sugar mole- 

cules spread out to form a homogeneous 

mixture. 
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Cultural Diversity 

Sandbox Trees The sap from the tall sandbox trees, 

found in the jungles of Central and South 

America, is acidic. People who fish throw this sap 

into lakes and streams, which have been dammed, 

to stun the fish so they can gather them for food. 

Then they remove the dams. The sap becomes 

sufficiently dilute, and the fish recover completely. 

Differentiated Instruction 

Learning Disabled As you do the various demon- 
strations, help students follow what you are doing 
by moving slowly and deliberately through each 
step and explaining what you are doing as you do 
it. Make sure all students can see what you do and 
can see the results. Make sure you describe the 
results to the class. [L1] GB Auditory-Musical 

Visual Learning 

Figure 4 Place a box of foam 
spheres in the center of a group 
of students who have linked 
arms. Tell students that they are 
solvent particles and the spheres 
are solute particles. In order for 
a sphere to dissove, it must be 
held by a student. Discuss the 
three dissolving steps presented 
on the page. Then have stu- 
dents act out the steps with the 
spheres as you call out Step 1, 
Step 2, and Step 35 [he activity 
can also be used to discuss the 
advantage of making the solute 
more available by stirring it 
among the solvent particles. 

TELL) Kinesthetic 

(%, Reading Check 

Answer The negative ends of the 
water molecules pull on the positive 
ends of sugar molecules. 

Quick Demo 

Water Polarity 

Materials balloon, wool cloth 

Estimated Time 5 minutes 

Procedure ‘Io show the polarity of 
water, blow up a balloon and rub 
its surface with a wool cloth. Turn 

on the water faucet so it delivers a 

thin steady stream. Bring the stat- 

ically charged balloon near the 
stream, but do not touch the bal- 

loon to it. Have students observe 

that the stream bends dramati- 

cally. [L2] GM fh Visual-Spatial 
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Video Lab available. 

Purpose Students will observe 
differences in the rates of disso- 
lution of particles with different 
surface areas. [L2] GD 
Visual-Spatial 

Materials four sugar cubes, dis- 

tilled water, two glasses, two 
stirring rods per group 

Teaching Strategy Have students 
do the activity twice, once stir- 
ring the sugar and once not 
stirring. Stirring increases rate 

of dissolving. 

Analysis 

1. The granules dissolved faster than 
the cubes even though they were 
treated identically. 

2. The greater the surface area of the 
solute, the faster it dissolves. 

Assessment 

Oral Have students use their 

MiniLAB results and Figure 5 

to explain how the surface area 
of the two cubes increases 

when they are ground. Use 
Performance Assessment in 

the Science Classroom, p. 89. 

Discussion 

Surface Area Discuss with stu- 
dents how rapidly surface area 
increases as an object is divided 

into smaller pieces. Have stu- 
dents calculate the surface area of 
a 2-cm cube. 6 X 4m? = 24 cm’ 
Ask students to predict how 
much larger the surface area 
would be if the cube were 
divided into 1-cm cubes. How 
many l-cm cubes would there 
be? 8 What is their surface area? 

8 X 6 X 1m? = 48cm? 

Observing the Effect 

of Surface Area 

Procedure 

oye | ow 
1. Grind up two sugar cubes. 

2. Place the ground sugar 
particles into a medium- 

sized glass and place two 

unground sugar cubes 
into a similar glass. 

3. Add an equal amount of 

water at room tempera- 
ture to each glass. 

Analysis 
1. Compare the times required 

to dissolve each. 

2. What can you conclude 

about the dissolving 

rate and 

surface area? 

Figure 5 Crystal size affects solu- 
bility. Large crystals dissolve in 

water slowly because the amount 

of surface area is limited. 

Surface area = 864 cm2 

A face of a cube is the outer 

surface that has four edges. 
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Rate of Dissolving 
When two substances form a solution, the dissolving occurs 

at different rates. Sometimes the rate at which a solute dissolves 

into a solvent is fast, while other times it is slow. There are 

several things you can do to speed up the rate of dissolving— 

stirring, reducing crystal size, and increasing temperature. 

Stirring How does stirring speed up the dissolving process? 
Think about how you make a drink from a powdered mix. After 

you add the mix to water, you stir it. Stirring a solution speeds 

up the dissolving process because it brings more fresh solvent 

into contact with more solute. The fresh solvent attracts the par- 

ticles of solute, causing the solid solute to dissolve faster. 

Crystal Size Another way to speed the dissolving of a solid in 
a liquid is to grind large crystals into smaller ones. Suppose you 

want to use a 5-g crystal of rock candy to sweeten your water. If 

you put the whole crystal into a glass of water, it might take sev- 

eral minutes to dissolve, even with stirring. However, if you first 

grind the crystal of rock candy into a powder, it will dissolve in 

the same amount of water in a few seconds. 
Why does breaking up a solid cause it to dissolve faster? 

Breaking the solid into many smaller pieces greatly increases its 

surface area, as you can see in Figure 5. Because dissolving takes 

place at the surface of the solid, increasing the surface area 

allows more solvent to come into contact with more solid solute. 
Therefore, the speed of the dissolving process increases. 

If you divide the 

cube into smaller 

cubes that are 

1 cm ona side, 

you will have 

1,728 cubes and 

10,368 faces. 

Total surface 

area = 6cm2 
, 

11cm lcm 

1am 

Surface area = 1,728 cm2 

Pull apart the cube into 

smaller cubes of equal size. 

You now have 8 cubes and 

48 faces. 

Sa eyes War aera 

Surface area = 10,368 cm2 

: Active Reading 

Quickwrites Let students discover what they 

already know about solutions, solvents, and 

solutes. Have students list their ideas and 

thoughts about these topics freely in a para- 
graph. Then, during or after a learning 
experience, share those ideas and thoughts 

with the class. 
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Applying Math WeaGncis ae, 
Math Standards 

SURFACE AREA The length, height, and width of a cube are each 1 cm. If the cube National: 4.6, 9 
is cut in half to form two rectangles, how much new surface area has been created? ee a B 1.4.1 

| IDENTIFY | the known values and the unknown value 
Answers to ¢ 

Identify the known values: Practice Problems 

1. Solve the equations 

* For the attached cubes: 

h = 5cm,/ = 5cm,w = 10cm 

2(5cm X 10cm) + 2(5cm X 

5cm) + 2(10cm X 5 cm) 

e@ The cube has dimensions 

De | Se = al wim. 

e The rectangular solid 

has a width w= 0.5 cm. 

e The rectangular solid 

has a length and height = 250m’ 
l=h= lcm, * For the original cubes: 

e The cube and the rectangular solids each have six faces: front and back (h X w); left h=l]=w=5cm 
and right (h X 1); and top and bottom (w X 1). The total surface area of the cube or 

the rectangular solid is the sum of these areas, or 2(h X w) + 2(h X 1) + 2(w X 1). ee eee le 
5cm) + 2(5cm X 5 cm) 

= 150 cm? 
2. Because there were two cubes, 

150 cm? + 150cm? = 300 cm’, 
so 50 cm? of surface area was lost. 

Identify the unknown value: 

Find the total surface area of the two rectangular solids. 

| SOLVE | the problem 

The surface area of the cube is: 

AiWemex lem) 2(0 emo | cma)! -- 2 em < 1 cm = 6 em 

The surface area of the rectangular solid is: 

2(1 cm X 0.5 cm) + 2(1 cm X 1 cm) + 2(0.5 cm X 1 cm) = 4 cm? 

~~ fun Fact 
Moisturizers have long been used 
to protect and rehydrate the skin. 
These products contain compounds 
called humectants and emollients 
that increase the water content of 
the skin in different ways. Humec- 
tants add water to the skin by 
attracting water vapor from the 
air. Emollients cover the skin with 
a layer of material that is immis- 
cible with water. This prevents 
water from within the skin from 
evaporating. 

Because there are two rectangular solids, their total surface area is: 

4 cm? + 4cm? = 8 cm? 

To find out how much new surface area has been created, compare the two results: 

8 cm? — 6 cm? = 2 cm? 

| CHECK | the answer 

Does your answer seem reasonable? Consider what you've done by splitting the cube 
: : : ; 

in two. You have created two new faces, each with a surface area of 1 cm’; therefore, 
5 tet 

the answer 2 cm< is correct. 

Practice Problems 

1. A cube of salt with a length, height, and width of 5 cm is attached along a face to another 

cube of salt with the same dimensions. What is the combined surface area of the new rec- 

tangular solid? 

2. How much surface area has been lost? 

For more practice problems go to page 879, and visit Math Practice at f|.gpescience.com. 
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Differentiated Instruction 

Challenge Air is a solution of gases, primarily 

nitrogen. Ask students to discover the other gases 
and the relative amounts of each in air. Students 

can then present their research to the class in a 

format of their choosing. Although charts and 

graphs make good visual representation, chal- 

lenge students to invent another creative way to 

illustrate their findings. 
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& Post Reading 

Clarify Text Have students use 

the Review Summary to check 
their notes for completion and 
accuracy. Remind them to look 

back in the text to cross-check 

and clarify their notes. 

- DAILY INTERVENTION | 

Check for Understanding 
Kinesthetic Have two or three 
students stand in a group and 
have another student pull at the 
hand of a student in the group. 
Relate this activity to the job of 
a solvent pulling a solute into 
solution. Have students identify 
which person is the solvent and 
which is the solute. 

Reteach 

Surface Area Bring in two boxes 
of different sizes to represent 
different surface areas. Use a 
new crayon and color all six 
sides of the larger box. Then use 
another new crayon and color 
all six sides of the smaller box. 
Explain that the difference in 
surface area affected the amount 
of crayon that was needed to 

Summary 

What is a solution? 

e A solution is a uniform mixture. 

e A solution has the same composition, color, 

density, and taste throughout. 

Solutes and Solvents 

Temperature In addition to stirring and decreasing particle 

size, a third way to increase the rate at which most solids dissolve 

is to increase the temperature of the solvent. Think about mak- 

ing hot chocolate from a mix. You can make the sugar in the 

chocolate mix dissolve faster by putting it in hot water instead of 

cold water. Increasing the temperature of a solvent speeds up the 

movement of its particles. This increase causes more solvent 

particles to bump into the solute. As a result, solute particles 

break loose and dissolve faster. 

Controlling the Process Think about how the three factors 

you just learned about affect the rate of dissolving. Can these 

factors combine to further increase the rate, or perhaps control 

the rate of dissolving? Each technique—stirring, crushing, and 

heating—is known to speed up the rate of dissolving by itself. 

However, when two or more techniques are combined, the rate 

of dissolving is even faster. Consider a sugar cube placed in 
cold water. You know that the sugar cube eventually will dis- 

solve. You can predict that heating the water will increase the 

rate by some amount. You also can predict that heat and stir- 

ring will increase the rate further. Finally, you can predict that 

crushing the cube combined with heating and stirring will 

result in the fastest rate of dissolving. Knowing how much each 

technique affects the rate will allow you to control the rate of 

dissolving more precisely. 

Pe caeasuaiiiguara pumped 

section 

Self Check 

. List possible ways that phases of matter could com- 

bine to form a solution. 

. Describe how temperature affects the rate of dissolving. 

. Describe how the metal atoms in an alloy are mixed. 

. Think Critically Amalgams, which sometimes are 

e Ina solution, the solute is the substance that 

is being dissolved; the solvent is the sub- 

stance that is doing the dissolving. 

How Substances Dissolve 

e The process of dissolving happens at the sur- 

face and is aided by polarity and molecular 

movement. 

used in tooth fillings, are alloys of mercury with other 

metals. Is an amalgam a solution? Explain. 

Applying Math 

5. Find Surface Area Calculate the surface area of a 

rectangular solid with dimensions € = 2 cm, 

w = 1cm,andh = 0.5 cm. 

6. Calculate Percent Increase If the length of the 

rectangle in question 5 is increased by 10 percent, 

by how much will the surface area increase? 

color it. Visual Spatial Rate of Dissolving 
Joe See @ Stirring, surface area, and temperature affect 

the rate of dissolving. 

% A ssessment 
Content Have students work in 
groups to write a story or a 
poem about what happens to 
one NaCl crystal as it is put 
into water and dissolves. Use 
Performance Assessment in 
the Science Classroom, p. 157. 

758 CHAPTER 24 Solutions, Acids, and Bases More Section Review fl.gpescience.com 

review a Section FW 

1. Possible answer: liquid/liquid, 

solid/liquid, gas/liquid, gas/gas, 
solid/solid. 

2. Increasing temperature causes par- 

ticles to move faster which causes 
solutes to dissolve faster. 

3. Metals are melted, mixed evenly, 
then cooled to a solid. Surface area = 7.6 cm. 

4. Yes, one metal acts as the solute while (7.6cm — 7 cm) 
the other metal acts as a solvent. 7cm | At 

Bs 2(2' em: en) 22cm = 8.5% increase 
0.5cm) + 2(1cm X 0.5 cm) ee hE MaB.1.4.1 

6. new /= 2.2 cm; therefore, new 
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Reading Guide 

Why It’s Important 

Solutions such as medicine and 

lemonade work and taste a 

particular way because of the 

specific solution concentrations. 

What You'N\ Learn 
@ Define the concept of solubility. 

Identify how to express the con- 

centration of solutions. 

List and define three types of 

solutions. 

Describe the effects of pressure 

and temperature on the solubility 

of gases. 

How much can dissolve? 
You can stir several teaspoons of salt into water, and the salt 

will dissolve. However, if you continue adding salt, eventually the 

point is reached when no more salt dissolves and the excess salt 

sinks to the bottom of the glass. This indicates how soluble salt is 

in water. Solubility (sol yuh BIH luh tee) is the maximum amount 

of a solute that can be dissolved in a given amount of solvent at a 

given temperature. 

CST GED what is solubility? 

Comparing Solubilities The amount of a solute that can 
dissolve in a solvent depends on the nature of these substances. 

Figure 6 shows two beakers with the same volume of water and two 

different solutes. In one beaker, | g of solute A dissolves completely, 

but additional solute does not dissolve and falls to the bottom of the 

beaker. On the other hand, | g of solute B dissolves completely, and 

two more grams also dissolve before solute begins to fall to the bot- 

tom. You can conclude that substance B is more soluble than sub- 

stance A, if the temperature of the water is the same in both beakers. 

Table 1 shows how the solubility of several substances varies at 

20°C. For solutes that are gases, the pressure also must be given. 

Concentration 

#* FCAT Vocabulary 

® Review Vocabulary 
substance: element or compound 

that cannot be broken down into 

simpler components 

New Vocabulary 
¥ solubility 

% concentration 

e saturated solution 

@ unsaturated solution 

@ supersaturated solution 

lg 
Solute A 

3g 
Solute B 

Figure 6 Substance B is more 

soluble in water than substance A 

is at the same temperature. 
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Section 2 Resource Manager 

Chapter Fasr Fie Resources 

Transparency Activity, p. +7 

Directed Reading for Content Mastery, p. 21 

MiniLAB, p. 4 

Enrichment, p. oy 

Reinforcement, p. 28 

reas PowerPoint® presenta- 
tion is available on Interactive 

Chalkboard CD-ROM. 

Bellringer 

Section Focus Transparencies 

also are available on the 

Interactive Chalkboard CD- ROM. 

[2] 

ebELlOn, 

2 Section focus Situation Critical 
Transparency. 

While water dissolves many substances, it doesn’t dissolve every- 
thing. When you take your clothes to a dry cleaner, the clothes are 
cleaned with solvents other than water. Supercritical carbon dioxide 

(CO,) is a substance being developed that is less toxic than current 
dry cleaning solutions. The process is shown here. 

1. What kinds of sub- 
stances will not come 

off in water alone? 

2. How do detergents 

help clean clothes? 

Reading Preview 

Tie to Prior inovledse 

Nutritious Milk Students are fam- 

iliar with milk as a nutritious 

food. Bring in a milk carton and 

go over the percent concen- 

trations of various nutrients 

dissolved in the milk. Point out 

that solute percentages can pro- 

vide important information. 

Preview Vocabulary Read 

the vocabulary words to stu- 
dents. Then, have them prac- 
tice saying the words to a 
partner. Tell them that learning 

to pronounce words before 

reading will help them become 
more fluent readers. Point out 

that there is a pronunciation 
key for solubility in the first 
paragraph. 
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concentrated nitric acid is 70% 

HNO; , and sulfuric acid is 96% 

H>SOu. 

Activity 
Ranking Concentration Bring a 
colored drink to class and dilute 
it into several glasses of equal 
volume but different concentra- 
tion. Have students place the 
solutions in sequence from low 
to high concentration. (The 

basis for the sequencing is the 
intensity of the color.) Once the 

students are satisfied with the 
sequence, tell them the concen- 
trations of the solutions in %v/v. 

' Table 1 Solubility of Substances 

in Water at 20°C 

*at normal atmospheric pressure 

|FLORIDA 
ORANGE JUICE 

100% PURE 
ORANGE JUICE 

FROM CONCENTENIE 

NET 64 FLOZ.(1.891) 

Concentration 
Suppose you add one teaspoon of lemon juice to 

a glass of water to make lemonade. Your friend adds 

Substance Solubility in four teaspoons of lemon juice to another glass of the 

ceed res g/100 g of Water same size. What is the difference between these two 

Answer the maximum amount of Aen glasses of lemonade? The difference between jen 

solute that can be dissolved in a given Solid Substances drinks is the amount of water present compared to 

amount of solvent at a given temperature Salt (sodium chloride) 352 the amount of lemon juice. The concentration 

Baking soda 96 describes how much solute is present in a solution 

at . compe é solvent. A c trated (sodium bicarbonate) compared to the amount of solvent. A concentra e 

14 solution is one in which a large amount of solute is 

ee eee a dissolved in the solvent. A dilute solution is one that 

cana bona) has a small amount of solute in the solvent. 

"ff Lye (sodium hydroxide) 109.0 

| Misco \ceptions | Sugar (sucrose) 203.9 Precise Concentrations How much real fruit 

i juice is there 1 ‘ those boxed fruit drinks? You Concentrated Acids Some people y juice is there in one of those boxed fruit driz 

ink Gaseous Substances can read the label to find out. Concentrated and 
think that all concentrated ies an kite NEE 

acids are 100% acid. Explain Hydrogen 0.00017 Gi ute are not precise terms. oncentra ions of solu 

tions can be described precisely. One way is to state 
to students that concentrated Oxygen 0.005 : 

: ‘desta ruin 76 the percentage by volume of the solute. The percent- 
hydrochloric acid is 37% HCl, Carbon dignde 0.16 ) 

age by volume of the juice in the bottled drink 

shown in Figure 7 is 10 percent. Adding 10 mL of 

juice to 90 mL of water makes 

100 mL of this drink. Com- 
monly, fruit-flavored drinks 

can have ten percent or less 
100% PURE fruit juice. Saeiee. if ONG or 

ORANGE JUICE more liquids are being mixed, 
FROM CONCENTRATE the concentration is given in 

percentage by volume. 

Figure 7 The concentrations of 

fruit juices often are given in percent 

by volume, as these are. Concentrations 

commonly range from 10 percent to 

100 percent juice. 

Identify the product that has the 

highest concentration. 

GI jh) Visual-Spatial 

V ° 

0 ~ Solute How js the solubil- 

ity ofa compound determined? 

760 CHAPTER 24 Solutions, Acids, and Bases 

Differentiated Instruction 
Learning Disabled ‘To show students the difference make it unsaturated. Place both petri dishes on 
between saturated and unsaturated solutions, add — the overhead projector. Have a student drop a 
36 g of sodium chloride to 100-mL of room tem- crystal of salt into each dish and slowly stir both 
perature water. Stir the salt until it is completely — solutions. The crystal will dissolve in the unsatu- 
dissolved. Place a small amount of this solution in rated solution, but it will remain visible in the 
a petri dish. Place a small amount of the same _ saturated solution. | 
solution in a second petri dish and add water to 

760 CHAPTER 24 Solutions, Acids, and Bases 
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Types of Solutions 
How much solute can dissolve in a given amount of solvent? 

That depends on a number of factors, including the solubility of 
the solute. Here you will examine the types of solutions based 
on the amount of a solute dissolved. 

Saturated Solutions If you add 35 g of 
copper(II) sulfate, CuSO,, to 100 g of water at 20°C, 

only 32 g will dissolve. You have a saturated solution 

because no more copper(II) sulfate can dissolve. A 

saturated solution is a solution that contains all the 
solute it can hold at a given temperature. However, 

if you heat the mixture to a higher temperature, 

more copper(II) sulfate can dissolve. Generally, as 

the temperature of a liquid solvent increases, the 

amount of solid solute that can dissolve in it also 

increases. Table 2 shows the amounts of a few 

solutes that can dissolve in 100 g of water at differ- 

ent temperatures to form saturated solutions. Some 

of these data also are shown on the accompanying 

graph. 

Solubility Curves Each line on the graph 
from Table 2 is called a solubility curve for a partic- 

ular substance. You can use a solubility curve to 

determine how much solute will dissolve at any 

temperature given on the graph. For example, about 

78 g of KBr (potassium bromide) will form a satu- 

rated solution in 100 g of water at 47°C. How much 

NaCl (sodium chloride) will form a saturated solu- 

tion with 100 g of water at the same temperature? 

Unsaturated Solutions An unsaturated solution 
is any solution that can dissolve more solute at a 

given temperature. Each time a saturated solution 

is heated to a higher temperature, it generally 
becomes unsaturated. The term unsaturated isn’t 

precise. If you look at Table 2, you'll see that at 

20°C, 35.9 g of NaCl (sodium chloride) forms a 
saturated solution in 100 g of water. However, an 

unsaturated solution of NaCl could be any 

amount less than 35.9 g in 100 g of water at 20°C. 

‘vy, Readina Check What happens to a saturated solu- 

tll ROD tion if it is heated? 

Table 2 Solubility of Compounds 

in g/100 g of Water 

Compound 0°c 20 Cam 5100 

Copper(ll) sulfate 23.1 32.0 114 

Potassium bromide 53.6 65.3 104 

Potassium chloride 28.0 34.0 56.3 

Potassium nitrate 13.9 31.6 245 

Sodium chlorate 79.6 Se) 204 

Sodium chloride apy) 36.0 39.2 

179.2 203.9 Sucrose (sugar) 487.2 

| Temperature Effects on Solubility 

Potassium 
bromide | 
(KBr) 

Sodium chloride 
| (NaCl) | 

0 i ; ee el if all 1 J 
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| Reading Strategy 

Use Graphs Have students write a sentence 

comparing the general effect of increasing 

temperature on the solubility of sodium chlo- 

ride and potassium nitrate. Tell students that 

all the information needed for this task can be 

found in Table 2. Discuss students’ sentences 

and analyze their accuracy based on Table 2. 

Curriculum Connection 

Math Ask students to refer to Table 2 and answer 
the following question. If you were to graph the 

solubility of a solute on the y axis and the temper- 
ature of the solution on the x axis, which solute 

would have the line with the steepest slope, 
potassium chloride or sodium chloride? potassium 

chloride 

Text Question Answer 
approximately 37 g of NaCl 

Saturation Point 

Purpose Students witness the 

saturation point of a solution of 
their choice and have the oppor- 
tunity to compare results with 
others for a wider experience. 

Possible Materials water, rubbing 

alcohol, juices or drinks for 

solvents; granular sugar, pow- 
dered sugar, flour, salt for 
solutes, balance 

Estimated Time 30 minutes 

Give each student a beaker and 
have them add 50 mL of the sol- 
vent of their choice. Then 
instruct them to begin adding 5g 
of solute of their choice, slowly 
and with stirring. Have students 
keep close track of how much 
solute they add until the solution 
becomes saturated. Encourage 
students to repeat the activity to 
find out how other solutes work 
with the solvent they chose or 
how other solvents work with the 
solute they chose. Prepare a class 
chart of the results. 

Teaching Strategies 

¢ Discuss this activity before 
starting and let the students 
brainstorm possible solutes and 
solvents. 
¢ Do not limit their possible 
materials to only those sub- 
stances that will dissolve. 
¢ Encourage students to investi- 

gate the variables that apply to 
this activity, such as volume of 
solvent, degree of agitation, and 
temperature. 

For additional inquiry activities, see 
Science Inquiry Lab Manual. 

(vy, Reading Check 

Answer It may become unsaturated. 

Caption Answer 
Figure 7 the product labeled “100% 
pure orange juice” 
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Make a Model 

Beaker Solutions On the board 
draw three identical oversized 

beakers. Draw the same number 

of small circles in each beaker. 

These represent particles of a 
solvent. Ask students to copy 

your drawings and add, using a 
different color of pen or pencil, 
circles in the beakers to repre- 
sent unsaturated, saturated, and 

supersaturated solutions. [L4] 
Analytical-Mathematical 

Quick Demo 
Gas in Solution 

Materials full, unopened bottle 
of soda (any size) 

Estimated Time 10 minutes 

Procedure Open a soda bottle. 
Point out that when a soda is 
sealed, pressure keeps the gas in 
solution. Once opened, pressure 
is reduced and then bubbles 
become visible again. 

Use an Analogy 
Saturated Class Describe the types 
of solutions using the analogy of 
adding students to a classroom. In 
a room with 25 desks, a class with 
fewer than 25 students is analo- 
gous to an unsaturated solution. 
More students can be added to fill 
the desks. The 25th student takes 
the last desk and makes the class- 
room saturated. Adding more 

students beyond 25 causes some 
students to be displaced from 
desks and fall out into the aisles, 
representing precipitation. 

sugar 

Sciencap ie 
Topic: Crystallization 

Visit fl.gpescience.com for Web 

links to information about crystals 

and crystallization. 

Activity Find instructions for 

a safe “do-it-yourself” home 

crystallization experiment. 

Grow the crystals as directed and 

share the results with the class. 

Figure 8 A supersaturated 
solution is unstable. 

Explain why this is so. 

A seed crystal of sodium acetate 

is added to a supersaturated 

solution of sodium acetate. 

Supersaturated Solutions If you make a saturated solution 

of potassium nitrate at 100°C and then let it cool to 20°C, part 

of the solute comes out of solution. This is because the solvent 

cannot hold as much solute at the lower temperature. Most 

other saturated solutions behave in a similar way when cooled. 

However, if you cool a saturated solution of sodium acetate 

from 100°C to 20°C without disturbing it, no solute comes out. 

At this point, the solution is supersaturated. A supersaturated 

solution is one that contains more solute than a saturated solu- 

tion at the same temperature. Supersaturated solutions are 

unstable. For example, if a seed crystal of sodium acetate is 

dropped into the supersaturated solution, excess sodium acetate 

crystallizes out, as shown in Figure 8. 

Solution Energy As the supersaturated solution of sodium 
acetate crystallizes, the solution becomes hot. Energy is given off 

as the sodium acetate forms crystals. Some portable heat packs 

use crystallization from supersaturated solutions to produce 

heat. After crystallization, the heat pack can be reused by heat- 

ing it to again dissolve all the solute. 

Substances, such as ammonium nitrate, draw energy from 

their surroundings to dissolve. This is what happens when a cold 

pack is activated to treat minor injuries or to reduce swelling. 

When the inner bags of ammonium nitrate and water are bro- 

ken, the ammonium nitrate draws energy from the water, which 

causes the temperature of the water to drop, which makes the 

the pack cool. 

— Why is energy given off between ions and water 
Y, Reading Check 

molecules? 

Excess solute immediately 

crystallizes from solution. 
The crystallization reaction 

draws solute from the solution. 

762 CHAPTER 24 Solutions, Acids, and Bases 

Purpose to show that dissolved ionic com- 

pounds conduct an electrical current 

Materials conductivity tester, distilled 

water, NaCl, Epsom salt, rubbing alcohol, 

Preparation List the solutes on the board. (A ee 
| Dissolve each in distilled water. 

RSL TR RT NE PSS UR RO NNR IG OL aT 

results of each test. 

Expected Outcome NaCl and Epsom salt — they can move in the solution and conduct electricity, 
solutions will conduct electricity; alcohol 

and sugar solutions will not. 

762 CHAPTER 24 Solutions, Acids, and Bases 

PD LAG DEMONSTRATION 

Procedure ‘Test the conductivity of each Assessment 

solution. Make sure students can see the What occurs in the conducting solutions? 
lons are moving out of crystals and into water where 

Why don’t the other solutions conduct 
electricity? The solutes in the other solutions don’t 
form ions. 
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Solubility of Gases 
When you shake an opened bottle of soda, it bub- 

bles up and may squirt out. Shaking or pouring a solu- 
tion of a gas in a liquid causes gas to come out of 
solution. Agitating the solution exposes more gas mol- 
ecules to the surface, where they escape from the liquid. 

Pressure Effects What might you do if you 
want to dissolve more gas in a liquid? One thing you 
can do is increase the pressure of that gas over the liquid. Soft 
drinks are bottled under increased pressure. This increases the 
amount of carbon dioxide that dissolves in the liquid. When the 
pressure is released, the carbon dioxide bubbles out, as shown in 
Figure 9. 

Temperature Effects Another way to increase the amount 
of gas that dissolves in a liquid is to cool the liquid. This is just 

Figure 9 Solutions of gases 

behave differently from those of 

solids or liquids. This soda is bot- 

tled under pressure to keep carbon 

dioxide in solution. When the bot- 

tle is opened, pressure is released 

and carbon dioxide bubbles out of 

solution. the opposite of what you do to increase the speed at which most 
solids dissolve in a liquid. Imagine what happens to the carbon 
dioxide when a bottle of soft drink is opened. Even more carbon 
dioxide will bubble out of a soft drink as it gets warmer. 

“Section 1) 

Summary 
How much can dissolve? 

® Solubility tells how much solute can dissolve 

in a solvent at a particular temperature. 

Concentration 

@ A concentrated solution has a larger amount 

of dissolved solute. A dilute solution has a 

smaller amount of dissolved solute. 

Types of Solutions 

® Saturated, unsaturated, and supersaturated 

solutions are defined by how much solute is 

dissolved. 

Solubility curves help predict how much solute 

can dissolve at a particular temperature. 

Some supersaturated solutions absorb or give 

off energy. 

Solubility of Gases 

® Pressure and temperature affect gases in 

solution. High pressure and low temperature 

allow more gas to dissolve. 

More Section Review fl.gpescience.com 

a a Le 

reVIeLw ; 

Self Check 

. Explain Do all solutes dissolve to the same extent in 

the same solvent? How do you know? 

. Interpret from Table 2 the mass of sugar that would 

have to be dissolved in 100 g of water to forma 

saturated solution at 20°C. 

. Determine which solution is more concentrated: 17 g 

of solute X dissolved in 100 mL of water at 23°C or 26 g 

of solute Z dissolved in 100 mL of water at 23°C. 

. Identify the type of solution you have if, at 35°C, the 

solute continues to dissolve as you add more. 

. Think Critically Explain how keeping a carbonated 

beverage capped helps keep it from going “flat.” 

Applying Math 

. Calculate Cost By volume, orange drink is ten percent 

each of orange juice and corn syrup. A 1.5-L can of the 

drink costs $0.95. A 1.5-L can of orange juice is $1.49, 

and 1.5 L of corn syrup is $1.69. Per serving, does it 

cost less to make your own orange drink or buy it ? 

SECTION 2 Solubility and Concentration 763 

(% Reading Check 
Answer New bonds are formed. 

Caption Answer 

Figure 8 because a change in tempera- 
ture causes solute to fall out 

| Post Reading 

Question a Partner Place stu- 
dents in pairs and have them read 
their sentences related to Table 2 to 
each other. Have each partner ask 
the other questions about their sen- 
tences, probing for deeper meaning 
and understanding. 

DAILY INTERVENTION 

Check for Understanding 
Honey Crystals Describe, or bring 
to class if available, an old jar of 
honey. Ask students to describe 
why there are crystals of sugar 
forming in the previously smooth 
solution. As the water evaporates from 
the solution, the dissolved sugar becomes 
more concentrated. As the concentration 

exceeds the saturation limit, sugar will 

begin to precipitate, crystallizing out of 

the solution. Linguistic 

Reteach 

Aromas Open a small bottle of 
ammonia in the back of the 
room without telling students. 

Ask if anyone can detect any 
type of chemical aroma. As the 

ammonia fumes mix in the air, 

point out to students that the air 
is diluting the ammonia. 

Section 

— . No; you can determine this 
experimentally. 
20399 

. solute Z 
. unsaturated 

N 

> w 

EEE Te TE RE TREE ee a Ey geo 

5. When capped, carbon dioxide stays in 

solution, which keeps the soda “fizzy.” @ $1.69/1,500 mL = 16. 
6. Making it is cheaper. If you were 

making 1,500 mL of orange drink 
you would need 150 mL of orange 
juice @ $1.49/1,500 mL = 14.9 

2 

of drink you need only 14 

per 1,500 ml of drink 

Be | MA.B.2.4.2 

cents per 150 mL; 150 mL of syrup 

per 150 mL; so, to make 1,500 mL 

9 + 16.9 
cents = 31.8 cents of ingredients 

(TT Rasen cote ™ Assessment 
Performance Have students use 
the data in Table 2 to plot solu- 
bility versus temperature for 
sucrose. The line slopes up. and the 
second line slopes down. Use PASC, 
p. 111. [L2] J 

a\y, 
| 

9 cents 
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section , 9 
a) ¥ ? 
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Acids, Bases, and Salts 

| An editable Microsoft® 

aoe, PowerPoint® presenta- 

INTERACTIVE 
CHALKBOARD 

tion is available on Interactive 

Chalkboard CD-ROM. 

Bellringer 

Section Focus Transparencies 

also are available on the 

Interactive Chalkboard CD-ROM. 

feu 

The solution to your lunchtime hunger may be a mixture. There are 

different kinds of mixtures—some are the same throughout, while 
others are mixed unevenly. This picture shows a few of both kinds of 

mixtures. 

1, Which items in this picture are the same throughout? Which are 

unevenly mixed? 

2, Do you think the salad is the same kind of mixture as the vinegar? 

Why? 

3, What invisible mixture do you depend on every moment of 
every day? 

Reading Preview 

Tie to Prior Knowledge 

Material States Ask students to 
describe situations in which the 
boiling point or the freezing 
point of a material was changed. 
If they have trouble, explain that 

adding antifreeze to automobile 
radiators raises the boiling 
point. Explain that they will 
learn how this process works. 

Activate Background Know- 

ledge Ask students if they have 
heard of acid indigestion. ‘Tell 
them this is a burning feeling 
in your stomach and sometimes 
people take pink or white 
chalky medicine to neutralize 
the burning. Tell them that 
they will learn about acids and 
bases and how they interact. 

Reading Guide 

What You'll Learn Why it’s Important New Vocabulary 

Me FCAT Vocabulary 

™ Compare and contrast acids and _Acids and bases are found almost % acid 

bases and identify the character- | everywhere—from fruit juice and % indicator 

istics they have. gastric juice to soaps. #% base 

@ Examine some formulas and uses , 

of common acids and bases. ® Review Vocabulary 
® Determine how the processes of electrolyte: compound that breaks 

ionization and dissociation apply —_ apart in water, forming charged parti- 

to acids and bases. cles (ions) that can conduct electricity 

Acids 
What comes to mind when you hear the word acid? Do you 

think of a substance that can burn your skin or even burn a hole 

through a piece of metal? Do you think about sour foods such as 

those shown in Figure 10? Although some acids can burn and are 

dangerous to handle, most acids in foods are safe to eat. What acids 

have in common, however, is that they contain at least one hydro- 

gen atom that can be removed when the acid is dissolved in water. Figure 10 The acids in these 
common foods give each their 

distinctive sour taste. Properties of Acids When an acid dissolves in water, some 
of the hydrogen is released as hydrogen ions, H~. An acid is a 

substance that produces hydrogen ions in a water solution. It is 

the ability to produce these ions that gives acids their character- 

istic properties. When an acid dissolves in water, H~ ions inter- 

act with water molecules to form H,O” ions, which are called 

hydronium ions (hi DROH nee um * I ahnz). 

Acids have several common properties. For one thing, all 

acids taste sour. The familiar, sour taste of many foods is due to 

acids. However, taste never should be used to test for the pres- 

ence of acids. Some acids can damage tissue by producing 

painful burns. Acids are corrosive. Some acids react strongly 

with certain metals, eating away the metals and forming metal- 

lic compounds and hydrogen gas. Acids also react with indica- 

tors to produce predictable changes in color. An indicator is an 
organic compound that changes color in acids and bases. For 
example, the indicator litmus paper turns red in acid. 

764 CHAPTER 24 Solutions, Acids, and Bases 

Section 3 Resource Manager 

Chapter Fasr Fite Resources 

‘Transparency Activity, pp. +8, 51-52 

Enrichment, p. 33 

Reinforcement, p. 29 

Directed Reading for Content Mastery, 
p20 

Lab Activity, pp. 13-16 

Physical Science Critical Thinking/Problem Solving, 
p. 1 

Cultural Diversity, p. 37 
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Common Acids Many foods contain acids. In addition to cit- 
ric acid in citrus fruits, lactic acid is found in yogurt and butter- 
milk, and food, such as pickles, contain vinegar, also known as 
acetic acid. Your stomach uses acid to help digest your food. At 
least four acids (sulfuric, phosphoric, nitric, and hydrochloric) 
play roles in industrial applications. 

VRS which four acids are important for industry? 

Table 3 lists the names and formulas of a few acids, their 
uses, and some properties. Three acids are used to make fertiliz- 
ers; most of the nitric acid and sulfuric acid and approximately 
90 percent of phosphoric acid produced are used for this pur- 
pose. Many acids can burn, but sulfuric acid can burn by remov- 
ing water from your skin as easily as it takes water from sugar, as 
shown in Figure 11. 

A 
Figure 11 When sulfuric acid is 

added to sugar, the mixture foams, 

removing hydrogen and oxygen 

atoms as water and leaving air- 

filled carbon. 

Table 3 Common Acids and Their Uses 

Name, Formula Use 

Acetic acid, CH,COOH Food preservation 

and preparation 

Acetylsalicylic acid, 

HOOC—C,H,-00CCH, 
Pain relief, fever relief, 

to reduce inflammation 

Ascorbic acid, H,C,H.0, Antioxidant, vitamin Called vitamin C 

Other Information 

Known as aspirin 

When in solution with water, 

it is known as vinegar. 

Carbonic acid, H,CO, Carbonated drinks Involved in cave, stalactite, and 
stalagmite formation 

Hydrochloric acid, HCI Digestion as gastric juice in Commonly called muriatic acid 
stomach, to clean steel in a 

process called pickling 

Nitric acid, HNO, To make fertilizers Used to produce nitrogen fertilizers 

Phosphoric acid, HPO, To make detergents, Slightly sour but pleasant taste, 
fertilizers, and soft drinks detergents containing phosphates 

cause water pollution 

Sulfuric acid, H,S0, Car batteries, to manufacture — Dehydrating agent, causes burns by 
fertilizers and other 

chemicals 
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Activity 
Acid Formulas Have students note 
the formulas of the inorganic 
acids listed in Table 3. Ask what 
they observe about the way for- 
mulas of these acids are typically 
written. Chemists commonly indicate 
that a compound is an acid by writing the 
formula with “H” as the first element. 

Logical-Mathematical 

Use Science Words 

Word Meaning Have students use 
the word indicator in a sentence, 

and then explain how the mean- 
ing of indicator in their sentence 

parallels its meaning in the 
context of acid and base identifi- 

cation. Linguistic 

Visual Learning 

Table 3 If an acid contains a 
structure that includes COOH, 

it is an organic acid. Other 
acids, including H2CO3, are 

inorganic. Have students work 
in small groups to classify the 
acids from Table 3 as organic 
or inorganic. All are inorganic except 
acetic acid and acetylsalicylic acid. 

Linguistic 

(% Reading Check 

Answer sulfuric, phosphoric, nitric, 
and hydrochloric acids 

Visual Learning 

Figure 11 This reaction pro- 
duces irritating fumes and 
should not be attempted in the 
classroom. 

J. Reading Strategy Curriculum Connection 

Tables Have students keep a data table labeled Art Etching is using the reaction between an acid 

Acids and Bases. Ask students to list common anda metal to make a piece of art. Have students 

and chemical names of acids and bases under the find out more about this process and make 

appropriate headings. Remind them to read the __ posters illustrating it. A metal plate, usually sda el 
text carefully as they complete their charts. zinc, is coated with acid-resistant resin. The artist draws lines 

i through the resin, then puts the plate in an acid bath. The acid 

reacts with the metal exposed by the drawing and not 
through the resin. [L2] JEM [RY Visual-Spatial 
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Purpose to observe how an 

indicator changes color as a 

base is neutralized TELL) 

Kinesthetic 

Materials water, 250-mL beaker, 

1 M HCl, universal indicator, 

antacid tablets, graduated cylin- 
der, dropper 

Teaching Strategy A blue or vio- 
let color may occur when the 

HCl is added, depending on 

the brand of antacid used. 

Analysis 

1. The color changed from red to 
orange to yellow to green. 

2. The base neutralized the HCl, 
changing the color of the 
indicator. 

Assessment 
Portfolio Have students write 
complete lab reports of this 
activity in their Science Journals. 
Encourage them to include both 
diagrams and written descrip- 
tions. Make sure they include the 
materials used, the procedure, 
and all of their observations. Use 
Performance Assessment in 
the Science Classroom, p. 119. 

Ed (2) 

Quick Demo 
: Test a Base 

Materials drain cleaner, distilled 

water, litmus 

Estimated Time 15 minutes 

Procedure Add a small amount 

(less than 5 mL) of drain cleaner 

to distilled water. Test the solu- 

tion with litmus to demonstrate 

the base properties of the 
cleaner. WARNING: Keep the 
solution out of reach of students. 

Dispose of it properly. [2] GB 
IQ) Visual-Spatial 

Caption Answer 

Figure 12 slipperiness 

Observing Acid Relief 

WARNING: Do not eat 

antacid tablets. 

Procedure 

nod ad 
1. Add 150 mL of water to a 

250-mL beaker. 

2. Add three drops of 1M HCI 
and 12 drops of universal 

indicator. 

3. Observe the color of the 

solution. 

4. Add an antacid tablet and 
observe for 15 min. 

Analysis 
1. Describe any changes that 

took place in the solution. 

2. Explain why these changes 

occurred. 

Figure 12 Bases commonly are 
found in many cleaning products 

used around the home. 

Identify the property of bases 

evident in soaps. 

Bases 
You might not be as familiar with bases as you are with acids. 

Although you eat some foods that are acidic, you don't consume 

many bases. Some foods, such as egg whites, are slightly basic. 

Another example of basic materials is baking powder, which is 

found in some foods. Medicines, such as milk of magnesia and 

antacids, are basic, too. Still, you come in contact with many 

bases every day. Each time you wash your hands using soap, you 

are using a base. One characteristic of bases is that they feel slip- 

pery, like soapy water. Bases are important in many types of 

cleaning materials, as shown in Figure 12. Bases are important 

in industry, also. For example, sodium hydroxide is used in the 

paper industry to separate fibers of cellulose from wood pulp. 

The freed cellulose fibers are made into paper. 

Bases can be defined in two ways. Any substance that forms 

hydroxide ions, OH, in a water solution is a base. In addition, 

a base is any substance that accepts H* from acids. The defini- 

tions are related, because the OH ions produced by some bases 

do accept H® ions. 

AR nr erye What are the two definitions of a base? 

Properties of Bases One way to think about bases is as the 
complements, or opposites, of acids. Although acids and bases 

share some common features, bases have their own characteris- 

tic properties. In the pure, undissolved state, many bases are 

crystalline solids. In solution, bases feel slippery and have a bit- 

ter taste. Like strong acids, strong bases are corrosive, and con- 

tact with skin can result in severe burns. Taste and touch never 

should be used to test for the presence of a base or an acid. 

Finally, like acids, bases react with indicators to produce changes 

in color. The indicator litmus turns blue in bases. 

Vita oy. 
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Figure 13 Two applications of bases are shown here. Some drain 

cleaners contain 

NaOH, which 

dissolves grease, 

and small pieces 

of aluminum. 

The aluminum 

reacts with 

NaOH, produc- 

ing hydrogen 

and dislodging 

solids, such as 

hair. 

examined in this section have | 
OH bonded to a metal. Stu- 
dents may have seen the OH | 
symbols connected to other | 
compounds called alcohols. 
This does not make alcohols | 
fit the definition of a base. The 
—OH in an alcohol is called a 
hydroxyl group and is not the | 
same thing as the hydroxide 
ikea Odile, 

Aluminum hydroxide is a base used in water-treatment 
plants. Its sticky surface collects impurities, making them 
easier to filter from the water. 

Common Bases You probably are familiar with 
many common bases because they are found in cleaning 
products used in the home. These and some other bases are 
shown in Table 4, which also includes their uses and some infor- 
mation about them. Figure 13 shows two uses of bases that you 
might not be familiar with. 

Table 4 Common Bases and Their Uses 

Name, Formula Use Other Information 

~~ Fun Fact 
The formula for caffeine, the stimu- 
lant found in coffee, tea, and many 
soft drinks, is CgHygN40>. Caffeine 

is a weak acid with a pH of 6.9. 
Caffeinated beverages may stimu- 
late the secretion of stomach acid, Aluminum hydroxide, —_Color-fast fabrics, antacid, 
which may worsen ulcer symptoms. 

Sticky gel that collects suspended clay 
Al(OH), water purification as shown _and dirt particles on its surface 

in Figure 13 

Calcium hydroxide, Leather-making, mortar and Called caustic lime Use an Analogy 

Ca(OH), plaster, to lessen acidity of soil Football Pass In a football game, 
a quarterback holding the ball 

Magnesium hydroxide, _ Laxative, antacid Called milk of magnesia when in water cannot complete a pass unless a 
Mg(0H), receiver catches the ball. An H* 

ion from an acid is like the foot- 
Sodium hydroxide, 

NaOH 

Ammonia, NH, 

To make soap, oven cleaner, 

drain cleaner, textiles, and 

paper 

Cleaners, fertilizer, to make 

Called lye and caustic soda; generates heat 

(exothermic) when combined with water, 

reacts with metals to form hydrogen 

Irritating odor that is damaging to nasal 

ball. The quarterback (the acid) 

must have a receiver (the base) to 

receive the football (the H* ion) 

to complete the pass (the reac- 
tion between the acid and the 

base). This could be demon- 

strated in class with a foam 

football labeled H™. [14] GS 
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rayon and nylon passages and lungs 

Differentiated Instruction 

Challenge Amino acids make up the building COOH canbe donated to produce H” ions. Also ask students to 
blocks of proteins. Write out the structure of the _ |ook for another area that allows it to have base properties. The 

amino acid glycine, NH7CHz COOH. Ask stu- _ N atom has unshared electrons that can attract and accept H 
dents to identify the areas of the molecule that __jons, as bases do. Logical-Mathematical 

cause it to have acidic properties. The H at the end of 
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When sodium hydroxide dissolves 

in water, a sodium ion and a 

hydroxide ion are produced. 

Acidic Stings HCOOH, or formic 

acid, has the simplest structure of 
the organic acids. One of the first 
preparations of this acid included 
the crushing and heating of ants 
and the recovery of the vapor 
that contained the acid. 

ir 

When hydrogen chloride dissolves 

in water, a hydronium ion and a 

chloride ion are produced. 

+ i 
rey 

H,0 

Figure 14 When acids and 

bases are dissolved in water, they 

produce ions. Acids produce hydro- 

nium ions in water. Bases produce 

Discussion 
Natural Acids and Bases Jalk 

about other examples of acids 
and bases in nature. Students 

may not know of specific exam- 

Solutions of Acids and Bases 
Many of the products that rely on the chemistry of acids and 

bases are solutions, such as the cleaning products and food 
hydroxide ions in water. 

ples, but the discussion could 
focus on logical possibilities such 
as defense mechanisms. 

Make a Model 

lonization ‘To illustrate the dis- 
sociation that takes place when 
an acid is dissolved in water, 

have students hold a capped ink 
pen in the right hand. On your 
signal, have them use the left 
hand to remove the cap and 
cover dt in that mand. In this 
model, water (the left hand) 

detaches H” (the pen cap) from 
an acid (the pen) and surrounds 
and holds it. This same process 
takes place with billions of acid 
molecules as they dissociate in 
water. TELL) Kinesthetic 

Visual Learning 

Figure 14 With students, review 
the two parts of the illustration. 
Draw a diagram on the chalk- 
board showing how hydrogen 
chloride gas molecules form 
hydronium ions in water. Draw 

a similar diagram for formic 
acid. {L2] [) Visual-Spatial 

Caption Answer 

Figure 15 It would speed it up by pro- 

viding more surface area, allowing more 

of the antacid to come in contact quickly 
with stomach acid. 

Acidic Stings Some ants 

add sting to their bite by 

injecting a solution of 

formic acid. In fact, formic 

acid was named for ants, 

which make up the genus 

Formica. Still, ants are 

considered tasty treats by 

many animals. For exam- 

ple, one woodpecker 

called a flicker has saliva 

that is basic enough to 

take the sting out of ants. 

Research the chemical 

formula and physical 

properties of formic acid. 

products mentioned previously. Because of its polarity, water 1s 

the main solvent in these cleaning products. 

Dissociation of Acids You have learned that substances 
such as HCl, HNO,, and H,SO, are acids because of their abil- 
ity to produce hydrogen ions (H*) in water. When an acid dis- 

solves in water, the negative areas of nearby water molecules 

attract the positive hydrogen in the acid. The acid dissociates 

into ions and the hydrogen atom combines with a water mole- 

cule to form hydronium ions (H,O0*). Dissociation is the 

process in which an ionic solid separates into its positive and 

negative ions. An acid can more accurately be described as a 

compound that produces hydronium ions when dissolved in 

water, as shown in Figure 14. 

Dissociation of Bases Compounds that can form hydrox- 
ide ions (OH) in water are classified as bases. If you look at 

Table 4, you will find that most of the substances listed contain 

—OH in their formulas. When bases that contain -OH dissolve 

in water, the negative areas of nearby water molecules attract the 

positive ion in the base. The positive areas of nearby water 

molecules attract the -OH of the base. The base dissociates into 

a positive ion and a negative ion—a hydroxide ion (OH-). This 

process also is shown in Figure 14. Unlike in acid dissociation, 

water molecules do not combine with the ions formed from 
the base. 

What ions form when acids and bases dissolve 

in water? 
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Science Journal 

Oil of Vitriol Sulfate compounds used to be called 
vitriols because the compounds look glassy. The 
old name for sulfuric acid was oil of vitriol. The 

words vitriol and vitriolic have taken on broader 

meanings. Ask students to write the meaning of 
vitriol in their Science Journals and explain how 
it is connected to sulfuric acid. Vitrio! means “some- 
thing caustic,” or “virulence of feeling or speech.” 
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Differentiated Instruction 

Visually Impaired Figure 14 is referred to several 
times in the teaching suggestions; therefore, this 
figure should be made accessible to visually 
impaired students. Bring models of the molecules 
in the figure and have sighted students work with: 
visually impaired students to clarify the structures. 



Neutralization Advertisements for antacids claim that these 
products neutralize the excess stomach acid that causes indiges- 
tion. Normally, gastric juice is acidic. Too much acid can pro- 
duce discomfort. Antacids contain bases or other compounds 
containing sodium, calcium, magnesium, or aluminum that 
react with acids to lower acid concentration. Figure 15 shows 
what happens when you ingest an antacid tablet containing 
sodium bicarbonate, NaHCO,. The acid (HCl) is neutralized by 
the base (NaHCO.). 

Neutralization is a chemical reaction between an acid and a 
base that takes place in a water solution. When HCl is neutral- 
ized by NaOH, hydronium ions from the acid combine with 
hydroxide ions from the base to produce water, 

H,0° (aq) + OH > 2H,O(1) 

Acid-Base Reactions The following general equation rep- 
resents acid-base reactions in water. A few common salts are 
listed in Table 5. 

Acid-Base Reactions 

acid + base —> salt + water 

Salt Formation The acid-base equation accounts for only 
half of the ions in the solution. The remaining ions react to form 
a salt. A salt is a compound formed when the negative ions from 
an acid combine with the positive ions from a base. In the reac- 
tion between HCl and NaOH, the salt formed in water solution 
is sodium chloride. 

Na™ (aq) + Cl (aq) > NaCl(aq) 

Figure 15 An antacid tablet 
reacts in your stomach much as 

it does in this dilute HCl. Many 

antacid tablets are made to be 

chewed before they are swallowed. 

Explain how chewing the tablet 

would affect the rate of the reaction. 

Table 5 Some Common Salts and Their Uses 

Name, Formula Common Name 

Sodium chloride, NaCl Salt 

Sodium hydrogen carbonate, | Sodiumbicarbonate, —_ Food, antacids 
NaHCO, baking soda 

Calcium carbonate, (a0, Calcite, chalk 

Uses 

Food, manufacture of chemicals 

Manufacture of paint and rubber tires 
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Differentiated Instruction 

Learning Disabled React a small amount of dilute 
HCl with the same amount of dilute NaOH. Gently 
boil away the liquid. Collect the white residue and 
show the resulting salt (NaCl) of the neutralization 
reaction. WARNING: Do not taste the salt as it may 

contain impurities. Visual-Spatial 

‘fe Quick Demo 
“& Produce a Salt 

Materials zinc metal piece, HCI 

(5 mL, 1M), 2 test tubes, wood 

splint 

Estimated Time 15 minutes 

Procedure Place a pea-size piece of 
zinc metal in a medium-sized test 

tube. Add about 5 mL of 0.1M 

HCl to the zinc metal. WARN- 

ING: Handle HC! with care. Wear 

goggles, an apron, and gloves. Using 
a test-tube holder, invert another 

test tube over the first to collect 

the gas (H>) that is generated. 
Then bring a glowing splint near 
the mouth of the second tube. 

The hydrogen will give a small 
“bark” as the hydrogen and oxy- 
gen react. WARNING: Wear 

goggles, ensure that students wear 

gogeles, and demonstrate a safe dis- 

tance from students. Ask students to 

balance the equation and name 

the salt that is produced. Zn + 
2HCI|—> Hy + ZnCl,; zinc chloride 

Logical-Mathematical 

Discussion 
Base/Acid Prediction Ask students 
to use the information in Table 3 

to predict the acid and base that 
most likely produced each salt. 

NaCl: NaOH; HCI 

NaHC03: NaOH; HCO; 

CaC03: Ca(OH)»; H»C03 

KNO3: KOH; HNO3 

K C03: KOH; HCO; 

Na3P0,: NaOH; H3P0,4 

NH4C1: NH3; HCI 

Science Journal 

Epsom Salt Another salt students 

may know is Epsom salt. Have 
them find out the chemical for- 
mula for Epsom salt, what it is 

used for, and how it was named. 

Have them record their findings 
in their Science Journals. Epsom 

salt is MgS04°7H;0. It is used for soaking 
bruises and sprains. It was named after 
the mineral-rich waters of Epsom, 
England, which contained magnesium 
sulfate. Linguistic 
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[% Reading Check 

Answer NH3 removes H”* from water 

to leave behind OH ions and form 

NH," 

Post Reading 

Science Journal [n their Science 
Journals have students summarize 

the process by which bases neutral- 
ize acids. Tell students to look back 
in the text to ensure accuracy. 
Remind students that rereading is 
often essential for comprehension. 
Many people must look at techni- 
cal texts several times to under- 
stand what they have read. 

Check for Understanding 
Linguistic Conduct a discussion 
about the properties of acids and 
bases by going around the room 
and having each student make 
a true statement about what 
they’ve learned in this section. [L2] 

Reteach 

Litmus Test Provide several unla- 

beled dilute solutions of acids and 

bases. Give students litmus paper 
to test the solutions to determine 

which are acids and which are 

bases. Litmus is red in an acid and blue 

ina base. [2] {hy Visual-Spatial 

Performance Ask students to 

write the balanced chemical 

equation for the reaction of 

ammonium hydroxide, NH40H 

with hydrogen chloride, HC. 
NH4OH + HCl —> NH,Cl + H0 [L2 

Figure 16 Ammonia reacts with water to produce some hydroxide 

ions; therefore, it is a base. 

, 

f.¥ L 

Sciences INC 
Topic: Cleaner Chemistry 

Visit fl.gpescience.com for Web 

links to information about the 

dangers of mixing ammonia 

cleaners with chlorine or 

hydrochloric acid cleaners. 

Activity Visit the cleaning prod- 

ucts and laundry sections of the 

grocery store. Read the labels on 

several products. Make a list of 

products that include warnings on 

the labels and those that do not. 

Share your findings with the class. 

© section 

Summary 

Acids 

_ @ Acids, when dissolved in water, release H~, 

An Exception Ammonia is a base that does not contain 

—QOH. In a water solution, dissociation takes place when the 

ammonia molecule attracts a hydrogen ion from a water mole- 

cule, forming an ammonium ion (NH,*). This leaves a hydrox- 

ide ion (OH_), as shown in Figure 16. 

ry. Reading (47-2 How does ammonia react in a water solution? 

Ammonia is a common household cleaner. However, prod- 

ucts containing ammonia never should be used with other 

cleaners that contain chlorine or sodium hypochlorite, such as 

some bathroom toilet-bowl cleaners and bleach. A reaction 

between sodium hypochlorite and ammonia produces the toxic 

gases hydrazine and chloramine. Breathing these gases can 

severely damage lung tissues and cause death. 

The reactions of acids and bases are important to the chem- 

istry of living systems, the environment, and many industrial 

processes. 

revIieLu 

Self Check 

1. Identify three important acids and three important 

bases and describe their uses. 

6) 

which forms hydronium ions (H,07): 2. Describe an indicator. 

© Acids are sour tasting, corrosive, and reactive 3. Predict what metallic compound forms when sulfuric 

with indicators. 

Bases 

® Bases, when dissolved in water, form OH. 

acid reacts with magnesium metal. 

4. Infer Ifan acid donates H* and a base produces OH_, 

what compound is likely to be produced when acids 

react with bases? 

@ Bases are slippery, have a bitter taste, are 5. Think Critically Vinegar contains acetic acid, CH,COOH. 
corrosive, and are reactive with indicators. 

Solutions of Acids and Bases 

@ The polar nature of water allows acids and 

bases to dissolve in water. 

® Dissociation is the separation of substances, 

such as acids and bases, into ions in water. 

770 CHAPTER 24 Solutions, Acids, and Bases 

What salt is formed if acetic acid reacts with sodium 

hydroxide, NaOH? 

Applying Math 

. Calculate the molecular weight of acetylsalicylic 

acid, C,H,0,. 

More Section Review fl.gpescience.com 

1. Accept all reasonable responses. 

2. an organic compound that changes 

Si ~ section oa 

color in acid or base 
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3. magnesium sulfate 

4. HOH, which is water 

review 

5. sodium acetate 

6. 180.16 

pe MA.A.3.4.1 



= Strength of 
Acids and Bases 

What You'll Learn 

the strength of an acid or a base. 

@ Compare and contrast strength 

and concentration. 

m@ Examine the relationship 

between pH and acid or base 

m Examine electrical conductivity. 

Strong and Weak Acids and Bases 

Reading Guide 

Why It’s Important 
® Determine what is responsible for Understanding the strength of acids strong acid 

and bases helps you use them safely. weak acid 

} Review Vocabulary 
strength. acid strength: the ability of an acid 

to dissociate completely 

He FCAT Vocabulary 

New Vocabulary 

@ strong base 

@ weak base 

* pH 

Some acids must be handled with great care. For example, 
sulfuric acid found in car batteries can burn your skin, yet you 
drink acids such as citric acid in orange juice. Obviously, some 
acids are stronger than others. One measure of acid strength is 
the ability to dissociate in solution. 

The strength of an acid or base depends on how 

many acid or base particles dissociate into ions in 

water. When a strong acid dissolves in water, almost 

100 percent of the acid molecules dissociate into ions. 

HCl, HNO,, and H,SO, are examples of strong acids. 

When a weak acid dissolves in water, only a small frac- 

tion of the acid molecules dissociates into ions. Acetic 

acid and carbonic acid are examples of weak acids. 

Ions in solution can conduct an electric current are 

called electrolytes. The more ions a solution contains, 

the more current it can conduct. The ability of a solu- 

tion to conduct a current can be demonstrated using a 
lightbulb connected to a battery with leads placed in the 

solution, as shown in Figure 17. The strong acid solu- 

tion conducts more current. The weak acid solution 

does not conduct as much current as a strong acid 
solution. 

Figure 17 HClisa strong acid. 
The bulb burns brightly. Acetic acid 

is a Weak acid. The bulb is dimmer. 

Hydronium 

Strong Acid 

Hydronium 
ion 

Acetic A 

acid 

Acetate 

Weak Acid 
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Section 4 Resource Manager 

Chapter Fasr Fie Resources 

‘Transparency Activity, p. +5 

Directed Reading for Content Mastery, p. 20 

Enrichment, p. 31 

Lab Activity, pp. 9-11 

Reinforcement, p. 28 

Lab Worksheet, pp. 5-6 

Physical Science Critical Thinking/Problem Solving, 

p. 16 

4 Motivate 

INTERACTIVE | : ; - 
eee An editable Microsoft® 

= PowerPoint® presenta- 

tion is available on Interactive 

Chalkboard CD-ROM. 

PowerPoint’ Presentat 

Bellringer 

Section Focus Transparencies 

also are available on the 

Interactive Chalkboard CD-ROM. 

fee 

sEELIOn, 

+) PEEZTTA Situation Critical 
Transparency 

While water dissolves many substances, it doesn't dissolve every- 
thing. When you take your clothes to a dry cleaner, the clothes are 
cleaned with solvents other than water. Supercritical carbon dioxide 

(CO,) is a substance being developed that is less toxic than current 
dry cleaning solutions. The process is shown here. 

1. What kinds of sub- 

stances will not come 
off in water alone? 

2. How do detergents 

help clean clothes? 

Reading Preview 

Tie to Prior Knowledge 

Acid Strength Ask students to 
name acids they have encoun- 
tered that weren’t harmful and 
acids that were. Possible answers: 
Fruit juices with weak acids are not 
harmful; battery acid is harmful. Tell 

students that in this section, 

they will learn why some acids 
are stronger than others. 

Activate Background Know- 

ledge Tell students that pH is 
a measurement to rate the 
strength of acids and bases, 
indicating * ‘positive rdeocen 
ions” or “Ht ions.” Tell them 
that swimming pool and spa 
owners must test their water to 
find out if it is too acidic or 
basic and then adjust the water 

with chemicals. Ask students 

why it is important to have the 

proper ph. 
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~ Fun Fact 
Hydrochloric acid is essential for 
digestion and is secreted by the 
lining of the stomach in quantities 
of 1.2 to 1.5 L per day. 

Strong Disconnect In connec- | 
tion with acid, the word strong _ 

means that the acid forms ions 

easily. Some students may con- 
fuse the concept, thinking it is 
a contradiction to use the word | 

strong with something that 
comes apart easily. 

Use Science Words 

Word Usage Have students com- 

plete the following sentence: 
will tonize only 
to a small extent because its 
molecules have a strong hold on 
their H atoms. weak acid TELL) 

, Reading Strategy 

Paired Reading Allow partners 
to read the text about strong and 
weak acids and bases. After read- 
ing, one partner should explain 
the reaction equation formula 
while showing the change in units 
on each side. The other partner 
should check the explanation with 
the text. Have students alternate 
roles as they read and explain the 
four paragraphs and equations. 

Figure 18 You can have a dilute 

solution of a strong acid and a con- 

centrated solution of a weak acid. 

Chloride 
ion 

Hydronium 
ion 

This shows a dilute solution of HCI. 

Hydronium 
ion 

This shows a concentrated solution 

of acetic acid. 

Strong and Weak Acids Equations describing dissociation 

are written in two ways. In strong acids, such as HCl, nearly all 

the acid dissociates. This is shown by writing the equation using 

a single arrow pointing toward the ions that are formed. 

HClI(g) + H,O(2) > H,O*(aq) + Cl (aq) 

Almost 100 percent of the particles in solution are H,O* and Cl~ 

ions, and only a negligible number of HCI molecules are present. 

Equations describing the dissociation of weak acids, such as 

acetic acid, are written using double arrows pointing in opposite 

directions. This means that only some of the CH,COOH disso- 

ciates and the reaction does not go to completion. 

CH,COOH (aq) + H,O(/) = H,0* (aq) + CH,COO (aq) 

In an acetic acid solution, most of the particles are CH,COOH 

molecules, and only a few CH,COO~ and H” ions are in solution. 

Strong and Weak Bases Remember that many bases are ionic 
compounds that dissociate to produce ions when they dissolve. A 

strong base dissociates completely in solution. The following equa- 

tion shows the dissociation of sodium hydroxide, a strong base. 

NaOH(s) + H,O(!) — Na™ (aq) + OH (aq) 

The dissociation of ammonia, which is a weak base, is shown 

using double arrows to indicate that not all the ammonia disso- 

ciates. A weak base is one that does not dissociate completely. 

H,(aq) + H,O(1) —* NH, * (aq) + OH (aq) 

Because ammonia produces only a few ions and most of the 

ammonia remains in the form of NH,, ammonia is a weak base. 

Strength and Concentration Sometimes, when talking 
about acids and bases, the terms strength and concentration can 

be confused. The terms strong and weak are used to classify acids 

and bases. The terms refer to the ease with which an acid or base 

dissociates in solution. Strong acids and bases dissociate com- 

pletely; weak acids and bases dissociate only partially. In contrast, 

the terms dilute and concentrated are used to indicate the concen- 

tration of a solution, which is the amount of acid or base dis- 

solved in the solution. It is possible to have dilute solutions of 

strong acids and bases and concentrated solutions of weak acids 

and bases, as shown in Figure 18. 
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Differentiated Instruction 

English-Language Learners ‘The difference between 
ionization and dissociation is subtle. Review these 

terms by stressing that ionization happens when 
nonionic substances break apart, interact with 

water, and produce ions. Dissociation is the sepa- 

ration of ionic substances, such as a salt. Use a 

model to visually represent these concepts. 
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Teacher | 
Logarithmic Value The value of _ is based 
ona logarithmic scale. Each unit incre- 
ment is a tenfold change in hydrogen ion 
concentration. So, if one solution has a pH | 
of 3 and another has a pH of 2, the second 
is 10 times more ie a a Hist * 
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pH of a Solution 
If you have a swimming pool or keep tropical fish, you know 

that the pH of the water must be controlled. Also, many sham- 
poo products claim to control pH, making them suitable for your 
type of hair. The pH of a solution is a measure of the concentra- 
tion of H™ ions in it. The greater the H* concentration is, the 
lower the pH is and the more acidic the solution is. The pH mea- 
sures how acidic or basic a solution is. To indicate pH, a scale 
ranging from 0 to 14 has been devised, as shown in Figure 19. 

fy, Reading Check Ifa solution has a pH of 8.5, does it have more 

hydroxide ions or hydronium ions? 

As the scale shows, solutions with a pH lower than 7 are 

described as acidic, and the lower the value is, the more acidic the 

solution is. Solutions with a pH greater than 7 are basic, and the 
higher the pH is, the more basic the solution is. A solution with 

a pH of exactly 7 indicates that the concentrations of H* ions 

and OH ions are equal. These solutions are considered neutral. 
Pure water at 25°C has a pH of 7. 

One way to determine pH is by using indicator paper. This 

paper undergoes a color change in the presence of H,O~ ions 

and OH ions in solution. The final color of the pH paper is 
matched with colors in a chart to find the pH, as shown in 

Figure 20. Is this an accurate way to determine pH? 

An instrument called a pH meter is another tool to 

determine the pH of a solution. This meter is operated 
by immersing the electrode in the solu- 

tion to be tested and reading the dial. 

Small, battery-operated pH meters with 

digital readouts, as shown in Figure 20, 

are precise and convenient for use outside 

the laboratory when testing the pH of 

soils and streams. 

Figure 19 The pH scale helps 
classify solutions as acidic or basic. 

Figure 20 The pH ofa sample 

can be measured in several ways. 

Indicator paper gives an approxi- 

mate value quickly, however, a pH 

meter is quick and more precise. 
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Differentiated Instruction 

Challenge Have students write chemical equations 
that show HCO3 acting to neutralize the addition 

of OH7 ions and the addition of H* ions. This 

would show how one of the blood buffers works. 

HCO; + 0H —> H,0+(C0;? ;HCO; +H *—> H3(0; 
Logical-Mathematical 

Science Journal 

Sour Milk Have students describe the changes in 
pH that occur in milk as it spoils. They may 
need to examine the process in a nutrition refer- 

ence or biology source. Lactose, commonly called milk 
sugar, is changed through bacterial action into lactic acid. This 

change lowers the pH of the solution. Logical- 
Mathematical 

Activity 

Measure pH Provide samples, 
other than those shown in 
Figure 19, with which students 
can measure pH using universal 

pH paper. Examples may include 
spoiled milk, lemon juice, soap 
solutions, and dissolved antacids. 

GD jf Visual-Spatial 

¢S) Quick Demo 
Examine pH Changes 

Materials indicator paper (litmus 
or universal), vinegar, milk of 
magnesia, pH meter 

Estimated Time 20 minutes 

Procedure Use litmus paper or 
universal indicator paper to show 
that vinegar has an acidic pH 
value. Then add a small amount 
of milk of magnesia to the vine- 
gar. Check the pH again to see 
whether it has changed. As the 
milk of magnesia is added, OH™ 
is brought into the solution. OH 
ions react with the H307* ions, so 

the pH should rise. Continue 
adding milk of magnesia until this 
effect is noticed on the pH indica- 
tor. If one is available, do this 

demonstration with a pH meter. 
GD jf} Visual-Spatial 

Discussion 
Indicators and pH Ask students to 
think of a reason why someone 
would use an indicator paper 
instead of a pH meter to obtain a 
pH value. Indicator paper may be 
used when controlling costs is an 
issue. A box of indicator paper is 
less expensive than a pH meter. 

(% Reading Check 

Answer hydroxide ions 

SECTION 4 Strength of Acids and Bases 773 



(vy, Reading Check 

Answer Buffers are solutions contain- 

ing ions that react with acids or bases to 
minimize their effects. This is important 
because our blood needs to maintain a 
pH of about 7.4. 

Post Reading 

Draw Conclusions Have stu- 

dents explain why symbols for ele- 
ments and formulas are used to 

show chemical reactions. What 

actions do single arrows and dou- 

ble arrows indicate? Point out that 

people of all languages can under- 
stand the notations. How are let- 

ters in words and symbols similar? 

» DAILY INTERVENTION 

Check for Understanding 
Visual-Spatial Bring in a can of 

frozen orange juice and a gallon 

container. Explain to the stu- 
dents that the orange juice in the 
can is a concentrated form, then 

add water and explain that the 
orange Juice is now diluted. 

Reteach 
Acid Strength Place a small piece 
of magnesium ribbon in two 
seperate Petri dishes. In the first 
one, add a few drops of 1 HCI. 
In the second, add a few drops of 
acetic acid. WARNING: Wear 

goggles, an apron, and gloves when 

working with HCl. Ask which is a 

strong acid. The HCl is a strong acid 

because it reacts with magnesium to 

produce more hydrogen gas. 
Visual- “Spatial j Assessment 

Oral Sometimes soil pH must 
be changed to encourage plant 

growth. Ask students whether 
adding Ca(OH), sometimes 

referred to as slaked lime, would 

raise or lower the pH of soil. The 

OH ions released by Ca(OH), would 
raise the pH. Use PASC, p. 89. 

1 mL concentrated 1 mL concentrated 

HC HCl 

all pH 7.4 Wik 

Saltwater Blood 

solution | 

pH 2.0 

Blood lL 
Your blood 

circulates 

Acai your body carrying 

oxygen, removing carbon diox- 

ide, and absorbing nutrients 

from food that you have eaten. In 
order to carry out its many func- 

tions properly, the pH of blood 
must remain between 7.0 and 7.8. 

The main reason for this is that 

some enzymes cannot work outside this pH range. An enzyme 1s 

Figure 21 This experiment : a protein molecule that acts as a catalyst for many reactions in the 
shows how well blood plasma acts: body. Yet you can eat foods that are acidic without changing the 
as a buffer. Adding 1 ml of concen- pH of your blood. How can this be? The answer is that your blood 

trated HCI to 1L of saltwater solu- —: Contains compounds called buffers that enable small amounts of 
tion changes the pH from 7.4t0 2.0. : acids or bases to be absorbed without harmful effects. 
Adding the same amount of con- Buffers are solutions containing ions that react with addi- 
centrated HCI to 1 L of blood plasma = tignal acids or bases to minimize their effects on pH. One buffer 
changes the pH from 7.4 to 7.2. : system in blood involves bicarbonate ions, HCO, . Because of 

these buffer systems, small amounts of even concentented acid 

will not change pH much, as shown in Figure 21. Buffers help 

keep your blood close to a nearly constant pH of 7.4. 

What are buffers and how are they important 
for health? 

© section. qi Tevieu. 

Summary 

| Strong and Weak Acids and Bases 

@ When strong acids dissolve in water, nearly all 

the acid particles dissociate into ions. When 

weak acids dissolve in water, few particles 

dissociate. 

@ When strong bases dissolve in water, nearly 

all base particles dissociate. When weak bases 

dissove, only a few particles dissociate. 

@ lons in solution can conduct electricity. 

@ Strength refers to the ability of an acid or base 

to dissociate in water; concentration refers to 

how much acid or base is in solution. 

PH of a Solution 

@ pH describes a substance as acidic or basic. 

@ Buffers are substances that-minimize the 

effects of an acid or base on pH. 
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Self Check 

. Describe what determines the strength of an acid. A base? 

. Explain how to make a dilute solution of a strong acid. 

. Explain how electricity can be conducted by solutions. 

. Describe pH values of 9.1, 1.2, and 5.7 as basic, acidic, 

or very acidic. 

. Think Critically The proper pH range for a swimming 

pool is between 7.2 and 7.8. Some pools use two sub- 

stances, NaHCO, and HCl, to maintain this range. How 

would you adjust the pH if you found it was 8.2? 6.9? 

Applying Math 

. Use Equations To determine the difference in 

acid strength, calculate 10”, where n = difference 

between pHs. How much more acidic is a solution 

of pH 2.4 than a solution of pH 4.4? 

More Section Review fl.gpescience.com 

Section qi 

strong acid, by adding a small 
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review 

1. The strength of an acid is deter- amount of acid to a much larger 5. pH of 8.2—add HCI; 
mined by its ability to produce H” amount of water. pH of 6.9—add NaHCO; 
ions in solution. The strength of a 3. Anionic compound breaks into its 6. 44 — 2.4 = 20 
base is determined by its ability to ions, which conduct electricity. 10* = 100 
produce OH ions in solution. 4. 9.1—basic; 1.2—very acidic; MAA34 

2. You can dilute hydrochloric acid, a 5.7—acidic ‘N pea 
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only in high-tech laboratories by degreed scien- 
tists. You can investigate the acidic concentra- 
tions of things in your own home using a 
simple homemade indicator solution. 

© Real-World Problem 
How can you tell if a substance is a strong or 

weak acid? 

Goal 

@ Determine the relative concentrations of 

common acidic substances. 

Materials 
homemade cabbage indicator (indicates both 

acids and bases) 

coffee filter 

waxed paper 

grease pencil or masking tape 

teaspoons (3) 

alum 

cream of tartar 

fruit preservative 

Safety Precautions 

e151 

© Procedure 
1. Use the grease pencil or masking tape and a 

pencil to label three areas on the waxed 

paper a/um, cream of tartar, and fruit preser- 

vative. These areas should be about 8 cm 

apart. 

. Place approximately : teaspoon of each of 

the three powders on the waxed paper 

where labeled. Use a separate teaspoon for 

each substance. 

———. Determining Acidity 
The science of acids and bases is not practiced ot Cut three strips from the coffee filter, about 

1 cm wide by 8 cm long. 

. Dip the end of one of the strips into the cab- 
bage indicator solution, then lay the wet 

end on top of the alum. 

- Wet a second strip and lay it in on top of the 
cream of tartar. 

- Wet the third strip and lay on top of the fruit 
preservative. 

- Wait 5 min, then check the indicator strips 

and record your observations. 

© Conclude and Apply —— 
1. Determine if all three substances were acids. 

Did the indicator strips turn a similar color? 

. Explain why each substance 

produced a different color. 

. Propose a possible rank of 

the concentrations. 

. Predict what you 

would have 

observed if 

you used 

sodium 

hydroxide 

instead 

of alum. 

Compare your results with other groups in 

the class. Discuss any differences in the 

results you obtained. 

Ow ho aa 

% Assessment 
Process This investigation indicated the relative 

concentration of several acids. Using these 

results, can you draw conclusions about the 

strength of the acids? No reliable conclusion can 
be made. Concentration and strength are independent of 

each other. 

ommunicating 
ma Your Data 

Conduct a discussion of the results and possible 

differences in outcomes. 

© Real-World 
Problem 

Purpose Students will test 
several substances and rank the 

relative acid concentration by 
the color of the indicator. 

Process Skills Lab techniques, 
observe, sequence, draw con- 

clusions. 

Time Required 30 minutes 

© Procedure 

Alternative Materials Other 
common acidic substances such 

as vinegar, catsup, soda pop 

Safety Precautions Have stu- 
dents wash hands after the 
experiment. 

Teaching Strategies 

¢ Prepare the indicator ahead of 
class according to the follow- 
ing recipe. Fill a glass quart jar 
with uncooked purple cabbage 
leaves that have been torn into 
small pieces. Heat distilled 
water to boiling, then fill the 

jar with the cabbage. Allow to 
cool to room temperature. 
Pour the cooled cabbage solu- 
tion through a tea strainer into 
a second container and discard 
the cabbage leaves. 

¢ Acids turn this indicator red, 

bases turn it green. 

© Conclude and 

Apply 
1. yes, shades of red 

2. Each substance has a different acid 
concentration. 

3. Actual rank (most concentrated to 
least) is fruit preservative, cream of 

tartar, alum. Students may rank least 

to most concentrated if they inter- 
pret the colors in reverse sequence. 

4. Sodium hydroxide is a base, so the 

indicator would turn green. Students 
may indicate simply a different color. 
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© Real-World 
Problem 

Purpose Students compare the 
solubility of a solute at various 
temperatures. TELL) 

Logical-Mathematical 

Process Skills measure, use 

numbers, communicate, make 
and use graphs, make and use 
tables, infer 

Time Required 40 minutes 

@® Procedure 

Alternate Materials In addi- 
tion to sugar, other solutes such 

as CuSO4 (WARNING: toxic) or 

KBr could be used. 

Safety Precautions Students 
should use test tube holders 
when handling hot test tubes. 
They should not stir solutions 
with a thermometer. 

Teaching Strategy Keep the 
hot plate setting low so the tem- 
perature changes will be slow. 

Tie to Prior Knowledge Re- 
mind students about dissolving 
sugar in hot tea versus cold tea. 

Troubleshooting Experiment 

with making the copper stirrers 

before the lab. Coil the copper 
wire around a pencil and check to 
be sure the coil fits into the test 

tubes being used. 

776 ~=LAB 

Goal 

@ Observe the effects of 

temperature on the 

amount of solute that 

dissolves. 

Materials 
distilled water at room 

temperature 

large test tubes 

Celsius thermometer 

table sugar 

copper wire stirrer, bent 

into a spiral 

test-tube holder 

graduated cylinder (25-mL) 

beaker (250-mL) with 

150 mL of water 

electric hot plate 

test-tube rack 

ring stand 

Safety Precautions 

AAT LST e 
Ke 
WARNING: Do NOT touch 

the test tubes or hot-plate 

surface when hot plate is 

turned on or cooling down. 

When heating a solution in 

a test tube, keep it pointed 

away from yourself and oth- 

ers. Do NOT remove goggles 

until deanup, including 

washing hands, is completed. 

Saturated S@lutions 
® Real-World Problem ——— 

Two major factors to consider when you are dissolving a solute in 

water are temperature and the ratio of solute to solvent. What hap- 

pens to a solution as the temperature changes? How does solubility 

change as temperature is increased? To be able to draw conclusions 

about the effect of temperature, you must keep other variables con- 

stant. For example, you must be sure to stir each solution in a similar 

manner. 

© Procedure———— 
1. Place 20 mL of distilled water in a test tube. Add 30 g of sugar. 

2. Stir. Does the sugar dissolve? 

3. If it dissolves completely, add another 5 g of sugar to the test 

tube. Does it dissolve? 

4. Continue adding 5-g amounts of sugar until no more sugar 

dissolves. 

5. Now place the beaker of water on the 

hot plate and hang the thermometer 

from the ring stand so that the bulb 

is immersed about halfway into the 

beaker, making sure it does not 

touch the sides or bottom. 

Record the starting 

temperature. 

Change Variables Make this Lab an Inquiry Lab by 
asking students what they think will happen if two 
or more different kinds of solutes are dissolved in 

a solvent? In other words, how will this experi- 

ment result if multiple solutes are dissolved in the 
water? Let the students investigate solutes of 

their choosing with safety guidance from the 
teacher. Some students may want to go further 
and investigate solute solubility in different sol- 
vents. Have students record their alternative 
activities and results in their Science Journals. 



10. 

. Using a test-tube holder, place the test tube 

into the water. 

- Gradually increase the temperature of the hot 
plate while stirring the solution in the test tube, 
until all the sugar dissolves. 

- Note the temperature at which this happens. 

- Add another 5 g of sugar and continue. Note 
the temperature at which this additional Sugar 
dissolves. 

Continue in this manner until you have at least 
four data points. Note the total amount of sugar 
that has dissolved. Record your data in the data 
table. 

© Analyze Your Data——— 
1, Graph your results using a line graph. Plot grams 

of solute per 20 g of water on the y-axis and plot 

temperature on the x-axis. 

. Interpret Data Using your graph, estimate the 

solubility of sugar at 100°C and at 0°C, the boiling 

and freezing point of water, respectively. 

Dissolving Sugar in Water 

© Conclude and Apply 
1. Explain how the saturation change as the temperature was increased. 

2. Compare your results with the data in Table 2. 

Compare your results with those of other 

groups and discuss any differences noted. 

Why might these differences have 

occurred? For more help, refer to the 

Science Skill Handbook. 

Temperature —_ Total Grams of Sugar Dissolved 

20°C—25°C about 40 g 

30°C—35°C about 45 g 

50°C about 50 g 

55°C—60°C about 55 g 
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wT i... 
% Assessment 

Oral Have students explain how the relationship 
between saturation and temperature shown in this 
activity can be used in making candy. Large amounts 
of sugar may be dissolved at a very high temperature, then 
cooled quickly to form sugar crystals used in candy making. 
Students should also observe how stirring influences crystal size. 
Use Performance Assessment in the Science 

Classroom, p. 93. 

Keeping the temperature constant while observing 

possible saturation is difficult. It is easy to go beyond 
the saturation level without knowing it. If the 
temperature increases at different rates, results will 

be different. 

© Analyze Your 
Data 

Expected Outcome At higher 
temperatures, more sugar will 
dissolve. 

Answers to Questions 

1. Check student graphs against their 
results for accuracy. 

2. approximately 98 g per 20 mL at 

100°C and 35.8 g per 20 mL at 0°C 

Error Analysis It may be diffi- 
cult to tell whether the solute is 
dissolved when the solution is 
near saturation. Be sure students 
pause at each temperature long 
enough to give the solute time to 
dissolve. Otherwise, the amount 

of solute may be less than ex- 
pected for saturation. 

© Conclude and 

Apply 
1. The amount of solute needed to 

cause saturation was greater with 

increasing temperature steps. 
2. Answers will vary. 
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TIME 
Content Background 
Acid rain is caused by water 

falling through polluted air. A 
number of factors determine the 

severity of the effects of acid rain. 
Among them are the amount and 
type of chemicals contained in 
the clouds and the contours and 

composition of the soil on which 
it falls. For example, soils formed 

over limestone or chalk can tol- 

erate much higher levels of acid 

than those based on granite or 

sandstone. The alkalinity of 
limestone and chalk neutralizes 

acids before they can have a cor- 
rosive effect. Quartzite granite 

does not react with the acids, 

leaving them in the soil to be 
washed into streams and lakes. 

There is some disagreement over 
the extent of the harm caused by 
acid rain, but not over the fact 

that it is harmful. 

Activity 
Place a clean glass container in 

a safe place outside prior to an 
expected rainstorm. Collect a 
rain sample and check the pH 
using pH paper. Have students 

find the position of the pH 
of rainwater on the chart in 
Figure 19. Kinesthetic 

Investigate the Issue 

Research the patterns of acid 
rain across the country and the 
presumed sources. Note them 
on a national map and use it to 

discuss how the local area is 
affected. Find out whether you 
are in an area of acid rainfall, a 
source area or both. |L2 

cid precipitation is rain, snow, or sleet that 

is more acidic than unpolluted precipita- 

tion. It’s caused by the burning of fossil 

fuels, such as coal, oil, and natural gas. In the 

United States, most gasoline and electricity come 

from fossil fuels. People burn fossil fuels each time 

they drive a car, heat a building, or turn on a light. 

Normally, raindrops pick up particles and 

natural chemicals in the air. When rain falls, it 

mixes with the carbon dioxide in the atmo- 

sphere, giving clean rain a slightly acidic pH of 

5.6. Then, natural chemicals found in the air and 

soil balance out the acidity, giving most lakes and 

streams a pH between 6.0 and 8.0. But when pol- 

lutants are introduced, these natural bases are 

not strong enough to neutralize these solutions. 

Wind can carry this acidic moisture for hundreds 

of miles before it falls to Earth as acid rain. 

Eating Away at History 

Like all acids, acid rain can corrode, or eat 

away at, substances. Many historical monu- 

ments, such as the Mayan temples in Mexico 

and the Parthenon in Greece, have been slowly 

but steadily damaged by acid rain. This kind of 

damage can be fixed, though it costs billions of 

dollars to ensure that ancient monuments and 

buildings are not destroyed. 

IENCE wo SCIENCE 

ISSUES 

THAT AFFECT 

CLel 

Some Solutions 
In some countries, high acid levels in lakes 

and streams have been lowered by adding lime 

to the water. Lime, a natural base, balances out 

the damaging chemicals. In the United States, all 

new cars must have catalytic converters, which 

help reduce the amount of exhaust pollution that 

vehicles give off. 

You also can make a difference. Turning off 

the lights when you are not using them means a 

power plant does not have to produce as much 

electricity. By carpooling, using public transporta- 

tion, and walking, there is less pollution from cars. 

The results of all these individual actions can make 

a huge difference in preserving our environment. 

Ride a bike! It saves fuel, is nonpolluting, 

and helps preserve the environment. 

List Go to a local park or forest. List any effects of acid rain that 

you see. Make a list of the things you do that use energy or cause 

pollution. Think about what your family can do to reduce pollution 

and save energy. Share your list with an adult. 
For more information, visit 

fl.gpescience.com 

List If your local park shows symptoms of 
acid rain, try to determine the source of the 

acid rain. In many cases, the sources of acid 

rain are also major contributors to the local 

economy. Find out if the economic activity 

of your community produces acid rain-caus- 
ing pollutants and what steps local industries 
and government have taken to address the 
problem. {L3 
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Resources for Teachers and Students 

Acid Rain, Sally Morgan, Franklin Watts: New 
York, 1999 

Acid Rain, Louise Petheram, Bridgestone Books, 
Mankato, MN, 2003 
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eviewing Main ideas 

How Solutions Form 

1. A solution is a mixture that has the same iF 
composition, color, density, and taste 
throughout. 

2. The substance being dissolved is called a PE 
solute, and the substance that does the dis- 
solving is called a solvent. 

3. The rate of dissolving can be increased by 
stirring, increasing surface area, or increas- 
ing temperature. 

4. Under similar conditions, small particles of 
solute dissolve faster than large particles. 

“Section 2 | Solubility and Concentration 

1. Some compounds are more soluble than 3. 

others, and this can be measured. 

2. Concentrated and dilute are not precise terms 4. 

used to describe concentrations of solutions. 

3. Concentrations can be expressed as percent 

by volume. 

4. An unsaturated solution can dissolve more 

solute, while a saturated solution, such as this 1. 

tea, cannot. A = 
__ ene. 

iF 
supersaturated co 

solution is made 

by raising the 

temperature of a 

saturated solution 

and adding more 

solute. If it is 

cooled carefully, 

the supersaturated 

solution will I 

retain the dis- : ee he ag { 

solved solute. “a F 

Interactive Tutor fl.gpescience.com 

“Section 3 | Acids, Bases, and Salts 

An acid is a substance that produces hydro- 
gen ions, H™, in solution. A base produces 
hydroxide ions, OH, in solution. 

Most foods can be classified as acidic or 
basic. Properties of acids and bases are 

due, in part, to the presence of the Ht 
and OH ions. 

Salts form when negative ions from an acid 
combine with positive ions from a base. 

Dissociation is the process where an ionic 

solid separates into its positive and negative 
ions. 

“Section 4 Strength of Acids and Bases 

The strength of an acid or base is deter- 

mined by how completely it forms ions 

when it is in solution. 

Strength and concentration are not 

the same thing. Concentration involves the 

relative amounts of solvent and solute in a 

solution, whereas strength is related to the 

extent to which a substance dissociates. 

OLY TESY Use the Foldable that you made at the begin- 

ning of this chapter to help you review the characteristics of 

solutions, acids, and bases. 

CHAPTER STUDY GUIDE 779 

Summary statements can be 
used by students to review the 
major concepts of the chapter. 

ScienceplliNe 

Visit fl.gpescience.com 
More Section Review 

Interactive Tutor 

Vocabulary PuzzleMaker 

More Chapter Review 

Standardized Test Practice 

Assessment Transparency 
For additional assessment ques- 
tions, use the Assessment 

Transparency located in the trans- 
parency book. 

Assessment 

Asses 1H Solutions 
Trans} 

Directions: Carefully review the table and answer the following questions, 

Composition of Common Solutions 

Solution Created by combining 

Brass Solid-solid 

Salt water Solid-liquid 

Vinegar Liquid—liquid 

Gas-—liquid 

Air Gas-gas 

. According to the information in the table, _. 

A solutions are always liquid in form 

B solutions ar eS 

C solutions are always liquids or gases 
D solutions can be solid, liquid, or gas 

2, According to the table, vinegar is created by combining 
P liquids 
G solids 

H solids with gases 
J liquids with gases 

For the examples in the table, the solutions consisting of a liquid 
combined with either a gas ora solid are __. 

A solids 

B liquids 
C gases 
D water 

™ Have students use 

FOLDABLES their Foldables to 

review the content of the chapter. 
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chapter 

Review 

1. solute, solvent 

2. acid 

3. supersaturated solution 

4, base 

5. solubility 

6. strong acid 

7. pH 

8. aqueous 

19. ammonia 

20. see student page. 

780 CHAPTER REVIEW 

chapter 

Me acid p. 764 solution p. 752 

#& aqueous solution p. 751 solvent p. 751 

#% base p. 766 strong acid p. 771 

¥# concentration p. 760 strong base p. 772 

# indicator p. 764 supersaturated solution 

# PH p.773 p. 763 
saturated solution p. 76) 

% solubility p.759 

solute p.751 

unsaturated solution p. 76 

weak acid p./71 

weak base p. 7/2 

# FCAT Vocabulary 

Fill in the vocabulary word(s) that correctly 

completes each sentence. 

i 

. When a(n) 

In lemonade, sugar is the and 

water is the 

. A(n) is a substance that produces 

hydrogen ions, H*, in solution. 

. Adding a seed crystal may cause solute to 

crystallize from a(n) 

=) Aa) produces hydroxide ions, 

OH. , in solution. 

. If more of substance B dissolves in water than 

substance A, then substance B has a higher 
than substance A. 

dissolves in water, 

nearly all the acid molecules dissociate into 
ions. 

. The measure of the concentration of H* ions 

in solution is called the 

. A solution in which water is the solvent is 

called a(n) solution. 

~~ Checking Concepts _ 

Choose the word or phrase that best answers the 
question. 

9. What term is NOT appropriate to use when 

describing solutions? 

A) gaseous 

B) heterogeneous 
0 liquid 

D) solid 

780 CHAPTER REVIEW 

(Fly Review _ 

LE 

a2. 

13: 

14. 

15. 

16. 

17. 

18. 

Vocabulary PuzzleMaker fl.gpescience.com 

10. What is another name for sodium hydrox- 

ide (NaOH)? 

A) ammonia 

B) caustic lime 

C) lye 

D) milk of magnesia 

When iodine is dissolved in alcohol, what 

term is used to describe the alcohol? 

A) alloy ©) solution 

B) solvent D) solute 

What word is used to describe a solution 

that is 85 percent copper and 15 percent tin? 

A) alloy ©) saturated 

B) solvent D) solute 

What is a common name for hydrochloric 

acid? 

A) battery acid 

B) citric acid 

C) muriatic acid 

D) vinegar 

Which acid ionizes only partially in water? 

A) HCl © HNO, 
B) HSO, D) CH,COOH 

Carrots have a pH of 5.0. How would you 

describe them? 
A) acidic ©) an indicator 

B) basic D) neutral 

What is the pH of pure water at 25°C? 

A) 0 (Sp 7 

B) 5 D) 14 

What can you increase to make a gas more 

soluble in a liquid? 

A) particle size 

B) pressure 

©) stirring 

D) temperature 

If a solute crystallizes out of a solution 

when a seed crystal is added, what kind of 

solution is it? 

A) dilute 

B) saturated 
C) supersaturated 

D) unsaturated 

Use the ExamView® Pro Testmaker CD-ROM to: 
* create multiple versions of tests 

* create modified tests with one mouse click for inclusion students 
* edit existing questions and add your own questions 
* build tests aligned with state standards using built-in State 
Curriculum ‘Tags 

¢ change English tests to Spanish with one mouse click and vice versa 
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Interpreting Graphics ~ 25. Explain why the statement, “Water is the 
solvent in a solution,” is not always true. ~ Thinking Critically 

Use the table below to answer question 19. 
d 21. Water interacts forming H30+ an e 5 Sy ARQING MN MRE ype a meena : 19. Explain which pH Readings Applying Math CI-ions in the dissociation process. 

substance listed in mee ah gap ae at Substance pH 26. Use Proportions To make an indicator 22. Ammonia can accept H+ ions from a 2 ° “ : 6 cee Battery acid 15 solution, a student mixes 3 mL of a water, forming NH4+ ions and thus 
ca Enna concentrated solution with 97 mL producing OH- in water. It is a weak neutralizing battery CORON IUCESY M25 ; ; c of water. How much concentrate is base. acid. Apple 3 : ener r needed to make 3 L of the indicator? 23. A concentrated acid has a large 

Mi 6.7 ait , Use the graph below to answer question 27. amount of acid dissolved in a solu- 
Seawater 8.5 — es — tion. A strong acid easily donates 
Ammonia 12 _ Temperature Effects on Solubility | H+ ions. A concentrated acid could 

be a large amount of weak acid ina 
Use the table below to answer question 20. 

Limits of Solubility 

| Potassium , 
mene solution. o 

ic] ] . 3 a ays 24. A concentrated solution of HCI has a 
: Solubility in 100 g = low pH. A dilute solution has a Compound Type of Solution 2 ; yi yy Water at 20°C = higher pH that is still below 7. 

CuSO, eerat 32.04 Fy 25. Water can be the solute in a solu- 
Mal eer 38.0 2 | tion. For example, water may be 
a , ie s = ees dissolved in alcohol. 3 saturated soe 2 bromide 
Naclo 45.8.q = (KBr) “3 unsaturated : = == PE OS SE RE 

3 | | Sodium chloride Applying Math 
rj | | sensi SSRIS & (all “(atl 20. Identify Using the data in Table 2, complete 

the table. Use the terms saturated, unsatu- 

rated, and supersaturated to describe the 
type of solution. 

0 L 1 es it 

0 10 20 30 40 50 60 70 80 90 

Temperature (°C) 
Math Standards 

National: 1, 2,9 

= ia Sai sip 

27. Interpret Data Determine the temperature MA.B.2.4.1, MA.A.3.4.1 

hich a solution of 80 g of potassium Thinking Critically at Oma esas: 26. 90 mL inking Critically nitrate (KNO,) in 100 mL of water is 27. 50°C 

21. Describe ode die moe chlo- eats eet A he Oe 28. 153 g/1000 ml x 80.0 mL 
; ; ve . MeasureinS! You dissolve 153 g of potas- ride, HCl, when it is dissolved in water to ‘ 8 p = 12.2 q KNO3 [Please stack frac- 

form hydrochloric acid. sium nitrate in enough water to make 3 ey h es: 
ais ars Feclitiontlbenvoricen cries tion. This is a pick up of answer #23 

22. Explain why ammonia is considered a base, ILo SOO BPE, YOUNSE AS from ch 615] 
even though it contains no hydroxide ions. ated cylinder to measure 80 mL of 

29. Place 25 mL of concentrated apple oe k base? solution. What mass of potassium ae Is it a strong or weak bas juice in 75 ml of water. 
nitrate is in the 80-mL sample? 23. Explain why a concentrated acid is not nec- 

essarily a strong acid . Use Numbers How would you make a 

25-percent solution by volume of an 24. Compare and Contrast How would the pH of a aa 
apple-juice drink? dilute solution of HCI] compare with the pH 

of a concentrated solution of the same acid? 

More Chapter Review fl.gpescience.com CHAPTER REVIEW 781 

\@y Reproducible Masters Glencoe Technology 

Chapter Fast File Resources 6 Assessment ‘Transparency 
Chapter Review, pp. 39-40 ® ExamView® Pro ‘Testmaker 
Chapter ‘Tests, pp. 41-44 (OD MindJogger Videoquiz 
Assessment Transparency Activity, p. 51 ® Interactive Chalkboard 

Glencoe Science Web site 
Chapter Review ‘Test 
Standardized Test Practice 
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chapter chapter an Standardized Test Practice 
Standardized Test Practice 

Answer Sheet An answer sheet 

can be found at fl.gpescience.com. ultiple Choice 

The graph below shows the solubility of various salts 
Standardized Test Practice Answer Sheet in water. 

240 

20 | Potassium | 
= | nitrate 
i 200 | | (KNO3) 

% 180 -+— | | 
a | Sodium 

S tee chlorate 

= 140 (NaCl03)- 
a £ 120° 
he & 100 
£ 80 | [Seis 
= f Potassium 

= 60 + bromide 

val 40 | | (KBr) 

¢ Short Response | ee eee 
WD (=== | Sodium chloride 

1.D 4, ( hal eS cca 
5.A 0 10 20 30 40 50 60 70 80 90 

Temperature (°C) 

1. Which compound will make a saturated 

solution when added to 100 g of water? 

: ic A. 20 g NaCl if the water is 50°C 
hs . 60 g of KNO; if the water is 100°C B 

C. 80 g NaClOs3 if the water is 30°C 

D. 100 g KBr if the water is 90°C 

ridded Response 

782 STANDARDIZED TEST PRACTICE 

Record your answers on the answer sheet provided by your teacher or on a sheet of paper. 

The assessed Florida Benchmark appears above the question. 

2. A label on a flask reads 130 g KNO3/100 g 

of water. A thermometer reading shows a 

room temperature of 23°C. No crystals are 

seen on the bottom of the flask. How is this 

solution best described? 

A. concentrated 

B. dilute 

C. saturated 

D. supersaturated 

. What allows you to eat acidic foods without 

changing your blood pH? 

A. blood plasma 

B. buffers 

C. enzymes 

D. protein molecules 

. The following graph is a titration curve. 

The data indicate the changes that happened 

to the solution as drops of a strong base 

were added. 

Acids, Bases, and Salts 

3 

11 

9 I 

ry Ul 
5 

3 

1 

25 50 75 100 

Drops added 

At the instant of neutralization, what is in 

the beaker (besides water)? 

A. acid only 

. base only B 

C. salt only 

D - equal amounts of each 

782 CHAPTER 24 Solutions, Acids, and Bases 

rr ——t 



5. Which chemical formula below describes a 
hydronium ion? 

ASE" 

B2OH 

Cc. COOH 

D. H,O 

BP GriddedResponse 

6. The solubility of potassium chloride in 
water is 34 g per 100 g of water at 20°C. A 
warm solution containing 100 g of potas- 

sium chloride in 200 g of water is cooled 

to 20°C. How many grams of potassium 

chloride will come out of solution? 

7. When. the pH of a solution drops from 

3.0 to 1.0, the hydronium ion concentra- 

tion increases by a factor of 100 fold 

from 0.0010. What is the concentration 

at pH = 1.0? 

INQUIRE ort Kesponse 
|] 

8. The drawing below shows carbon dioxide 
gas dissolved in water. 

What are two ways you could make more 

gas dissolve in the water? 

" Standardized Test Practice fl.gpescience.com 

Standardized 
Test Practice 

Sacra errr mmc ee ee SH sacar Taet 

9. Name the salt that is produced by each of 
the following acid-base pairs. 
HCl + NaOH; HNO, + KOH; 
EeoO jer Catol) as 

FREAD _| 
UIRE 

elma’ Extended Response 

10. One of the solutions has a pH of 10, the 
other pH of 12. In one beaker, the bulb 
glows more brightly than does the other. 

Explain why the bulbs glow with different 

intensities. Use the words strong and weak 
in your answer. 

11. You are given a clear water solution con- 

taining potassium nitrate. How could you 

determine whether the solution is unsatu- 
rated, saturated, or supersaturated? 

12. Explain why a weak acid in solution has a 

higher pH than a strong acid of the same 
concentration. 

_Test-Taking Tip _ 

Answer Bubbles Double-check that you are filling in the correct 

answer bubble for the question number you are working on. 

STANDARDIZED TEST PRACTICE 783 

chapter On 

Standardized Test Practice 

ort Response 

8. You could cool the liquid or increase 
the pressure of the carbon dioxide 
over the liquid. 

9. sodium chloride; potassium nitrate; 

calcium sulfate 

\ Extended Response 

10. The base with the higher pH is a 
stronger base and therefore dissoci- 
ates more completely than does the 
one with the lower pH. The 
stronger base releases more OH- 
ions and conducts more electricity. 

11. You could add a single crystal of 
potassium nitrate to the solution. If 

the crystal dissolved, the solution is 

unsaturated. If the crystal sank to the 
bottom, the solution is saturated. If, 
when the crystal is added, more 
potassium nitrate crystallizes out, the 
solution was supersaturated. 

12. The pH of a weak acid is higher 
because a weak acid produces fewer 
H30" ions than a strong acid at the 
same concentration. 

Rubrics 
For more help evaluating 
Short- and Extended-Response 
questions, see the rubrics on 
jas Alle 

STANDARDIZED TEST PRACTICE 783 
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Section/Objectives 

Chapter Opener 

Organizer, 
LALLA TL DISS BELA 

Standards 

National 

See pp. 16T-17T fora 

Key to Standards. 

State/Local 

Labs/Features 

Launch Lab: The Size of a Nucleus, 

p.785 
Foldables, p. 785 

Section 1 Radioactivity 

@ 1 session ap 5 block 

2. Explain what radioactivity is. 

3. Compare and contrast properties of 

radioactive and stable nuclei. 

4. Discuss the discovery of radioactivity. 

1. Describe the structure of an atom and its nucleus. 

National Content Florida MiniLAB: Modeling the Strong Force, 

Section 2 Nuclear Decay 

@ 1 session ap 

5. Compare and contrast alpha, beta, and 

gamma radiation. 
6. Define the half-life of a radioactive material. 

. Describe the process of radioactive dating. 

5 block 

Section 3 Detecting Radioactivity 

@  2sessions ts 

8. Describe how radioactivity can be detected 

in cloud and bubble chambers. 
9. Explain how an electroscope can be used to 

detect radiation. 
10. Explain how a Geiger counter can measure 

nuclear radiation. 

1 block 

Section 4 Nuclear Reactions 

@  3sessions cip 

11. Explain nuclear fission and how it can begin a 

chain reaction. 

12. Discuss how nuclear fusion occurs in the Sun. 

13. Describe how radioactive tracers can be used 

to diagnose medical problems. 
14. Discuss how nuclear reactions can help 

treat cancer. 

1.5 block 

784A CHAPTER 25 Nuclear Changes 

Standards: Benchmarks: p. 789 

UGPA;UER2 SC.A.2.4.1, Science Online, p. 790 
UGP8;UGP.5; SGA.2.:4.3 

INS CNS, SC.B.1.4.2, 
B.2,G.3 SC.B.2.4.1, 

SC.C.2.4.4 

National Content | /lorica 

Standards: Benchmarks 

VER TAUEGR2 SC.A.2.4.3, 

UGP3,UCRS; SC.H.3.4.5 

Aal,A:2;B.1, 6:2 

National Content Florida Applying Math: The Age of Rocks, 
Standards: Benchmarks: p. 798 

UCP.1, UCP.2, SC.A.2.4.3 Integrate Social Studies, p. 799 

UCP.3, UCP.5, 
A.1,A.2,B.1, 

Bail 

National Content | Florida MiniLAB: Modeling a Nuclear Reaction, 

Standards: Benchmarks p. 802 

VER TEVEZ SC.A.2.4.3-4 Science Online, p.803 

UCP3, JERS, SC,B.1.4.2 Integrate Chemistry, p. 804 

AatpA2,B. 1): SGB2.44 Visualizing PET Scans, p.805 

RY Ba lel, Gs SGG2A4 Lab: Chain Reactions, p. 807 

SC.H.1.4.1-3 TD Video Lab 
SC\H.1.4.5, Lab: Modeling Transmutations, 

SC.H.1.4.7 pp. 808-809 
SC.H.3.4.3 Science and History: The Nuclear 
SG HS 405 Alchemists, p.810 



Launch Lab: grains of 
sugar, piece of dark paper, 
meterstick, tape 

a 

$$ J 

Chapter Fasr Fite Resources 
Directed Reading Overview, 

p: 19 

Foldables Worksheet, Om, 
Note-taking Worksheets, 

pp. 35-37 

7 

ludent Works 

Lab Materials Reproducible Resources Section Assessment 

ENCOg 
V = es 

cae 

ASSESSMENT 
%) & 

VAnt pe 

_ 
Nevrenee, 
— 

Glencoe Exclusive! 

All-In-One Planner and Resource Center 

Technology 

teaciverWorks includes: 

* Interactive Teacher Edition 

* Lesson Planner with calendar 

* Access to all program blacklines 
* Correlations to standards 

* Web links 

MiniLAB: small candies 
(15 yellow, 13 red, 2 green) 

Chapter Fasr Fire Resources 
Transparency Activity, p. 46 
MiniLAB, p. 3 
Enrichment, p. 31 

Reinforcement, p. 27 

Directed Reading, p. 20 

Science Inquiry Labs, pp. 19-20 

Portfolio 

Make a Model, p. 787 

Performance 

Applying Math, p. 790 
Content 

Section Review, p. 790 

®) Interactive Chalkboard 
CD-ROM 

Student Works Plus 

Need Materia|s2 
Contact Scie i nce Kit at 1-800-828-7775 or www.sciencekit.com, 

Chapter Fasr Fie Resources 

Transparency Activity, p. 47 

Enrichment, p. 32 

Reinforcement, p. 28 

Directed Reading, p. 20 

Transparency Activity, pp. 51-52 

i 

Performance 

Applying Math, p. 795 

Content 

Section Review, p. 795 

é Teaching Transparency 
®) Virtual Labs CD-ROM 

Interactive Chalkboard 

CD-ROM 

®) StudentWorks Plus 

Chapter Fasr Fite Resources 

Transparency Activity, p. 48 

Enrichment, p. 33 

Reinforcement, p. 29 

Directed Reading, p. 21 

Mathematics Skill Activities, 

p. 31 

Portfolio 

Check for Understanding, p. 800 
Performance 

Applying Math, p. 798 

Applying Math, p. 800 

Content 

Section Review, p. 800 

Interactive Chalkboard 

CD-ROM 

©) StudentWorks Plus 

MiniLAB: marbles (32), 

400-mL beakers (2), 

modeling clay 

Lab: dominoes, stopwatch 

Lab: brown rice, white rice, 

colored candies, dried beans, 

dried seeds, glue, poster 

board 

ENC, 
a 

ASSESSMENT 
¥, & 
vant? 

Chapter Fasr Fie Resources 

Chapter Review, pp. 39-40 
Chapter Tests, pp. 41-44 

Standardized Test Practice, pp. 104-107 

Chapter Fasr Fie Resources 

Transparency Activity, p.49 

MiniLAB, p. 4 

Enrichment, p. 34 

Reinforcement, p. 30 

Directed Reading, pp. 21, 22 

Lab Worksheet, pp. 5-6, 7-8 

Home and Community 

Involvement, p. 37 

Portfolio 

Activity, p. 805 

Performance 

MiniLAB, p. 802 

Applying Math, p. 806 

Content 

Section Review, p. 806 

End of Chapter Assessment 

D MindJogger Videoquiz 
D Virtual Labs CD-ROM 

@® ExamView® Pro Testmaker 

® TeacherWorks CD-ROM 

D Interactive Chalkboard CD-ROM 

FE 
©) Interactive Chalkboard 

CD-ROM 

*) StudentWorks Plus 
TD Video Lab 

f 

Performance Assessment in the Science 

Classroom (PASC) 

a leacherWorks = 

® Section Focus Transparency 

® Section Focus Transparency 

® Section Focus Transparency 

Section Focus Transparency 
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alloy 
CRS Scientific Sacrifice 

This is a representation of key blackline 

masters available in the Teacher Classroom 

Resources. See Resource Manager boxes 

within the chapter for additional information. 

The following designations will help you 
decide which activities are appropriate 
for your students. 

Level 1 activities should be 

appropriate for students with 

learning difficulties. 

Level 2 activities should be within 

the ability range of all students. 

Level 3 activities are designed for 

above-average students. 

G® ELL activities should be within 
the ability range of English 

Language Learners. 

COOP LEARN Cooperative Learning 

activities are designed 

for small group work. 

Multiple Learning Styles logos, 

as described on page 121, are 

used throughout to indicate 

strategies that address different 

learning styles. 

P| These strategies represent student 

products that can be placed into 

a best-work portfolio. 

Problem-Based Learning activities 
apply real-world situations to 
learning. 

784C CHAPTER 25 Nuclear Changes 

Element name 

Carbon 

Cobalt 

lodine 

Uranium 

Isotope name | 

Carbon-14 

Cobalt-60 

lodine-131 

Uranium-235 

\LAB, Chain Reactions 

Lab Preview 
Directions: arer the 

Real: World Problem, 

Mat 

Procedure 

o8SL!0n 
A Section Focus Mga BTe) 

Transparency. 

1, What part of the be 

Laborato The Effect of Radiation on Seeds 
Activity 

Data and Observations 
Table 1 
( Container Number 

Hands-On Activities 



Enrichment 
——— ou _ 

Note-taki Nuclear Changes 
Worksheet 

Section! Radioactivity 

Directions: Use the following section of the periodic rate provided to complete the foowinny Directions: Most elements est in nature as satopes. kotopes of an element are almost identi in their 
chemical properties and reactions. However, the nuclear properties of isotopes are different. Not only de ictopes 
uber in mass, but some may be radioactive. Using a periodk table. complete the information in the chart below f 

eet np | Un | ne = (2 [3 zie he Maybelle | kententnes "rain, | Mase Number | SEES 

(e : BBE E iE 

Jiaactive elements 

Meeting individual Needs 

H 
| 
3 

i 

Directions: Zhe atomic number of uranium is 92. The most stable sotope of uranium is urawum-238. The 
‘ndloative isf9pe of uranium is uronium-235, Inthe spaces provided, write the symbats forthe nucleus of each 
Jsotope of wrenium, 

Section 2 Nuclear Decay 

CY particle F 1 trons with an elect a [ Uranium-29@ ] Uranium-235 

Overview : = = | | Nuclear Changes Nudasr Change: 
Radioactivity Che proe , se 

ea ges 
section © Radioactivity 

Paeeerrernywent 
Directions: Murch the terms in Column I with the definitions in Column 1. Write the li “ (she corer ATL a 

i he blank tthe eh 
dectromagnetic wares electron Column | Column I bie ue Hoe 

a= ee —, 1 rierange force dah ay: 

3, lang:range force € atomic number 
A. number of neutenns and p 
5. numberof protons in the nucle 

es 
In nuclei with large nomibers of protons, the (7) (presluvie : 2 ms The Nucleus 

aa Even though you may not know it, particles are constantly 

Meeting Individual Needs 

Hitting you. Most of these particles are fram stable atom: 
But some of these particles are from unstable atoms in soil sty 0 = rocks, and the ait. Which atoms are unstable? What particles 
do they emit, or give off? The answers to these questions only bry a proton’s neare 
begin with the nucleu: atom. | - be pees What are protons and neutrons? 

made up of very small particles The 
The protons and 

lements, with nuchet that hay Uhary (16) (woeinnttny) 7 D, 5 eee 
are (17) {sunblent) — ond dlecay quickly after they are hharge. Neutrons are eleetrically neutral Since the 

eus contains positively charged! protons it also has a 
positive chuirge. Each proton has one pawitive electrical charge 

Heading Check ] or +1. The total amount of positive charge in a nucleus is 
Tilldanelfy dmartype of ‘equal 10 the number of protons that the nucleus has. The 

charge does an ee ‘number of protons in u nucleus i called its atornic number. 
have! Moms usually contain the same number of protons as 

clectrons. Electrons have a negative charge. Electrons are 
attracted to the positively charged nucleus. Thi 
altraction pulls the electrons close (0 the nucleus, 

gute 
| ares Tae Nuclear Changes | DIRECTIONS Review 

“ Part A. Vocabulary Review 1. Testing Concepts HattLite of Carbon-t4 Ditectlons; Complete the lowing sentences using the terms sted below Directions: inthe blank at the fet, write he ker afte term oe pase that best competes the statement or 
Geiger counter loud chamber nuclearfusion —_ transmutation tracer ; , 
critical mass bubble chamber radioactivity half-life nuclear fission PA rad eae Ws ict aE maak oe Dacia ERAT ATES 
alpha partie strong force chainreaction beta particle gamma ray 2: hia cit peieratlog (pre Or eadleron Wk 

Kmnimuny “be beinpariile. ve aiphapartidle du moncof these 
1s A.vevioe that usr » superienteliquklin etext raloactive particle sone, ac aGSCR ACTA SEE 

| 2. A positively charged nuclear particle thothas two provoos anditw 

hich ove elesnent change tb alpha arte 

‘ied wi 
The tive (taken for ane-half « samie Wichamber 4 bobble chara 

otist was study rent 
ly hanged patie rom a nucleus ata High spe ar Assessment puctive samples using ».vloud chamber - aT Huda AC) tu alpha particles, X ray © gamma ray A. beta parted 

inci le gha ro a) An ackner ernie fron a rudcheus av high sje ls callal aff The di 1 radlonctivity by Hen Bxquere! involved 9 ton would mean that h 

1. photographic plate i buble chuniber yn inter (vu nucle) with smuller mas 
egarviem ie called a(n 

1, electron avalanche 

lance with Earth Seience 
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Science Content Background 

784E 

Radioactivity 
The Nucleus 
There are six “flavors” of quarks— 
the fundamental components of 

matter. The up, charm, and top quarks have a 
charge of +2/3. The down, strange, and bottom 
quarks have a charge of —1/3. Protons are made 
of two up quarks and one down quark. Neutrons 
are made of one up quark and two down quarks. 
Quarks are bound tightly together by the strong 
force so they are not observed as free particles. 

In periodic tables, the atomic mass of an 
element usually is not written as a whole number. 
For example, silicon is shown as having an 
atomic mass of 28.086. The atomic mass on 
the periodic table is the average of the masses 
of all the isotopes of an element weighted by 
the relative occurrence of each isotope. 

Carbon is the standard for the atomic mass 
of elements. It is defined as having a mass of 12 
atomic mass units. 

Discovery of Radioactivity 
Initial investigators of radioactivity were not 
aware of the long-term health risks associated 

Internet Resources 

For additional content background, visit 

fl.gpescience.com to: 

access your book online 

find references to related articles in popular 

science magazines 

access Web links with related content background 

access Current events with science journal topics 

Print Resources 

Contemporary College Physics, by Edwin R. Jones and 

Richard L. Childers, McGraw-Hill, 2001 

How Things Work, 24 Edition, Louis A. Bloomfield, 
John Wiley & Sons, 2001 

CHAPTER 25 Nuclear Changes 

B. Daemmrich/The Image Works 

with the handling of radioactive materials. 

Unfortunately this may have contributed to the 
death of Marie Curie due to leukemia in 1934. 

Nuclear Decay 

Gamma Rays 
Gamma rays penetrate human tis- 
sue. Some cellular necrosis is not a 

problem as most cells can be replaced. The 
larger threat is from gamma rays that pass 
through tissues and change DNA. These 
changes can make a cell function less efficiently. 
When the cell reproduces, it produces more 
cells with less than optimal functioning. Aging 
is caused by the buildup of these kinds of cells. In 
rarer circumstances, DNA is damaged in a way 
that results in a malfunction in the control of the 
growth of the cell, resulting in rapid cell growth 
and division—a condition known as cancer. 



Prepare 

Teacher to Teacher 
Cindy L. Marr 

Frazier High School 

Perryopolis, PA 

“Use coated candies to simulate radioactive decay. Pour 
60-100 candies on a paper plate. Each candy represents a 
radioactive atom. Candies with letters showing are "radioac- 
tive," and the others have "decayed." Count the radioactive 
atoms, record the number in a data table, and then remove 
the decayed atoms. Pour the remaining candies on the plate 
again. Repeat the procedure until all the "atoms" have 
“decayed.” Plot the data (atoms left v. trial number) and draw 
a smooth curve through the points. Obtain the half-life by 
selecting two values on the y-axis, one twice as large as the 
other, and finding the difference between corresponding 
values on the x-axis." 

Cindy Marr 

Putting food into sealed bags and exposing it 
to gamma rays can reduce the need for chemical 
preservatives or canning procedures. However, 
many people object to food irradiation. Some 
believe it will make food radioactive, which is 

not true. Others are concerned with the effects 
of eating foods that have been exposed to ioniz- 
ing radiation. 

Detecting Radioactivity 

Measuring Radiation 
Many radiation detectors use the 
tendency of radiation to ionize 

atoms as a means for detection. Ionization can 
be as simple as knocking an electron off an atom 
or it might involve the more complex breakup 
of a molecule into positive and negative pieces. 

Health care workers who use X rays and 
people who work with radioactivity often wear 
radiation badges and carry pocket dosimeters. 

Helping You 

The badges are worn for periods of one to three 
months and then analyzed to assess how much 
radiation the person has received during that 
period. Pocket dosimeters tell the wearer how 
much radiation he or she has received in a 
shorter time period, such as one day of work. 

Background Radiation 
Cosmic radiation in space is an obstacle that 
must be overcome before astronauts can spend 
longer periods in space. The majority of cosmic 
rays are protons, but heavier nuclei are com- 
mon. Some cosmic rays are gamma rays. 

eit Nuclear Reactions 
Nuclear Fusion 
Research is under way to develop 
reactors that use nuclear fusion to 

generate electricity. Unlike fission reactors, a 
fusion reactor would generate very little long- 
lived radioactive material. However, extremely 
high temperatures are needed for the fusion re- 
actions to occur and the plasma created is difficult 
to confine under these conditions. One way to 
contain the plasma is to use strong magnetic fields 
that prevent the plasma from touching the inside 
surfaces of the reactor. 

Telegraph Colour Library/FPG International 
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Chapter Vocabulary 
strong force, p. 787 
radioactivity, p. 788 
alpha particle, p. 791 
transmutation, p. 792 

beta particle, p. 793 
gamma ray, p. 793 

half-life, p. 794 #* 

cloud chamber, p. 796 

bubble chamber, p. 797 
Geiger counter, p. 798 
nuclear fission, p. 801 %* 

chain reaction, p. 802 
critical mass, p. 802 
nuclear fusion, p. 803 %* 

tracer, p. 804 

# FCAT Vocabulary 

Science Journal) Student 
responses might include 
brightness, warmth and heat, 
intensity, and feeling more 
energetic on a sunny day. 

INTERACTIVE | 
| BOAKD [f 

with Image Bank 

PowerPoint" Presentations _ 

This CD-ROM is an editable | 
Microsoft® PowerPoint® 
presentation that includes: 

* a pre-made presentation for 
every chapter 

* interactive graphics 

* animations 

* audio clips 
* image bank 
* all new section and chapter 

questions 

° Standardized Test Practice 
* transparencies 

° Foldables directions 
* links to fl.gpescience.com 

rere oe ~ 
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sections 

1 Radioactivity 

2 Nuclear Decay 

3 Detecting Radioactivity 

4 Nuclear Reactions 

Lab Chain Reactions 

Lab Modeling Transmutations 

Fo Virtual Lab How can you simulate 

the radioactive half-life of an element? 

‘ chaprer preview — 

NUGearGhanges 

Planet Power 
Although less than one billionth of the energy 

emitted by the Sun falls on Earth, the energy 

Earth receives from the Sun powers the entire 

planet. Without the Sun’s energy, life on Earth 

could not exist. This energy is produced 

inside the Sun by nuclear fusion—a nuclear 

reaction in which atomic nuclei join together. 

Science Journal! — Inyour Science Journal, write a 

paragraph describing your impressions of the Sun. 

Theme Connection 

Stability and Change Although the nucleus of an 

atom is stable during normal chemical reactions, 
it undergoes profound changes during nuclear 

reactions. hese can be so profound that they 
change the identity of the element. 

The Sun ‘This is a photograph of the Sun, which is 
composed mostly of hydrogen. The enormous 
amount of energy emitted by the Sun comes from 

nuclear fusion, in which hydrogen atoms fuse into 
helium atoms, releasing energy. 



FOLDABLES 
Study Organizer 

Radioactivity and Nuclear 

Reactions Make the following 

Foldable to help you under- 

stand radioactivity and nuclear 

reactions. 

| STEP 1 | Fold a sheet of 

paper in half 

wv Fold paper down 

2.5. cm from the 

top. (Hint: From 

the tip of your 

index finger to 

your middle 

knuckle is about 

2.5 cm.) 

> § Open and draw 

lines along the neni ae 

2.5-cm fold. 

Label as shown. 

Summarize in a Table As you read the chapter, 

write what you learn about radioactivity in the 

left column and what you learn about nuclear 

reactions in the right column. 

| 

Preview this chapter's content 
niine and activities at 

Purpose Use this Launch Lab to 
introduce students to what the 
interior of an atom is like. 
Preparation Choose an outdoor 
location that will safely accom- 
modate all the groups. To avoid 
confusion, assign a location for 
each group. 

Materials meterstick, sugar, 
sheet of dark paper 

Teaching Strategies Ask one stu- 
dent to be a group leader and 
assign the tasks of choosing and 
measuring the sugar grain and 

measuring the 10-m distance to 
group members. 

Think Critically 
The space in which the electrons move 

is much larger than the nucleus. Since 

the electron is much smaller than the 

nucleus, the space occupied by the elec- 

trons and the nucleus is much smaller 

than the space occupied by the atom. 

Assessment 
Content Sometimes it is said that 

an atom is mostly empty space. 

Ask students to write a para- 
graph discussing whether this 
statement is true. The sizes of the 

nucleus and electrons in an atom are 

much smaller than the size of the atom. 

However, electrons move throughout 

the space occupied by the atom. Use 

Performance Assessment in 

the Science Classroom, p. 89. 

FOLDABLES Mnr Wal 
muti study Fold 

Student preparation materials for 

this Foldable are available in the 

Chapter Fasr Fite Resources. 
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An editable Microsoft® 

seh “| PowerPoint® presenta- 

tion is available on Interactive 

Chalkboard CD-ROM. 

Bellringer 

Section Focus Transparencies 

also are available on the 

Interactive Chalkboard CD-ROM. 

PELL) 

ofllon, 

Oo Scientific Sacrifice Chapter 

Pierre and Marie Curie, shown here in their laboratory in Paris, 

France, helped pioneer the study of radioactivity. For years they 
handled and examined uranium and radium, unaware of the deadly 

hazards. Even with deteriorating health, the Curies continued their 
research. Much of today’s nuclear science is based on their work. 

|, Uranium and radium are always decaying. What do you think 
they release that makes them so dangerous? 

2, Name some present day uses of uranium. 

Reading Preview 

Tie to Prior Knowledge 

Parts of an Atom Ask students to 
recall the parts of an atom. Stu- 
dents are probably aware that an 
atom is composed of electrons 
swirling around a nucleus of 
protons and neutrons. In this 
section they will learn about the 
force that holds the nucleus 
together and why some nuclei 
are radioactive. 

Vocabulary Usage Use the new 
vocabulary words in sentences. 

Then ask students to predict 
; meaning. Have them check the 
meaning in the text to validate 
or modify predictions. 

786 CHAPTER 25 Nuclear Changes 

~~ Also covers SC.A.24.1, SC.B.2.4.1, SC.C.2.4.4 
Cn, ® e ® 

J Radioactivity 

What You'll Learn Why It’s Important Review Vocabulary 

= Describe the structure of anatom Radioactivity is everywhere because long-range force: a force that 

and its nucleus. every element on the periodic table | becomes weaker with distance, but 

= Explain what radioactivity is. has some atomic nuclei that are never vanishes 

= Compare and contrast properties radioactive. 

of radioactive and stable nuclei. New Vocabulary 
® Discuss the discovery of @ strong force 

radioactivity. @ radioactivity 

The Nucleus 
Every second you are being bombarded by energetic parti- 

cles. Some of these particles come from unstable atoms in soil, 

rocks, and the atmosphere. What types of atoms are unstable? 

Figure 1 The size ofanucleus =: What type of particles do unstable atoms emit? The answers to 
in an atom can be compared to a : these questions begin with the nucleus of an atom. 

marble sitting in the middle of Recall that atoms are composed of protons, neutrons, and 

an empty football stadium. : electrons. The nucleus of an atom contains the protons, which 

have a positive charge, and neutrons, which have no electric 

charge. The total amount of charge in a nucleus is determined 

by the number of protons, which also is called the atomic num- 

ber. You might remember that an electron has a charge that is 
equal but opposite to a proton’s charge. Atoms usually contain 

the same number of protons as electrons. Negatively charged 

electrons are electrically attracted to the positively charged 
nucleus and swarm around it. 

Protons and Neutrons in the Nucleus Protons and neu- 
trons are packed together tightly in a nucleus. The region out- 

side the nucleus in which the electrons are located is large 

compared to the size of the nucleus. As Figure 1 shows, the 

nucleus occupies only a tiny fraction of the space in the 

atom. If an atom were enlarged so that it was 1 km in 

diameter, its nucleus would have a diameter of only a few 

centimeters. But the nucleus contains almost all the mass 
of the atom, because the mass of one proton or neutron is 
almost 2,000 times greater than the mass of an electron. 

Chapter Fast Fire Resources Enrichment, p. 3 
‘Transparency Activity, p. 46 = 

Reinforcement, p. 2 

Science Inquiry Labs, pp. 19-20 Note-taking Worksheets, pp. 35-37 

Directed Reading for Content Mastery, 
pp. 19-20 



Figure 2 The particles in the nucleus are 
attracted to each other by the strong force. 

Neutron Neutron 

me fre 

Strong force Strong force 

The Strong Force 
How do you suppose protons and neutrons are held together 

so tightly in the nucleus? Positive electric charges repel each 
other, so why don’t the protons in a nucleus push each other 
away? Another force, called the strong force, causes protons and 
neutrons to be attracted to each other, as shown in Figure 2. 

The strong force is one of the four basic forces in nature and 
is about 100 times stronger than the electric force. The attractive 
forces between all the protons and neutrons in a nucleus keep 
the nucleus together. However, protons and neutrons have to be 
close together, like they are in the nucleus, to be attracted by the 
strong force. The strong force is a short-range force that quickly 
becomes extremely weak as protons and neutrons get farther 
apart. The,electric force is a long-range force, so protons that 
are far apart still are repelled by the electric force, as shown in 
Figure 3. 

rv, Readin g Chec What causes the attraction between protons 
and neutrons? 

egies 

Strong force 

+_—— —— + —— 

Electric force 

Total force 

Neutron Proton 

=p <r 

Strong force 

Figure 3 The total force 

between two protons depends 

on how far apart they are. 

Infer whether the total force 

between two protons could become 

Zero. 

Strong force = 0 

Electric force 

— 
Total force 

When protons are close together, they are attracted 

to each other. The attraction due to the short-range 

strong force is much stronger than the repulsion due 

to the long-range electric force. 

When protons are too far apart to be attracted 

by the strong force, they still are repelled by the 

electric force between them. Then the total force 

between them is repulsive. 

787 SECTION 1 Radioactivity 

Four Fundamental Forces Scientists have iden- 
_ tified four fundamental forces of nature. The 
strong force holds neutrons and protons 

together; the electromagnetic force acts 

<a | Teacher 
between particles with electric charge; the 
weak force is involved in the neutron decay 
process; and the weakest force is gravity. 

Activity 
Atomic Structure To review atomic 
structure, display a periodic table. 
Have students choose an element 
and draw its structure on the 
board using different colors for 
protons, neutrons, and electrons. 
‘Tell students that physicists often 
refer to the number of protons 
(atomic number) as “Z.” 

GE jh} Visual-Spatial 

Make a Model 

The Nucleus ‘The strong force is 
significant only for a distance 
that is less than the width of a 
few protons and neutrons. Have 
students model the nucleus of a 
nitrogen atom by drawing 
closely packed circles as nucle- 
ons. (Iracing around a penny 
works well.) Students should 

draw seven neutrons and seven 
protons, randomly placed and 
colored differently. By multiply- 
ing the diameter of a circle by 
three, they can see about how far 

the strong force can be felt. 
GE [ff Kinesthetic FI 

(% Reading Check 

Answer the strong force 

Caption Answer 
Figure 3 Yes, if they were separated by 
a distance such that the attractive strong 

force was balanced by the repulsive elec- 
tric force. 

Reading Strategy 

Directed Reading Have stu- 

dents skim the text prior to 
reading. They should note titles, 
figures, and bold print. Ask 
them to predict what they will 
learn and write their predictions 
in their Science Journals. Have 

students check off or modify 
their prediction statements as 
they read. 
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Visual Learning 
Figure 4 Point out to students 
that in the large nucleus the 
protons near the center of the 
nucleus feel a slightly greater 
strong force than those near the 
edge of the nucleus. Protons near 
the edge have no neighbors on 
the outer side of the nucleus 
to pull on them. This can be 
a source of instability in the 
nucleus. Visual-Spatial 

cS Quick Demo 
«Strong Force v. Magnetism 

Materials magnets 

Estimated Time 2—5 minutes 

Procedure Use magnets to review 

the concepts of repulsion and 
attraction. With magnetism, like 

poles repel and unlike poles 
attract. Similarly, two protons 
(both positively charged) repel 
each other. With the strong 

force, however, the charge doesn’t 

matter; all protons and neutrons 

attract one another at very short 
distances. TELL) Visual- 
Spatial 

Discussion 

PeriodicEnd Why is there an end 
to the periodic table? As the num- 
ber of protons in the nucleus increases, 

the relative effect of the electromagnetic 
repulsion between protons increases, 

causing large nuclei to be unstable. 
Beyond a certain point, the electromag- 
netic repulsion makes large nuclei too 

unstable to exist. Logical- 
Mathematical 

) Mis 
Radioactive Energy Students 
may think that radioactive 

i materials glow. Explain that | 
energy is given off, but not in 

the form of light. Radiation can, 

however, induce fluorescence in 

some materials. 

788 CHAPTER 25 Nuclear Changes 
tS 

‘ions | 

Strong force 

Figure 4 Protons and neutrons 
are held together less tightly in 

large nuclei. The circle shows the 

range of the attractive strong 

force. GJ Small nuclei have few 

protons, so the repulsive force on 

a proton due to the other protons 

is small. G In large nuclei, the 

attractive strong force is exerted 

only by the nearest neighbors, but 

all the protons exert repulsive 

forces. The total repulsive force 

is large. 
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Total force 

Electric force 

rB Strong force 

Total force 

Attraction and Repulsion Some atoms, 

such as uranium, have many protons and neu- 

trons in their nuclei. These nuclei are held 

together less tightly than nuclei containing only 

a few protons and neutrons. To understand this, 

look at Figure 4A. If a nucleus has only a few 

protons and neutrons, they are all close enough 

together to be attracted to each other by the 

strong force. Because only a few protons are in 

the nucleus, the total electric force causing pro- 

tons to repel each other is small. As a result, the 

overall force between the protons and the neu- 

trons attracts the particles to each other. 

Forces in a Large Nucleus However, if 
nuclei have many protons and neutrons, each 
proton or neutron is attracted to only a few neigh- 

bors by the strong force, as shown in Figure 4B. 

The other protons and neutrons are too far away. 

Because only the closest protons and neutrons 

attract each other in a large nucleus, the strong 

force holding them together is about the same as 

in a small nucleus. However, all the protons in a 

large nucleus exert a repulsive electric force on each other. Thus, 

the electric repulsive force on a proton in a large nucleus is larger 

than it would be in a small nucleus. Because the repulsive force 

increases in a large nucleus while the attractive force on each pro- 

ton or neutron remains about the same, protons and neutrons 

are held together less tightly in a large nucleus. 

Electric force 

Radioactivity 
Many types of nuclei are held together permanently and are 

stable. However, there are many other types of nuclei that are 

unstable. These nuclei break apart, or decay, by emitting particles 

and energy. This process of nuclear decay is called radioactivity. 

A nucleus that decays is called a radioactive nucleus. 

Nuclei that contain large numbers of protons and neutrons 

tend to be unstable. In fact, all nuclei that contain more than 83 
protons are radioactive. However, many other nuclei that con- 

tain fewer than 83 protons also are radioactive. Even some 

nuclei with only one or a few protons are radioactive. 

Almost all elements with more than 92 protons don’t exist 

naturally on Earth. They have been produced only in laborato- 

ries and are called synthetic elements. These synthetic elements 

are unstable and decay soon after they are created. 

Cultural Diversity 

Hideki Yukawa In 1949 Japanese scientist Hideki 
Yukawa received the Nobel Prize in physics for 

his work on nuclear forces. In 1935 he predicted 
the existence of particles he called mesons, that 
would transfer energy between protons and neu- 

also stated that the nuclear force must be stronger 
than electromagnetic forces over short distances in 
order to overcome the repulsion between pro- 
tons. The mesons Yukawa predicted, now known 
as pions, were discovered in 1937. 

trons and hold the nucleus together. His theory 



Converting Mass into Energy When an unstable nucleus 
decays, energy is emitted. If energy is conserved and cannot be 
created or destroyed, where does this energy come from? Recall 
that in nuclear reactions, mass can be converted into energy. As 
an unstable nucleus decays, a small amount of mass is converted 
into energy. As a result, the mass of the initial nucleus is slightly 
larger than the mass of the final nucleus plus the mass of any par- 
ticles that are emitted. A large amount of energy is produced by 
the conversion of only a small amount of mass. 

Isotopes The atoms of an element all have the same number 
of protons in their nuclei. For example, the nuclei of all carbon 
atoms contain six protons. However, naturally occurring carbon 
nuclei can have six, seven, or eight neutrons, Nuclei that have the 
same number of protons but different numbers of neutrons are 
called isotopes. The element carbon has three isotopes that occur 
naturally. The atoms of all isotopes of an element have the same 
number of electrons and have the same chemical properties. 
Figure 5 shows two isotopes of helium. 

Nuclear Numbers A nucleus can be described by the number 
of protons and neutrons it contains. The number of protons in 
a nucleus is called the atomic number. Because the mass of all 
the protons and neutrons in a nucleus is nearly the same as the 
mass of the atom, the number of protons and neutrons is called 
the mass number. 

Vv Reading (TB What is the atomic number of a nucleus? 

A nucleus can be represented by a symbol that includes its 
atomic number, mass number, and the symbol of the element it 
belongs to. The symbol for the nucleus of the stable isotope of 
carbon is shown below as an example. 

mass number > 12 
: C <element symbol 

atomic number 4 6 } 

This isotope is called carbon-12. The number of neutrons in the 
nucleus is the mass number minus the atomic number. So the 

number of neutrons in the carbon-12 nucleus is 12 — 6 = 6. 

Carbon-12 has six protons and six neutrons. Now, compare the 

isotope carbon-12 to this radioactive isotope of carbon: 

mass number 14 
5 iq C <element symbol 

atomic number 4 6 Y 

The radioactive isotope is carbon-14. How many neutrons does 
carbon-14 have? 

Helium-3 Helium-4 

Figure 5 These two isotopes 
of helium each have the same 

number of protons, but different 

numbers of neutrons. 

Identify the ratio of protons to 

neutrons in each of these isotopes 

of helium. 

Modeling the Strong 
Force 

Procedure 

1. Gather 15 yellow candies 

to represent neutrons and 
13 red and 2 green can- 

dies to represent protons. 

- Model a small nucleus by 

placing 2 red protons and 

3 neutrons around a green 
proton so they touch. 

- Model a larger nucleus by 

arranging the remaining 

candies around the other 

green proton so they are 
touching. 

Analysis 
1. Compare the number of 

protons and neutrons 

touching a green proton in 

both models. 

2. Suppose the strong force 

on a green proton is due to 

protons and neutrons 

that touch it. Compare 

the strong force on a green 

proton in both 

models. 
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Differentiated Instruction 

Caption Answers 
Figure 5 Helium-3: 2 to 1, Helium-4: 
2 to2 

Text Question Answer 
8 

ry, Reading Check 
Answer the number of protons 

Purpose Students construct 

models to discover how the 

size of the nucleus affects the 

strong force on protons. 
Kinesthetic 

Materials small candies (15 yel- 
low, 13 red, two green) 

Teaching Strategy Remind stu- 
dents that both green and red 
candies represent protons; the 
green candy is used to draw 
attention to a single proton in 
each model. 

Analysis 

1. About the same number touch the 
green proton in both models. 

2. The strong force on the green proton 
is the same in each model. The elec- 
tromagnetic force, however, would 

increase in the larger nucleus, making 
it less stable. 

Assessment 

Process Show students a drawing 
of a uranium nucleus and ask 
whether it is stable. It is too large 
to be stable. Use PASC, p. 89. 

Post Reading 
Challenge Have students determine the size of _ Visually Impaired Allow visually impaired students 

the nuclei of helium, neon, argon, krypton, — to hold magnets and feel the attraction and repul- 
xenon, radon, and uranium. Calculate the ratio of — sion to help them understand what happens when 

the diameter of each nucleus to its atomic mass two protons are close together. Explain that the 
and graph using the atomic mass on the x-axis strong force is like your hands holding the 
and the ratio on the y-axis. Does the ratio remain _ repelling magnets close together. 
constant as the size of the nucleus increases? 
Explain why this would be true. 

Extended Research Radioac- 

tivity is used for sterilization, 

protecting works of art, and fire 
detectors. Have students research 

one of the many applications of 
radioactivity and create a written 

report. Students should present 

findings to the class. 
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Content 
> Background Figure 6 The dark spots on 

Mise G@ntied cred ede dieoie this photographic plate were 
ing the term radioactivity in a made by the radiation emitted 
paper written with Pierre in by radioactive uranium atoms. 

which they presented the discov- Uranium salt had been placed 
ery of polonium. Marie was the next to the plate by Henri 
first person ever to receive two Becquerel in 1896. 
Nobel prizes. She shared the first 
in physics in 1903 with Pierre and 
Becquerel for their discovery of 
radioactivity. She received the 
second in 1911 in chemistry for 
her discovery and isolation of 
radium and polonium. (Pierre 
died in 1906, so he did not share 

in the chemistry prize.) 

The Discovery of Radioactivity In 

: 1896, Henri Becquerel left uranium salt in a 

Re drawer with a photographic plate. Later, when he devel- 

oped the plate, shown in Figure 6, he found an outline of the 

clumps of the uranium salt. He hypothesized that the uranium 

salt had emitted some unknown invisible rays, or radiation, that 

had darkened the film. 
Two years after Becquerel’s discovery, Marie and Pierre Curie 

discovered two new elements, polonium and radium, that also 

were radioactive. To obtain a sample of radium large enough to 

be studied, they developed a process to extract radium from the 

mineral pitchblende. After more than three years, they were able 

to obtain about 0.1 g of radium from several tons of pitchblende. 

Years of additional processing gradually produced more radium 

that was made available to other researchers all over the world. 

Sciencepl INE 
Topic: Marie Curie 

Visit fl.gpescience.com for Web 

links to information about the life 

of Marie Curie. 

Activity Create a timeline show- 

ing important events in the life of 

Marie Curie. 

Check for Understanding 
Logical-Mathematical Why don’t 
elements with atomic numbers 
greater than 92 exist naturally on 

Earth in significant quantities? 
because they are so unstable that if they 
are created, they decay almost immedi- 
ately 

Reteach 

Reviewing Isotopes Write on the 
board the chemical symbol, 

atomic mass, and atomic number 

of an isotope. Have students tell 
the number of protons and neu- 
trons the element has and predict 
whether the isotope is radioactive. 
Do this for several isotopes. 

ed > Th Visual- ele 

‘Tt’, Assessment 

Content Have students work in 

groups to create games that 

teach about radioactive elements. 

Games should reinforce the con- 

cept that unstable nuclei cause 

rFevVIeLL 

Self Check 

. Describe the properties of the strong force. 

-~section. A 

sums 

The Strong Force 

The short-ranged strong force causes neutrons 

and protons to be attracted to each other. 

. Compare the strong force between protons and 

neutrons in a small nucleus and a large nucleus. 

The long-ranged electric force causes protons 

to repel each other. 

3. Explain why large nuclei are unstable. 

. Identify the contributions of the three scientists who 

The combination of the strong and electric discovered the first radioactive elements. 

forces causes protons and neutrons in a large 

nucleus to be held together less tightly than 

in a small nucleus. 

. Think Critically What is the ratio of protons to neu- 

trons in lead-214? Explain whether you would expect 

this isotope to be radioactive or stable. 

Applying Math 

. Calculate a Ratio What is the ratio of neutrons to 

protons in a nucleus of radon-222? 

Radioactivity and Isotopes 

® Radioactivity is the process of nuclear decay. 

® lsotopes of an element have the same number 

of protons, but different numbers of neutrons. 

@ The atomic number is the number of protons 

in a nucleus. The mass number is the number 

of protons and neutrons in a nucleus. 

. Use Percentages A silicon rod contains 30.21 g of 

silicon-28, 1.53 g of silicon-29, and 1.02 g of silicon-30. 

Calculate the percentage of each isotope in the rod. 

790 CHAPTER 25. Nuclear Changes More Section Review fl.gpescience.com 

a Section <7 reVvieLu 

1. short range, attractive, exists 

between protons, neutrons, and 

overcome the total electrical trons differs from the 2-to-3 (0.67) 

radioactivity. Use Performance 
Assessment in the Science 
Classroom, p. 169. 

790 CHAPTER 25 Nuclear Changes 

3. Large nuclei have so many protons 

protons and neutrons 4, 

2. The strong force is exerted by near- 
est neighbors, so it is nearly the 
same in both nuclei. 

that the strong force is unable to 

repulsion. 

Becquerel found that uranium salt 

emitted radiation. Marie and Pierre 

Curie discovered polonium and 
radium. 

. 82/132 = 0.62; might be radioactive 

because the ratio of protons to neu- 

ratio for stable heavy elements 
6. 86/136 = 0.63 
7. total mass of rod = 32.76 g. 

Percentage of silicon-28 = 
30.21/32.76 = 92.2%; 
silicon-29 = 1.53/32.76 = 4.7%; 
silicon-30 = 1.02/32.76 = 3.1% 

pe | MA.A.1.4.4 



Also covers SC. H: 3.4.5 

Nuclear Decay 
Reading Guide 

What You'll Learn Why it’s Important 

# FCAT Vocabulary 

New Vocabulary 
= Compare and contrast alpha, Nuclear decay produces nuclear radi- e alpha particle 

ation that can both harm people and e transmutation 
e beta particle 

beta, and gamma radiation. 
® Define the half-life of a radio- be useful. 

active material. @ gamma ray 
™ Describe the process of radio- ® Review Vocabulary % half-life 

active dating. electromagnetic wave: a transverse 
wave consisting of vibrating electric 
and magnetic fields 

Nuclear Radiation 
When an unstable nucleus decays, particles and energ gy 

called nuclear radiation are emitted from it. The three types of 
nuclear radiation are alpha, beta (BAY tuh), and gamma radia- 
tion. Alpha and beta radiation are particles. Gamma radiation is 
an electromagnetic wave. 

Alpha Particles 
When alpha radiation occurs, an alpha particle—made of two 

protons and two neutrons, as shown in Table 1—is emitted from 
the decaying nucleus. An alpha particle is the same as the nucleus 
of a helium atom. It has a charge of +2 and an atomic mass of 4. 
Its symbol is the same as the symbol of a helium nucleus, $He. 

(42 What does an alpha particle consist of? 

Compared to beta and gamma radiation, alpha particles are 

much more massive. They also have the most electric charge. As 

a result, alpha particles lose energy more quickly when they inter- 

act with matter than the other types of nuclear radiation do. 

Table 1 Alpha Particles 

Symbol 4He 

Mass 4 
When alpha particles pass through matter, they exert an electric 

force on the electrons in atoms in their path. This force pulls elec- Charge a5 
trons away from atoms and leaves behind charged ions. Alpha — : 

particles lose energy quickly during this process. As a result, alpha 

particles are the least penetrating form of nuclear radiation. 
Alpha particles can be stopped by a sheet of paper. 
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Section 2 Resource Manager 

Chapter Fasr Fite Resources 

‘Transparency Activity, p. 47, 51-52 

Lab Activity, pp. 9-12, 13-16 

Enrichment, p. 32 

MiniLAB, p. 3 

Reinforcement, p. 28 

Mathematics Skill Activities, p. 3 

4A Motivate 

An editable Microsoft® 

wma, PowerPoint® presenta- 
tion is available on Interactive 

Chalkboard CD-ROM. 

Bellringer 

Section Focus Transparencies 

also are available on the 

Interactive Chalkboard CD-ROM. 

ap 

In 1974, Donald Johanson and Tom Gray discovered the skeleton of 
the world’s oldest known human relative, Nicknamed Luc icy, t 
remains were dated using the potassium-argon radioactive ree 

method. Lucy was determined to be 3.2 million years old. 

1, Radioactive nuclei are said to decay. From the general meaning 
of decay, what do you think this means? 

2. Where was the radioactive material that was used to date Lucy? 

Every radioactive isotope has a half-life. What do you think that 
means? 

Reading Preview 

Tie to Prior Knowledge 

Gamma Radiation Tell students 
that gamma radiation is one 
kind of radiation emitted dur- 

ing radioactive decay. 

Word Associations Ask stu- 
dents to look for the new 
vocabulary words in the text to 
identify meanings. Have stu- 
dents link words together by 
creating a paragraph that uses all 
the terms. 

(% Reading Check 

Answer two protons and two neutrons 

SECTION 2 Nuclear Decay 791 



Visual Learning 

Figure 7 Point out to students 
that the metal plate of the 1oniza- 
tion chamber serves as shielding 
for the radioactive source under- 
neath. Bring in a smoke detector 
that uses americium-241. Light 
some flash paper or a candle to 
produce enough smoke to make 
the smoke detector beep. 

G® jh} Visual-Spatial 

Activity 
Nuclear Time Line With students, 
make a class time line 

of the important events in 
nuclear decay and _ radiation, 

beginning with Henri Becquerel’s 
discovery of radioactivity. The 
time line could include contribu- 

tions by Pierre and Marie Curie, 
Ernest Rutherford, Iréne and 

Frédéric Joliot-Curie, Kasimir 

Fajans, Leo Szilard, Otto Hahn, 

Fritz Strassman, and _ Lise 

Meitner. Visual-Spatial 

ek rr ee 
* _ Teacher Gi 

_ Smoke Detectors The detector } 
_ shown in Figure 7 is called an | 
ionization Serre _ Another { 

_ form of detector, the 1e optical” 
smoke detector, relies on 

detecting light scattering off — 
4 particles i in bemioles 

Caption Answer 
Figure 8 yes 

ad eee 

Figure 7 When alpha particles Oxygen molecule Alpha particle Electron | 

collide with molecules in the air, | 

positively charged ions and elec- 

trons result. The ions and electrons — 

move toward charged plates, creat- 

ing a current in the smoke detector. , ~~ o 

Pe & me | eatery di & Movement of 
© charged particles 

re a ? @ © er: 

eo 
H+ 44+ + + tee + t+ ++ t+ +4 

© — Cex ane MATERA. ya 2 

Or: 9 toc 4 ae ie e 
Us inc UComt a i vcaoo H aA H 

Peres . Americium-241— cain see ad 

= mon @ 

Q a 3 : Damage from Alpha Particles Alpha particles can be dan- 

\ Os : gerous if they are released by radioactive atoms inside the human 

: body. Biological molecules inside your body are large and easily 

damaged. A single alpha particle can damage many fragile bio- 

logical molecules. Damage from alpha particles can cause cells 

not to function properly, leading to illness and disease. 

Smoke Detectors Some smoke detectors give off alpha parti- 
cles that ionize the surrounding air. Normally, an electric current 

flows through this ionized air to form a circuit, as in Figure 7. But 

if smoke particles enter the ionized air, they will absorb the ions 

and electrons. The circuit is broken and the alarm goes off. 

Transmutation When an atom emits an alpha particle, it has 
two fewer protons, so it is a different element. Transmutation is 

the process of changing one element to another through nuclear 

decay. In alpha decay, two protons and two neutrons are lost 

from the nucleus. The new element has an atomic number two 

less than that of the original element. The mass number of the 

new element is four less than the original element. Figure 8 

shows a nuclear transmutation caused by alpha decay. The 

charge of the original nucleus equals the sum of the charges of 
the nucleus and the alpha particle that are formed. 

Figure 8 In this transmutation, ‘s#Po ‘e:Pb = 7He 
polonium emits an alpha particle 

and changes into lead. 

Determine whether the charges 

and mass numbers of the products 

equal the charge and mass number 

of the polonium nucleus. +84 = +82 oF ae 

792 CHAPTER 25 Nuclear Changes 

@®. Reading Strategy 

Question Have students preview the text and 
turn headings into questions. “Damage from 

Alpha Particles” could be turned into “How can 
alpha particles cause damage?” As students read, 

have them answer questions. Later have them 
revisit questions and answer from memory. 

792. CHAPTER 25 Nuclear Changes 
tS 



“03 — —1 iF 

Beta Particles 
A second type of radioactive decay is called beta decay, which 

is summarized in Table 2. Sometimes in an unstable nucleus a 
neutron decays into a proton and emits an electron. The electron 
is emitted from the nucleus and is called a beta particle. Beta 
decay is caused by another basic force called the weak force. 

Because the atom now has one more proton, it becomes the 
element with an atomic number one greater than that of the 
original element. Atoms that lose beta particles undergo trans- 
mutation. However, because the total number of protons and 
neutrons does not change during beta decay, the mass number 
of the new element is the same as that of the original element. 
Figure 9 shows a transmutation caused by beta decay. 

4 

Damage from Beta Particles Beta particles are much 
faster and more penetrating than alpha particles. They can pass 
through paper but are stopped by a sheet of aluminum foil. Just 

like alpha particles, beta particles can damage cells when they 
are emitted by radioactive nuclei inside the human body. 

Gamma Rays 
The most penetrating form of nuclear radiation is gamma 

radiation. Gamma rays are electromagnetic waves with the 

highest frequencies and the shortest wavelengths in the electro- 
magnetic spectrum. They have no mass and no charge and 

travel at the speed of light. They usually are emitted from a 
nucleus when alpha decay or beta decay occurs. The properties 

of gamma rays are summarized in Table 3. 

Thick blocks of dense materials, such as lead and concrete, 

are required to stop gamma rays. However, gamma rays cause 
less damage to biological molecules as they pass through living 

tissue. Suppose an alpha particle and a gamma ray travel the 

same distance through matter. The gamma ray produces fewer 
ions because it has no electric charge. 

+54 

Figure 9 Nuclei that emit beta 
particles undergo transmutation. 

In beta decay shown here, iodine 

changes to xenon. 

Compare the total atomic number 

and mass number of the products 

with the atomic number and mass 

number of the iodine nucleus. 

Table 2 Beta 

Particles 

@o—-6- @ 

0 Symbol =e 

Mass 0.0005 

Charge zal 

Table 3 Gamma 

Rays 

> nt 

Symbol y 

Mass 0 

Charge 0 
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Differentiated Instruction 

English-Language Learners Have ELL students draw 

three lithium atoms with three electrons around 

the nucleus with a pencil. Have them erase one 
electron from each lithium atom, and explain that 

an ion is a atom missing an electron, and that ions 
have the capacity to transfer electrons, which is 

electricity. 

Science Journal 

Radiation Have students find out who chose 

alpha, beta, and gamma to name different kinds 

of radiation, why, and when, and write this infor- 

mation in their journals. Ernest Rutherford gave these 
names to these types of radiation for, as he said, simplicity. He 
named alpha and beta radiation between 1895 and 1898 and 

gamma rays in 1903. Linguistic 

Caption Answer 
Figure 9 The electron has a mass num- 

ber of 0 and a charge of -1, so the mass 

number of the products equals 131, and 
the charge of the products equals +53. 

Electromagnetic Radiation 

Purpose to demonstrate the 

penetration of electromagnetic 
radiation, using light 

Possible Materials flashlight, blue 
plastic wrap, red plastic wrap, 
clear plastic wrap, white ‘T-shirt, 
aluminum foil, other materials 

students choose 

Estimated Time 10-15 min 

Teaching Stratiegies Have stu- 
dents shine a flashlight through 
various materials to observe if 
the light penetrates the material 
and hits the wall. Students can 
change the wavelength of the 
light by placing blue or red plas- 
tic wrap over the flashlight. If 
the light penetrates, measure 
how far back they can move and 
still see the light on the wall, then 
make a table summarizing their 
results. Repeat with any other 
materials they choose. Have 
them draw conclusions about the 
penetration of different wave- 
lengths of light. 

Discussion 

Emitting Particles Have students 
summarize the effect on an atom’s 

atomic mass (A) and atomic num- 

ber (Z) if the atom emits an alpha 
particle, a beta particle, or a 
gamma ray. When an alpha particle is 
released, A decreases by four and Z 
decreases by two. When a beta particle 
is released, A is unchanged and Z 

increases by one. When gamma rays 
are released, A and Z are unchanged. 

Logical-Mathematical 

SECTION 2 Nuclear Decay 793 



Caption Answer 
Figure 10 one 

Use an Analogy 
Half-Lives ‘Tell students to each 
hold up a large sheet of paper. 
After ten seconds, have students 

tear their sheets of paper in half 
and place one half on their desks. 
During the next ten seconds, have 

them tear off half the part that is 
left and place it on the desk. 
Continue counting ten-second 
intervals while students continue 
tearing their papers in half until 
they can no longer continue. 
Explain that, like the ever-smaller 
pieces of paper, the concentration 

of radioactive isotopes in a sub- 
stance continuously decreases. {L2] 
GE {i Kinesthetic 

(’, Reading Check 

Answer the nucleus left after the isotope 

decays 

‘ie’ Quick Demo 
~ Radiation Detection 

Materials Geiger counter, differ- 

ent samples of rock and bone 

Estimated Time five minutes 

Procedure Use the Geiger counter 

to detect radiation in samples of 
rock and bone, and to confirm 

that all materials have some 

radioactive material. 

g 

“= Half-Life How can you 
simulate the radioactive half-life 

of and element? 

794 CHAPTER 25 Nuclear Changes 

tw 

Figure 10 The half-life of 7H is 
12.3 years. During each half-life, 

half of the atoms in the sample 

decay into helium. 

infer how many hydrogen atoms 

will be left in the sample after the 

next half-life. 

Table 4 Sample 

Half-Lives 

Isotope _ Half-Life 

3H 12.3 years 

10.6 hr 

i 5,730 years 

0.55 

aU 7.04 108 years 

ny 8.04 days 

794 CHAPTER 25 Nuclear Changes 

12.3 years 12.3 years & 

1 half-life 1 half-life 

Radioactive Half-Life 
If an element is radioactive, how can you tell when its atoms 

are going to decay? Some radioisotopes decay to stable atoms in 

less than a second. However, the nuclei of certain radioactive 
isotopes require millions of years to decay. A measure of the 

time required by the nuclei of an isotope to decay is called the 

half-life. The half-life of a radioactive isotope is the amount of 

time it takes for half the nuclei in a sample of the isotope to 

decay. The nucleus left after the isotope decays is called the 

daughter nucleus. Figure 10 shows how the number of decaying 

nuclei decreases after each half-life. 
Half-lives vary widely among the radioactive isotopes. For 

example, polonium-214 has a half-life of less than a thousandth of 

a second, but uranium-238 has a half-life of 4.5 billion years. The 

half-lives of some other radioactive elements are listed in Table 4. 

(4-74 What is a daughter nucleus? 

Radioactive Dating 
Some geologists, biologists, and archaeologists, among oth- 

ers, are interested in the ages of rocks and fossils found on Earth. 

The ages of these materials can be determined using radioactive 

isotopes and their half-lives. First, the amounts of the radioac- 

tive isotope and its daughter nucleus in a sample of material are 

measured. Then, the number of half-lives that need to pass to 

give the measured amounts of the isotope and its daughter 
nucleus is calculated. The number of half-lives is the amount of 

time that has passed since the isotope began to decay. Also, it is 

usually the amount of time that has passed since the object was 

formed, or the age of the object. Different isotopes are useful in 
dating different types of materials. 

Curriculum Connection Differentiated Instruction 

History Have students do research to learn how 

radioactive dating has been used to determine the 
ages of artifacts found in archaeological digs. 
Students might research Pompeii, China's terra-cotta army, or 
Easter Island. Linguistic 

Challenge Have students investigate the process 
scientists use to determine the levels of radioactive 
isotopes and daughter nuclei present in a sample 
when performing carbon or uranium dating. Put 
the process in a flow chart. 



Carbon Dating The radioactive isotope carbon-14 often is 
used to estimate the ages of plant and animal remains. Carbon- 
14 has a half-life of 5,730 years and is found in molecules such 
as carbon dioxide. Plants use carbon dioxide when they make 
food, so all plants contain carbon-14. When animals eat plants, 
carbon-14 is added to their bodies. 

The decaying carbon-14 in a plant or animal is replaced 
when an animal eats or when a plant makes food. As a result, the 
ratio of the number of carbon-14 atoms to the number of car- 
bon-12 atoms in the organism remains nearly constant. But 
when an organism dies, its carbon-14 atoms decay without 
being replaced. The ratio of carbon-14 to carbon 12 then 
decreases with time. By measuring this ratio, the age of an 
organism’s remains can be estimated. However, only material 
from plants and animals that lived within the past 50,000 years 
contains enough carbon-14 to be measured. 

Uranium Dating Radioactive dating also can be used to esti- 
mate the ages of rocks. Some rocks contain uranium, which has 
two radioactive isotopes with long half-lives. Each of these ura- 
nium isotopes decays into a different isotope of lead. The 
number of these uranium isotopes and their daughter nuclei are 
measured. From the ratios of these amounts, the number of 
half-lives since the rock was formed can be calculated. 

+ 

~~ section 4) 

Summary 

Nuclear Radiation 1 

@ When an unstable nucleus decays it emits 

beta particles, or gamma rays. 

two neutrons. be stopped. 

when a neutron decays into a proton. 

®@ Gamma rays are electromagnetic waves of 

very high frequency that usually are emitted ae a 
when alpha decay or beta decay occurs. original nuclei? 

Half-Life and Radioactive Dating 

@ The half-life of a radioactive isotope is the 

amount of time for half the nuclei in a sample 

of the isotope to decay. 

@ The amounts of radioactive isotopes and their 

daughter nuclei are needed to date materials. 

More Section Review fl.gpescience.com 

TeVIELL oF 

Self Check 

. Infer how the mass number and the atomic number of 

a nucleus change when it emits a beta particle. 

nuclear radiation that can be alpha particles, 2. Determine the daughter nucleus formed when a 
radon-222 nucleus emits an alpha particle. 

@ An alpha particle consists of two protons and 3. Describe how each of the three types of radiation can 

® A beta particle is an electron and is emitted 4. Think Critically Sample 1 contains nuclei with a half- 

life of 10.6 hr and sample 2 contains an equal number 

of nuclei with a half-life of 0.5 s. After 3 half-lives pass 

for each sample, which sample contains more of the 

Applying Math 

5. Use Percentages What is the percentage of radioactive 

nuclei left after 3 half-lives pass? 

. Use Fractions If the half-life of iodine-131 is 8 days, 

how much of a 5-g sample is left after 32 days? 

SECTION 2 Nuclear Decay 795 

Post Reading 

Visualizations Ask students to 
use the information gained from 
the reading, along with prior 
knowledge, to create mental 

images of alpha particles, beta par- 
ticles, gamma rays, and radioactive 
decay. Have students sketch their 
visualizations. 

Check for Understanding 
Linguistic Have students find out 
more about the forces and radia- 

tion involved in beta decay. Beta 
decay involves the weak force and is 
accompanied by the release of particles 
called neutrinos, which have high energy 
but very little mass. 

Reteach 
Half-Life Have students tell how 

long it would take for three- 

fourths of a sample of each 
isotope in Table 4 to decay. twice } 
the listed half-life Logical- 
Mathematical 

ate ge ee ee 

secrion 2 
gamma rays: thick blocks of lead 
or concrete 

4, They contain the same number. 
After three half lives, each sample 
contains one eighth of the original 
number of nuclei, which was the 

1. The atomic number increases 

by one and the mass number 

doesn’t change. 

2. 222 By — oy ies = ‘He; polonium 

3. alpha particles: sheet of paper; beta 
particles: sheet of metal foil; 

revieLy 

same for both samples. 
5. 12.5% 
6. 32 days = 4 half-lives = 1/16 of 

original number of nuclei left; 
1/16x5g=0.3g left 

be | MA.A.1.4.4 

(™ Assessment 
Have students make drawings 
illustrating how radioactive iso- 
topes decay. 
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Gisele! An editable Microsoft® 
CHALKBOARD 

PowerPoint® presenta- 

tion is av Ailble on Interactive 

Chalkboard CD-ROM. 

Bellringer 

Section Focus Transparencies 

also are available on the 

Interactive Chalkboard CD-ROM. 

PELL) 

odorless and ¢ ieee eee can seep ca aie rac ean has ements. At 

high levels, radon is a serious health risk. A home radon detector, like 
the one shown below, is a practical way to check radon levels. 

1. The can looks pretty simple. How do you think the detector 
works? 

2. What kinds of risk might the accumulation of radon pose? 

3. Using the word radon as a guide, name the element that decays 
and releases radon. 

Reading Preview 

Tie to Prior Knowledge 

Detecting Radiation Our five sen- 
ses allow us to see, hear, smell, 

taste, and feel, but none of our 

senses can tell us when we are 

being exposed to radioactivity. 
In this section, 

learn about four methods for 

detecting radiation. 

students will 

a 

What Vou Learn 

detected in cloud and bubble 

chambers. 

be used to detect radiation. 

measure nuclear radiation. 

Figure 11 Ifa sample of radio- 

active material is placed in a cloud 

chamber, a trail of condensed 

vapor will form along the paths 

of the emitted particles. 

796 

g eet: Radioactivity 

@ Describe how radioactivity can be 

m@ Explain how an electroscope can 

@ Explain how a Geiger counter can 

Vocabulary Usage Have stu- 

dents find the figures that 

illustrate each new vocabulary 
term. Cloud chamber, bubble cham- 

ber, and Geiger counter all are 

shown in the text. Ask them to 

say the vocabulary word as they 

focus on the associated picture. 
Pairing pictures with words helps 
support vocabulary development. 

796 CHAPTER 25 Nuclear Changes 

Chapter Fasr Fite Resources 

‘Transparency Activity, p. 48 

Directed Reading for Content Mastery, p. 21 

Why it’s Important 

Devices that detect and measure 

radioactivity are used to monitor 

exposure to humans. 

New Vocabulary 

e@ cloud chamber 

e@ bubble chamber 

e Geiger counter 

® Review Vocabulary 
ion: an atom that has gained or lost 

electrons 

Radiation Detectors 
Because you can’t see or feel alpha particles, beta particles, or 

gamma rays, you must use instruments to detect their presence. 
Some tools that are used to detect radioactivity rely on the fact 

that radiation forms ions in the matter it passes through. The 

tools detect these newly formed ions in several ways. 

Cloud Chambers A cloud chamber, shown in Figure 11, can 
be used to detect alpha or beta particle radiation. A cloud cham- 

ber is filled with water or ethanol vapor. When a radioactive 

sample is placed in the cloud chamber, it gives off charged alpha 

or beta particles that travel through the water or ethanol vapor. 

As each charged particle travels through the chamber, it knocks 

electrons off the atoms in the air, creating ions. It leaves a trail of 

ions in the chamber. The water or ethanol vapor condenses 

around these ions, creating a visible path of droplets along the 

track of the particle. Beta particles leave 

alpha particles leave shorter, thicker trails. 

long, thin trails, and 

Why are trails produced by alpha and 
beta particles seen in cloud chambers? 

(% Reading Check 

Enrichment, p. 33 

Reinforcement, p. 29 

Mathematics Skill Activities, p. 31 



Bubble Chambers Another way 
to detect and monitor the paths of 
nuclear particles is by using a bubble 
chamber. A bubble chamber holds a 
superheated liquid, which doesn’t 
boil because the pressure in the 
chamber is high. When a moving 
particle leaves ions behind, the liquid 
boils along the trail. The path shows 
up as tracks of bubbles, like the ones 
in Figure 12. 

Electroscopes Do you remember 

how an electroscope can be used to 
detect electric charges? When an elec- 

troscope is given a negative charge, its 

leaves repel each other and spread 

apart, as in Figure 13A. They will 

2 Teach 

(% Reading Check 

Answer The charged particles knock 
electrons off atoms in the air, leaving 

a trail of ions. The vapor condenses 
around these ions. 

Use an Analogy 

Vapor Trails ‘Tell students that the 
vapor trails sometimes seen 

behind jet airplanes are made up 
of water droplets that have con- 
densed around the jet’s exhaust 

fumes. Like the trails in cloud 
chambers, vapor trails provide a 
visual record of the path of the 
object that caused them. 

remain apart until their extra electrons have somewhere to goand : Figure 12 Particles of nuclear 
discharge the electroscope. The excess Charge cap be neutralized:if  yadiation can be detected as they 

leave trails of bubbles in a bubble 
through the air can remove electrons from some molecules in air, > chamber. 
as shown in Figure 13B, and cause other molecules in air to gain: 

it combines with positive charges. Nuclear radiation moving 

Visual Learning electrons. When this occurs near the leaves of the electroscope, 
some positively charged molecules in the air can come in contact 
with the electroscope and attract the electrons from the leaves, as 
Figure 13C shows. As these negatively charged leaves lose their 
charges, they move together. Figure 13D shows this last step in the 

Figure 12 Point out to students 
that at the lower part of this 
bubble chamber photograph, 

particles collide and create a spray 
process. The same process also will occur if the electroscope leaves : Figure 13 Nuclear radiation can of charged particles. A magnetic 
are positively charged. Then the electrons move from negative ions : cause an electroscope to lose its field perpendicular to the page 
in the air to the electroscope leaves. : charge. deflects the particles so that those 

curling to the left must have an 
opposite charge to those curling 
to the right. Note that only 
charged particles are visible. 

D | The electroscope leaves C | Negative charges 

move from the leaves to _ lose their negative charge 

positively charged ions. and come together. 

 B Nuclear radiation, 

leaves are charged with such as alpha particles, 

A The electroscope 
Fundamental Particles Students 
might assume that electrons, 

negative charge. can create positive ions. 
protons, and neutrons are the 

smallest possible particles. 

Explain that electrons are SECTION 3 Detecting Radioactivity 797 

fundamental particles, but 
that protons and neutrons are 
composite particles made up 
of smaller particles called 

Teacher A] 
Bubble Chamber The bubble chamber, 
developed in the 1950s, was used by scien-_ 

_ tists for many years to observe the particles 
in matter. It has since been replaced by 
newer, more complex detectors. 
perce ty samp ab ate eres yt: Feat cet eras 

quarks. 
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( y' Quick Demo 
Tracking Radiation Exposure 

Materials Radiation film badge 

Time Required 2—5 minutes 

Procedure People whose work 
involves possible exposure to 
radiation are required to wear 
film badges that record the 
amount of radiation the person 
has received. You can obtain one 
of these badges from the radia- 
tion laboratory at a hospital. 
Explain to students that a small 
piece of film is encased in a plas- 
tiem holders) Vines (casing ais 
light-tight so the film responds 
only to alpha, beta, and gamma 
radiation, not visible light. Every 
month, the film is removed and 
the amount of radiation it (and 

therefore the wearer) has 

received is measured. New film 
is then inserted in the holder. 

Visual-Spatial 

Applying Math 

Math Standards 

National: 1, 6,9 

Florida: MA.A.1.4.4 

Answer to 
Practice Problem 

5.2 billion years 

4" Reading Strategy 

Quick Write After students read 

about bubble chambers, electro- 

scopes, measuring radiation, and 
background radiation, have them 

respond to this prompt: How is 
radiation detected and what causes 
background radiation? Allow five 
minutes for students to respond. 
Let students share their quick 
writes. 

798 CHAPTER 25 Nuclear Changes 

Measuring Radiation 
It is important to monitor the amount of radiation a person is 

being exposed to because large doses of radiation can be harmful 

to living tissue. A Geiger counter is a device that measures the 

amount of radiation by producing an electric current when it 

detects a charged particle. 

rey Rattle me-ware@ Use Logarithms 

THE AGE OF ROCKS The radioactive nucleus uranium-238 produces the daughter 

nucleus lead-206 with a half-life of 4.5 billion years. The age of a mineral sample 

can be calculated from the equation: 
N, 

age = (1.44H)In|1 + a 
Nu 

In this equation, H is the half-life of uranium 238, N, is the number of lead-206 

atoms in the sample, and N,, is the number of uranium-238 atoms in the sample. 

Find the age of a sample in which the ratio N,/N,, is measured to be 0.55. 

| IDENTIFY | known values and unknown values 

Identify the known values: 

the ratio of the number of uranium-238 atoms 

to the number of lead-206 atoms is 0.55 

a half-life of 4.5 billion years H = 4.5 billion years 

Identify the unknown value: 

what is the age of the sample? age = ¢ years 

| SOLVE | the problem 

Substitute the known values into the equation for the age: 
N, 

age = (1.44H)In|1 + <=] = (1.44 X 4.5 billion yrs) In [1 + 0.55] 
UW) 

= (6.48 billion yrs) In(1.55) 

To calculate In(1.55), enter 1.55 on your calculator and press the “In” button. 

The result is 0.438. Substitute this value in the above equation: 

age = (6.48 billion yrs)(0.438) = 2.84 billion yrs 

| CHECK | the answer 

Does your answer seem reasonable? The ratio N,/N,, = 0.55, means that less 

than one half-life has elapsed. The calculated age is less than one half-life. 

| Practice Problems 

Find the age of a sample in which the ratio N,/N,, has been measured to be 1.21. 

For more practice problems go to page 879, and visit Math Practice at f\.gpescience.com. 
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Active Reading 

Metacognition Journal In this strategy, each 
student analyzes his or her own thought 
processes. Have students divide a sheet of 
paper in half. On the left, have them record 
what they have learned about radiation 
detection. On the right, have them record 
the reason they learned it. 

Teacher 
Radiation Units ‘There are several units for 

_ measuring radiation. The curie and the 
_ becquerel are based on the number of dis- 

integrations per second. The roentgen, the 
rad, and the gray measure the effect radia- 
tion has on the absorbing material. The 

_rem is used to measure biological damage 
to humans. 
ES Sen aa aa SA REESE Te MGR A OR 



Figure 14 Electrons that are stripped off gas molecules 
in a Geiger counter move to a positively charged wire in the 
device. This causes current to flow in the wire. The current 
then is used to produce a click ora flash of light. Electrons 

lonized gas atom 

Radioactive 

particle path 

Window 

Amplifier 
and counter 

Voltage 

source 

Geiger Counters A Geiger counter, shown in Figure 14, has 
a tube with a positively charged wire running through the cen- 
ter of a negatively charged copper cylinder. This tube is filled 
with gas at a low pressure. When radiation enters the tube at 
one end, it knocks electrons from the atoms of the gas. These 
electrons then knock more electrons off other atoms in the 
gas, and an “electron avalanche” is produced. The free elec- 
trons are attracted to the positive wire in the tube. When a 
large number of electrons reaches the wire, a short, intense 
current is produced in the wire. This current is amplified to 

produce a clicking sound or flashing light. The intensity of 
radiation present is determined by the number of clicks or 
flashes of light each second. 

How does a Geiger counter indicate that 
radiation is present? 

Background Radiation 
It might surprise you to know that you are bathed in radia- 

tion that comes from your environment. This radiation, called 

background radiation, is not produced by humans. Instead it is 

low-level radiation emitted mainly by naturally occurring 

radioactive isotopes found in Earth’s rocks, soils, and atmo- 

sphere. Building materials such as bricks, wood, and stones con- 
tain traces of these radioactive materials. Traces of naturally 

occurring radioactive isotopes are found in the food, water, and 

air consumed by all animals and plants. As a result, animals and 
plants also contain small amounts of these isotopes. 

SECTION 3 Detecting Radioactivity 

“Social Stidies 

Artificial Rainmaking It 

may be possible to ease the 

health and economic hard- 

ships caused by severe 

droughts by artificially 

making rain. The formation 

of raindrops in a cloud is 

similar to the formation of 

droplets in a cloud cham- 

ber. Rain forms when cold 

droplets freeze around 

microscopic particles of 

dust, and then melt as they 

fall through warmer air. 

Research artificial rainmak- 

ing and report your find- 

ings to your class. 

‘8 Post Reading 
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Differentiated Instruction 
Visually Impaired If you have a Geiger counter, let 
your visually impaired students hear the differ- 
ence in the clicking between different materials. 
If you don’t have a Geiger counter, do a web 

search for Geiger counter sounds and download 

a sound file for them to hear. 

Artificial Rainmaking Scientists 
have tried three ways to make 

artificial rain. Have students 

research artificial rain to learn 

how the methods work. One 

method is spraying water into warm 
clouds. Another method is to drop dry ice 
into clouds. The third method is to drop 

silver iodide crystals or similar crystals 
into clouds. None of these methods have 
been very successful. 

Discussion 

Radiation Badges What occupa- 
tions might require a radiation 
badge to monitor exposure to 
radiation? Possible answers: nuclear 
power plant workers; sailors on nuclear- 

powered ships and submarines; doctors, 
nurses, dentists, airport security workers 
(X-ray exposure); scientists doing 
research with radioactive materials 

(Reading Check 

Answer by a clicking sound or flashing 
light 

Activity 
Background Radiation Have stu- 
dents do research to find out 
about sources of background 
radiation in their community. 

Linguistic 

Fix-Up Strategy Ask students to 

re-read a part of the text they 
found difficult. When they 

encounter problems with com- 
prehension, tell students to read 

ahead for clarification. Remind 

students to slow down when con- 

fronting difficult text and speed 
up when they want a sense of the 
overall idea. 

SECTION 3 Detecting Radioactivity 799 



Visual Learning 

Figure 15 According to this circle 
graph, how much of the back- 

ground radiation received by an 
average person in the United pete 

States comes from sources out- and soil 

side the body? at least 89 percent 8% 
Cosmic am 

— rays X rays 

8% [91% = Assess 
sain ;, Inside 

the body 

‘DAILYINTERVENTION = _ 

Sources of Background Radiation 

Sources of Background Radiation Background radiation 

comes from several sources, as shown in Figure 15. The largest 

source comes from the decay of radon gas. Radon, which emits 

an alpha particle when it decays, is produced in Earth’s crust by 

the decay of uranium-238. Radon gas can seep into houses and 

basements from the surrounding soil and rocks. 

Some background radiation comes from high-speed nuclei, 

called cosmic rays, that strike Earth’s atmosphere. They produce 

showers of particles, including alpha, beta, and gamma radiation. 

Most of this radiation is absorbed by the atmosphere. Higher up 

there is less atmosphere to absorb this radiation, so the back- 

ground radiation from cosmic rays increases with altitude. 

Radiation in Your Body Some of the elements that are 

essential for life have naturally occurring radioactive isotopes. 

For example, about one out of every trillion carbon atoms is Check For Understanding 
Visual-Spatial Ask students to draw 

sketches of pictures that might be 
obtained with a cloud chamber 
and a bubble chamber. For each 
sketch, have the students explain 
the lines they have drawn and 
which type of particle would 
cause that type of line. P| 

Reteach 

Natural Radioactivity Have stu- 
dents explain why radiation occurs 
naturally in the human body. 

Radioactive isotopes of elements used by 
the body occur in nature and are used in 
the same way as the stable isotopes of 
the same elements. Logical- 
Mathematical 

Process Have students create 

a concept map for each of the 
four methods of radiation detec- 

tion mentioned in this section. 

Use Performance Assessment 

in the Science Classroom, 

Palo. 

1. Nuclear radiation causes some 

molecules in air to become positively 
charged. Negative charges on the elec- 
troscope leaves move from the leaves 
to the positively charged ions. 

2. Both show the paths of ions created 
by radiation. In bubble chambers a 

800 CHAPTER 25 Nuclear Changes 

Figure 15 This circle graph 

shows the average amount of 

background radiation from differ- 

ent sources received by a person 

living in the United States. 

carbon-14, which emits a beta particle when it decays. With each 

breath, you inhale about 3 million carbon-14 atoms. 
The amount of background radiation a person receives can 

vary greatly. The amount depends on the type of rocks under- 

ground, the type of materials used to construct the person’s 

home, and the elevation at which the person lives, among other 
things. However, because it comes from naturally occurring 

processes, background radiation never can be eliminated. 

section. ) 

Summary 

Radiation Detectors 

| @ Alpha and beta particles can be detected 

by the trail of ions they form when they 

pass through a cloud chamber or a bubble 

chamber. 

@ The presence of alpha or beta particles can 

cause an electroscope to become discharged. 

e A Geiger counter is used to measure radiation 

levels. It produces a clicking sound or a flash 

of light when alpha or beta particles enter the 

Geiger counter tube. 

Background Radiation 

@ Background radiation is low-level radiations 

emitted mainly by radioactive isotopes in 

Earth’s rocks, soils, and atmosphere. 

@ The largest source of background radiation is 

from the alpha decay of radon gas. 

800 CHAPTER 25 Nuclear Changes 

eviews, 

Self check: 

. Describe why a charged electroscope will discharge 

when placed near a radioactive material. 

. Compare and contrast cloud and bubble chambers. 

. Describe the process that occurs in a Geiger counter 

when radiation is detected. 

. Explain why background radiation never can be com- 

pletely eliminated. 

. Think Critically If the radioactive isotope radon-222 

has a half-life of only four days, how can radon gas be 

continually present inside houses? 

Applying Math 

. Use Percentages The amount of radiation can be 

measured in units called millirems. If 25 millirems 

from cosmic rays is 8.0 percent of the average back- 

ground radiation, what is the amount of the average 

background radiation in millirems? 

More Section Review fl.gpescience.com 

EY 

liquid boils along the trail of the ions. 
In cloud chambers, vapor condenses 
around the ions. 

cule in the tube, knocking off 

electrons. These electrons are attracted 
toa positively charged wire in the 

Section a} review 

collide with gas molecules. The current 
is amplified to produce a click. 

3. Acharged particle strikes agasmole- 4, Natural sources of background radia- years, 
tion include the decay of radioactive 6. Set up a ratio: (25 millirem)/x 
materials in rocks and soil, and cosmic 
rays, which cannot be eliminated. 

tube, producing more electrons as they 5. Radon gasis continually produced by 
the decay of the isotope uranium-238 
which has a half-life of 4.5 billion 

Ul 

= 0.08; so x= (25 millirem)/0.08 

= 312 millirem 

7 MA.A.1.4.4 
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ay Nuclear Peaaois 

What You'll Learn Way It’s Important New Vocabulary 
™ Explain nuclear fission and how it Almost all of the different atoms that * nuclear fission 

~ PowerPoint® presenta- 

tion is available on Interactive 

Chalkboard CD-ROM. 

can begin a chain reaction. you are made of were formed by the — e chain reaction Bellringer ® Discuss how nuclear fusion occurs nuclear reactions inside ancient, dis- — @ critical mass 
in the Sun. tant stars. %* nuclear fusion Section Focus Transparencies ® Describe how radioactive tracers @ tracer : can be used to diagnose medical ® Review Vocabulary also atcjavallPlfousthe problems. kinetic energy: energy of motion: Interactive Chalkboard CD- ROM. 

™ Discuss how nuclear reactions can _ increases as the mass or speed of an [2] 12) i help treat cancer. object increases 

PET Scan 

™ ~ : To take a PET (positron emission tomography) scan, doctors inject ul Cc @a ir Fi Ss] Oo n . i a patient with radioisotopes. When the radioisotopes reach the part 
° of the body to be scanned, special cameras detect the rays emitted by 
: them. The resulting images can be seen on a computer screen. In the 1930s, physicist Enrico Fermi thought that by bom- 

barding nuclei with neutrons, nuclei would absorb neutrons and 
heavier nuclei would be produced. However, in 1938, Otto Hahn 
and Fritz Strassmann found that when a neutron strikes a ura- 
nium-235 nucleus, the nucleus splits apart into smaller nuclei. 

In 1939 Lise Meitner was the first to offer a theory to explain 
these results. She proposed that the uranium-235 nucleus is so : 
distorted when the neutron strikes it that it divides into two Figure 16 When a neutron hits 
smaller nuclei, as shown in Figure 16. The process of splitting a > auranium-235 nucleus, the ura- 1. Whatpart ofthe body de these ines rn rior deren ieee : aan ‘ s ; Ly 2. How isa PET scan different from an X-ray image? nucleus into several smaller nuclei is nuclear fission. The word :  pium nucleus splits into two ie ee eee 
fission means “to divide. : smaller nuclei and two or three 

ry Readin ec What initiates nuclear fission of a uranium-235 free neutrons. Energy also is 
9 nucleus? : released. 

Only large nuclei, such as the nuclei of uranium and 
plutonium, undergo nuclear fission. A fission reaction usually 

produces several individual neutrons in addition to the 

smaller nuclei. The total mass 

of the products is slightly less 

than the mass of the original © @,, +energy 
nucleus and the neutron. This n 

small amount of missing mass 

is converted to a tremendous 

a 

@- amount of energy during the 
r . pe 

fission reaction. 2Ba 

91 36Kr 

oes Reading Preview 

Tie to Prior Knowledge 

Breaking and Combining Fission 
means breaking things apart and 
fusion means putting things 
together. Ask students to give 

examples of processes they know 
that fit these definitions. In this 

section they will learn about 
nuclear fission and nuclear fusion. 

6, 
<P 

(Unstable nucleus) 

SECTION 4 Nuclear Reactions 801 

Connections Connect new 

vocabulary words to more famil- 
iar terms. For instance, nuclear 

fission might be linked to splitting 
nucleus. Write the vocabulary 

term and the associated word on a 

chart. Ask students to visualize 

the associated word when they 

hear or see the vocabulary term. 

Chapter Fasr Fie Resources Enrichment, p. 34 

Transparency Activity, p. +9 Lab Worksheet, pp. 5—6, 7-8 

MiniLAB, p. 4 Reinforcement, p. 30 

Directed Reading for Content Mastery, Home and Community Involvement, p. 37 

pp. 21-22 Reading and Writing Skill Activities, p. 47 
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Figure 17 A chain reaction occurs 
when neutrons emitted from a split 

nucleus cause other nuclei to split 

ry, Reading Check 

Answer A neutron striking the nucleus 
causes it to split. 

Quick Demo 
Atomic Forces 

Materials kinetic toy—several ball 
bearings suspended by two strings 
in contact with each other. 

Time Required 1-3 min 

Procedure Explain the forces at 
work in splitting an atom. The 
kinetic energy of a neutron is high 
enough to disrupt the strong 
force in the target nucleus, caus- 

ing the atom to split into more 
stable configurations. At this 
point demonstrate the kinetic 
energy of the neutron by lifting 
one of the outside balls and drop- 
ping it to see the kinetic energy 
transmitted through the interme- 
diary balls to the opposite outside 
ball and observe that ball flying 
out from the group. 

Purpose Students model a nuclear 

reaction. [L2] G™® [hy Kinesthetic 

Materials marbles, beaker, mod- 

eling clay 

Teaching Strategy Emphasize 
that the marbles taken out rep- 
resent nuclei that decay but do 
not disappear; they change into 
nuclei of a different element. 

Analysis 

1. one minute 
2. No. The waste products might be 

radioactive. They will not undergo 
fission. 

Assessment 
Oral What was the half-life 

of the marbles with clay? How 
many were left after 5 min? 1 min; 

one Use PASC, p. 101. 

802 CHAPTER 25 Nuclear Changes 

and emit additional neutrons. 

Modeling a Nuclear 

Reaction 

Procedure 
1. Place 32 marbles, each 

with an attached lump of 

clay, into a large beaker. 

These marbles with clay 

represent unstable atoms. 

. During a 1-min period, 
remove half of the marbles 

and pull off the clay. Place 

the removed marbles into 

another beaker and place 

the lumps of clay into a 
pile. Marbles without clay 

represent stable atoms. 

The clay represents waste 

from the reaction— 

smaller atoms that still 

might decay and give off 

energy. 

Repeat this procedure four 

more times. 

Analysis 
1. What is the half-life of this 

reaction? 

2. Explain whether the waste 
products could undergo 

nuclear fission. 

802 CHAPTER 25 Nuclear Changes 

\ 
Two neutrons 

from fission 
o => 

Neutron 

Nucleus 

Mass and Energy Albert Einstein proposed that mass and 

energy were related in his special theory of relativity. According 

to this theory, mass can be converted to energy and energy can 

be converted to mass. The relation between mass and energy is 

given by this equation: 

Mass-Energy Equation 

Energy (joules) = mass (kg) 

E= mc? 

x [speed of light (m/s) |? 

A small amount of mass can be converted into an enormous 

amount of energy. For example, if one gram of mass is con- 

verted to energy, about 100 trillion joules of energy are released. 

Chain Reactions When a nuclear fission reaction occurs, the 
neutrons emitted can strike other nuclei in the sample and cause 

them to split. These reactions then release more neutrons, caus- 

ing additional nuclei to split, as shown in Figure 17. The series 

of repeated fission reactions caused by the release of neutrons in 

each reaction is a chain reaction. 

If the chain reaction is uncontrolled, an enormous amount of 

energy is released in an instant. However, a chain reaction can be 

controlled by adding materials that absorb neutrons. If enough 

neutrons are absorbed, the reaction will continue at a constant rate. 

Por a chain reaction to occur, a critical mass of material that 

can undergo fission must be present. The critical mass is the 

amount of material required so that each fission reaction pro- 

duces approximately one more fission reaction. If less than the 

critical mass of material is present, a chain reaction will not occur. 

Science Journal 

Nuclear Energy? Advocates claim that nuclear 

reactors are a safe, clean method of producing 
electricity. Opponents argue that because of the 
danger from spent nuclear fuel and nuclear waste, 
reactors should be permanently shut down. Have 
students write their opinions on this issue in their 
Science Journals. Linguistic 

Differentiated Instruction 

Physically Disabled Pair students who cannot 
manipulate the marbles with students who can. 
Have the student with disabilities in each pair 
calculate the number of marbles to be processed 
during each one-minute period, and keep track of 
the number of marbles processed. 



Nuclear Fusion 
Even though nuclear fission reactions release tremendous 

amounts of energy, even more energy can be released by nuclear 
fusion reactions. In a nuclear fusion reaction, two nuclei with 
small masses combine to form a nucleus of larger mass. Nuclear 
fission reactions release millions of times more energy than can 
be released by chemical reactions. 

The reason nuclear reactions release so much more energy 
than chemical reactions is that the strong force is much stronger 
than the electric force. This means that the nuclear potential 
energy stored in atomic nuclei is much greater than the chemi- 
cal potential energy stored in chemical bonds between atoms. 

Temperature and Fusion For nuclear fusion to occur, posi- 
tively charged nuclei must get close to each other. However, 
nuclei repel each other because they have the same positive elec- 
tric charge. If nuclei are moving fast, they can have enough 
kinetic energy to overcome the repulsive electrical force between 
them and get close to each other. 

Remember that the kinetic energy of atoms or molecules 
increases as their temperature increases. Only at temperatures of 
millions of degrees Celsius are nuclei moving so fast that they 
can get close enough for fusion to occur. These extremely high 
temperatures are found in the center of stars, such as the Sun. 

Nuclear Fusion and the Sun The Sun is composed mainly 
of hydrogen. Most of the energy given off by the Sun is pro- 

duced by a process involving the fusion of hydrogen nuclei. This 
process occurs in several stages, and one of the stages is shown 

in Figure 18. The net result of this process is that four hydrogen 
nuclei are converted into one helium 

nucleus. As these nuclear reactions 

occur, a small amount of mass is 

changed into an enormous amount = 
of energy. Earth receives a small 
amount of this energy as thermal 

energy and light. 

As the Sun ages, the hydrogen 

nuclei are used up as they are con- 

verted into helium. So far, only about 

one percent of the Sun’s mass has 

been converted into energy. It is esti- e 

mated that the Sun has enough 

hydrogen to keep this reaction going 

for another 5 billion years. 

Sciencap! INC 
Topic: Fusion Reactors 

Visit fl.gpescience.com for Web 

links to information about the use 

of nuclear fusion as a future energy 

source. 

Activity Write a paragraph 

describing the different types of 

fusion reactors that have been 

developed. 

Figure 18 The fusion of hydro- 
gen to form helium takes place in 

several stages in the Sun. One of 

these stages is shown here. An iso- 

tope of helium is produced when a 

proton and the hydrogen isotope 

H-2 undergo fusion. 
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\ de Reading Strategy 

Infer This skill involves reading carefully to inter- 
pret meaning. Students might read: If less critical 

mass of material is present, a chain reaction will not 

occur. They could infer: If there’s more critical 

mass, a chain reaction will occur. Have them prac- 

tice making inferences. 

Make a Model 

Clay Nuclei Have students model 
fusion by using small balls of clay 
to show how two nuclei can join 

to become one larger nucleus. 

They should use different colors 
of clay to represent protons and 
neutrons. An easy reaction to 
model is the one in which a 
deuterium nucleus (hydrogen 
with one neutron) and a tritium 

nucleus (hydrogen with two 

neutrons) combine to form a 

helium nucleus and one neutron. 

Point out that when the number 

of protons changes, a nucleus of 
a new element is formed. 

Kinesthetic 

Polish 
Hydrogen Bomb Scientists h 

Use Science Words 

Word Meaning Have students 
explain why the fusion of hydro- 
gen nuclei on the Sun is called 
a thermonuclear reaction. [hermo- 
comes from a Greek word meaning “heat.” 
Forcing hydrogen nuclei to fuse requires 
extreme heat. Linguistic 

Fun Fact 
The submarines of the U.S. Navy are 
powered by nuclear reactors. 
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Radioactive Decay Equations The 
atomic number of barium is 56 and the 
atomic number of krypton is 36. These 
add up to 92. Uranium-235 breaks into 
neodymium (atomic number 60) and 
germanium (atomic number 32). 

Research Potassium-40 decays 
to form two other isotopes. 
Research to learn what these iso- 

topes are. argon-40 and calcium-40 

Discussion 

Tracers How is the use of tracers 

similar to the use of radio collars 

in tracking wild animals? The 

collars emit an electromagnetic signal 
that can be detected with an antenna 

and receiver. This allows scientists to 

determine the movement of the 

animal. Similarly, a radioactive tracer 

emits radiation, which allows physi- 
cians to track its movement in the 

body. Logical-Mathematical 

(%, Reading Check 

Answer by detecting the radioactivity 
they emit 

Caption Answer 
Figure 19 lodine is naturally taken 
up by the thyroid. Also, it allows doctors 
to determine how well the thyroid 
is functioning without having to actually 
look at it. 

Content 
Background 

A malfunctioning thyroid may 
produce too much or too little of 
the hormones necessary for your 
body to function — properly. 
These conditions are called 
hyperthyroidism and hypothy- 
roidism, respectively. Iodine is a 

main ingredient in the two most 

important hormones produced 
by the thyroid. A hyperthyroid 
patient given radioactive iodine 
will show an excessive level of 
thyroid radioactivity. The oppo- 
site occurs in hypothyroidism. 

804 CHAPTER 25 Nuclear Changes 

Radioactive Decay 

Equations A uranium-235 

atom can fission, or break 

apart, to form barium and 

krypton. Use a periodic 

table to find the atomic 

numbers of barium and 

krypton. What do they add 

up to? A uranium-235 atom 

can fission in several other 

ways such as producing 

neodymium and another 

element. What is the other 

element? 

Figure 19 Radioactive iodine- 
131 accumulates in the thyroid 

gland and emits gamma rays, 

which can be detected to form 

an image of a patient's thyroid. 

List some advantages of being able 

to use jodine-131 to form an image 

of a thyroid. 

804 CHAPTER 25 Nuclear Changes 

Using Nuclear Reactions in Medicine 
If you were going to meet a friend in a crowded area, it 

would be easier to find her if she told you that she would be 

wearing a red hat. In a similar way, scientists can find one mol- 

ecule in a large group of molecules if they know that it is “wear- 

ing” something unique. Although a molecule can’t wear a red 

hat, if it has a radioactive atom in it, it can be found easily in a 

large group of molecules, or even in a living organism. 

Radioactive isotopes can be located by detecting the radiation 

they emit. 
When a radioisotope is used to find or keep track of mole- 

cules in an organism, it is called a tracer. Scientists can use trac- 

ers to follow where a particular molecule goes in your body or 

to study how a particular organ functions. Tracers also are used 

in agriculture to monitor the uptake of nutrients and fertilizers. 

Examples of tracers include carbon-11, iodine-131, and 

sodium-24. These three radioisotopes are useful tracers because 

they are important in certain body processes. As a result, they 

accumulate inside the organism being studied. 

AC ere How are tracers located inside the human body? 

Health 
lodine Tracers in the Thyroid The thy- 
roid gland is located in your neck and pro- 

duces chemical compounds called hormones. These hormones 

help regulate several body processes, including growth. Because 

the element iodine accumulates in the thyroid, the radioisotope 

iodine-131 can be used to diagnose thyroid problems. As iodine- 

131 atoms are absorbed by the thyroid, their nuclei decay, emitting 

beta particles and gamma rays. The beta particles are absorbed by 

the surrounding tissues, but 

the gamma rays penetrate the 

skin. The emitted gamma rays 

can be detected and used 

to determine whether the thy- 

roid is healthy, as shown in 

Figure 19. If the detected radi- 

not intense, then 

the thyroid has not properly 

absorbed the iodine-131 and is 

not functioning properly. This 

could be due to the presence of 

a tumor. Figure 20 shows how 

radioactive tracers are used to 

study the brain. 

ation is 

Differentiated Instruction 

Challenge Have students investigate other ways 

that tracers are used in medicine and prepare a 
report on one method. If possible, they should 
interview a physician who uses tracers to find out 

drawbacks and benefits of the procedure. Possible 
topics are tracers used to detect problems with the heart, kid- 

neys, or digestion. Linguistic 

Visual Learning 

Figure 19 Point out that the picture to the left 
shows the thyroid after the person has ingested 
the iodine-131 tracer. The red and orange colors 
indicate areas in which the iodine is well 
absorbed. Have students each find his or her thy- . 
roid gland, which is located in the neck between 
the larynx and the trachea. Visual-Spatial 



NATIONAL 
GEOGRAPHIC VISUALIZING PET SCANS 

Figure 20 

Emission Tomography, or PET. Positrons are emitted from the nuclei 
of certain radioactive isotopes when a proton changes to a neutron. 4 

PET can form images that show the level of activity in different areas © When positrons of the brain. These images can reveal tumors and regions of abnormal are emitted from the 
brain activity. nucleus of an atom, 

they can hit electrons 

from other atoms and 
B ) The radioactive become transformed 
isotope fluorine-18 : | into gamma rays. 
emits positrons when : 
it decays. Fluorine-18 

atoms are chemically 

attached to molecules 

that are absorbed by 

brain tissue. These 

compounds are 

injected into the 

patient and carried 

by blood to the brain. 

T he diagram below shows an imaging technique known as Positron 

‘@) Inside the patient's , 

brain, the decay of ~. 
the radioactive fluo- 

rine-18 nuclei emits 

positrons that collide 

with electrons. The 

gamma rays that are 
released are sensed by 

the detectors. 

'D A computer uses the 

information collected by 

the detectors to gener- 

ate an image of the 

activity level in the 

brain. This image shows 

normal activity in the 

right side of the brain 

(red, yellow, green) but 

below-normal activity 

in the left (purple). 
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NATIONAL 
GEOGRAPHIC 

Visualizing PET Scans 
Have students examine the 

pictures and read the captions. 

Then ask the following ques- 

tions: 

What is a positron? 

What is formed when a 

positron and electron combine? 

Why is it important for the 

fluorine-18 to be chemically 
attached to substances that are 

normally absorbed by the brain? 

Positron Posters Have the stu- 

dents research how positrons are 

formed. Suggest students make 

posters illustrating their findings 

and present their posters to the 

class. Visual-Spatial 

SECTION 4 Nuclear Reactions 805 



Treating Cancer with Radioactivity 

When a person has cancer, a group of cells in that 

person’s body grows out of control and can form 

a tumor. Radiation can be used to stop some 

types of cancerous cells from growing. Remember 

that the radiation that is given off during nuclear 

decay is strong enough to ionize nearby atoms. If 

a source of radiation is placed near cancer cells, 

such as those shown in Figure 21, atoms in the 

cells can be ionized. If the ionized atoms are in a 

” A. Post Reading 

Debate Have students research 
nuclear reactions to determine the 
pros and cons of nuclear energy 
use. Engage the class in a debate 
with the following prompt: Do 
the benefits of using nuclear 
energy outweigh the risks? 

can Figure 21 Cancer cells, suchas: critical molecule, such as the DNA or RNA of a cancer cell, then the 

= Assess the ones shown here, canbekilled : molecule might no longer function properly. The cell then could 

) with carefully measured doses of  : die or stop growing. 

radiation. : When possible, a radioactive isotope such as gold-198 or 

" DAILY INTERVENTION iridium-192 is implanted within or near the tumor. Other times, 

tumors are treated from outside the body. Typically, an intense 

beam of gamma rays from the decay of cobalt-60 is focused on 

the tumor for a short period of time. The gamma rays pass 

through the body and into the tumor. How can physicians be 

sure that only the cancer cells will absorb radiation? Because 

cancer cells grow quickly, they are more susceptible to absorbing 

radiation and being damaged than healthy cells are. However, 

other cells in the body that grow quickly also are damaged, 

which is why cancer patients who have radiation therapy some- 

times experience severe side effects. 

Check for Understanding 
Logical-Mathematical Ask students 

to explain why chain reactions do 
not occur in naturally existing 
material. Fission occurs only for certain 

rare isotopes. The percentage of these iso- 
topes in naturally existing material is so 

low that a chain reaction is unlikely. 

Reteach 

Chain Reactions Have students 

discuss why a critical mass is 
necessary to keep a fission reac- 
tion going but not to keep a 
fusion reaction going. In a 
fission reaction, a particle bombards a 

nucleus and splits it into two nuclei plus 
several neutrons. If these neutrons hit 

other fissionable nuclei, those nuclei will 

split and produce new particles. This 
chain reaction will continue as long as 

there is enough fissionable material 
nearby. The amount needed to keep the 

reaction going is the critical mass. A 

fusion reaction is not a chain reaction. 

[2] [) Logical-Mathematical 

section 4 TEeVIeL 

Summary Self Check 

Nuclear Fission . Infer whether mass is conserved in a nuclear reaction. 

| @ Nuclear fission occurs when a neutron strikes a . Explain why fusion reactions can occur inside stars. 

nucleus, causing it to split into smaller nuclei. . Explain how a chain reaction can be controlled. 

@ A chain reaction requires a critical mass of fis- . Describe two properties of a tracer isotope used for 
|  sionable material. monitoring the functioning of an organ in the body. 

Nuclear Fusion . Think Critically Explain why high temperatures are 
| © Nuclear fusion occurs when two nuclei com- needed for fusion reactions to occur, but not for fission 

bine to form another nucleus. reactions to occur. 

© Nuclear fusion occurs at temperatures of mil- 

lions of degrees, which occur inside the Sun. Applying Math 

Medical Uses of Radiation . Calculate Number of Nuclei Ina chain reaction, two 

neutrons are emitted by each nucleus that is split. 

If one nucleus is split in the first step of the reaction, 

how many nuclei will have been split after the 

fifth step? 

® Radioactive isotopes are used as tracers to 

locate various atoms or molecules in organisms. 

@ Radiation emitted by radioactive isotopes is 

used to kill cancer cells. 

awe 

'T™% Assessment 
Content Many benefits result 
from nuclear applications in 

medicine, but there are disad- — ren A 4 

806 CHAPTER 25 Nuclear Changes More Section Review fl.gpescience.com 

vantages, too. Ask students PLS aii 

Oe Le ews Papelera rticles 4, No, Some of the mass in the initial 4. The isotope must be absorbed by the sary speeds occur only at high temper- 
pining how radiation can nuclei is converted into energy. organ being studied, and must have a atures. Fission does not require high 
ee Bae NIECES Fp 7): Fusion reactions require extremely half-life sufficiently long for the study speeds because neutrons are not elec- 
ee) rai ie: ding es ce oe high temperatures to get started. to be completed before it decays away. trically repulsed by the nucleus. 
Rout a Gee oa These temperatures occur in the 5. In order for the strong force toactand =. step1:1; step 2: 2; step 3:4; step 4:8; 
ey cells. Use interior of stars. fusion to occur, nuclei must be moving step 5: 16 

SC, p. 141. 3. By absorbing some of the neutrons fast enough to overcome the electrical 
emitted when fission occurs. repulsion between them. The neces- ‘Y ae 
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In an uncontrolled nuclear chain reaction, the 
number of reactions increases as additional 
neutrons split more nuclei. In a controlled 
nuclear reaction, neutrons are absorbed, so 

the reaction continues at a constant rate. How 

could you model a controlled and an uncon- 

trolled nuclear reaction in the classroom? 

How can you use dominoes to model chain 

reactions? 

Goals 

@ Model a controlled and uncontrolled chain 

reaction. 

@ Compare the two types of chain reactions. 

Materials 

dominoes stopwatch 

© Procedure 

1. Set up a single line of dominoes standing on 

end so that when the first domino is pushed 

over, it will knock over the second and each 

domino will knock over the one following it. 

2. Using the stopwatch, time how long it takes 

from the moment the first domino is pushed 

over until the last domino falls over. Record 

the time. 

Using the same number of dominoes as in 

step 1, set up a series of dominoes in which 

at least one of the dominoes will knock 

down two others, so that two lines of domi- 

noes will continue falling. In other words, 

the series should have at least one point 

that looks like the letter Y. 

Repeat step 2. 

— Chain Reacti@us 

© Real-World Problem —— 

© Conclude and Apply —— 
1. Compare the amount of time it took for all 

of the dominoes to fall in each of your two 

arrangements. 

Determine the average number of domi- 

noes that fell per second in both domino 

arrangements. 

Identify which of your domino arrange- 

ments represented a controlled chain reac- 

tion and which represented an uncontrolled 

chain reaction. 

Describe how the concept of critical mass 
was represented in your model of a con- 

trolled chain reaction. 

Assuming that they had equal amounts of 

material, which would finish faster—a 

controlled or an uncontrolled nuclear chain 

reaction? Explain. 

YF ommunicating 
Your Data J 

Explain to friends or members of your 

family how a controlled nuclear chain 

reaction can be used in nuclear power 

plants to generate electricity. 

LAB 807 

Y ommunicating 
g Your Data mm 

Students should prepare an illustration of a controlled 

and an uncontrolled reaction to help explain what is 
taking place. 

si SESS 

Video Lab available. 

© Real-World 
Problem 

Purpose Students model con- 
trolled and uncontrolled chain 

reactions. Kinesthetic 

Process Skills collect data, make 
models, compare and contrast, 

draw conclusions 

Time Required 40 min 

® Procedure 

Teaching Strategy Students can 
collect additional data by forming 
large groups and using all of their 
dominoes to form longer chains. 

© Conclude and 

Apply 
1. The Y-shaped arrangement fell 

faster. 
2. Answers will vary. 

3. The straight arrangement repre- 

sented a controlled reaction because 
any neutron that split off was 
absorbed. The Y-shaped arrange- 
ment represented an uncontrolled 
reaction. 

4. Critical mass was represented 
because the reaction stopped when 
the fissionable material (dominoes) 
was used up. 

5. An uncontrolled reaction would finish 
faster because a single reaction could 
produce two reactions which could 

produce four reactions and so on. 

SO Aine ee 
™ Assessment 

Content Have students write and 

perform a skit that demonstrates 
controlled and uncontrolled 

reactions. Use Performance 

Assessment in the Science 

Classroom, p. 147. 

LAB 807 



© Real-World 
Problem ———— 

Purpose Students will model 
the decay of a uranium atom 
through the process of transmu- 
tation. Kinesthetic 

Process Skills make a model, 
compare and contrast, identify, 
infer 

Time Required one 45-minute 
class period 

Possible Materials Students 
can use any small objects in place 
of the rice, beans, or candy. A 

strong bonding glue should be 
used when constructing the 

model. 

Safety Precautions Never eat 
foods used in the lab. 

Discussion 

Radioactive Substances Ask stu- 

dents to think about radioactive 

substances such as uranium and 

plutonium. Have them consider 

the exposure to radiation some 
people have been exposed to 
such as after nuclear testing or 

the Chernobyl accident. Why is 
radiation dangerous? Where 
does radiation come from? 

What effects would come from 

having radioactive materials in 

their homes? What radioactive 

substance might be found in 

their basements (radon)? 
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| Model and Invent 

Modeling 
S Transmutations 
j ¥ ns 

RSS Goal © Real-World Problem ————__ 
i © @ Model decay of a Imagine what would happen if the oxygen atoms around you began 

& uranium atom. changing into nitrogen atoms. Without oxygen, most living organisms, 

FS A : including people, could not live. Fortunately, more than 99.9 percent 

Sie Possible Materials of all oxygen atoms are stable and do not decay. Usually, when an 

ee SESE eS unstable nucleus decays, an alpha or beta particle is thrown out of its 

a =e white rice . nucleus, and the atom becomes a new element. A uranium-238 atom, 

ee nen! TID for example, will undergo eight alpha decays and six beta decays to 

ees ‘ bho coo become lead. This process of one element changing into another 

| 3 label seks element is called transmutation. How could you create a model of a 

é Se glue uranium-238 atom and the decay process it undergoes during trans- 

Po ONE mutation? What types of materials could you use to represent the pro- 

‘ ~~ Safety Precautions tons and neutrons in a U-238 nucleus? How could you use these 

materials to model transmutation? ny low] 1 
WARNING: Never eat foods 

used in the lab. 
© Make a Model- ane 

1. Choose two materials of different colors or shapes for the protons 

and neutrons of your nucleus model. Choose a material for the 

negatively charged beta particle. 

Data Source 
Refer to your textbook for 

general information about 

transmutation. 

Differentiated Instruction 

Physically Challenged If students cannot manipu- 
late the materials, have them design a model, and 

ask other students to work with them to make the 

model. 



2. Decide how to model the transmutation process. Will you create a 
new nucleus model for each new element? How will you model an 
alpha or beta particle leaving the nucleus? 

3. Create a transmutation chart to show the results of each transmu- 
tation step of a uranium-238 atom with the identity, atomic num- 
ber, and mass number of each new element formed and the type 
of radiation particle emitted at each step. A uranium-238 atom 
will undergo the following decay steps before transmuting into a 
lead-206 atom: alpha decay, beta decay, beta decay, alpha decay, 
alpha decay, alpha decay, alpha decay, alpha decay, beta decay, 
beta decay, alpha decay, beta decay, beta decay, alpha decay. 

4. Describe your model plan and transmutation chart to your teacher and ask 
how they can be improved. 

5. Present your plan and chart to your class. Ask classmates to suggest improve- 
ments in both. 

6. Construct your model of a uranium-238 nucleus showing the correct number of 
protons and neutrons. 

@ Test. Your Mode! ——$_———$_$____. 
1. Using your nucleus model, demonstrate the transmutation of a uranium-238 

nucleus into a lead-206 nucleus by following the decay sequence outlined in the 
previous section. 

2. Show the emission of an alpha particle or beta particle between each transmu- 

tation step. 

© Analyze Your Data— 
1. Compare how alpha and beta decay change an atom’s atomic number. 

2. Compare how alpha and beta decay change the mass number of an atom. 

© Conclude and Apply ———— 
1. Calculate the ratio of neutrons to protons in 

lead-206 and uranium-238. In which nucleus is 

the ratio closer to 1.5? 

2. Identify Alchemists living during the Middle 

Ages spent much time trying to turn lead into 

gold. Identify the decay processes needed to 

accomplish this task. 

Your Data_ 

Show your model to the class and explain 

how your model represents the 

transmutation of U-238 into Pb-206. 

LAB 809 

™ Assessment 
Process Ask students to make pamphlets identifying 
ways the transmutation of uranium and plutonium 
are used. nuclear power plant, nuclear weapons, nuclear sub- 
marines, and spacecraft Use Performance Assessment 
in the Science Classroom, p. 129. 

ommunicating 
ewe Your Data 

to accompany their models. 
Encourage students to use computer-generated diagrams 

© Makea 
Model — 

Possible Procedures 

° Use white rice for protons and 
brown rice for neutrons. 

¢ Make a model of the nucleus 
of a uranium-238 atom in the 
upper left corner of the poster 
board by gluing the appropri- 
ate rice to the board. 

¢ Draw an arrow with the type 
of decay above it pointing to 
the resulting isotope. 

Repeat all 14 steps of decay. 

¢ Make rice model of lead-206 

nucleus in lower right corner. 

Teaching Strategy Have ref- 
erences available for students to 

use that show the transmutation of 

uranium into lead. 

© Test Your 
Model 

Expected Outcome Students 
will build a model that demon- 

strates the transmutation of 

uranium. 

© Analyze Your 
Data 

1. Alpha decay decreases the atomic 
number by two; beta decay increases 
the atomic number by one. 

2. Alpha decay decreases the mass 
number by four; beta decay causes 
no change in the mass number. 

© Conclude and 

Apply 
1. For lead-206, the ratio is 1.51. 

For uranium-238, the ratio is 1.59. 
Lead-206 has a ratio closer to 1.5. 

2. Two alpha decays and one beta 
decay would be required to turn an 
atom of lead into an atom of gold. 

LAB 809 



TIME 
Content Background 
After Henri Becquerel’s discovery 
of radioactivity in 1896, no one as 
yet suspected that atoms were not 
indivisible. At first it was thought 
that radioactivity was the result of 
chemical processes that occurred 
in the atoms involved. However, 

in 1902, Ernest Rutherford and 

Frederick Soddy discovered that 
radioactive thorium produced 
other elements, and realized that 

thorium atoms were decaying. 

inp thesearivye 1930s, Enrico 
Fermi started a series of experi- 

ments in which he bombarded 

nuclei of various elements with 

neutrons, in an attempt to 

produce artificial radioactivity. 
When uranium was bombarded 

with neutrons, several radioac- 

tive products were produced. 
In 1938, Otto Hahn and Fritz 

Strassmann announced that the 

products of the neutron bom- 
bardment of uranium were 

smaller nuclei. This was the first 

demonstration of nuclear fission. 

Historical Significance 
The discovery of radioactivity 
and the development of methods 
to control nuclear fission have 
resulted in techniques for using 
nuclear radiation to treat dis- 
eases, as well as nuclear power 
plants. However, the develop- 
ment of nuclear weapons has had 
a profound impact on relations 
between the United States and 
other countries. 
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or centuries, ancient alchemists tried in 

scientists realized there was a way to convert 

atoms of some elements into other elements— 

nuclear fission. 

A Startling Discovery 

As the twentieth century dawned, most scien- special theory of relativity, 

tists thought atoms could not be broken apart. In 

1902, New Zealand physicist Ernest Rutherford 

and his colleague Frederick Soddy showed that 

heavy elements uranium and thorium decayed 

into slightly lighter elements, with the production fission occurs. But is there 

of helium gas. “Don't call it transmutation. They'll any way this energy can be 

have our heads off as alchemists!” Rutherford 

warned Soddy. In 1908, Rutherford showed that 

the alpha particles emitted in radioactive decay 

were the same as helium nuclei. 

Something’s Missing 
In 1938 in Germany, Otto Hahn and Fritz 

Strassmann found the uranium-235 nucleus 

would split if struck by a 

neutron. The process was 

called nuclear fission. 

Enrico Fermi lead the 

development of the first 

nuclear reactor. 

made to understanding radioactivity and 

vain to convert common metals into gold. 

However, in the early 20th century, some 

SCIENCE 

OF HISTORY! 

eee il radium 
io te i 

A year later, Austrian 

physicist Lise Meitner 

pointed out that the total 

mass of the particles pro- 

duced when the uranium 

nucleus split was less than 

that of the original uranium 

nucleus. According to the 

this small amount of miss- 

ing mass results in the 

release of a tremendous 

amount of energy when 
Lise Meitner was the 

first to explain how 

nuclear fission 

controlled? occurs. 

Controlling a Chain Reaction 
Only a few years later, Italian physicist 

Enrico Fermi, working with colleagues in the 

United States, found the answer. Fermi realized 

that the neutrons released when fission occurs 

could lead to a chain reaction. However, materi- 

als that absorb neutrons could be used to control 

the chain reaction. In late 1942, Fermi and his 

colleagues built the first nuclear reactor by using 

cadmium rods to absorb neutrons and control 

the chain reaction. The tremendous energy 

released by nuclear fission could be controlled. 

Research Find out more about the contributions these scientists | IME 

the nucleus. What other 

discoveries did Rutherford and Fermi make? For more information, visit 
fl.gpescience.com 

Research Rutherford also discovered 

alpha rays and beta rays, the existence of 
the atomic nucleus, and predicted the exis- 

tence of the neutron. Fermi discovered that 

neutron bombardment causes nuclear 

transformations, formulated the theory of 

beta decay, and predicted the existence of 
the neutrino. 

Resources for Teachers and Students 

How Do We Know the Nature of the Atomé, 

Natalie Goldstein, Rosen Publishing Group, 
Incorporated, 2001 

Ernest Rutherford and the Atom, John L. Heilbron, 
Oxford, 2003 



< 

chapter 

eviewing Main ideas 

“Section 1 Radioactivity 

1. The protons and 

neutrons in an atomic 

nucleus, like the one to 

the right, are held together 
by the strong force. Nucleus 

2. The ratio of protons to neutrons indicates 
whether a nucleus will be stable or unstable. 
Large nuclei tend to be unstable. 

3. Radioactivity is the emission of energy or 
particles from an unstable nucleus. 

4. Radioactivity was discovered accidentally 

by Henri Becquerel about 100 years ago. 

“Section2_ | Nuclear Decay 

1. Unstable nuclei can decay by emitting alpha 

particles, beta particles, and gamma rays. 

2. Alpha particles consist of two protons and 

two neutrons. A beta particle is an electron. 

3. Gamma rays are the highest frequency elec- 
tromagnetic waves. 

4. Half-life is the amount of time in which 

half of the nuclei of a radioactive isotope 
will decay. 

5. Because all living 

things contain 

carbon, the 

radioactive iso- 

tope carbon-14 

can be used to 

date the remains 

of organisms that lived during the past 

50,000 years, such as this skeleton. 

6. Radioactive isotopes of uranium are used 

to date rocks. 

Interactive Tutor fl.gpescience.com 

“Section 3 | Detecting Radioactivity 

1. Radioactivity can be detected with a cloud 
chamber, a bubble chamber, an electro- 
scope, or a Geiger counter. 

2. A Geiger counter measures the amount of 
radiation by producing electric current 
when it is struck by a charged particle. 

3. Background radiation is low-level radiation 
emitted by naturally occurring isotopes 
found in Earth’s rocks and soils, the atmos- 
phere, and inside your body. 

“Section 4 Nuclear Reactions 

1. When nuclear fission occurs, a nucleus 

splits into smaller nuclei. Neutrons and a 

large amount of energy are emitted. 

2. Neutrons emitted when a nuclear fission 

reaction occurs can cause a chain reaction. 

A chain reaction can occur only if a critical 

mass of material is present. 

3. Nuclear fusion occurs at high temperatures 

when light nuclei collide and form heavier 

nuclei, releasing a large amount of energy. 

4. Radioactive tracers 

that are absorbed 

by specific organs 

can help diagnose 

health problems. 

Nuclear radiation 

is used to kill 

cancer cells. 

OLY TTY Use the Foldable that you made at the begin- 
ning of this chapter to help you review advantages and disad- 

vantages of using radioactive materials and nuclear reactions. 

CHAPTER STUDY GUIDE 811 

SH Study Guide chapter 

Study Guide 25 

Reviewing Main Ideas 

Summary statements can be 
used by students to review the 
major concepts of the chapter. 

Science ie 

Visit fl.gpescience.com 

More Section Review 

Interactive Tutor 

Vocabulary PuzzleMaker 

More Chapter Review 

Standardized Test Practice 

Assessment Transparency 
For additional assessment ques- 
tions, use the Assessment 
Transparency located in the trans- 
parency book. 

Assessment 

Eescuee Nuclear Changes 
Transparency 

Carbon 

Cobalt 

lodine 

Uranium 

Isotope name | Number of protons — Nemcen of neutrons 

Carbon-14 6 8 

Cobalt-60 27 33 

lodine-131 53 78 

Uranium-235 92 143 

1. The element carbon has at least one other isotope, carbon-13, 

A reasonable hypothesis based on the data contained in the tables 
is that carbon-13 has 

A 8 neutrons C 6 electrons 

B 7 neutrons D 12 protons 

2, What do the elements and their isotopes have in common? 

F same number of protons. H same mass number 

G same number of neutrons J same nuclear mass 

~ Have students use 
their Foldables to 

review the content of the chap- 
ter. Is radioactivity necessarily a 
good thing or a bad thing? 
Explain why. 

CHAPTER STUDY GUIDE 811 
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Checking Concepts 
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Both are used to detect subatomic 
particles. In both, charged particles 
create ions. In a cloud chamber, vapor 
condenses around these ions. In a bub- 
ble chamber, a liquid boils along the 
trail of ions. 

A chain reaction is an ongoing series of 

fission reactions. Critical mass is the 
minimum amount of fissionable 
material required for a fission chain 
to occur. 

Nuclear fission is the splitting of a 
nucleus. Nuclear fusion is the com- 
bining of two nuclei. 

Radioactivity is the emission of high- 
energy radiation or particles from the 

nucleus of a radioactive atom. Half-life 
is the time required for half of a sam- 
ple of radioactive material to decay. 

An alpha particle is made of two pro- 
tons and two neutrons. A beta particle 

is a high-speed electron. A gamma ray 
is high-energy electromagnetic radia- 
tion. All are types of nuclear radiation. 

A Geiger counter is a device that meas- 
ures radioactivity by producing an 
electric current when radiation is pres- 

ent.A tracer is a radioactive isotope 

that can be detected as it moves in an 
organism. 

Nuclear fission is the splitting of a 
nucleus. Transmutation is the process 

of changing one element to another. 

An electroscope detects radiation by 
responding to ionization of the sur- 

rounding air, which causes its leaves 
to separate. In a Geiger counter, elec- 

tric current is produced when the 
instrument detects radiation. 

The strong force binds atomic nuclei 
together. Radioactivity occurs when 
a nucleus emits alpha, beta, or 

gamma radiation. 

A 13. A 16. D 

B 14.A 

B 15. A 
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Chapter wl; 
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sing Vocabulary 

* half-life p.794 

# nuclear fission p.8 

* nuclear fusion p.§ 

radioactivity | 

strong force | 

tracer p.804 

transmutation | 

alpha particle p 

beta particle | 

bubble chamber p 

chain reaction p. 802 

cloud chamber p. 79¢ 

critical mass p.8 

gamma ray | 

Geiger counter | 

¥# FCAT Vocabulary 

Use what you know about the vocabulary words 

to explain the differences in the following sets of 

words. Then explain how the words are related. 

ie 

wo On HD UN fh W WN 

Cl 

cloud chamber—bubble chamber 

. chain reaction—critical mass 

. nuclear fission—nuclear fusion 

. radioactivity—half-life 

. alpha particle—beta particle—gamma ray 

. Geiger counter—tracer 

. nuclear fission—transmutation 

. electroscope—Geiger counter 

. strong force 

GE 
1oose the word or phrase that best answers the 

radioactivity 

question. 

10 

11. 

81 

- What keeps particles in a nucleus 

together? 

A) strong force 
B) repulsion 

©) electrical force 

D) atomic glue 

Which device would be most useful for 

measuring the amount of radiation in a 

nuclear laboratory? 

A) a cloud chamber 

B) a Geiger counter 

© an electroscope 

D) a bubble chamber 

2 CHAPTER REVIEW 

Review 

12. What is an electron that is produced when 

icy 

14. 

a neutron decays called? 

A) an alpha particle 

B) a beta particle 

© gamma radiation 

D) a negatron 

Which of the following describes an 

isotope’s half-life? 
A) a constant time interval 

B) a varied time interval 

C) an increasing time interval 

D) a decreasing time interval 

For which of the following could carbon-14 

dating be used? 

A) a bone fragment 

B) a marble column 

C) dinosaur fossils 

D) rocks 

Use the illustration below to answer question 15. 

15: 

16. 

Neutron 

& @ 

Two neutrons 

from fission 

Nucleus © 2 © 

o6—_> 

@ 

Which term describes an ongoing series of 

fission reactions such as the one pictured 
above? 

A) chain reaction 
B) decay reaction 

©) positron emission 

D) fusion reaction 

Which of the following describes atoms 

with the same number of protons and a 

different number of neutrons? 

A) unstable 

B) synthetic 
©) radioactive 

D) isotopes 

Vocabulary PuzzleMaker fl.gpescience.com 

Use the ExamView® Pro Testmaker CD-ROM to: 

* create multiple versions of tests 

create modified tests with one mouse click for inclusion students 

edit existing questions and add your own questions 

build tests aligned with state standards using built-in State 
Curriculum ‘Tags 

change English tests to Spanish with one mouse click and vice versa 



17. Copy and complete the following concept 
map on radioactivity. 

Alpha particles 

Beta particles 

Gamma rays 

18. Make a table summarizing the use of 

radioactive isotopes or nuclear radiation 
in the following applications: radioactive 
dating, monitoring the thyroid gland, and 

treating cancer. Include a description of 

the radioactive isotope or radiation 
involved. 

Use the data in the table below to answer question 19. 

Isotope Half-Lives 

Isotope MassNumber __ Half-Life 

Radon-222 222 4 days 

Thorium-234 234 24 days 

lodine-131 131 8 days 

Bismuth-210 210 5 days 

Polonium-210 210 138 days 

19. Graph the data in the table above with the 

x-axis the mass number and the y-axis the 

half-life. Infer from your graph whether 

there is a relationship between the half-life 

and the mass number. If so, how does 

half-life depend on mass number? 

More Chapter Review fl.gpescience.com 

chapter v1, 

20. 

21; 

22: 

23: 

ae 

26. 

27. 

Review 

Thinking Critically) 
Explain why the amount of background 

radiation a person receives can vary 

greatly from place to place. 

Infer how the atomic number of a nucleus 
changes when the nucleus emits only 
gamma radiation. 

\dentify the properties of alpha particles 

that make them harmful to living cells. 

Determine the type of nuclear radiation that 
is emitted by each of the following nuclear 
reactions: 

a. uranium-238 to thorium-234 

b. boron-12 to carbon-12 

c. cesium-130 to cesium-130 

d. radium-226 to radon-222 

- Determine how the motion of an alpha par- 

ticle is affected when it passes between a 

positively charged electrode and a nega- 

tively charged electrode. How is the 
motion of a gamma ray affected? 

infer how the background radiation a per- 

son receives changes when they fly in a jet 
airliner. 

Applying Math 

Usea Ratio The mass of an alpha particle 

is 4.0026 mass units, and the mass of a 
beta particle is 0.000548 mass units. 

How many times larger is the mass of 
an alpha particle than the mass of a 
beta particle? 

Calculate Number of Half-Lives How many 

half-lives have elapsed when the 

amount of a radioactive isotope in a 

sample is reduced to 3.125 percent of 

the original amount in the sample. 

CHAPTER REVIEW 813 

(T Assessment 
\@y Reproducible Masters 
Chapter Fast File Resources 

Chapter Review, pp. 39-40 
Chapter Tests; pp; 41-44 is 7 
Assessment Transparency Activity, p. 51 

Glencoe Science Web site 
Chapter Review Test 
Standardized Test Practice 

Glencoe Technology 

é Assessment Iransparency 
@® ExamView® Pro Testmaker 
TD VindJogger Videoquiz 
} Interactive Chalkboard 

chapter 

Review 
Oh 

nterpreting Graphics 

17. Check students’ work. 

18. radioactive dating: carbon-14; mon- 
itoring the thyroid gland: 
iodine-131; treating cancer:gamma 
rays 

19. Graphs should show that there is no 

relation between mass number and 
half-life. 

20. The amount of background radia- 
tion a person receives depends on 

their elevation above sea level, the 

material their house is made from, 
and the type of minerals in the 
ground. 

21. The atomic number doesn't change 
when gamma radiation is emitted. 

22. Alpha particles have the most mass 
and the greatest charge, and cause 
more ions to be formed as they 
travel in matter. 

23. a.alpha particle, b. beta particle, c. 
gamma radiation, d. alpha particle 

24. The alpha particle is deflected 

toward the negative electrode; the 
gamma ray is not affected. 

25. The background radiation increases, 
because there is less atmosphere 
at higher elevations to absorb 
cosmic rays. 

Applying Math 

Math Standards 
National: 1, 6, 9 

Florida: MA.A.1.4.4 

26. about 7,300 times larger 

27. five half-lives 

CHAPTER REVIEW 813 
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Standardized Test Practice 

Answer Sheet An answer sheet 

can be found at fl.gpescience.com. 

Standardized Test Practice Answer Sheet 

(~~ Multiple Choice 

15D 

Do 

3.A 

4.A 

5. B 

6. C 

Te) 

8. B 

riage esponse 
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1. If a radioactive material has a half-life of 

10 years, what fraction of the material will 

remain after 30 years? 

A. one-half 

B. one-third 

C. one-fourth 

D. one-eighth 

2. Which of the following statements is true 

about all the isotopes of an element? 

A. They have the same mass number. 

B. They have different numbers of protons. 

D. They have the same number of neutrons. 
SC.A.2.4.3 

3. How does the beta decay of a nucleus cause 

the nucleus to change? 

The number of protons increases. A. 

B. The number of neutrons increases. 

C. The number of protons decreases. 

D. The number of protons plus the number 
of neutrons decreases. 

Use the illustration below to answer question 4. 

Helium-4 Helium-3 

814 STANDARDIZED TEST PRACTICE 

Record your answers on the answer sheet provided by your teacher or on a sheet of paper. 

The assessed Florida Benchmark appears above the question. 

C. They have different numbers of neutrons. 

Hp Standardized Test Practice 

4. Which is a true statement about the two 

nuclei? 

A. They have the same atomic number. 

B. They have the same mass number. 

C. They have different numbers of electrons. 

D. They have different numbers of protons. 

5. What is the atomic number of a nucleus 

equal to? 

A. the number of neutrons 

B. the number of protons 

c. the number of neutrons and protons 

D. the number of neutrons minus the 

number of protons 

Use the illustration below to answer questions 6 and 7. 

*32Pb + He 24PO 

+ % 

SC.A.2.4.3 

6. What process is shown by this illustration? 

A. nuclear fusion 

B. chain reaction 

C. transmutation 

D . beta decay 

Test-Taking Tip 

Understand the Question Be sure you understand the 

question before you read the answer choices. Make special 

note of words like NOT or EXCEPT. Read and consider all the 

answer choices before you mark your answer sheet. 

i: 

~~ Short Response 

10. iodine-131 

11. lithium-7 



7. How do the total charge and total mass 
number of the products compare to the 
charge and mass number of the polonium 
nucleus? 

A. The charges are equal but the mass 
numbers are not equal. 

B. The mass numbers are equal but the 
charges are not equal. 

C. Neither the mass numbers or the 
charges are equal 

D. The mass numbers and charges are equal. 

8. Radioactive isotopes of which element are 
used to study the brain? 

A. uranium 

B. fluorine 

C. carbon 

D. lead 

A Gridded Response) 
Use the table below to answer questions 9 and 10. 

_ Half-Lives of Isotopes 

Isotope Half-life 

Carbon-14 5,730 years 

| Potassium-40 1.28 billion years 
t 

| lodine-131 8.04 days 

Radon-222 4 days 

9. How many grams of an 80-g sample of 

carbon-14 will be left after 1 7,190 years? 

a ort Response 

10. A sample containing which radioactive 

isotope will have one-eighth of the isotope 

left after 24 days? 
< 

Standardized Test Practice fl.gpescience.com 

Standardized 
Te ‘tice 

11. When the boron isotope boron-10 is bom- 
barded with neutrons, it absorbs a neutron 
and then emits an alpha particle. Identify 
the isotope that is formed in this process. 

aac 
Saran xten esponse 

12. Compare the strength of the strong force 
and the strength of the electric force on a 

proton in a small nucleus and in a large 
nucleus. 

Use the illustration below to answer question 13. 

——3  berscormncers ~ 
— Positively charged 
Battery electrode 

Photographic 

Lead box Pee SS 

| Negatively charged | 
Se 

13. In the figure above, nuclear radiation is 

escaping from a small hole in the lead box. 

PARTA Which type of nuclear radiation is 

deflected toward the positively- 

charged electrode, and why is this 

radiation deflected toward this 

electrode? 

PARTB Explain why the radiation that 

struck the photographic plate was 

not deflected by the electrodes. 

STANDARDIZED TEST PRACTICE 815 

chapter Os 

Standardized Test Practice 

Rubrics 

For more help evaluating 
Short- and Extended-Response 
questions, see the rubrics on 
pace 

~ Extended Response 

Part B: Gamma rays have no 
charge and their motion is not 
affected by the charged electrodes. 

13. Sample answer: 

Part A: The Beta particles are nega 
tively charged, and because like 
charges repel and unlike charges 
attract, they are deflected away 
from the negatively charged elec- 
trode and toward the postively 
charged electrode. 

12. Compared to a small nucleus, ina 

large nucleus the repulsive electric 

force on a proton has increased 
more than the attractive strong 

force has increased. 

STANDARDIZED TEST PRACTICE 815 
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Section/Objectives 

Chapter Opener 

STATES 

5 Organizer, 

Standards 

National 

See pp. 16T-17T for a 

Key to Standards. 

State/Local 

Labs/Features 

Launch Lab: Stars in the Sky, p. 817 

Foldables, p. 817 

Section 1 Observing the Universe 

@ = 2sessions CP 1 block 

National Content 

Standards: 

Florida 

Benchmarks 

MiniLAB: Modeling a Telescope, 

p.819 

UCR 1S3; WES, A512) SGE2 43 Applying Math: The Magnifying 
1. Describe a constellation as a pattern of stars. A.2, B.2, B.4, E.1, F.6 Power of Telescopes, p. 820 

2. Compare and contrast types of optical telescopes. Science Online, p. 821 

3. Explain how a radio telescope differs from an 

optical one. 

Section 2 Evolution of Stars National Content | Florida MiniLAB: Counting Stars, p. 824 

@  2sessions CP 1 block Standards: Benchmarks: Visualizing H-R Diagrams of Star 
UCP.1-5, A.1,A.2, SGE2 AN Clusters, p. 826 

4. Explain how stars form. Bea Ba BO eel pOms Gia 2-424 Integrate Life Science, p.827 

5. Classify the stages of stellar evolution using a Lab: Star Cluster Age, p. 830 

Hertzsprung-Russel (H-R) diagram. 

6. Describe the Sun and explain how it has and 

will evolve. 

Section 3 Galaxies and the Milky Way National Content | Florida Science Online, p. 834 

@ 1session CP 5 block Standards: Benchmarks: 
UPS, 71, A, SGE2ZA2 

7. Explain that the same natural laws that apply in pees SG EDAG 

the Milky Way Galaxy also apply in other galaxies. 

8. Compare the three main types of galaxies. 

9. Describe the Milky Way Galaxy and the Sun's 

position in it. 

Section 4 Cosmology : National Content | Florida Integrate Language Arts, p. 837 
@  2sessions CP 1 block auras rete Benchmarks Lab: Expansion of the Universe, 

M5, A. lree BO) SGE2ZAD SE 245 = vi 
10. Describe the most accepted theory about the D4 E3263 = : piper ol MUCESTe 

origin of the universe. 

11. Define dark matter. 
12. Explain how dark energy may cause the 

universe to expand forever. 
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Science and Language Arts: Stars, 
p. 842 



Glencoe Exclusive! Chidant PES 5 . SSS i) Se Teacher Works 
All-In-One Planner and Resource Center 

Lab Materials Reproducible Resources Technology 

Launch Lab: cardboard Chapter Fasr Fite Resources yENCOe, teacher Works includes: tube Foldables Worksheet, p. 15 af vi * Interactive Teacher Edition 
Directed Reading Overview, * Lesson Planner with calendar 
Dal . On dey! * Access to all program blacklines 
Note-taking Worksheets, ANT * Correlations to standards 
pp. 33-35 * Web links 

MiniLAB: construction paper,| Chapter Fasr Fite Resources Portfolio & Section Focus Transparency tape, double-sided tape, Transparency Activity, p. 44, Science Journal, p. 821 é Teaching Transparency two lenses of different 49-50 Performance ®) Interactive Chalkboard focal lengths MiniLAB, p.3 MiniLAB, p .819 CD-ROM 
Enrichment, p. 29 Applying Math, p.820 ®) StudentWorks Plus Applying Math, p.822 Reinforcement, p. 25 Content 

|___ Directed Reading, p. 18 Section Review, p.822 
MiniLAB: blue construction | Chapter Fasr Fie Resources Portfolio & Section Focus Transparency paper, metric ruler, rice kernels|__ Transparency Activity, p. 45 Activity, p.826 ©) Interactive Chalkboard Lab: H-R diagrams of star MiniLAB, p.4 Differentiated Instruction, p.826 CD-ROM 
clusters having different Lab Activity, pp. 9-12, 13-14 Performance ©) StudentWorks Plus MiniLAB, p .824 ages Enrichment, p. 30 i 

Reinforcement, p. 26 Se STE MEM ere Fs Content 
Directed Reading, p. 18 Section Review, p.829 
Lab Worksheets, pp. 5-6 

Chapter Fasr Fite Resources Portfolio ® Section Focus Transparency 
Need Materig]s2 Transparency Activity, p. 46 Check for Understanding, p.835 | ® Interactive Chalkboard 
Contact Science Kj Enrichment, p. 31 Performance  _ CD-ROM 
at 1-800-828.7775 ‘ pe OeTeSy ent p.27 Applying Math, p. 835 ®& StudentWorks Plus 
www.sciencekit or Directed Reading, p. 19 Content 

ete Section Review, p. 835 

Lab: balloon, permanent Chapter Fast Fite Resources Portfolio é Section Focus Transparency 
marker, medium-sized Transparency Activity, p. 47 Check for Understanding, p. 839 ©) Interactive Chalkboard 
binder clip Enrichment, p. 32 Performance CD-ROM 

Reinforcement, p. 28 Applying Math, p. 839 ©) StudentWorks Plus 
Directed Reading, p. 19,20 Content [D Video Lab 
Lab Worksheets, pp. 7-8 Section Review, p. 839 

End of Chapter Assessment 7 Seen 

— |, Technology 2) | a ee BBN ind iocacevidecanie Performance Assessment in the Science Chapter iced 9 q Classroom (PASC) Chapter Review, pp. 37-38 : 

pilebt chiar DR. go D) TeacherWorks CD-ROM 
v 

% 

ExamView® Pro Testmaker 

Standardized Test Practice, pp. 108-111 ) Interactive Chalkboard CD-ROM 
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Chapter 

To, ae peTog 

aa y Creprer SSiiests Coma Cluster a y ' Northern and Southern Sky Chapter 
‘4 GSced Very Large Telescope © OSes Merope Nebula JS f mp Section Focus 26 | 

: t t he star Merope, The called a fing > é ane Ree Ot emcees WILT ITE A Donan norumix view of the entire sky was made trom 51 wide-angle 

“Transparency 

This is a representation of key blackline Teaching 

masters available in the Teacher Classroom = 

Resources. See Resource Manager boxes 26 | 

within the chapter for additional information. a 

oe 126 | 

Key to Teaching Strategies 

The following designations will help you 
decide which activities are appropriate 
for your students. 

Level 1 activities should be 

appropriate for students with 

learning difficulties. 

Level 2 activities should be within 

the ability range of all students. 

Level 3 activities are designed for | ~~ ae —— ee —— SEE SSS 

above-average students. 

@® ELL activities should be within 
the ability range of English 

Language Learners. 
Laboratory Activities 

COOP LEARN Cooperative Learning 

activities are designed 

for small group work. 

— m = vas 
LAB) Star Cluster Age How to Measure the Distance to 

ST a Star 

Lab Preview 

Hands-On Activities Multiple Learning Styles logos, 

as described on page 12T, are 

used throughout to indicate 

Strategies that address different 

learning styles. 

P| These strategies represent student 

products that can be placed into 

a best-work portfolio. 

Problem-Based Learning activities 

apply real-world situations to 
learning. 
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Content Outline 

1. Conutellations have 

\. The comnts of the 
Big Wear 

Stars and Galaxies 

Dinections: Complete th concaet map sing the tems ed bow 
whine¢warh — supergiants gaiznies. dust gas dark matter 
Mack éwarh  muainsequence stars Guster; guacts superchusters 

m for observing stars and other cbyects that cant be seen with the unaided eve 

stars 

Individual Needs 

Meeting Individual Needs 

Coney Observing the Universe 

Directions: Answer the fellowing questions on the ines provide. 

1, Whavish Uiflerence between u reflecting an refracting telescope? 

Wthe focab length uf the ol 
what is the magnifying power of the ti 

length if the eyepiece bs 

ue 

Observing the Universe 

Directions: Starch the terms in Coluume If with the definitions in Column I. Write the letter of the 
eet term in the blank oF the lef 

Column | Column 1 

ne year 2. spectroncope 
that seyearates ight into wavelengths be refracting tel 

© constella 
Patterns of stare looking like animals . reflecting teles 
Uses a curved mirror & light year 

Directions: Answer she following questions by writing the leter of U 
‘an the line provided. 

he focal lenyth of the objective ofa (elescope is 900 mm and the focal length of the 
Fe piece is 15 mm. What isthe mayillying power of the telescope? 
2900 bo 

4.90 
statement beat explains audying radio srave 

an be 
n visible light. 

into space 
tical telescopes 

Which statement best describes active optics? 
4. The telescope is mounted an a motor 40 i can track moving bjexts in the sky 

vised 10 correct changes in temperature and mirvor distortion 
<a on fatbved truck 

4.4 laser is used to probe the atmosphere 
Which statement best explains the benefits of space tekcopes 
4. They are entirely operated by remote control, 
be They are muuch lighter than land-based teleseo 

produce clear mages beean esphere 
nable scientist to view different local 

sew . = ee Ss 

Earthquake Myths Overview 

Directions: Ihe fqure a representation of the night shy inthe spring. The tle represents the horlzwa 
ad the mile ofthe ctcle what you see when you look straight up (the rent). Label the sar chart 
with the boldfoced terms. 

J. The Ig Dipper is cuyy made of four slars anu handle of three stars. The hus 
‘of the Wig Bear, whieh Iv and four legs. 1 focated slightly away 
The two stare making up th ay from the haoille point to the North Star. 
whichis the end of the handle of the Little Dipper. Label the point on the h Jirectly 
near the North Siar North and the point on the uppanite side of the circle South, 
Hold the map direstly overhead and face the point ibseled North. The West is on the left and 
the Bast i on the rit (IL you had the may belle yuu you will mislabel East and 

he North Star is the King of Ethiopia {¢ 

The handle of the Lite Dipper h 
(ar Arcturus, 

Driver, Fallows the a 
which is part of the 

Ta find the constell r Heyoatus, which is half way bet 
of « backward question mark. the tr 

section @ Observing the Universe 

@ Before You Read 

tars in the hange throughout the year. Have you 

What You'll Learn 

ever Jooked through 1c! Describe what you saw 

a @ Read to Learn 
Two Column Notes As you 

Constellations 
You have probably looked at the clouds and thought that 

they had the shape of something farnlia. Perhaps you've seen 
2 cloud that looks like 

apes in the patterns 
these star patterns after characters i rnyths or 

after the anin y resembled. Mar 12 given to 
sar patterns by ancient cultures survive todzy. Constellations 
are the named star patterns we 

From Earth, the stars in a 
close to each other, t 
from one another. From Earth, these distant stars ap 
form a pattern. The constellations that can be seen change 

Some stars in a constellation are brighter than others. The 
constellation Orion, shown on the next page, has stars of dif 
ferent brightness 

How did mythology affect the constellations? 
In many cultures, Orion was a great hunter who had two 

huntiny ¢ constellation of Orion's big 
dog. and Canis Minor, 1 of Orion’ little dog. 
aan be seen easily in the night aky. Another constellation, Ursa 
Major, is named for a myth about a bear. Have you ¢ 
the Big Dipper? The Big Dipper is a part of Ursa Major 

26-2 OFTEN 26 Ses sl Claes 

‘Meeting Individual Needs 

DIRECTIONS 

visible light the Sam & = the cere: the 

Pywral Schence with Garth 

(ew ot MSTA? 2 A1ZA: reg ofthe haves of 
the cemvecton bayer; 0» the peatexghere, ee ort 

Assessment 

ate 

Stars and Galaxies C3 Chapter 
Re 

Part A. Vocabulary Review 
Directions: Us the clues fo fil inthe crossmovd puzzte 

2, Separates wavelengtty 

8. The Milky Way 
9. Type of star 

oe 

Stars and Galaxies 

|. Testing Concepts 
Directions: termine whether the ialkieed term mote ech statement tra x foe. If the statement tre, 
vite tre in the Bank ifthe statements ase writen the Bank the term or trms that make the atement 
me 

4. The Herusprung:Rusell diagram plots teiperature versus ma 
5. The layer of the Sun that gives us light inthe re 
6. The mation of prominunces shwrws thal the Sunt rotate like 

s solid 
7. Accurding. the wifi snare hear. the universe began swith a rapid 

Directions: Complere the by wing the listed terms Sone terms may be uved more than once 

protostar neutron stars giant 
nebula supergiant fasion 

Star formation begins with the condensa the farce of gravity, oC « 

When the temperature is one milion K. the center of the 
alled 0 10, When the temperature incresses 

to ten milion the hydrogen undergoes 11, to form bellum ara 
4 sur When the hyurogen is echausted, the core ofthe sar contracts but the star 

become a 12 ald The tempera 
ture of the core increases 10 100 million K ond elements {tron the fusion of hetiv 

When the heliuen is eshaustes, the outer layers of the star po into outer space. The remnant 

ik a sehite dwar, The remrunts of 9 15, 

Assessment 

CHAPTER 26 Resource Manager 816D 



chapter ay stars i and Galaxies 

Optical Telescopes 
In addition to magnifying power, 
there are two other powers that are 

imporeint to consider when selecting a telescope. 
The light gathering power (B) is a measure of how 
much light an objective lens can concentrate into 
the image. It is based on the aperture (diameter) 
of the objective lens or mirror and is also affected 
by the focal length of the telescope. In general, 
the light gathering power increases with the 
square of the objective’s aperture. The equation 
ae 1a NG 18) = eu e. 

The resolving power (a) of a telescope is the 
ability to separate objects which are very close 
together. It is a measure of the resolution of the 
image or fineness of detail. The smaller the value 
of resolving power, the better it is. Resolving 
power increases with an increase in aperture. The 
equation for @ is w = 11.6/a when @ is in cm. 

Fea Evolution of Stars 
™ The Sun 

The Solar and 
Observatory (SOHO) observes the 

Sun 24 hours a day from a position about 1.5 mil- 
lion km closer to the Sun than Earth. It studies 
the Sun’s surface, atmosphere, and interior. Some 
observations indicate that the Sun goes through 
measurable changes prior to ejecting material 
through coronal storms. If these storms can be 
predicted, humans can prepare for the disruption 
of communication, power generation, and elec- 
tronics. SOHO has helped scientists determine 
that the boundary between the convection zone 
and radiation zone is located 71.3 percent out- 
ward from the Sun’s center. 

Moeutie Galaxies and the Milky Way 
™ Galaxy Center 

Studies of other galaxies indicate 

the possibility that massive black 
wanes exist at galactic centers. In these studies, 

816E CHAPTER 26 Stars and Galaxies 

Heliospheric 

radio telescopes were connected across an entire 

continent, drastically increasing the telescopes’ 

resolving power. When aimed at nearby galaxy 

M106, data indicated the existence of a disk of 

gas with properties consistent with the existence 
of a black hole equal in mass to 36 million suns. 

Mesu-un Cosmology 
Dark Energy 
In a universe with accelerating 

P expansion, the redshifts of distant 
objects are less than would be expected. Using 
Type I supernovas as a standard, scientists 
determine their distance independent of red- 
shift values. Then by comparing distance to the 
redshift of the light from these supernovas, SCl- 
entists have calculated a rate of expansion in the 
past that is lower than the expected value. This 
means that the expansion of the universe 1s 
accelerating. It is not known what is causing 
this, but it is neither matter nor radiation. The 
accelerating expansion is caused by an unknown 
type of energy called dark energy. Because grav- 
ity weakens as matter becomes farther apart, 
dark energy might eventually dominate the uni- 
verse and keep it expanding forever. 

Internet Resources 

For additional content background, visit 

fl.gpescience.com to: 

e access your book online 

e find references to related articles in popular 

science magazines 

e access Web links with related content background 

e access Current events with science journal topics 

Print Resources 

Discovering the Universe, by Neil F. Comins, and 

William J. Kaufmann, W.H. Freeman, 2003 

A Dictionary of Astronomy, lan Ridpath (ed.), Oxford 
University Press, 1998 

Star Chart Map, American Map Corporation, 1995 



Students may think that... 
Stars within a constellation must be close to one 
another in space. 

Students might not be aware that stars can be very 
far away from each other and still appear to be side 
by side. Also, they might think that brighter stars 
are closer and that if two stars that : appear to be side 
by side have the same brightness, they must be 
close to each other, These misconceptions come 
about because of the lack of depth perception when 
looking at stars in the sky and because the stars in a 
constellation are connected by mythology. 

Demonstration 

¢ Take students to a large, open room, such as the 
gym or cafeteria or outside if weather permits. 

° Have most of the students stand at random 
locations in the room or on the grass outside 
the school. 

¢ Have a student close one eye and look across the 
room or field and note that two or three people 

Find 0 ut What $s tudents T hink 

Helping You Prepare 

Discussion 
Organize the class into groups and have each 
group work together to research the distance to 
several stars in a well-known constellation, such 
as Orion. Possible answer: Betelgeuse is 427 light-years, 
Bellatrix is 243 light-years, Rigel is 773 light-years, the three 
stars that form the belt are about 1,025 light-years, and 
Meissa, Salph, and Na’ir al Saif are about 1,025 light-years 
from Earth. 

can look as if they are standing next each other, 
but are actually different distances away. 

* Relate the appearance of people standing in 
widely separated positions appearing to be side 
by side to the fact that stars within a constella- 
tion can be separated by a great distance and still 
appear to be side by side. 

Assess | 

of the chapter. 

CHAPTER 26 Helping You Prepare 

After completing the chapter, see Identifying 
Misconceptions in the Study Guide at the end 

816F 



Chapter Vocabulary 
constellation, p. 818 
refracting telescope, p. 819 
reflecting telescope, p. 820 
radio telescope, p. 821 

light-year, p. 821 

spectroscope, p. 822 

main sequence, p. 823 

giant, p. 825 

white dwarf, p. 825 

solar mass, p. 827 #* 

photosphere, p. 827 

sunspots, p. 828 

galaxy, p. 831 
Milky Way, p. 831 

Local Group, p. 832 

cosmology, p. 836 

big bang theory, p. 837 

dark matter, p. 838 

dark energy, p. 839 

¥% FCAT Vocabulary 

Science Journal Students 
may know that our Sun is one 

of many billions of stars in the 

Milky Way Galaxy. They might 
know that the Sun is an average 

star in size and age. 

ATERACTIV 
CHALKBOARD 

if with Image Bank 

PowerPoint® Presentations 

This CD-ROM is an editable 

Microsoft® PowerPoint® 

presentation that includes: 
a pre-made presentation for 

every chapter 

interactive graphics 

animations 

audio clips 

image bank 

all new section and chapter 

questions 

Standardized ‘Test Practice 

transparencies 

Foldables directions 

links to fl.gpescience.com 

chapter 

Scale and Structure and Stability and Change ‘Iwo 
themes are involved in this chapter. One pertains to 

the immense scale of space and the overall structure 

of the universe. The second pertains to the appar- 

ent stability of the universe when viewed over a 

short span of time and the gradual changes of stars, 

galaxies, and the universe when viewed over the 

total time the universe has been in existence. 
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Colliding Galaxies 
These two spiral galaxies, known as “the mice,” 

have been colliding for about 160 million 

years. Eventually, they will merge into one 

giant, elliptical galaxy. 

Science Journal 

paragraph about what you know about the Sun as a star. 

In your Science Journal, write a 

Colliding Galaxies “This Hubble photo is a mosaic of 
four filtered images combined to approximate 

natural color. Orange areas are cores of the two 

galaxies. A band of dark dust lies between the 
cores and dust filaments criss-cross the areas 

where bright, blue star clusters are forming. In 

some areas, dust scatters the blue light, making it 

appear reddish. 



FOLDABLES 
Study Organizer 

Cosmology Make the 

following Foldable to help 

identify what you know, what 
you want to know, and what you learned about 

stars, galaxies, and cosmology. 

| STEP 1) Fold a vertical sheet 

of paper from side to 

side. Make the front 

edge about 5 inch 

longer than the back 

edge. 

Turn lengthwise 

and fold into thirds. 

Unfold and cut only the top layer 

along both folds to make three tabs. 

Label each tab as shown. 

| ! 

eal l f 
Know? Like to Learned? 

' Know? ! \ 
a 

xt J 

Questioning Before you read the chapter, write 

what you know about cosmology under the left 

tab of your Foldable, and write questions about 

what you’d like to know under the center tab. 

After you read the chapter, list what you learned 

under the right tab. 

| Preview this chapter's content 
and activities at Bniine 
| 

Purpose Use this Launch Lab to 

introduce students to the number 

of stars that are visible in different 

areas of the sky. |L2 Kinesthetic 

Preparation Obtain several card- 

board tubes from empty rolls of 

paper towels. 

Materials cardboard tubes 

Alternative Materials rolled-up 
construction paper 

Teaching Strategy Use a card- 
board tube and look in different 

directions in the classroom to 

demonstrate observations of 

the sky. 

Safety Precaution Caution stu- 

dents to use the cardboard tube 

carefully when viewing. 

Think Critically 
Student answers should indicate that 

the numbers of stars visible in different 

areas varies. Possible answer: Stars are 

visible in every direction, but more stars 

are visible in some areas than in others. 

Assessment 
Oral Are the number of stars vis- 

ible in different parts of the sky 
the same? Explain. Possible 
answers: No, some areas of the sky 

appear to have more stars. This is caused 

by comparing observations in the direc- 

tion of the rim of our galaxy’s disk (the 

Milky Way) to areas above or below it. 

FOLDABLES 
Study Organizer 

Dinah Zike 
Study Fold 

Student preparation materials for 

this Foldable are available in the 

Chapter Fasr Fite Resources. 
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An editable Microsoft® 

PowerPoint® presenta- 

tion 1s available on Interactive 

Chalkboard CD-ROM. 

Bellringer 

Section Focus Transparencies 

also are available on the 

Interactive Chalkboard CD-ROM. 

Phis telescope consists of a system of four separate optical telescopes. 
h telescope has an 8.2-m aperture. The telescope is on a 2,635-m 

high mountain in northern Chile. It can be used as four independent 
felescopes or as a single instrument. 

1, Explain adaptive optics. 
2, Explain active optics. 

3, What is the benefit of using four telescopes? 

of Reading Preview 

Tie to Prior Knowledge 

have seen any constellations in 

the night sky. Ask if they could 
recognize the patterns of stars 

or the Big Dipper. Ask a volun- 
teer to draw on the chalkboard 
any familiar constellation. |L2 

Graphic Organizer On the board 

draw a hierarchical chart for 
Telescopes. Create three levels 
with the following words in boxes, 

connected with lines to show their 

relationships. ‘Top level: Telescopes 

Second level: Optical Telescopes/Radio 
Telescopes/Space Telescopes Third 
level under Optical: Reflecting 
Telescopes/Refracting Telescopes 

818 CHAPTER 26 Stars and Galaxies 

Constellations Ask students if they 

that comprise Orion the hunter 

What You'll Learn 

& Describe a constellation as a 

pattern of stars. 

= Compare and contrast types of 

optical telescopes. 

= Explain how a radio telescope 

differs from an optical one. 

Canis Minor = 

Betelgeuse 

Nebula 4 

f Sirius 

es 
oe 

4 Rigel 

Orion 

Canis Major 

Figure 1 These three constella- 

tions contain some of the brightest 

stars visible from the northern 

hemisphere—Betelgeuse, Rigel, 

and Sirius. 
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all Observing the Universe 

New Vocabulary 

e constellation 

e refracting telescope 

e reflecting telescope 

@ radio telescope 

e light-year 

@ spectroscope 

Why It’s Important 

You can observe different parts of the 

universe from your home. 

Review Vocabulary 
electromagnetic spectrum: the 

entire range of wavelengths of 

electromagnetic energy 

Constellations 
Have you ever watched clouds drift by on a summer day and 

tried to find shapes and patterns in them? One might look like a 

ship and another might resemble a rabbit or a bear. Long ago, 

people did much the same thing with stars. They named these 

patterns of stars after characters in stories, animals, or tools. 

Many of the names given to these star patterns by ancient cul- 

tures survive today and are called constellations. Astronomers 

use these constellations to locate and name stars. 
From Earth, the stars in a constellation appear relatively 

close to one another. You can see that some of the stars are 

brighter than others, but you can’t see how far they are from you 

or from each other. Usually, they lie at greatly different distances 

and just happen to line up and form a pattern. 

In Figure 1, three constellations are shown with some of 

their brighter stars. The constellations visible in the evening sky 
change throughout the year. 

Mythology In many cultures, Orion was 
~ a great hunter who had two hunting dogs, 

Canis Major (big dog) and Canis Minor (little dog). In another 

myth, two bears traveled around Earth’s north pole. The constel- 

lations Ursa Major and Ursa Minor (big and little bears) were 

named for them. Indeed, they do swing around the north pole. 

In fact, Polaris, the polestar, is in Ursa Minor. If you have seen 

the Big Dipper you have seen most of Ursa Major, because the 
dipper is part of this constellation. 

Section 1 Resource Manager “Xj 

Chapter Fasr Fie Resources 

‘Transparency Activity, pp. 44, 49-50 

Note-taking Worksheets, pp. 33-35 

MiniLAB, p. 3 

Enrichment, p. 29 

Reinforcement, p. 25 

Directed Reading for Content Mastery, 

pp. 17-18 

Home and Community Involvement, p. 25 

Physical Science Critical Thinking/Problem Solving, p. 4 

Cultural Diversity, pp. 51-52 



Telescopes Constellations and the stars that make them up 
are visible with the unaided eye. However, to see other objects in 
space, or to see some objects better, you need a telescope. 
Scientists and amateur astronomers use many different types of 
telescopes. Optical telescopes are used to study objects in visible 
light, and radio telescopes are used to study objects in the radio 
wavelengths. What do you think would be used to study X rays? 

Optical Telescopes There are two basic types of optical tel- 
escopes. One type uses only lenses to study light and the other 
uses lenses and mirrors. Optical telescopes collect visible light 
and produce magnified images of objects. Light is collected by 
an objective lens or mirror. Because starlight is so distant, the 
light forms an image at the focus of the telescope. The focus is 
where light that is bent by the objective lens or reflected by the 
objective mirror comes together. A second lens, the eyepiece 
lens, then magnifies the image. The distance from the objective 
to the focus is the focal length of the telescope. You can find the 
magnifying power (M,) of a telescope by dividing the focal 
length of the objective (f,) by the focal length of the eyepiece 
(f.). 

e 

A f = fe if, 

Refracting Optical Telescopes A refracting telescope uses 
a convex lens, which is curved outward like the surface of a ball, as 
an objective, shown in Figure 2. When the lens curves outward on 

both sides, it is a double convex lens. Light passes through the 
objective lens. The eyepiece, which also can be a double convex lens, 

then magnifies the image. There is a limit to how large a refracting 

telescope can be. Since the objective lens can be supported only at 

its edges, it could sag in the middle if it is too large. When a larger 

telescope is needed, a reflecting telescope is used. 

What type of optical telescope uses a lens as 
an objective? 

Eyepiece lens 

Focal point 

Convex lens 

Pr 

1 

il. 

Modeling a Telescope 

ocedure Bia ad 
. Obtain two lenses of dif- 

ferent focal length from 

your teacher. 

. Place double-sided tape 

around the edge of one lens. 

. Place the lens along the 

short side of a piece of 

construction paper and 

roll the paper around the 

lens to form a tube. Tape 

the tube securely. 

. Repeat steps 2 and 3 with 

the other lens. 

. Insert the small tube into 

the large tube with the 

lenses on opposite ends. 

. Look through the eyepiece 

lens (small tube) and slide 

it in and out until you see a 
clear image. 

Analysis 
Observe an object with and 

without your telescope. 

Estimate how many times 

larger it appears through 

the telescope. 

Obtain the focal lengths of 
your lenses from your 

teacher. Calculate the 

magnifying power of your 

telescope using the equa- 

tion on this page. Compare 

this value to your estimate. 

Figure 2 Two lenses are all that is 

needed for a refracting telescope. The tube 

and tripod aid in viewing. 

identify the curvature of an objective lens. 
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Differentiated Instruction 

Test Question Answer 
X-ray telescope 

a Teach 

Purpose Students will design and 
build a telescope. Students will 
then observe objects and calculate 

the magnifying power of their tel- 
escopes by solving a one-step 
equation. Kinesthetic 

Materials construction paper, two 
lenses of different focal lengths, 
tape, double-sided tape 

Teaching Strategy Construct a 
telescope prior to students’ 
attempts. 

Safety Precautions 

* Caution students to handle 

lenses with care and not to use 

broken or chipped ones. 

¢ Students should wear eye pro- 
tection. 

Analysis 

1. Lenses with focal lengths of 30 mm 
and 5 mm should make objects look 
six times larger. 

2. If the actual magnifying power is 
six, an estimate of four should be 
considered close enough. 

Assessment 

Performance Ask students to 
determine the focal length 
needed for an objective lens if the 

eyepiece focal length is 6 mm and 
you want a magnifying power of 
150. Possible answer: 900 mm 
Use PASC, p 101. Logical— 
Mathematical 

(% Reading Check Reading Strategy 

Determine Importance Have students copy 

the hierarchical chart for telescopes that was used 
to introduce the vocabulary words. Then, as they 
read the text, have them determine the important 
details for each type of telescope and add these to 
their chart. 

English-Language Learners Help your English-lan- Answer refracting 

guage learners by showing them photographs 

and drawings of refracting telescopes. Encourage 

them to build the telescope and to see if it works. 
Provide drawings of how to determine the focal 
lengths of the two lenses and help them fit the 

two sections of their telescopes together. 

Caption Answer 
Figure 2 convex 
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Eyepiece lens Reflecting Optical Telescopes A reflecting 

telescope uses a mirror as an objective to reflect light 

to the focus. Figure 3 shows how light passes through 

the open end of a reflecting telescope and strikes a 

concave mirror at the base of the telescope. Often, a 

smaller mirror is used to reflect light into the eye- 

piece where it is magnified for viewing. However, in 

very large reflecting telescopes, the astronomer sits 

inside the telescope and looks through the eyepiece at 

the focus. Because mirrors can be supported from 

underneath a much larger telescope can be built. 

Focal point Y Quick Demo 
7 \mage Formation Objective mirror 

Materials a glass, 15-cm focal 
length lens 

Estimated Time 5 minutes 

Procedure Darken the room so 
that the only light comes in the 
window. Have a student hold up a 
sheet of white paper so students 
can see it. Use the lens to demon- 
strate how an image is formed. 
Hold the lens up to the window ca 9 : 
so that light one in the win- Applying Math BiloJet ol 

dow falls on the sheet of paper THE MAGNIFYING POWER OF TELESCOPES If the focal lengths of a telescope’s objective and 
and forms an image. Explain that 
the lens is like the objective of a 

telescope. GD Visual-Spatial My = Soll 
In this equation, M, is the magnifying power of the telescope, f, is the focal length of the 

Flat mirror © 

Figure 3 Reflecting telescopes use 

concave mirrors to gather light. 

eyepiece are known, the magnifying power can be calculated from the equation: 

objective, and f, is the focal length of the eyepiece. Find the magnifying power of a telescope 
Applying Math 

Math Standards 
National: 1,9 

Florida: MA.A.3.4.1 

Teaching Strategies 
¢ Place a simple equation on the 

chalkboard (a = 2b). Tell stu- 

dents) thesvaluc rot hiss 127 

Rewrite the equation as 
a = 2 X 12. Ask students to 
solve the equation for a. 
Answer: 24 

¢ Now write another simple 

equation on the chalkboard 
a = b/c. Tell them the value 

of b is 10 and the value of 

c is 5. Rewrite the equation 

as a = 10/5. Ask them to 

solve the equation for a. 
Answer: 2 

with a focal length of 1200 mm using eyepieces of 20 mm and 6 mm. 

| IDENTIFY known values and unknown values. 

Identify the known values. 

the focal length of the objective is 1,200 mm, this f, = 1,200 mm 

the focal lengths of the eyepieces are 20 mm and 6 mm, this f, = 20 mm; 6 mm 

Identify the unknown value 

what is the magnifying power of the telescope Wor! 

| SOLVE | the problem 

Substitute the known values into the equation for magnifying power: 

M, = 1,200 mm/20 mm = 60 M, = 1,200 mm/6 mm = 200 

Notice that the units cancel, and that magnifying power has no unit. 

| CHECK | the answer 

Does your answer seem reasonable? Do images look 60 times larger than the object when 

using the 20 mm eyepiece and 200 times larger when using the 6 mm eyepiece? 

Ce en We We 
Practice Problems 

. Find the magnifying power of a telescope with a focal length of 2,500 mm when using eye- 
pieces with focal lengths of 50 mm and 10 mm. 

Relate these simple example 
equations to the one for 
the magnifying power of a 
telescope. 

. Find the magnifying power for a telescope with a focal length of 900 mm when using an 
eyepiece with a focal length of 12 mm. 

For more practice problems, go to page 879 and visit Math Practice at fl.gpescience.com. 

Answers to 

Practice Problems 

1. Mp = 2500 mm/50 mm = 50; 

Mp = 2500 mm/10 mm = 250 

2. Mp = 900 mm/12 mm = 75 

820 CHAPTER 26 Stars and Galaxies 

Teacher 
_ The Hubble Space Telescope ‘Vhe Hubble Space 

Telescope is a reflecting telescope with an 
objective mirror 240 cm in diameter. It is 
in orbit 610 km above the Earth’s surface. 
Radio emissions send commands to the 

_ telescope and send images taken by the 
Hubble Space Telescope back to Earth. 

‘ ea EE 
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New Telescope Design The most recent innova- 
tions in optical telescopes involve active and adaptive 
optics. With active optics, a computer is used to correct 
changes in temperature, mirror distortions, and bad 
viewing conditions. Adaptive optics uses a laser to probe 
the atmosphere and relay information to a computer 
about air turbulence. The computer then adjusts the tele- 
scopes mirror thousands of times per second to lessen 
the effects of atmospheric turbulence. The European 
Southern Observatory’s Very Large Telescope in Chile, the 
largest optical telescope in use, uses adaptive optics. 

Radio Telescopes Radio waves, like visible light, are a form 
of electromagnetic energy emitted by stars and other objects in 
space. Radio waves can be detected even during the day, when 
the Sun’s light makes it impossible to see the fainter visible light 
from other stars. Radio waves pass freely through Earth’s atmos- 
phere, even on completely cloudy days. 

A telescope that collects and amplifies radio waves is a radio 
telescope. Because radio waves have long wavelengths, a radio tel- 
escope must be built with a very large objective, usually some form 
of dish antenna. Astronomers often build several radio telescopes 
close together and connect them to form one large telescope. The 
VLA (very large array), shown in Figure 4, is an example of this. 

What type of telescope is used to study radio 
waves? 

Hubble Space Telescope Even using active and adaptive 

optics, the atmosphere limits what Earth-based telescopes can 

achieve. For this reason, astronomers use space telescopes, such 

as the Hubble Space Telescope shown in Figure 5. 

The clear images provided by Hubble are 

changing scientists’ ideas about space. One 

object viewed by Hubble is the massive galaxy 

cluster Abell 2218, which is about 2 billion 
light-years away. This cluster acts as a gravity 

lens that magnifies the light of even more dis- 

tant galaxies. Such large distances in space are 

measured in a unit called a light-year, the dis- 

tance that light travels in one year—about 

9.5 trillion km. Even though it may seem con- 

fusing, remember that a light-year measures 

distance, not time. 

Figure 5 The Hubble Space Telescope orbits Earth at an 

altitude of 610 km. 
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Figure 4 27 dish antennae of 
the VLA are mounted on railroad 

tracks for rapid repositioning. The 

304-m dish antenna in Arecibo, 

Puerto Rico is shown in the inset. 

Scienceg@n ine 
Topic: New Telescope 

Design 

Visit fl.gpescience.com for Web 

links to information about the 

development of new telescopes. 

Activity Write and illustrate a 

paragraph about one of the new 

designs being considered for 

Earth-based telescopes or Earth- 

orbital telescopes. 

Visual Learning 

Figure5 Help students understand the information 

shown in Figure 5. Point out where the objective 

mirror is located on the Hubble Space Telescope. 
Show students the solar panels that provide power 
to the telescope in orbit. Explain that several teams 
of astronauts have visited the Hubble Space Telescope 
in the Space Shuttle and that astronauts have 
repaired and updated the satellite telescope. |L2 

GD Jf) Visual-Spatial 

Science Journal 

What have we learned? Have students write an 
article for a newspaper in their Science Journals 

about some of the discoveries that have been 

made and are still being made by the Hubble 
Space Telescope. Possible answer: photographs of some of 
the dimmest galaxies ever seen, photographs of galaxy interac- 
tions, photographs of Pluto and Charon. |L — Linguistic 

en Post Reading 

Activity 
View Through a Telescope Provide 
students with two lenses (one with 

a 30-mm focal length and one 

with a 10-mm focal length). Have 

students hold the thicker lens (the 

10-mm focal length lens) up to 
their eyes and place the other lens 
directly in line with the first but 
farther from their eyes. Have stu- 
dents move the lenses back and 
forth until they can see an image 
clearly. Ask them to write a 
description of what they see in 
their Science Journals. Students 

should see that the image is reversed and 
inverted. They should note that objects 
appear about three times larger and that 
a tube is not needed to have a telescope. 
GD jf) Visual-Spatial 

(%, Reading Check 

Answer radio telescope. 

Discussion 

Light Pollution One problem 
amateur astronomers have with 
observing from their homes is 
light pollution. Light from 
homes, street lights, malls, and 

city lights make observing almost 
impossible. Ask students to 
research the problem of light 
pollution and then have them 
discuss possible solutions to the 
problem. Homeowners could turn off 
security lights when requested by a 
neighbor who wants to observe. Hoods 
can be placed on lights so they only shine 
downward. Certain light bulbs can be 
used that give off just a few wavelengths 
of light. 

Extended Research Have 

students look up information and 

read about the newest develop- 

ments in space telescopes. As a 

class, have students brainstorm 

questions of interest such as 

these: What is the history and 

future of the Hubble Telescope? 

How many space telescopes are 

currently in use? Do other 

countries have space telescopes? 
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vy, Reading Check 

Answer A spectroscope disperses the 

light into a spectrum. 

Spectroscopes 
A spectroscope is a device that uses a prism or 

diffraction grating to disperse the light into its 

component wavelengths. When connected to a tel- 

escope, it disperses the light from the star or other 

celestial object collected by the telescope into its 

electromagnetic spectrum. This tells astronomers 

a great deal about a star. For example, they can 

determine its chemical composition, its surface 

temperature, and whether it is moving away from 

or toward Earth. Astronomers can even tell how 

fast the star is moving in relation to Earth. 

Caption Answer 
Figure 6 It disperses light into individual 

wavelengths. 

8 Assess 

Figure 6 The dark lines in stel- 

DAILY INTERVENTION lar spectra tell astronomers what = 

elements are present in the stars Rea TL what does a spectroscope do? 

Check for Understanding being studied. 

Visual-Spatial Have students collect Explain how a spectroscope pro- : Spectra A spectroscope disperses light into its individual 

images of different types of tele- duces a spectrum of colors. > wavelengths, or its spectrum. Visible light yields a spectrum of 

scopes and bring them to class. colors, including red, orange, yellow, green, blue, indigo, and 

Separate the class into groups of : violet, the colors of a rainbow. In fact, a rainbow is actually a vis- 

four or five and have each group : ible spectrum of sunlight that has been dispersed by droplets of 

compile a photographic journal of : water in Earth’s atmosphere. A spectrum displays all wave- 

the different types of telescopes. : lengths in the light being studied, shown in Figure 6. You have 

Students can separate the journal : learned that a star’s spectrum indicates its surface temperature. 
into sections with a basic diagram of For example, if the blue section is brightest, the star has a rela- 

the type of telescope shown in that : tively high surface temperature. If the red section is brightest, 

section illustrated on the ttle page. > the temperature of the star is much lower. 

Each photograph could also have a 
caption, in which the telescope is 

named and described. [2] — section 

Summary Self Check 

Constellations . Define constellation. 
Reteach 
Light Years Away Place images of five 
different space objects on the chalk- 
board and label the distance to each 
object in light-years. Ask students 
when the light from each object 

started toward Earth. 

- ® Constellations are patterns of stars that are . Compare and contrast refractor telescopes and 

used today to name and locate stars. reflector telescopes. 

Telescopes 3. Describe the objective of a radio telescope. 

© Refracting telescopes use lenses to collect . Explain how radio waves differ from visible light. 

light and magnify the image. 5. Think Critically Why do astronomers change eyepieces 
® Reflecting telescopes use a mirror to collect rather than objectives when they wish to increase the 

light and a lens to magnify the image. magnifying power of a telescope? 

® A radio telescope collects and amplifies radio 
waves. Applying Math 

| Spectroscopes . Use Numbers If the magnifying powers (M,) of refract- 

Denrette ee ere are | @ A spectroscope disperses light into its ing and reflecting telescopes are 20 and 100, respectively, 

spectrum. é how much greater is the M,, of the reflecting telescope? 

'”~ Assessment 

models of the two basic types of 
optical telescopes. Have them 
describe which type is more 
appropriate for building a large 822 CHAPTER 26 Stars and Galaxies More Section Review fl.gpescience.com 
optical telescope and have them 
explain why. Possible answer: 
Reflecting, because the large objective 
mirror can be supported from the bot- 

section 

tom. PASC, p. 89. 1. a pattern of stars that resembles arec- 3. alarge dish antenna 6. five times greater 
ognizable object, person, or animal. 4. They have a much longer wavelength. MAA3.41 

2. Both are optical telescopes. Refractor 5. It is easy to take out one eyepiece and ‘YN a 
telescopes use an objective lens; reflec- replace it with another. In order to 
tors use an objective mirror. change an objective, an entirely differ- 

ent telescope must be used, 
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What You'll Learn 
m Explain how stars form. 
™ Classify the stages of stellar evo- 

lution using a Hertzsprung-Russel 
(H-R) diagram. 

@ Describe the Sun and explain 

how it has and will evolve. 

How do stars form? 

pws — 

& Evolution of Stars 

Reading Guide 

Why It’s Important 

The Sun is the star that provides 

energy for life on Earth. 

© Review Vocabulary 
absolute magnitude: a measure of 

the amount of light given off by a star 

# FCAT Vocabulary 

New Vocabulary 

@ main sequence 

@ giant 

@ white dwarf 

* solar mass 

@ photosphere 

@ sunspots 

Star formation begins with condensation of a large cloud of 
gas, ice, and dust called a nebula. These particles exert a gravita- 
tional force on each other, 

into smaller cloud fragments. As a cloud fragment condenses its 
temperature increases. When the interior temperature reaches 
| million K, the center of the cloud is called a protostar. When 

the temperature reaches 10 million K, hydrogen fuses to form 
helium and a star is born. 

H-R Diagram In the early 1900s, Ejnar 

Hertzsprung and Henry Russell studied 

the relationship between absolute mag- 

nitude and temperature of stars. They 

noticed that higher-temperature stars 

radiate more energy and have higher 

absolute magnitudes. As stars form, even 

while they are still protostars, they can 

be plotted on the Hertzsprung-Russell 

(H-R) diagram, like the one shown in 

Figure 7. About 90 percent of all stars 

fall on a line drawn from the upper left 

to the lower right of the H-R diagram, 

called the main sequence. The other 

10 percent of stars fall elsewhere on the 

graph and will be discussed later. 

and the nebula contracts. 
Gravitational instability within the nebula causes it to break up 

Figure 7 The Sunis located in 

the center of the main sequence on 

this H-R diagram. It is cooler than 

young stars like Vega and Sirius, 

but warmer than the giant 

Betelgeuse. 

Hertzsprung-Russell Diagram for Stars 
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Chapter Fasr Fixe Resources 

‘Transparency Activity, p. +5 

MiniLAB, p. 4 

Lab Activity, pp. 9-12, 13-14 

Enrichment, p. 30 

Reinforcement, p. 26 

Directed Reading for Content Mastery, p. 18 

Performance Assessment in the Science Classroom, p. 52 

Reading and Writing Skills Activities, pp. 3-4 

SECTION 2 Evolution of Stars 

INTERACTIVE | 
ALKBOARD | 

An editable Microsoft® 

=~ PowerPoint® PowerPoint! Prose: presenta- 

tion is available on Interactive 

Chalkboard CD-ROM. 

Bellringer 

Section Focus Transparencies 

also are available on the 

Interactive Chalkboard CD-ROM. 

PELL) 

SfEllOn 

2 Section Focus Mga Cyt) 
Transparency 

The bright object is the star Merope. The nebula is called a reflecting 

Chapter 

nebula because the light emanating from the nebula originates from 
nearby stars. 

1, Of what are nebulae made? 

2. How does a nebula transform into a star? 

‘Stars and Galanies 

Reading Preview 

Tie to Prior Knowledge 

Star Colors Explain to students 
that the color of a star can indi- 

cate its temperature. Ask them to 
consider three different colors of 

stars—red, yellow, and blue. Ask 
them which star would be hottest 

and which would be coolest. The 

blue star would be hottest and the red 
would be coolest. [12] 

Activate Background Knowl- 

edge Use Figure 7 to orient 
students to the new, star-related 
vocabulary. Explain the meaning 
of luminosity, which is used in the 
scale. Ask questions to help stu- 
dents think about types of stars, 
such as: In what group are most of 
the stars? 

823 



ry, Reading Check 

Answer main sequence 

Purpose Students will model 

counting stars in the sky. 
Kinesthetic 

Materials =blue construction 
paper, metric ruler, 1 tablespoon 
of rice kernels 

Teaching Strategy Prepare a 
transparency of the grid students 
will draw. Randomly make dark 

marks on the grid and show stu- 
dents how to evaluate the total 
number of dots. 

Analysis 

1. Answers will vary, but should equal 
the total number counted in three 
squares divided by 3 and then multi- 
plied by 20. 

2. Students should realize that they 
could count the number of stars 
observed through a cardboard tube 
over several sections of the sky of a 
known area, obtain an average, and 

multiply it by the total area of the 
sky. 

Assessment 

Oral Ask students to propose a 
more accurate method. Possible 

answer: Several teams of students could 
use one of the grids and count the num- 
ber of rice kernels in different grid sec- 
tions. They could then average all of the 
counted grids from the several teams and 
multiply this value by 20. 

Counting Stars 

Procedure ad 
1. Draw a grid of twenty 

squares, with each square 

measuring 5 cm ona side. 

The final grid will be 25 cm 

long and 20 cm wide. 

. Randomly scatter about 

one tablespoon of white 

rice over the grid. 

. Select three squares and 

count the number of rice 

grains that are either com- 

pletely within each square 

or partly touching its right 

side or bottom. Calculate 

the average number in 

each square. 

4. Multiply the average by 20. 

Analysis 
1. How many rice grains are 

located within the grid? 

2. How does this process 

model counting 

stars? 

Figure 8 Only part of the giant 

star Antares is shown here. Super 

giant stars, such as Betelgeuse, are 

too large to be shown at all. 

824 CHAPTER 26 Stars and Galaxies 

How do stars change? 
A star like our Sun probably had a diameter about 100 times 

its present size while a protostar. As a star continues to form, it 

shrinks and increases in density, raising its interior temperature. 

Once fusion begins and the star attains stellar equilibrium, it set- 

tles onto the main sequence. In general, stellar equilibrium is the 

balance between outward pressure due to energy released in 

fusion and inward pressure due to gravity. Once this state of 

equilibrium is lost, the star enters the next stage of its life. 

Main Sequence As long as the star’s gravity balances outward 
pressures, the star remains on the main sequence. Stars are 

thought to spend most of their lives on the main sequence, which 

explains why this is the largest group on the H-R diagram. The 

Sun has been a main sequence star for about 5 billion years and 

will continue in this stage for about another 5 billion years. 

(4733 The Sun is classified as which type of star? 

When its hydrogen fuel is depleted, a star loses its equilibrium 

and its main sequence status. What it becomes next is deter- 

mined by the total mass of the star. An average star like the Sun 

will become a giant, then a white dwarf, and finally a black dwarf. 

Stars more massive than the Sun can become supergiants and 

end up as neutron stars or black holes. Stars much lower in mass 

than the Sun, like the red dwarf star Proxima Centauri, could 

remain on the main sequence for 16 trillion years. Most stars on 

the main sequence are red dwarfs, and they probably make up 

about 80 percent of all stars in the universe. 

Mira 80 R Sirius A 

Arcturus 2R 
23R Capella Vega 

10R 4R 

* S es. 

Antares 300 R 

Sun 
B 1 

1R arnard's Star Sirius B 

Jupiter 9.07R 
0.01R 

O1R 4 . 
od 

ha 
Proxima Centauri 

0.03 R 

White Dwarf ——- 

Visual Learning Science Journal 

Figure 8 Help students understand the informa- 

tion presented in Figure 8. The relative sizes of 
several stars are shown to scale in this illustration. 
Point out that white dwarf stars are very hot, but 
they are so small that they are difficult to see in 
the sky. Although they are cool, giants emit light 
from such a large area that they look bright even 
from great distances. [12] D> [fy Visual-Spatial 
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Main Sequence Stars Have students write a brief 
summary about three hypothetical protostars 
having solar masses of 15, 1, and 0.1. Ask stu- 
dents where they would place these stars on the 
main sequence, and predict the relative length of - 
time each will stay there. Possible answer: 15—upper 
left (will stay shortest time), 1—middle, and 0.1—lower 
right (will stay longest time) Linguistic 



Giants and Dwarfs When hydrogen in a star’s core is used 
up, its outward pressure is overcome by gravity. Its core con- 
tracts and increases in temperature. The outer layers expand and 
cool. In this late stage of its life cycle, an average star like our Sun 
is called a giant. In about five billion years, our Sun will become 
a giant like the one shown in Figure 8. 

The giant’s core continues to contract and become hotter. 
Eventually, the core uses up its helium and contracts even more. 
When temperature reaches 100 million K, helium fuses, for ming 
carbon. Now the star is enormous and its surface is much cooler. 
Its outer layers escape into space leaving behind the hot, dense 
core that continues to contract. At this final st: age in an average 
star’s evolution, it is a white dwarf. A white dwarf, also shown 
in Figure 8, is about the size of Earth. 

Supergiants, Neutron Stars, and Black Holes Stars 
that are over eight times more massive than our Sun take a differ- 
ent course. Their cores reach temperatures high enough to cause 
fusion that produces heavier and heavier elements. The star 
expands into a supergiant, such as Betelgeuse shown in Figure 9. 
Eventually, iron accumulates in the core. Since iron does not fuse 
readily, there is no outward radiation of energy to counteract the 
inward pull of gravity. The core collapses violently, and the outer 
portion of the star explodes, producing a supernova. 

A supernova is a gigantic explosion in which the tempera- 

ture in the collapsing core reaches 10 billion K and atomic nuclei 

are split into neutrons and protons. Protons merge with elec- 

trons to form neutrons, and the collapsing core becomes a neu- 

tron star. A typical neutron star is the size of a major city on 

Earth, but has a mass greater than the Sun’s. 

Activity 
Giants Betelgeuse is 630, Antares 

is 5( oY Aldebaran is 40, and Sirius 

A is 2 times larger than the Sun. 

Have students use construction 

paper to draw and cut out repre- 

sentative circles for each of these 

stars and the Sun. Ask students to 

speculate on whether these stars 
are supergiants, giants, or main 

sequence stars. Possible answer: 
Betelgeuse is a supergiant, Antares and 

Aldebaran are giants, Sirius A and the Sun 

are main sequence stars. TELL) 
Visual-Spatial 

Caption Answer 
Figure 9 supergiant 

Use Science Words 

Word Meaning When a star sud- 
denly brightens by thousands or 
even millions of times, it is called 

a nova or a supernova. Ask stu- 
dents to research the meaning of 
the word nova and to discover why 
it is used when talking about stars 
that suddenly get brighter. Possible 
answer: Since many of these stars were not Figure 9 Betelgeuse is located 

in the constellation of Orion. Its 

diameter is larger than the diame- 

ter of Jupiter's orbit around the 

seen before they became so bright, early 
astronomers thought they might be a new 

star. “Nova” means new and is used to 
describe these “new” stars. 

Very massive stars, with masses greater than 25 times that of 

the Sun, face a different end. In this case, the final collapse of the 

core continues past the neutron-star stage, forming a black 

hole—an object so dense that nothing can escape its gravity ifit : Sun. 

> Classify What kind of star is 
Betelgeuse? 

gets too close. 

Discussion 
Supernovas Have students re- 

search the cause of Type I 
supernovas. Ask students to dis- 
cuss the processes that are 
involved in the formation of 

this type of supernova. Possible 
answer: If a white dwarf pulls too much 
material from its companion star, it con- 

tracts and heats up to a temperature at 

which carbon fuses into more massive 

Dts yanterd tread yi atoms. This fusion occurs through out the 
r 

z EE star and the star explodes. 

eee ctive Reading ™, Reading Strategy 
Quickwrites This strategy lets students use : 

Sequence As they read the fol- spontaneous writing to discover what they ' 
lowing pages, have students write already know. Have students write a list of a ie fa 

ideas about black holes, then share these ideas Une Steps ut the eee Udon OF Biant 
stars and supergiant stars. Ask with the class. Next, have students write their Spats oi ¢ 

: ; Sweat ree C sae see 
ideas freely in a paragraph without worrying tiem to idenuty the Pane oO. 

3 phases and the cause of each 

change in their evolution. 

Supernovas The heavy elements you are made of 

formed during supernova explosions. Type I supernovas 

form from hydrogen-poor, low mass stars that have 

pulled in matter from a nearby red giant star. This 

process, called carbon detonation, causes carbon fusion 

almost everywhere inside the star and is thought to 

destroy the star completely. In contrast, Type II super- 

novas form from hydrogen-rich, high mass stars. They 

leave behind a collapsed core that can then condense fur- 

ther to form a neutron star or black hole. 

n 4 
Size of Jupiter's Orbit 

Atmosphere of Betelgeuse 
PAIC96-04 - ST Scl OPO - January 15, 1995 - A. Dupree (CfA), NASA 

— ‘Teacher 
‘Black Holes Contrary to what some people 

} think, 2 a black hole does not suck in matter 
i from all. directions. Only objects closer to 
“the > black hole than a a certain point, called the 
“event horizon , are undetectable, because no 

about punctuation, spelling, and grammar. 
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‘NATIONAL 
GEOGRAPHIC 

Visualizing H-R 

Diagrams of Star 

Clusters 
Have 

pictures and read the captions. 
Then ask the following ques- 

students examine the 

tions. 

Compare the brightness, tem- 

perature, and age of stars in the 
upper right and left corners of 

the H-R 

Pleiades. 

diagram for the 

Compare the H-R diagrams of 
the. Pleiades M5. What 
major differences can you iden- 

tify? 

and 

How can the age of globular 
clusters like M5 help astronomers 
estimate the age of the universe? 

View the Pleiades The Pleiades is 

located in the 

‘Taurus. Have students find the 

Pleiades in the night sky by facing 

south, then looking above and to 

constellation 

the right of the constellation 

Orion. The first bright star they 

will see is Aldebaran in ‘Taurus. 

The Pleiades are just up and to 

the right. Viewing conditions 

affect the number of visible stars, 

but students 

brightest 
should see the 

stars, which are 

Alcyone, Merope, Maia, and 

Electra. Students should describe 

their observations using a written 

format of their choice and include 

a drawing of what they saw. 
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NATIONAL 

Figure 10 

VISUALIZING H-R DIAGRAMS 
GEOGRAPHIC OF STAR CLUSTERS 

he Pleiades star cluster blazed into existence a mere 100 million 

T=: ago, when dinosaurs reigned on Earth and mammals were 

just gaining a foothold. The Pleiades, located in the back of the 

constellation Taurus, is among the earliest of celestial objects to be 

known and recorded by humans. Many myths sprang up to explain 

their origin. Today, astronomers study star clusters like the Pleiades 

because they offer valuable insights into how the universe is evolving. 

Pleiades 

Apparent magnitude 

~ 6,000 
Temperature (K) 

M5 Globular Cluster 

Apparent magnitude 

22 
30,000 

Temperature (K) 
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Challenge Astronomers recently discovered brown 

dwarfs within the Pleiades star cluster. Have stu- 

dents research these unique objects. Students 

should of brown discover the characteristics 

dwarts, why they are difficult to find, and how they 

CHAPTER 26 Stars and Galaxies 

Because star clusters are believed to have formed from 

the same nebula, they are assumed to be about the 

same distance away. For this reason they are plotted 

using apparent magnitude instead of absolute magni- 

tude or luminosity. Note that a lower magnitude num- 

ber represents a brighter star. The H-R diagram for the 

Pleiades shows a well-defined main sequence. Stars in 

the upper left are hot, blue, and massive. As stars age, 

they burn all available hydrogen and eventually 

become red giants. The presence of hot, blue stars and 

the lack of red giants indicate that the Pleiades is a rel- 

atively young star cluster. 

M5 is a globular cluster, 

located roughly 24,500 

light-years from Earth. It 

has a compact appearance 

and vastly more stars than 

are found in open clusters 

like the Pleiades. 

kf ——! Astronomers believe M5 is 

one of the oldest star clusters in our galaxy, with an 

estimated age of 13 billion years. 

Compare the H-R diagram for M5 to the H-R diagram 

for the Pleiades. The stars in cluster M5, which were 

once hot and blue, have evolved into cooler, highly 

luminous red giants that appear in the upper right of 

the diagram. Sun-sized stars evolve from main 
sequence to red giants over billions of years, indicating 

that M5 is an ancient star cluster. 

differ from both stars and gas planets. Have stu- 
dents create a chart comparing the characteristics 
of brown dwarfs, main sequence stars, red giants, 
and white dwarfs, including relative diameter, tem- 
perature, luminosity, and mass. 



The Sun—A Main Sequence Star 
The Sun is a middle-aged star and is plotted just about in the 

middle of the main sequence on the H-R diagram. It is average 
in size, temperature, and absolute magnitude. A solar mass is 
simply the mass of the Sun. For most stars, the relationship 
between mass and luminosity can be approximated by 

L _/M 5 
To \Mo 

where L, and M, are the luminosity and mass of the Sun. The 
H-R diagrams, shown in Figure 10, are used to compare very 
young stars to very old stars. 

Structure of the Sun Although scientists cannot see inside 
the Sun, they have developed some theories about its interior. 
Much of what they know comes from studying its outer layers 
and its surface. The solar interior is composed of the core, the 
radiation layer, and the convection layer. The surface of the Sun 
is called the photosphere. This is the layer of the Sun that gives 
us light. The atmosphere above the photosphere is composed of 
the chromosphere and the corona. The Sun’s structure is shown 
in Figure 11. 

Solar Interior The innermost layer of the Sun is the core. This 
is where fusion occurs. The energy produced at the core may 
take millions of years to reach the photosphere where it is radi- 
ated into space. 

The layer of the Sun just above the core is the 

radiation zone. In this layer, gases are completely 

ionized. Since no electrons remain on atoms to cap- 

ture photons, this layer of the Sun is transparent to 

radiation. Energy formed by fusion travels easily 
through the radiation zone. 

As you move farther outward from the Sun’s core, 

the temperature drops and some electrons remain 

bound to their atoms. Here the gas becomes opaque 

to radiation and by the time you reach the outer edge 

of the radiation zone, all of the photons generated in 

the core have been absorbed. The energy from these 

photons is carried to the Sun’s surface by convection 

through the next layer, the convection zone. Hotter 

gases from the bottom of this zone move upward 

toward the Sun’s surface and cooler gases sink, setting 

up convection cells. 

Corona 

Convectivezone 

Energy for Life Plants 

use energy from the Sun 

and produce carbohy- 

drates in a process called 

photosynthesis. When 

we burn fossil fuels, such 

as coal, we are using 

energy from the Sun that 

is stored in fossilized 

plant materials. Scientists 

also are trying to make 

direct use of solar energy 

by using solar cells. 

Research some applica- 

tions of solar energy and 

share your results with 

your class. 

Figure 11 The Sun’s interior is 
divided into three parts: the core, 

the radiation zone, and the con- 

vection zone. 

List three of the Sun’s spheres or 

layers, starting with the surface and 

moving outward. 

Radioactive 

Chromosphere 
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(i) LAB DEMONSTRATION 
Purpose Students estimate the rate of move- Procedure Set up the telescope with the eye- 

ment of sunspots. 

Materials clipboard, piece of cardboard, 
refracting telescope, small tripod, scissors, 
plain white paper 

Preparation Cut a hole in the cardboard so it fits 

over the end of the telescope. 

Repeat the procedure daily for a week. Caution 
students to never look at the Sun through a tel- 
escope or directly with the unaided eye. 

piece facing away from the Sun. Cover the 
finder scope. Project an image of the Sun onto 
the white paper on the clipboard. ‘Trace any 
sunspots that appear on the lighted disk. 

SECTION 2 Evolution of Stars 

The Sun is a Star Students often — 

look at the Sun as the source of 
light and heat for Earth, but not 
as a star. The only reason the 
Sun is so bright compared to 
other stars is that it is so close to 
us. It is a star of average size, 

average temperature, and aver- 
age brightness. Have students 
find the Sun on the H-R dia- 
gram. They will see that it 
(often referred to as Sol) is plot- 

ted along with many other main 
sequence stars. 

“Life Science 

Energy for Life Decayed organic 
materials deposited on seafloors 
were buried under layers of 
sediment. Then, the heat and 

pressure of these overlying sedi- 
ments transformed them into the 
hydrocarbon fuels: oil, coal, and 

gas. Burning these fuels releases 
their stored energy. In burning 
they combine with oxygen from 
the atmosphere to form mostly 
carbon dioxide and water. 

Caption Answer 
Figure 11 photosphere, chromosphere, 
corona 

Expected Outcome Students will see sunspots 
moving across the Sun. 

Assessment 
Whats the rate of sunspot movement over the 
week? Possible answer: Sunspots crossed about half 
the Sun in one week. 

827 



Make a Model 

Structure of the Sun Have students 

make a model of the Sun’s interior 

and surface using different colors 
of modeling clay. Encourage 

them to include some of the solar 

phenomena that occur on the 

photosphere, such as sunspots. 
GD {fy} Visual-Spatial 

(y, Reading Check 

Answer darker, cooler spots on the 

Sun's photoshere 

‘fe Quick Demo 
Sunspots 

Materials transparency of black 

line image 

Estimated Time 5 minutes 

Procedure Demonstrate why 
sunspots look dark on the Sun 
even though they are very hot. 
Have students look at an over- 
head projector screen. Ask them 
what color it is. Then turn on the 
projector. Ask them again what 
color is shown. Then place the 
black line transparency on the 
projector. Ask them what color 
the lines of the drawing are. 
Possible answers: Students will have said 
that the screen is white and bright white. 
Then they will say the lines are black. 
Explain to them that the lines 
look black because they are not as 
bright as the rest of the screen. 
Point out that the black lines are 
no blacker than the unlit portion 
of the screen. Sunspots look dark 
because they are not giving off as 
much light as the rest of the Sun. 
[L2] > Visual-Spatial 

\ Post Reading 

Discussion Have students 

discuss what they learned about 

the evolution of stars. For 

example, were they surprised to 

discover that some stars shrink 

and some stars expand as they 

die? What do they think about 

black holes? Does the 

information learned from the 

reading match up with what 

they have seen on television and 
in movies about black holes? 

Figure 12 Sunspots, above, are 

often 2,000 K cooler than the sur- 

rounding granules, shown below. 

Figure 13. This prominence of 
dense plasma appears suspended 

in the Sun’s chromosphere as it 

loops back to the surface. 
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Photosphere The Sun’s photosphere, or surface, is at the top 

of the convection zone and has a mottled appearance, called 

granulation. This is caused by rising hot material and sinking 

cooler material within the convection cells. Each granule shown 

in Figure 12 is about 1,000 km across and is a direct result of 

convection cells in the convection zone. 

Sunspots Some areas of the Sun appear darker than others. 

These darker areas of the Sun’s photosphere, called sunspots 

are cooler than surrounding areas. Scientists can observe the 

movement of individual sunspots as they move with the Sun’s 

rotation. They show that the Sun doesn’t rotate as a solid 

body—it rotates faster at its equator than at its poles. 

Sunspots near the equator take about 25 days to go around 

the sun, but at about 60 degrees north or south latitude, they 

take about 31 days. Figure 12 shows a closeup view of some 

sunspots. 

ACC her What is a sunspot? 

Sunspots aren't permanent features of the Sun. They appear 

and disappear over periods of days, weeks, or months. The 

number of sunspots changes in a fairly regular pattern called the 

sunspot, or solar activity, cycle. Periods of sunspot maximum 

occur about every 11 years, with periods of sunspot minimum 

occurring in between. At a sunspot minimum, sunspots appear 

at high latitudes. As the cycle progresses, they appear closer to 

the Sun’s equator. By the next minimum, they again cluster at 

high latitudes. 

Prominences and Flares Intense magnetic fields associated 
with sunspots can cause huge arching columns of gas called 

prominences to erupt, as shown in Figure 13. Convection in 

the convection zone causes magnetized gases to flow upward 

toward the photosphere. Sometimes the magnetic field strength 

is great enough that magnetic field lines shoot out from the sur- 

face near a pair of sunspots and cause a prominence of solar 

material to loop from one spot to the other. Some prominences 

blast material from the sun into space at speeds ranging from 
600 km/s to more than 1,000 km/s. 

Gases near a sunspot sometimes brighten suddenly, shoot- 

ing gas outward at high speed in what are called solar flares. 

Temperatures within these flares can reach 100 million K. 

Particles produced in a flare possess so much energy that the 

Sun’s magnetic field cannot hold them as it can hold promi- 
nences and they blast into space. 

Differentiated Instruction 

Hearing Impaired Help your hearing-impaired stu- 
dents better understand the structure of the Sun. As 
you present the different layers of the Sun and what 
happens to energy at each layer, draw a cross-section 
of the Sun’s interior on the chalkboard. Use a differ- 
ent color of chalk for each layer and include several 
of the photosphere’s surface phenomena, such as 
sunspots and flares. [L2] GB [f) Visual-Spatial 
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Visual Learning 
Figure 12 Help students understand the informa- 
tion presented in Figure 12. The granulation 
shown on the surface of the Sun is caused by rising 
and falling gases in the convection layer. Rising 
columns of gas are hotter and brighter and sinking 
gases are cooler and darker. The sunspots also are 
darker, cooler regions on the photosphere. 
GD jf} Visual-Spatial 



CMEs Sometimes large bubbles of ionized gas are emitted 
from the Sun. These are known as CMEs (coronal mass ejec- 
tions). During sunspot minimums there is usually one CME 
per week, but during a sunspot maximum, there are two to 
three per day. When a CME is released in the direction of Earth, 
it appears as a halo around the Sun, as shown in Figure 14. As 
it passes Earth, the planet is exposed to a sudden shock wave of 
increased solar wind. Earth’s atmosphere protects us, but 
occurrences of auroras increase. When scientists note a CME, 
they post an alert to watch for auroras at lower latitudes than 
normal. 

Auroras take place when high-energy particles in CMEs and 
the solar wind are carried past Earth’s magnetic field. This gen- 
erates large electric currents that flow toward Earth’s poles. 
These electric currents ionize gases in Earth’s atmosphere. When 
these ions recombine with electrons and drop to a lower energy 
level, they produce light. This light is called the aurora borealis, 
or northern lights, when it occurs in the northern hemisphere. 
In the southern hemisphere, it is called the aurora australis. 
CMEs present little danger to life on Earth, but some of the 
highly charged solar wind material disrupts Earth’s magnetos- 
phere and interferes with orbiting satellites and radio signals. 

Figure 14 CMEs like this one 
can hurl a million tons of matter 

into space each second. They can 

damage satellites and endanger 

astronauts. 

section 2 revielu. 

Summary 

How do stars form? 

© Stars form from a large cloud of gas, ice, and 

dust. Once the temperature inside the nebula 

reaches 10 million K, fusion begins. 

® The H-R diagram plots temperature v. 

absolute magnitude of stars. supernovas. 

How do stars change? 

® Once fusion begins, a star develops stellar equi- 

librium and becomes a main sequence star. 

@ When the hydrogen fuel is depleted, a star 

loses stellar equilibrium and evolves into a 

giant, or a supergiant. 

The Sun—A Main Sequence Star 
; E : as ared dwarf? 

@ The Sun’s energy is produced by fusion. 

® Sunspots are dark, cooler regions on the Sun’s 

photosphere. 

® Other solar features that can affect Earth are 

prominences, flares, and CMEs. 

« 
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Self Check 

. Explain how stars form from nebulae. 

. Describe the different evolution stages of stars as 

shown on the H-R diagram. 

. Describe the structure of the Sun. 

. Explain the difference between Type | and Type Il 

. Think Critically What happens to stellar equilibrium to 

make a main sequence star evolve into a giant star? 

Applying Math 

. Use Percentages Eighty percent of all stars are red 

dwarfs. Out of a random sample of 2,000 stars in the 

galaxy, about how many will plot on the H-R diagram 

. Use Numbers If the Sun will remain a main sequence 

star for a total of 10 billion years and Proxima Centauri 

will remain one for 16 trillion years, how many times 

longer will Proxima Centauri be a main sequence star? 
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Section OD review 

Check for Understanding 
Visual-Spatial Show students 
images of three different stars. 
Show Betelgeuse, which is cooler 

and hundreds of times larger than 

the Sun; Sirius A, which is a little 

hotter and twice as large as the 

Sun; and Sirius B, which is much 

hotter, but much smaller than the 

Sun. Ask them to classify the three 
stars. Possible answer: Betelgeuse is a 
supergiant, Sirius A is a main sequence star, 

and Sirius B is a white dwarf. [L2] > 

Reteach 

Sunspots Ask students to draw an 

image of sunspots on the Sun and 
to explain why they are visible on 
the Sun’s photosphere. Possible 
answer: Students should draw an image of 

the Sun with dark spots visible on the Sun’s 
photosphere. Students may draw dark 
spots surrounded by an area that is not 
quite as dark. They are darker than sur- 
rounding areas of the Sun because they are 
about 1,000 degrees cooler. [1] Gi 
Visual-Spatial 

T™ Assessment 

Oral The most common type of 
star in the universe is the red 

dwarf, a main sequence star. Ask 
students why many of the bright 
stars we can see in the sky are 
giants. Possible answer: Most easily visi- 
ble stars are giants because they have large 

surface areas that emit large amounts of 
light and can be seen from great distances. 
Use PASC, p. 89 

1. Nebulae fragment, condense and flat- 
ten. Matter concentrates in the center 

where temperature increases. At 

about 10,000,000°C, hydrogen fuses 
into helium, producing heat and light. 
Once a star achieves stellar equilib- 
rium, it is a main sequence star. Stars 

can change into giants or supergiants. 

~ 

Giants evolve into white dwarfs. 
Supergiants will undergo supernova 
explosions and become neutron stars 

or black holes. 
3. The Sun’s interior has three layers; the 

core, the radiation layer, and the con- 
vection layer. The photosphere is the 
Sun’s surface. Above the surface is the 

. Type | supernovas form from hydrogen- 

form neutron stars or black holes. 
5. Stellar equilibrium is lost when hydro- 

gen is exhausted. The core contracts, 
temperatures rise, and the outer lay- 
ers of the star expand . 

6. 1,600 stars 

7. 1,600 times longer 

be MA.A.3.4.1 
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atmosphere containing the chromos- 

phere and the corona. 

poor, low-mass stars that have pulled 

in material from a nearby red giant star; 

they are destroyed completely. Type Il 
supernovas form from hydrogen-rich, 
high-mass stars; they leave cores that 



© Real-World 
Poin === 

Purpose Students will compare 

and contrast H-R diagrams and 
determine the relative ages of 

four star clusters. 

Process Skills compare and con- 

trast, infer, interpret scientific 

illustrations, use graphs 

Time Required 30 minutes 

© Procedure ——— 

Teaching Strategies Make trans- 
parencies of different star clusters. 
Select clusters having different 
ages. For example, the h and chi 

Persei double cluster (NGC 869 

and 864), the Hyades, NGC 188 
(in Cepheus), and 47 ‘Tucanae 
(NGC 104). These H-R diagrams 

are available in many astronomy 
books and Internet sites. 

Troubleshooting Remind stu- 
dents of the locations of giants, 

white dwarfs, and main sequence 
stars on the H-R diagram. 

© Conclude and 

Apply 
1. Different types of stars are shown on 

H-R diagrams of different star clusters. 
2. The youngest star cluster will not have 

giants or white dwarfs. High-mass 
stars will have evolved off the main 
sequence with some having evolved to 
white dwarfs in the oldest star cluster. 

3. The number of low-mass stars on 
the main sequence and what has 
happened to high-mass stars help 
determine the relative ages of the 

star clusters. 
4. Answers will vary. 

5. Check how many high-mass stars have 
evolved off the main sequence, 

Cluster Age StSer 
Stars are plotted on the H-R diagram based on the relative ages of the other two star 

their temperature and brightness. You can clusters. HINT: The oldest cluster will have 

determine the age of a cluster of stars by study- some that have evolved to white dwarfs. 

ing the H-R diagram of the stars within the 

cluster. Massive main sequence stars, located 

at the upper left of the diagram, evolve faster 

than stars farther down the main sequence. 

Stars in the lower right of the diagram evolve 

more slowly. How could you use this idea to 

help determine the relative ages of star clusters 

from their H-R diagrams? 

~ 
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© Real-World Problem —— spectral type 
How can the relative age of star clusters 

be determined from H-R diagrams of each 

cluster? 
® Conclude and Apply —— 

Goals 1 
@ Compare and contrast H-R diagrams of 

several star clusters. 

m@ Determine the relative ages of four star 

. Compare and contrast H-R diagrams of 

four star clusters. 

2. Determine which star cluster was youngest 

and which was oldest. 
clusters. 

3. Explain how you determined the ages of 

Materials these two star clusters. 

four H-R diagrams of star clusters 4. Determine the relative ages of the remain- 
ing two Star clusters. 

5. Explain how you determined the ages of 

>) Procedure ——————_ these two star clusters. 

1. Study the four H-R diagrams your teacher 

gives you. 

ommunicating 
Your Data 

2. Note which types of stars remain on the 

main sequence and which stars have evolved 

off the main sequence. Explain to your friends how the relative 

ages of star clusters can be found by 

studying H-R diagrams. 

3. Based on the evolution of the stars within 

each star cluster, decide which cluster is 

youngest and which is oldest. Also decide 
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wk... Le [% Assessment 
Process Show students a transparency of the H-R 

diagram of the Pleiades star cluster. Ask them to 

determine its relative age compared to the other 
star clusters they evaluated in this lab. Possible 
answer: The Pleiades is older than the h and chi Persei double 
cluster, but younger than the Hyades star cluster. Use 
PASC, p. 99. |L2|}@™® Visual-Spatial 

ommunicating 
wa Your Data 

Have students discuss with one another any differences 

they used to help determine the relative ages of the 
four star clusters. 
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What Vou Learn Why It’s Important 
= Explain that the same natural The Milky Way galaxy is your galaxy 

laws that apply in the Milky Way and you can see part of it stretching 
Galaxy also apply in other galaxies. across the evening sky. 

= Compare the three main types 

of galaxies. 

m Describe the Milky Way galaxy 

and the Sun’s position in it. 

© Review Vocabulary 
ellipse: oblong, closed curve 

Galaxies 
One reason to study astronomy is to learn about your place 

in the universe. Long ago, people thought Earth was at the center 
of the universe. You know this isn’t true, but do you know where 
you are in the universe? 

You are on Earth, and Earth orbits the Sun. But the Sun orbits 
something also and it interacts with other objects in the universe. 
The Sun is one star among billions of stars in a galaxy. A galaxy is 
a large group of stars, gas, and dust held together by gravity, 
shown in Figure 15. Our galaxy, called the Milky Way, contains 

400 billion stars, by most recent estimates, including the Sun. 

Countless other galaxies exist throughout the universe—an esti- 

mated 40 billion galaxies can be seen. Each of these galaxies con- 

tains the same elements, forces, and types of energy as our galaxy. 

There are three major types of galaxies: spiral, elliptical, and 
irregular. 

Spiral Galaxies Take another look at Figure 15. Notice that 

spiral galaxies have spiral arms that wind outward from the 

galaxy’s center. These spiral arms are made up of bright stars, 

dust, and gas. Our neighbor, the Andromeda galaxy, is visible to 

the unaided eye as a fuzzy patch in the constellation Andromeda. 

It is a normal spiral galaxy with its arms starting close to center. 

Barred spirals are another type of galaxy that have spiral arms 

extending from a large central bar of stars, dust, and gas that 

passes through the center, or hub, of the galaxy. Astronomers are 

not certain whether the Milky Way is normal or barred spiral. 

ED’ Galaxies 
and the ie

r 

New Vocabulary 

@ galaxy 

e Milky Way 

e Local Group 

Figure 15 Spiral galaxy 4414. 

Galaxies often are millions of light- 

years apart. 

Explain what is meant by a million 

light-years. 
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Chapter Fasr Fite Resources 
‘Transparency Activity, p. +6 

Enrichment, p. 31 

Reinforcement, p. 2 

Section 3 Resource Manager _ 

Directed Reading for Content Mastery, p. 19 

Earth Science Critical Thinking/ Problem Solving, p. 8 

Lab Management and Safety, p. 66 

An editable Microsoft® 

= PowerPoint® presenta- 

tion is available on Interactive 

Chalkboard CD-ROM. 

PowerPoint™ Presen 

Bellringer 

Section Focus Transparencies 

also are available on the 

Interactive Chalkboard CD-ROM. 

PELL) 

ry Coma Cluster 
* Transparency 

The Coma cluster is a rich cluster of galaxies with over a thousand 

member galaxies known. The c entral region, dominated by two giant 

elliptical galaxies, is pictured here, Most of the objects in this picture 

are galaxies. Only the very bright objects with spikes and the smallest 

circular dots are foreground stars in the Milky Way 

1, Why are the galaxies smaller than the stars in this transparency? 

2. Can you tell from the transparency that the galaxies are in a cluster? 

3. How are galaxies formed? 

Reading Preview 

Tie to Prior Knowledge 

The Milky Way Ask students if they 
have viewed the night sky when 
it was really dark. If so, they 
might have seen a band of dim 
light stretching across the sky. 
Ask students what this band of 
light could be. Stars; the light of many 
stars contained in our Milky Way. 

Predict Ask students to predict 
what the connections might be 
among the terms galaxy, Milky 

Way, and Local Group. Ask why 

Local Group is capitalized. Have 
the students preview the text to see 
if their predictions were correct. 

Galaxies and the Milky Way 831 



Caption Answer 
Figure 15 the distance light travels in one 
million years 

Figure 16 dwarf elliptical 

Activity 
Types of Galaxies Show students 
photographs of different types of 
galaxies. Have students discuss 
which type is shown in each pho- 
tograph. Have them list the dif- 
ferent types in their Science 
Journals. Encourage students to 

describe each galaxy. |L2]} > 
Visual-Spatial 

Counting Stars 

Question What volume of salt 
grains represents the number of 
stars in the Milky Way galaxy? 

Possible Materials salt, sand, 

pipettes, 10-mL graduated cylin- 
der, colored paper, calculator 

Estimated Time 20 minutes 

Teaching Strategies 

¢ Warn students never to eat 
anything during science class. 
¢ Students can measure 0.1 mL 
of salt grains and pour them onto 
colored paper. They can spread 
the grains and estimate their 
number by counting by fives. For 
easier counting, the grains can be 

divided into sections. 
¢ There are 5,000 salt grains in 

Imi of ‘sale Students can 
divide the number of Milky Way 
stars (400 billion) by 5,000 to 

calculate the volume of salt 
grains needed to represent the 
number of stars in the galaxy. 

80,000,000 mL or 80,000 L 

* Encourage students to visual- 
ize the volume of salt grains by 
calculating the number of 38-L 
(10-gallon) aquariums it would 
fill. approximately 2,105 aquariums 

For additional inquiry activities, see 
Science Inquiry Lab Manual. 

Figure 16 In ultraviolet light, 

this elliptical galaxy reveals a 

core of thousands of old, helium- 

burning stars. 

identify the most common type of 

galaxies in the universe. 
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Elliptical Galaxies Astronomers once thought that spiral 

galaxies were the most common galaxies because they are rela- 

tively large and easy to see. But as observations of the universe 

became more detailed, it became clear that most galaxies are 

elliptical galaxies, and most of these are dwarf galaxies. They are 

just too small and dim to be easily seen. 

These galaxies are shaped like large, three-dimensional 

ellipses. Many are football-shaped, but others are spherical as 

shown in Figure 16. These giant elliptical galaxies can be over 

9 million light-years across and contain trillions of stars. 

However, most dwarf ellipticals are only about 3,000 light-years 

across and contain fewer than a million stars. 

Irregular Galaxies Most galaxies that aren’t elliptical or spi- 

ral are considered irregular galaxies. They take many different 

shapes and contain 100 million to 10 billion stars, making them 

larger than dwarf ellipticals but smaller than spirals. Irregular 

galaxies are less common than spirals or ellipticals. 

Two irregular galaxies called the Clouds of Magellan orbit the 

Milky Way. One of these, known as the Large Magellanic Cloud, 

is shown in Figure 17. Several other dwarf galaxies also are 

affected by the Milky Way’s gravity. One of these, the elliptical 

Sagittarius dwarf, is being absorbed by the Milky Way. This dwarf 

galaxy lies about 60,000 light-years from the center of the Milky 

Way on the opposite side of the galaxy from us and 20,000 light- 

years below the galactic plane. 

The Local Group Just as stars are grouped together within 

galaxies, galaxies are grouped into clusters. Clusters of galaxies 

are even grouped into superclusters. Our Milky Way galaxy 

belongs to a cluster called the Local Group. It is a relatively small 

cluster containing about 45 galaxies of various types and sizes, 

most of which are dwarf elliptical galaxies. The largest galaxy in 

the Local Group is the Andromeda galaxy, a spiral galaxy a little 

larger than ours that les about 

2.6 million light-years away. If the 

Andromeda galaxy and the Milky 

Way galaxy continue to travel 

through space as they are, they may 

collide in the distant future. 

Figure 17 The irregular structure of 

the Large Magellanic Cloud might have 

been produced by interactions with the 

Milky Way galaxy. 

Visual Learning Differentiated Instruction 
Figure 17 Explain to students that before today’s pow- 
erful telescopes were available, these objects were 
thought to be nebulae or "clouds." Today we know 
they are galaxies in the local group. Because of their 
locations in the southern skies, these galaxies are not 
visible from the United States. They were named for 
explorer Ferdinand Magellan, who observed them on 
his voyage. {L2] @™® [f\ Visual-Spatial 

832 CHAPTER 26 Stars and Galaxies 

Learning Disabled Have each of your learning-d 
abled work with another studer 
Encourage the teams of students to make fla 
cards of each of the major types of galaxies. Provi 
student teams time in class to quiz each other | 
galaxy types. Suggest that students identify the ty 
and one key property that led to its classificatic 
G® ji} Visual-Spatial 

students 



. How do galaxies form? 
Astronomers aren’t sure how galaxies originally formed. It is 

thought that fluctuations in density of primordial matter in the 
universe began to form blobs of gas that would eventually form 
into galaxies. These blobs might have had masses equivalent to 
the mass of the dwarf galaxies. In fact, one idea is that the dwarf 
galaxies may be remnants of these earlier blobs of matter. 

Most astronomers now believe that the galaxies we see closer 
to us grew by absorbing or merging with other smaller objects. 
One bit of evidence that supports this idea is that more distant 
galaxies tend to be much smaller than those closer to the Milky 
Way. It makes sense to conclude that these smaller galaxies that 
existed long ago merged to make the larger, more organized 
galaxies of the universe today. Also, we have evidence that galax- 
ies do collide. 

Colliding Galaxies In some galaxy clusters, the galaxies are 
concentrated very close together. In the Virgo Cluster, for exam- 
ple, thousands of galaxies orbit within 10 million light-years of 
each other. Do these galaxies collide? If so, what happens to 
them and to the stars within them? It seems that little happens 
to the individual stars within the galaxies. There is so much 
open space between the stars that the individual stars of the two 
galaxies just move past each other. 

What happens to individual stars in colliding 
galaxies? 

However, galaxy collisions have a 

strong effect on the overall structure 

and shape of the colliding galaxies. 

They may lose all of their spiral shape, 

if they had any. 

It is thought that the two galaxies 

shown in Figure 18 will eventually 

collide. The smaller galaxy on the 

right does not seem to have enough 

energy to escape the larger one to the 

left. When galaxies interact by passing 

close to each other or by colliding, 

there is a burst of star formation in 
each. Their interstellar gas and dust 

clouds are shocked and squeezed, 

leading to star formation. This can be 
detected by the blue light emitted by 

young, hot stars. 
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Figure 18 In about a billion 
years, these two galaxies will 

merge. Much of their spiral struc- 

tures probably will be lost. 

Use an Analogy 
Merging Galaxies Explain to stu- 
dents that water droplets running 
down a windowpane and merging 
into larger droplets that run even 
faster is analogous to the way large 
galaxies form by absorbing and 
merging with smaller galaxies. 

GD jh} Visual-Spatial 

a ‘Y Reading Strategy 

Close Reading Read the text on 

The Local Group to students and 
show them how to take apart the 
text in phrases to understand the 
content. Then, make notes on the 

board as you read the text titled We 
live in a Supercluster. 

in a Cluster—named Local Group 
ina Galaxy—named Milky Way 
in a star system—named solar 
system 
on a planet—named Earth 

Discussion 

Sagittarius Dwarf Galaxy Astron- 
omers have said that small 

galaxies like the Sagittarius 
dwarf elliptical galaxy are the 
building blocks of larger galax- 
ies like the Milky Way. Have 
students research this galaxy and 
the infrared survey used to learn 
about it, called the Two-Micron 
All Sky Survey (2MASS). Have 

them discuss what (2MASS) 

means for the future of these two 
galaxies and other nearby galax- 
ies, such as the Large and Small 

Magellanic Clouds. Possible answer: 
The stars, gas, and dust and any other 

objects in the smaller galaxies near the 
Milky Way will be absorbed and the Milky 
Way will continue to grow. 

(%, Reading Check 

Answer Probably nothing; because 
stars are so far apart, they will move past 
each other. 
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Quick Demo 

It’s a Spiral 

Materials pinwheel 

Estimated Time 5 minutes 

Procedure Hold a pinwheel toy in 
front of the class. Demonstrate 
how the blades of the pinwheel 
seem to spiral out from its center. 
Now gently blow on the pinwheel 
to make it turn. Relate this shape 
and movement to the shape of the 
Milky Way Galaxy and its slow 
turning movement. [L2] 2] GD i 

Visual- Spatial 

[[% Reading Check 

Answer spiral or barred spiral 

Visual Learning 

Figure 20 Help students under- 
stand the information presented 
inv lable 91) The illustration 
shows the Milky Way as if you 
were looking down on it. It is a 
spiral galaxy with a radius of 
50,000 light-years. The Sun is 

about halfway out at a distance 
of 26,000 light-years from the 
center. Note the bar shape to the 
nucleus; recent indications are 

that the Milky Way is a barred 
spiral. [L2] GMB ff) Visual-Spatial 

Caption Answer 
Figure 20 a cubic volume of space that 
is one light-year in length, width, and 
depth. 

6». Post Reading 

Discussion Have students look 

back into the text of this section 

and illustrate the Milky Way. Ask 
them to label the light-year dis- 

tances of the Sun to the center, the 

length of the spiral arms, and the 
distance through the central 

bulge. In small groups, have them 
present their drawings as prompts 
for discussion. 

SciencesNliNe 

Topic: The Milky Way 

Galaxy 

Visit fl.gpescience.com for Web 

links to information about the 

Milky Way galaxy. 

Activity Draw a model of the 

Milky Way galaxy showing its 

possible barred structure. Include 

the approximate location of the 

Sun and information about the 

Sagittarius dwarf galaxy. 

Figure 19 The swirls of red 

elliptical galaxy. 

Figure 20 Star density is 

greatest near the center of the 

seen in this model are stars in the 

remnants of the Sagittarius dwarf 

The Milky Way 
Recall that the Milky Way galaxy contains about 400 billion 

stars, including our Sun. The Sun makes one complete orbit 

around the center of the Milky Way in about 225 million years, 

traveling at a speed of 220 km/s. This means that since it formed, 

the Sun has made a little over 22 orbits of the Milky Way. 

The Milky Way is usually classified as a normal spiral galaxy. 

However, recent evidence suggests that it might be a barred spi- 

ral. It is difficult to know for sure because astronomers can never 

see our galaxy from the outside. You can’t see the normal spiral 

or barred shape of the Milky Way because the Sun and Earth are 

located within one of its spiral arms. However, you can see the 

Milky Way stretching across the sky as a faint band of light. All of 

the stars you can see belong to the Milky Way galaxy. 

(atte What type of galaxy is the Milky Way? 

Evidence indicates that the Milky Way, like many 

grows by absorbing other galaxies. It has been gobbling up the 

Sagittarius dwarf elliptical galaxy for 2 billion years. If we could 

see infrared light, we could see stars and other material from this 

galaxy becoming part of our section of the Milky Way, as shown 

in Figure 19. Eventually, the Milky Way probably will absorb both 

Clouds of Magellan and several other dwarf galaxies. 

galaxies, 

Structure of the Milky Way The Milky Way galaxy, shown 
in Figure 20, measures about 100,000 light-years from one side 

to the other. The Sun lies about 26,000 light-years from the galac- 

tic center on the edge of one of the spiral arms. The Milky Way’s 

disk is about 1,000 light-years thick—it would take 1,000 years to 

travel from top to bottom even at the speed of light. The central 

bulge of the Milky Way is about 10,000 light-years in diameter. 

Milky Way, with over 1,400 stars 

in every cubic light-year of space. 

The Sun is located about halfway 

out on the Orion arm of the Milky 

Way galaxy. 

Explain what is meant by a cubic 

light-year. 

834 CHAPTER 26 

Cultural Diversity 

The Milky Way ‘The fluid form of the Milky Way is 

reflected in the interpretations of many different 
cultures. Akkadians called it the River of the 

Snake. In Judea, Armenia, and Syria, it was called 
a long bandage. In China and Japan, it was called 

the Celestial River. Polynesians called it the 
Long, Blue, Cloud-Eating Shark. In India, it was 

known as the Bed of the Ganges. 

834 CHAPTER 26 Stars and Galaxies 

ts 

Curriculum Connection 

Math A parsec (pc) is the distance to a star that 
has a parallax angle of one second of arc. Each 
parsec equals 3. 26 light-years. Ask students to 
calculate the radius of the Milky Way and the dis- 
tance from its center to the Sun in parsecs. Possible 
answer: Students should use the equation: dpc = dly /3.26. The 
Sun is 26,000 ly from the center; 26,000/3.26 = 8000 pc 
[K) Logical-Mathematics 



Spiral Arms The arms of a spiral galaxy look like pinwheels 
that begin near the galactic center and extend outward through 
the disk of the galaxy. These spiral arms contain both young stars 
and prestellar material, such as glowing nebulae. Young open star 
clusters are present too. This is the part of a spiral galaxy where 
stars are forming. Astronomers do not yet fully understand what 
causes the spiral structure to form. They speculate that it might 
be caused by instabilities in the gas near the galactic bulge or 
gravitational effects of other galaxies that are or were nearby, or 
might be just an extension of the shape of the galactic bulge, 
itself. They just don’t know. 

Y INTERVENTION — 

Check for 
Understanding 
Visual-Spatial Have students draw 
an illustration of the Milky Way 
galaxy as a spiral or a barred spiral 
galaxy. Ask students to position 
where Earth and the Sun are 
located. Possible answer: Students 

Galaxy Center What strange objects lurk in the very dense 
population of stars at a galaxy’s core? Recent theories suggest that 
extremely massive black holes might exist at the cores of galaxies. _ Figure 21 This bright radio see alee aie nial een The problem is that this part of a galaxy is hidden from view by : source captured by the VLA is indi- ining on. Earth wouldibe located ie material that exists in between the densely packed stars. The total: rect evidence of a black hole at the halfway out of the center of the Milky energy emitted from an object called Sgr A* (saj-ay-star), located center of our galaxy. Way. ra 
in the nucleus of the Milky Way, is equivalent to the energy that 
would be emitted by a million suns. The leading theory about 
this object, shown in Figure 21, is that it is a supermassive black 
hole, containing the mass of 3 million suns. 

: Section “a | 

Reteach 

Milky Way’s Center If there are 
about 1,400 stars in every cubic 

light-year at the galaxy’s center, 
how many more stars are there 
than in the area of the Milky 
Way where the Sun is located? 

FEVIELW . 

Summary Self Check Possible answer: Since the closest star to Galaxies ie Compare and contrast the Milky Way galaxy to other the Sun is over 4 light-years away, the 

® A galaxy is a large group of stars, gas, and aS MnINerse: center of the Milky Way contains about dust held together by gravity. 2. Describe the three main types of galaxies. 1,400 more stars per cubic light-year 
@ The three main types of galaxies are elliptical, 3. Draw the overall structure of the Milky Way galaxy and than is found in the area near the Sun. 

irregular, and spiral. indicate where the Sun is located. Logical- Mathematical 
How do galaxies form? 4. Describe the most common type of galaxy. oe ee ee 
@ Astronomers believe that galaxies form by 5. Think Critically How might the Sun be affected if the 

absorbing or merging with smaller objects. Andromeda galaxy and the Milky Way galaxy collide. 
(wh... ee 
™ Assessment @ Young, hot stars form when galaxies collide, 

but individual stars within each galaxy are not 

affected much. 

The Milky Way Galaxy 

@ The Milky Way galaxy contains about 

400 billion stars and has a Spiral shape. 

@ The Milky Way galaxy is about 100,000 light- 

years across and the Sun lies about 26,000 

light-years from its center. 

Applying Math 

6. Use Numbers Assume there are 400 billion stars in the 

Milky Way galaxy, plus or minus 200 billion. Based on 

this estimate, what is the range of the number of stars 

that might exist in the Milky Way? 

7. Use Percentages A dwarf elliptical galaxy has fewer 

than 1 million stars and a small irregular galaxy con- 

tains 100 million stars. What percent of the number of 

stars found in a small irregular galaxy are found ina 

dwarf elliptical galaxy? 

Oral The most common type of 
galaxy in the universe is the dwarf 
elliptical. Why did astronomers 
once think that spiral galaxies 
were the most common? Spiral gal- 

axies are much larger and brighter than 
dwarf ellipticals, therefore it was easier to 
see them than the smaller dwarf eliptical 

galaxies. Use Performance Assess- 
ment in the Science Classroom, 

pao3e 

@ Supermassive black holes are thought to exist 

in the centers of galaxies. 

« 
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i : Section ) review 

1. All galaxies are large families of elliptical shape with no structure. spiral pattern, with a central hub 5. Little will happen to individual stars 
stars, gas, and dust. The Milky Way Spiral galaxies have a central hub and the Sun about halfway out from like the Sun; they will just move past 
is a spiral galaxy; larger than dwarf with arms spiraling out from it. the center. each other. 

ellipticals, but not as large as giant Irregular galaxies have no structure 4. Dwarf ellipticals are small, and 6. 200 billion to 600 billion stars 
elliptical galaxies. and can be any shape. resemble round to elliptically 7. less than 1 percent 

2. Elliptical galaxies have a spherical or © 3. Student drawings should show a shaped balls. za | MAA3.4.1 
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An editable Microsoft® 

= PowerPoint® presenta- 
tion is available on Interactive 

Chalkboard CD-ROM. 

Bellringer 

Section Focus ‘Transparencies 

also are available on the 

Interactive Chalkboard CD-ROM. 

[2] a> 
Tro, ; anny 

ESicmcsts) Northern andSouthern Sky Smoptes 
4 Transparency Pa 

lis panoramic view of the entire sky was made from 51 wide-angle 

lotographs. 

What is the object that cuts across both the northern and 
southern sky? 

What would this picture have looked like one billio yn years ago? 
Five billion years ago? Fifteen billion years ago’ 

4 | Reading Preview 

Tie to Prior Knowledge 

The Big Bang Ask students how 

the universe began. Some will 

reply that it started with a big 
bang. Ask them what this big 
bang was. One theory explains that the 
universe was smaller than it is today. A 

large explosion caused the universe to 
rapidly expand. 

SQ3R This five-step strategy 
helps promote active reading. 
Have students first Survey the 
section, focusing on headings. 
Students should then develop 
Questions about key concepts. 
Next, students should Read the 

section, keeping their questions 

in mind. Last, have students 

Recite the vocabulary words and 
Review their definitions. 

836 CHAPTER 26 Stars and Galaxies 

What Vow \ Learn 
@ Describe the most accepted 

theory about the origin of the 

universe. 

@ Define dark matter. 

= Explain how dark energy may 

cause the universe to expand 

forever. 

Figure 22 This map 
produced by the WMAP 

team has been called a 

“baby picture” of the 

universe. It is oval 

because it is a projection, 

just as maps of Earth can 

be projected as ovals. 

infer why this map is 

called a “baby picture” of 

the universe. 

836 CHAPTER 26 Stars and Galaxies 

Also covers SC.H.1.4.1, SC.H.1.4.2, SC.H.1.4.3, SC.H.2.4.1, SC.H.2.4.2 

osmology 

Why It’s Important New Vocabulary 

Conditions that existed when the e cosmology 

universe began led to the formation e big bang theory 

of galaxies like the Milky Way. e dark matter 
e@ dark energy 

® Review Vocabulary 
universe: the space that contains all 

known matter and energy 

How did it begin? 
The study of the universe—how it began, how it evolves, and 

what it is made of—is known as cosmology. Several models of 

the origin and evolution of the universe have been proposed. 

One model, proposed in 1948, is called the steady state the- 

ory. In this theory, the universe has always existed and it always 

will. As the universe expands, new matter is created. The density 

of the universe remains the same or in steady state. 

A second idea is called the oscillating model. In this model, 

the universe expanded rapidly, then slowed, and eventually con- 

tracted. This oscillating process continues back and forth 

through time. Some scientists currently believe that enough 

matter exists to cause the universe to eventually contract. 

Chapter Fasr Fie Resources 

‘Transparency Activity, p. 47 

Enrichment, p. 32 

Reinforcement, p. 28 

Directed Reading for Content Mastery, 
pps 9) 520 

Lab Worksheets, pp. 7-8 

Life Science Critical Thinking/ Problem Solving, p. 14 
Mathematics Skill Activities, pp. 47-48 



The Big Bang Theory 
The most accepted theory of how the universe formed is 

the big bang theory. It states that the universe started with a big 
bang, or explosion, and has been expanding ever since. The big 
bang is not like an explosion of matter into empty space; it is the 
rapid expansion of space itself. 

When did it begin? A NASA-related mission, called the 
Wilkinson Microwave Anisotropy Probe (WMAP), produced a 
map of the oldest light in the universe. Based on the map, shown 
in Figure 22, and other data, the WMAP team proposed a more 
specific age of the universe. Their findings indicate that the uni- 
verse began about 13.7 billion years ago with a big bang. The 
team believes its data are correct within a one percent margin of 
error. They measured temperature variations over the entire uni- 
verse found in the cosmic microwave background radiation. This 
radiation is thought to have been produced about 400,000 years 
after the big bang when temperatures became low enough for 
atoms to form. Bright areas of the map are thought to indicate 
places that collapsed, forming the galaxies that we see today. 

(42 When did the universe begin? 

Expansion of the Universe 
The motion of stars within the Milky Way can be detected by 

using the Doppler effect. For example, sound waves from a mov- 
ing source are compressed as the object approaches and 
stretched as it recedes. Doppler shifts occur in light as well as 
sound. If a star approaches Earth, its wavelengths of light are 
compressed, causing a blue shift. If a star moves away, its wave- 
lengths are stretched, causing a red shift. Using the Doppler 
shift, scientists found that some galaxies in the Local Group are 
moving toward, some are moving away, and others are moving 
with the Milky Way. A red shift is also seen in 

the light from distant galaxies, but this is 
explained differently. 

Red shift 

Figure 23 The observer on the right experiences 

a blue shift as wavelengths of light emitted by an [7 

approaching object are compressed. The observer 

on the left experiences a red shift as wavelengths 

are stretched. 

Wavelength 

appears longer. 

Language Arts 
Science as Literature 
Many famous scientists 

have written about sci- 

ence for the general pub- 

lic. Among them are 

physicists Albert Einstein 

and George Gamow. 

More recently, physicist 

Stephen Hawking wrote 

“A Brief History of Time,” 

which describes current 

theories of how the uni- 

verse began. Research 

the work of Steven 

Hawking and his contri- 

butions to cosmology and 

write a brief biography. 

z Blue shift 

ADAGY vi WW 
| 2 
a 

Wavelength 

appears shorter. 

Bulb moves from 1 to 4 

SECTION 4 Cosmology 837 

oa Reading Strategy 

Clarify Text Have a student read the text about 

Expansion of the Universe while others demon- 
strate the Doppler effect shown in Figure 23. 
Have them continue this modeling process as 
other students take turns reading the subsequent 
topics. Conclude with the concept of accelera- 
tion of expansion of the universe. 

Visual Learning 

Figure 22 Help students understand that the oval 
shape of this photo is a projection designed to 
show the whole sky. This is similar to the way 
Earth globes are projected as ovals. Also, the 
image was made using microwaves that were 

translated into visual wavelengths. Red shows 
warmer areas and blue shows cooler areas, the 

reverse of star colors. GD jh) Visual-Spatial 

Caption Answer 
Figure 22 It is a picture of the earliest 
radiation produced in the universe. 

(% Reading Check 

Answer 13.7 billion years ago 

Language Arts 

Science as Literature Many writers 
of science fiction were originally 
scientists. For example, Isaac 
Asimov was a professor of bio- 
chemistry before turning to 
writing full time. Also, Arthur C. 
Clarke, best known for the book 

and film "2001—A_ Space 
Odyssey", was the scientist who 
first proposed placing a satellite 
in geostationary orbit for 
weather and communications. In 
fact, the geostationary orbit at 
42,000 km was named for him by 
the International Astronomical 
Union. Other science fiction 
writers combine careers, such as 

Jerry Pournelle, who writes both 
science fiction and a nonfiction 
column in computer science. 

~~ Fun Fact 
The rotation rate of the Sun can be 
determined from the Doppler 
effect. Light from the left side of 
the Sun shows a slight blue shift 

and light from the right side shows 
a slight red shift. The amount of 
the shift is related to the rate of 
rotation for the Sun. 
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( 7 we Demo 
oe Doppler Effect 

Materials a ball that whistles when 

thrown. 

Estimated Time 5 minutes 

Procedure Attach a strong piece of 
rope to the ball and carefully twirl 
the ball around your head. Stand 
about 5m away from students. As 
the ball twirls around, students will 

hear a higher pitch as the ball 

approaches them and a lower pitch 
as the ball moves away. Relate the 
changing wavelengths of sound 
waves to the changing wavelengths 

of light caused by a star coming 
toward or going away from Earth. 
12] GD Jf) Visual-Spatial 

Activity 
Expansion of the Universe Have 
students cut stars out of a piece of 

cotton and attach them at various 

positions on a 5-cm wide strip of 

spandex. Tell them to hold the 

ends of the spandex strip in both 
hands and slowly pull on both 

ends. Students will observe the 

distance between the stars (galaxy 

clusters)! imcreaseés as ‘space 

expands. [ii] G@® Visual- 
Spatial 

Discussion 
Dark Matter and Dark Energy Have 

students research the existence of 

dark matter and dark energy. Have 

them discuss the presence of both 
dark matter and dark energy. 
Possible answer: The rate at which the Sun 
orbits the center of the Milky Way is incorrect 

if only the visible mass of the Milky Way is 

taken into account. The expansion of the 

universe appears to be greater now than in 

the past. There must be an energy source for 

this accelerated expansion. |L3 

(% Reading Check 
Answer regular matter 

Caption Answer 
Figure 6 voids 

838 

Figure 24 This Hubble view 

looks deep into space and time 

when the universe was more 

chaotic and oddly shaped galaxies 

were common. Dark matter might 

have influenced galaxies to take 

the classic spiral and elliptical 

forms we see today. 

838 CHAPTER 26 Stars and Galaxies 

Differentiated Instruction 

Hearing Impaired Help your hearing impaired stu- 
dents achieve success in note taking by setting up 

paired partners. Pair each of your hearing 

impaired students with another student. During 

the lesson, they should work together to write 

down all notes. The hearing impaired student 

should concentrate on information on the board 

and the other student on information presented 
by voice. [L2| IN Linguistic 

CHAPTER 26 Stars and Galaxies 

Hubble Red Shift The Doppler shift does not explain the 
shift in wavelength of light coming from distant galaxies. This 

shift is known as the Hubble red shift. It is caused by the stretch- 

ing of space itself as the universe expands. Light waves traveling 

through space lengthen as space expands. The fact that this red 

shift is seen in the light from all galaxies outside the Local Group 

indicates that the entire universe is expanding. 

What is the universe made of? 
The way in which galaxies like the Milky Way rotate and 

move should depend on the amounts of mass they contain. The 

problem is that if only the visible or otherwise detectable mass 

(called regular matter) is counted, the Milky Way and other 

galaxies shouldn't be rotating, moving, and interacting with 

other galaxies the way they are. It appears that regular matter 

makes up only a very small amount of the known universe. 

Much of the mass that must be present cannot be seen. 

However, its effect on other galaxies can be seen, shown in 

Figure 24. This unseen and little-understood matter that affects 

galaxies has been named dark matter. 

ry ‘Reading Check Which type of matter is considered to make up 

the least amount of the universe? 

Teacher 
Standard Candles A standard candle, like a Type I 
supernova, 1s always considered to have the same 
absolute brightness. Ifa standard candle is recog- 
nized in another galaxy, its apparent brightness is 
compared to its absolute brightness. This compar- 
ison can be used to determine the distance to the 
galaxy in which the supernova exists. 
Ce eee ss Sibi espiee i Hector se ih: Aceon s!  — 



Dark Matter Although scien- 
tists are uncertain about what 
dark matter is, the concept helps 
them explain how the universe 
may have formed. Temperature 
variations, as shown on the 
WMAP map, could have led 
to density fluctuations in the 
early universe. As the universe 
expanded, gravity from dark 
matter pulled matter together in 
regions with higher 

Galaxies could have formed in 
the denser regions and voids 

density. 

could have formed elsewhere. This structure is seen when 
sections of the universe are mapped, as shown in Figure 25. 

Dark Energy Data indicate that the expansion of the universe 
is accelerating. Explaining this acceleration is difficult. One 
hypothesis is that a form of energy, called dark energy, might be 
causing the acceleration. When matter was closer together in the 
early universe, gravity could easily overcome expansion caused 
by dark energy. Now, with matter farther apart, gravity is insuf- 
ficient to overcome it and expansion accelerates. This does not 
mean, however, that dark energy is related to dark matter. 

section. 5 

® The big bang theory is the most accepted 

theory about the beginning of the universe. 4 

@ The universe is estimated to be 13.7 billion 

years old. 

Expansion of the Universe 

@ The Doppler effect indicates whether stars are 

coming toward Earth or moving away. 

@ The Hubble red shift is caused by the expan- 

sion of space and the entire universe. 

What is the universe made of? 

@ The universe might contain dark matter and 

dark energy. 

More Section F Review fi. Sieeeances com 

Summary Self Check 
How did it begin? 1. Define cosmology. 

® Cosmology is the study of how the universe 2. Describe the big bang theory. 
began and evolves. 3 . Explain how the expansion of space could cause a red 

shift in the light from distant galaxies. 

. Describe the Doppler effect. 

5. Think Critically How could the presence of some 

repulsing force cause the universe to expand forever? 

Applying Math 

6. Use Percentages The currently accepted age of the 

universe is 13.7 billion years plus or minus one percent. 

How much time does this one percent represent? 

7. Use Percentages What percent of the universe’s 

age is the first 400,000 years? 

Figure 25 These maps of sec- 

tions of the universe show areas 

densely populated with galaxies 

and other areas almost empty. 

Identify What are the almost- 

empty areas called? 

J inner no nae haat” 
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ae . Section 

1. the study of how the universe 

began, how it continues to evolve, 

and what it is made of 
2. The universe started with a big bang 

and has been expanding ever since. 

3. As space expands, it causes the light 

waves to expand as well, thus 

lengthening the wavelengths or 

shifting them toward the red end of 

the spectrum. 

4. The Doppler effect is caused by the 

movement of an object. If it is mov- 
ing away, its light is lengthened in 

wavelength; if it is moving toward 
you, its light is shortened in wave- 

length. 

5. As matter expands more and more, 

the expansion force would overcome 

any attractive force that exists 

between the matter. 

6. 137 million years 

7. 0.003 percent 

Be MA.A3.4.1 

. Post Reading 

Summarize Have students work 
iN pairs to summarize the effects of 
the opposing forces of gravity and 
expansion of space on matter. 
Have them consider colliding gal- 
axies and the star sequences of 
giant and supergiant stars. Encour- 
age them to look back in the text to 
check for accuracy. 

AILY INTERVENTION 

Check for 
Understanding 
Linguistic Have students write a 
paragraph about why astro- 
nomers think the universe had a 

beginning. Galaxy clusters are ex- 
panding away from all other galaxy 

clusters. This implies that they were all 
closer together in the past when all 
matter was together. {L2] JEW 

Reteach 

Expansion of the Universe What is 
true of light coming from distant 
galaxies? Light from galaxies outside of 
the Local Group has been lengthened by 
the expansion of space. [L2] 

(EYEE EPEC CRIEGES tga 
™ Assessment 

Content Explain how the Doppler 

effect can tell scientists whether a 

star is approaching or moving 

away from Earth. Light that is mov- 

ing away is shifted toward the red end of 
the spectrum; if it is moving toward us, 

light is compressed and is shifted toward 
the blue end of the spectrum. [L2 
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Video Lab available for this Lab. 

® Real-World 
Problem 

Purpose Students will model the 
stretching of the wavelength of 
light caused by expansion of the 
universe. 

Process Skills Make a model, 

analyze results, collect data, draw 

and label, draw conclusions, 

infer, interpret data, make and 
use tables, observe, organize 

data, recognize cause and effect. 

Time Required 35 minutes 

Possible Materials round balloon, 
permanent marker, medium-sized 

binder clip 

Safety Precautions 

e Caution students not to over 

inflate the balloon, it could 

burst. 

e Caution students to handle the 

binder clip carefully; it can slip 
out of their hands. 

Make a Model 
Possible Procedures Slightly inflate 
the balloon and clip it shut. Mark 
the location of the galaxy clusters. 
Use a metric ruler to measure the 
distances between the galaxy clus- 
ters. Record these measurements. 
Draw a wavy line from the refer- 
ence galaxy cluster to each of the 
other galaxy clusters. Measure and 
record the wavelength of each 
wavy line. Inflate the balloon. 
Measure and record the distances 
between galaxy clusters and the 
wavelengths of the wavy lines. 

Teaching Strategies Have a bal- 
loon already marked so students 
can compare their balloons to it. 

Troubleshooting Have students 
blow up their balloons and let 
them deflate prior to beginning 
the exercise. 

Model and Invent 

E i\@n of 
eae the Universe 

Chale © Real-World Problem 
@ Model the stretching You have read that the universe is expanding. In fact, recent calcula- 

te of the wavelengths of tions indicate that it is expanding more quickly now than it did in the 

= light caused by the past. Astronomers are able to measure this expansion because it 

Lar expansion of the stretches the wavelengths of light coming from distant objects. Can 

& universe. you make a model that demonstrates how this happens? 

| Measure the amount 

of waviclenicu length- >) Makea Model 

~ ening produced in the 
oe model: 1. Work in teams of two or more. Collect all needed materials. 

Be . Measure increases in 2. Sketch an image on the balloon slightly inflated. Model the posi- 

be ~ distances between tions of galaxy clusters by placing three or four dots at four differ- 

I * a galaxy clusters caused ent locations and different distances apart on the surface of the 

rae by the expansion of the balloon. Mark the locations R (for reference), A, B, and C. 

a model. 3. Make a table for data. 

= SS Possible Materials 4. Check to see if the binder clip can hold air in the balloon long 

ae round balloon enough for you to make measurements and to draw on the balloon. 

Bes : permanent marker (black 5. Obtain your teacher's approval of your sketches and data table 

ae % or dark blue) before proceeding. 

x medium-sized binder clip 

eg 3cm oe oe © Test Your Model 
et Safety Precautions 1. Slightly inflate your balloon so that it is not very big. 

aes Ea DA 2. Use the binder clip to temporarily seal the balloon (or have your 

a oa partner hold it closed). Do not tie it. 

*. 3. Measure the distance from your reference galaxy cluster (R) to 

2 2 each of the other galaxy clusters and record these distances on 

tae your data table. 

is. 

és 
fra: ees 
Roa location First Distance Second Distance Changein First A Second X Change in 

< Measurement Measurement Distance Measurement § Measurement r 

oF A 
B 
C 
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Fun fact 
If the accelerated expansion of the universe contin- 

ues, eventually the only stars that will be visible to 
observers on Earth will be those in the Milky Way 

Galaxy and those in the galaxies of the Local Group. 

840 CHAPTER 26 Stars and Galaxies 

Differentiated Instruction 

Physically Challenged If students cannot manipu- 
late the binder clips, have them work with other 
students. A physically challenged student can 
hold the balloon after the clip has been attached 
or the balloon has been tied shut. A physically 
challenged student could inflate the balloon 
while another student attaches the binder clip or 
ties the end of the balloon shut. 



4. Draw a wavy line from your reference galaxy cluster to each of the other 
galaxy clusters marked to represent the wavelength (A) of light coming from 
each galaxy cluster. Measure and record the wavelength of each wavy line. 

5. Inflate your balloon farther (be careful not to inflate it too much). Replace the 
binder clip or tie the end shut. 

6. Measure and record the distances from your reference galaxy cluster to each of 
the other galaxy clusters. 

7. Measure and record the wavelength of each wavy line on your inflated model. 

© Analyze Your Data 
1. Calculate the change in distance and the change in wavelength for each galaxy 

cluster and record it on your data table. 

2. Analyze whether objects moved on your model or whether your entire model 
expanded. 

© Conclude and Apply ————— 
1. Explain any changes in distance or wavelength noted. 

2. Conclude whether the objects moved apart 

because of their individual motions or because 

the model expanded. 

3. Infer how measurements on your model can 

be related to measurements of the universe. 
Enter the data from your model on a table 

that shows the data from all teams of 

students. 

LAB 841 

ommunicating 
ee Your Data 

Encourage students to perform the exercise more than 

once to check their data. Have them discuss their results 
with another team and find out if that team obtained 

similar data. If not, have them discuss possible reasons 
for any differences noted. 

Test Your Model 
Expected Outcome Students will use 

expansion of the balloon as a model 
of the expansion of the universe. 

© Analyze Your 
Data ——— 

1. Answers will vary depending on the 
size of the balloon, how much they 
inflate it, and where they locate their 
galaxy clusters, 
Individual points representing the 
galaxy clusters did not move on the bal- 

loon, the entire model of the universe 
expanded. 

Lid 

© Conclude and 
Apply — 

1. As the model expanded, the dis- 
tances between the galaxy clusters 
increased. The wavelength of light 
traveling between galaxy clusters 
increased. 

The galaxy clusters moved apart 
because the entire model expanded. 

3. If the universe is thought of as a bal- 
loon, the fabric of the universe is the 
skin of the balloon. Distances and 
wavelength of light would increase 
in the universe just as the measure- 
ment of these factors increased on 
the balloon model. 

Ld 

Assessment 
Process Ask students to hypoth- 
esize as to what would happen if 
the universe stopped expanding 
and started to shrink. Possible 
answer: The distances between galaxy 
clusters and the wavelength traveling from 
between galaxy clusters would decrease. 
Use Performance Assessment 
in the Science Classroom, 
on ek 
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Understanding 
Literature 
Imagery The primary sense 

evoked by Sara ‘Teasdale in this 

poem is sight. The reader is 

aware of the darkness and the 

varied colors of stars that are 

seen moving steadily across the 
sky. The senses of sound and 

smell are also triggered as she 
describes the pine trees as being 
"still" and having a "spicy" smell. 

Respond to the Reading 

1. Teasdale writes that the stars have 
beating hearts. She describes their 

movement across the sky as a march 

up a great hill. 

2. The author expresses feelings of awe 
and gratitude for the beauty she wit- 
nesses. The tone is reverence. 

3. Linking Science and Writing 
Review stellar characteristics with 

students, including the process of 
nuclear fusion, the relationship 
between temperature and color, and 

the life cycle of stars. Review the con- 
nection between Earth’s rotation and 
the apparent movement of stars. 

Light Pollution Unless you have 
viewed the stars on a clear, dark 

night like the author, you may 
not fully understand her emo- 
tion. Astronomers are very 
concerned about light pollu- 
tion. Every observatory in the 
southwest is affected, as city 
lights brighten skies. 

Alone in the night 

On a dark hill 

With pines around me 

Spicy and still, 

Over my head, 

White and topaz 

And musty red; 

Myriads with beating 

Hearts of fire 

That aeons 

Cannot vex or tire; 

Up the dome of heaven 

Like a great hill, 

Stately and still, 

And I know that I 
SS —————————eE———E—E 

Am honored to be 

Witness 

Of so much majesty. 

842 CHAPTER 26 Stars and Galaxies 

And a heaven full of stars 

I watch them marching 

Stars 
Sara Teasdale 

‘Understanding 
Literature 
Imagery Imagery refers to how a literary 

work invites the reader to see, hear, smell, 

touch, or taste something in his mind. 

Authors often use related images through- 

out a work, encouraging the reader to con- 

sider the subject using more than one 

sense. Of what specific senses does this poet 

make the reader aware? 

Respond to the Reading 

1. How does the author use personification 

to make the stars in the poem seem alive? 

2. Tone refers to the overall mood of a liter- 

ary work. Describe the tone of this poem. 

3. Linking Science and Writing The poet 

refers to the color, age, energy source, 

and apparent movement of stars. Write 

a paragraph relating what you have 

learned about these properties to how 

they are mentioned in the poem. 

ITEGRA On a clear, dark 

night, it is possible to 

see as many as 1,500 stars with the unaided 

eye. However, this number is far lower because 

of light pollution. Light from houses, shopping 

areas, signs, and street lights floods the sky, 

making it difficult to see the stars. Inside 

major cities, fewer than 50 stars may be visi- 

ble in the night sky. 

Resources for Teachers and Students 

Nightwatch: A Practical Guide to Viewing the 
Universe, by ‘Terence Dickinson, Firefly Books, 
Ltd, 1998. 

The Book of Constellations: Discover the Secrets in the 

Stars, by Robin Kerrod, Barron’s Educational 
Series, 2002. 
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Section 1 Observing the Universe 
1. Constellations are patterns of stars that 

resemble things familiar to the observer. 

2. Optical telescopes collect visible light and 
magnify viewed objects. 

3. A refracting telescope uses lenses to collect 
light and magnify the image, and a reflect- 
ing telescope uses a mirror to collect light 
and a lens to magnify the image. 

4. A radio telescope collects and amplifies 
radio waves. 

“Section 2 | Evolution of Stars 

1. A galaxy is a large 

Galaxies and the 
Milky Way 

group of stars, gas, 

and dust held 

together by 

gravity. The Local 

Group of galaxies 

is a cluster that 

contains the Milky 

Way Galaxy. 

. The three main types of galaxies are 
elliptical, irregular, and spiral as shown 
here: 

Eheprer 

Study Guide Qb 

bintar“eeeer- ween aseaseeermyiseer-pemmersae-pemmmmenaamn 

Reviewing Main Ideas 

Summary statements can be 
used by students to review the 
major concepts of the chapter. 

Science !iNe 

Visit fl.gpescience.com 
More Section Review 

interactive Tutor 

Vocabulary PuzzleMaker 

More Chapter Review 

Standardized Test Practice 
| ee 3. Astronomers believe that galaxies form by - DLAI IC rOM 4 . 5 : : _ er : var absorbing or merging with smaller objects. A tT arge cloud of gas, ice, Ae SaaS ee . a Weds, ‘ They continue to evolve by colliding or ssessment Iransparency 
a ce te ae merging with other galaxies. For additional assessment questions, nebula like the one 

ane Ae ame ; use the Assessment Transparency shown here. When 4. The Milky Way galaxy is about 100,000 . ; ocated in the transparency book. the temperature inside light-years across and the Sun lies about P y 
the contracting nebula 26,000 light-years from its center. 
reaches 10 million K, Assessment 
fusion begins, and a Section 4 | seme 
star is born. Cosmology Stars and Galaxies 

= - ; j y avai of acc Directions: Carefully look at the fo 2. Stars are classified as main sequence 1. The big bang theory is the most accepted 
stars, giants, and white dwarfs on the H-R 
diagram. 

theory of how the universe began. 

. The universe is 13.7 billion years old and 

appears to be expanding faster now than in 3. When a star reaches stellar equilibrium it 

is considered a main sequence star. When the the past 
hydrogen fuel is depleted, a star loses equilib- | 3. The Hubble red shift is caused by the 
rium and evolves into a giant or supergiant. expansion of space, not the movement of 

1. After losing its outer layers, a giant becomes galaxies. 
a white dwarf. A supergiant can evolve into i rer eee ian aa eee 

Al B 2 c3 DA a neutron star or a black hole. : Bata Ne sear ene ee 
FOLDA LIES) Use the Foldable that you made at the begin- " ee, i - kbar oa ies D barred spiral }. The Sun’s energy is produced at its core by ning of this chapter to help you review what you learned Biiey many elasiearetommletoneerteear tie r : 

\ 160 million 40 billion C 75 trillion D 500 trillion n uclear fusion. about cosmology. 
4. How many stars does the Milky Way Galaxy contain? | 

A 400 million B 400 billion © 50trillion D500 trillion 

teractive Tutor fl.gpescience.com CHAPTER STUDY GUIDE 843 n 

ntifying Misconceptions 

After students have done the activity on page F at 
the beginning of the chapter and completed the 

table. Ask them to identify which cups seem to be 
close to each other. 

7 Have students use 
OLDABLES 

their Foldables to 
review what they learned about 
stars, galaxies, and cosmology. 

Expected Outcome Students using only one eye chapter, have them perform this activity. ta 
will lose some of their ability to judge distance Materials various-sized plastic or paper drinking 

cups : 
Procedure Randomly place the cups of different 

sizes over the top of a large flat table. Have a stu- 
dent close one eye and kneel at one end of the 

and will select several cups that look like they are _ 
next to each other only to discover that they can 
be quite far away from each other on the table, 
just as stars can be in the galaxy. 

CHAPTER STUDY GUIDE 843 



Cheaprer, 

Review: 

1. constellations 

2. reflecting 

5. giant 

6. photosphere 

telescope 7. sunspots 

3. light-year 8. galaxy 

4, main 9. Milky Way 
sequence 10. cosmology 

11. D 16. B 

2eC 17. B 

13. A 18. A 

14. C 19. B 

15. A 

4 SC.E.2.4.1; SC.E.2.4.2; SC.E.2.4.3; SC.E.2.4.4; SC.E.2.4.5; SC.E.2.4.6 

Milky Way p.831 

photosphere p.82/ 

radio telescope p.82] 

reflecting telescope p.820 

refracting telescope p.819 

big bang theory p.837 

constellation p.818 

cosmology p.836 

dark energy p.839 

dark matter p.838 

galaxy p.831 # solar mass p.827 

giant p.825 spectroscope p.822 

light-year p, 82 sunspots p.828 

Local Group p.832 white dwarf p.825 

main sequence p.823 

#€ FCAT Vocabulary 

Match the correct vocabulary word(s) with each 

definition given below. 

1. 

2. 

patterns of stars 

an optical telescope that uses a mirror to 

collect light 

3. the distance light travels in one year 

. plotted from the upper left to the lower 

right on the H-R diagram 

. star in which the core contracts and outer 

layers expand and cool 

. layer of the Sun from which light is emitted 

. dark, cooler areas on the Sun’s photosphere 

. large group of stars, gas, and dust held 

together by gravity 

9. spiral galaxy that contains the solar system 

Gi 

. study of the evolution of the universe 

~ Checking Concepts 

loose the word or phrase that best answers the 
question. 

11 . Which telescope uses lenses to collect light 
and form an image? 

A) adaptive 

B) radio 
©) reflecting 

D) refracting 

844 CHAPTER REVIEW 

chapter OG 7 Review 

12 

12% 

14. 

15. 

16. 

. Which form of energy are optical tele- 

scopes used to study? 

A) infrared radiation 
B) radio waves 

©) visible light 

D) X rays 

Which magnifies the image in a telescope? 

A) eyepiece ©) focus 

B) focal length D) objective 

Which is the most common type of star in 

the universe? 

A) giant 

B) neutron 

© red dwarf 

D) white dwarf 

Which forms from a star that is over 25 

times the mass of the Sun? 

A) black hole C) neutron star 

B) giant star D) white dwarf 

Which is a feature of the Sun that can 

reach 100 million K¢ 

A) CME 

B) flare 

©) prominence 

D) sunspot 

Use the illustration below to answer question 17. 

Mize 

18. 

Which type of galaxy is most common? 
A) barred spiral 

B) dwarf elliptical 

©) irregular 

D) spiral 

Which is the most accepted theory of how 
the universe formed? 

A) big bang 

B) collision 
© oscillating 

D) steady state 

Vocabulary PuzzleMaker fl.gpescience.com 
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Curriculum ‘Tags 

Use the ExamView® Pro Test Bank CD-ROM to: 
* create multiple versions of tests 

create modified tests with one mouse click for inclusion students 

edit existing questions and add your own questions 
build tests aligned with state standards using built-in State 

change English tests to Spanish with one mouse click and vice versa 



ee 1) BeviEW | 
as ————SSaes 

19. Which adds to the gravity of a galaxy, but 
cannot be seen or detected? 
A) dark energy 
B) dark matter 
©) regular energy 
D) regular matter 

Interpreting Graphics 

20. Make a table summarizing the absolute 
brightness (magnitude) and temperatures 
of stars on this H-R diagram. 

Hertzsprung-Russell Diagram for Stars 
1,000,000 L. FR = , is 

on ee — , | 

“5 aes. > Eatery 
10,000L.+ $2 2) Supergiants 

o ote be a ey 

2 100 L.+ a 

“ 

i < Lo 2 
= 

7 1 

100 4=|° a. 5 
White dwarfs” 

1 fa 
10,000°°Q B G 

25,000 10,000 6,000 3,000 

Temperature (K) 

21. Draw and label scale models of the following 
stars: the Sun; Antares, 500 times larger 

than the Sun; and Sirius B 0.01 times the 
Sun’s diameter. 

22. Draw and label a concept map showing the 

life history of a star like the Sun. 

23. Draw and label the parts in a reflecting 
telescope. 

(Thinking Critically 
24. Explain how energy created in the core of 

the Sun is eventually emitted from the 
photosphere. 

25. Compare and contrast elliptical, irregular, and 
spiral galaxies. 

More Chapter Review fl.gpescience.com 

26. Discuss the benefits of using a radio 
telescope. 

27. Explain why high sunspot activity on the 
Sun can affect Earth’s magnetic field. 

28. Explain how the Sun’s position in the Milky 
Way affects how we perceive our galaxy. 

Applying Math 

29. Solve One-Step Equations Use the equation 
eS = f,/f.. to determine the magnify- 
ing power of a telescope in which the 
focal lengths of the objective and eye- 
piece are 1500 mm and 9 mm, 
respectively. 

Use the illustration below to answer question 30. 

Relative Power of Solar Storms 

Severe | 

storm po 

1989 

storm | 

1859 

storm | 

500 1,000 1,500 2,000 

nano-Teslas 

. A solar storm that took place in 1859 is 
called “the perfect storm,” because of its 

great power. The diagram shows the 

relative destructive power of some solar 
storms. Using this diagram, calculate 
approximately how much more 

destructive was the solar storm of 1859 
than the one of 1989. 

31. Calculate how long ago the light we see 

today left a star that is 25 light-years 

away. Calculate the distance in km to 
that star. 
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‘To Assessment 

\@y Reproducible Masters 
Chapter Fast File Resources 

Chapter Review, pp. 37-38 
Chapter ‘Tests, pp. 39-42 ; 
Assessment ‘Iransparency Activity, p. 51 

Glencoe Science Web site 
Chapter Review Test 
Standardized ‘Test Practice 

Glencoe Technology 

‘ Assessment. Transparency 
@® ExamView® Pro Testmaker 
TO MindJogger Videoquiz 
(@ : . 

(x) Interactive Chalkboard 

chapter 

Review 

nterpreting Graphics 

20. 

A-R Diagram Summary 

Absolute Temperature 

Brightness 

Giant High 

Main Varies with Varies with 

sequence TASS THASS 
+ 

White 

dwarf 

21. Antares should be about 7.5 min 
diameter. The Sun should be about 
1.5 cm and Sirius B should be about 
1.5mm. 

22. Student maps should include the 

following: nebula, main sequence, 
giant, white dwarf, black dwarf. 

23. Student drawings should show and 
should label the objective, the eye- 
piece, the focus, and the focal length. 

Low High 

24. Energy emitted at the core of the Sun 
radiates through the transparent 
radiation layer and then is transferred 
to the surface by convection cells. 

25. All are families of stars, dust, and gas 
held together by gravity. Elliptical 
galaxies look like round or elliptical 
balls, spiral galaxies have spiral arms, 
and irregular galaxies have no regular 
structure. 

26. Radio telescopes can be used during 
the day and in all kinds of weather. 

27. Sunspots are magnetic storms on the 
Sun and increase the amount of 
charged material in the solar wind 
that can affect Earth’s magnetic field. 

28. The Sun's position within one of its 
spiral arms obscures visibility of the 
entire Milky Way. 

Applying Math 

Math Standards 

National: 2,9 
Florida: MA.B.1.4.2 

29. Mp = 167 

30. about three times 

31. 25 years; 237.5 trillion km 
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chapter 

Standardized Test Practice 

Answer Sheet An answer sheet 

can be found at fl.gpescience.com. 

Standardized Test Practice Answer Sheet 

~~ Multiple Choice —_ 

riage esponse 

846 STANDARDIZED TEST PRACTICE 

<< ee 

fp Sta nda 

\ The assessed Florida Benchmark appears above 

ultiple Choice 

1. What is used as an objective in a reflecting 

telescope? 

A. antenna 

B. camera 

C. lens 

D. mirror 

Use the photo below to answer question 2. 

2. Which type of telescope is shown? 

A. optical 

B. radio 

C. ultraviolet 

D. X-ray 

Test-Taking Tip 

Concentrate Stay focused during the test and don’t rush, even 

if you notice that other students are finishing the test early. 

cD 
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Record your answers on the answer sheet provided by your teacher or on a sheet of paper. 

rdized Test Practice 

the question. 

3. Which group contains most stars on the 

H-R diagram ¢ 
Cc 

A. giant 

B. main sequence 

C. supergiant 

D. white dwarf 

4. Which stage of stellar evolution occurs 

when the outer layers escape, leaving 

behind the hot core? 

A. black hole 

B. giant 

C. main sequence 

D . white dwarf 

Use the illustration below to answer question 5. 

b SC.E2.4.4 oe 
5. What occurs inside a main sequence star? 

A. Energy from fusion exceeds gravity. 

B. Fusion shuts down. 

C. Gravity exceeds energy from fusion. 

| D. It attains stellar equilibrium. 
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6. Which may be responsible for the acceler- 10. What does a spectroscope do to starlight ort Response ating expansion of the universe? that enables astronomers to determine the 12. Coronal mass ejections (CMEs) are 

large bubble of ionized gas are emit- 
ted from the Sun. 

“tana ens 2 A. dark energy stars composition? 

B. dark matter 
11. What does the H-R diagram show about | 13. Arelatively small cluster of about 45 C. regular energy the stars plotted on it? galaxies that includes the Milky Way D. regular matter 

Galaxy. Most galaxies in the Local 12. What are coronal mass ejections? Group are dwarf elliptical galaxies. 
oer , a 14. Most astronomers believe that rela- = ie ~~ Gridded Response 13. What is the Local Group? tively nearby galaxies grew by 
LSCEZ45 | absorbing or merging with other : 14. How do astronomers think that galaxies smaller objects. 7. If the focal length of a telescope objective like the Milky Way formed? 15. The study how the universe began is 2,400 mm and the focal length of the how it continues to evolve, and what 

eyepiece is 20 mm, what is the magnifying | 45. What is cosmology? it is made of 

PO po cr oacleseapes \ SC.E246 16. The existence of dark energy is used ; ; pe 16. Why have astronomers proposed the exis- to explain the apparent accelerating 8. Use this equation, A = mr’, What is the tence of dark energy in the universe? expansion of the universe. area 1A square meters of one of the four 
8.2-meter reflectors in the Very Large READ 
Telescope? EXPLAIN (—Extended Response — Extended Response 

17. Part A: After a star like the Sun 
READ SE Nssonse reaches the main sequence, it will EXPLAIN P Use the photo below to help answer question 17. eventually evolve toa giant star, then 

a planetary nebula. After that it will 
evolve to a white dwarf and end asa 

black dwarf. 

Part B: A star eight times more mas- 

sive than the Sun will become a main 
sequence star quicker and stay there 

fora much shorter period. After main 

Use the illustration below to answer question 9. 

; SC.E2.4.1 tl sequence, it will evolve into a super- 
iitinetanen ao 17. PARTA What are the evolutionary stages of giant, a neutron star, and eventually a 
_ a star like the Sun? black hole. 

PARTB What are the evolutionary stages of : 

a star more than eight times the Rubrics 
9. Describe the structure of the Sun’s interior. mass of the Sun? 

i Y 
ea 

For more help evaluating 
Short- and Extended-Response 
questions, see the rubrics on " Standardized Test Practice fl.gpescience.com STANDARDIZED TEST PRACTICE 847 

— p. YT. 

Short Response) 
10. A spectroscope disperses the light 11. The temperature or color of the star 9. The central area of the Sun is the 

into its component wavelengths, is plotted against its absolute mag- core where fusion occurs. Above the 

producing a spectrum. Astronomers nitude. core, energy radiates outward 
use the contained wavelengths to through the radiation layer. Energy 
determine the chemical composition moves through the convection layer 

of the star from which the light was to the Sun’s surface by convection. 
collected. 
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Scientific Methods 

Scientists use an orderly approach called 

the scientific method to solve problems. 
This includes organizing and recording data 

so others can understand them. Scientists 

use many variations in this method when 

they solve problems. 

Identify a Question 
The first step in a scientific investigation 

or experiment is to identify a question to be 

answered or a problem to be solved. For 

example, you might ask which gasoline is 

the most efficient. 

Gather and Organize 

Information 
After you have identified your question, 

begin gathering and organizing informa- 
tion. There are many ways to gather 

information, such as researching in a 

library, interviewing those knowledgeable 
about the subject, testing, and working in 

the laboratory and field. Fieldwork is 
investigations and observations done 

outside of a laboratory. 

Researching Information Before moving 
in a new direction, it is important to 

gather the information that already is 
known about the subject. Start by asking 

yourself questions to determine exactly 

what you need to know. Then you will 
look for the information in various refer- 

ence sources, like the student is doing in 

Figure 1. Some sources may include text- 

books, encyclopedias, government docu- 

ments, professional journals, science 

magazines, and the Internet. Always list 

the sources of your information. 

850 STUDENT RESOURCES 

Figure 1 The Internet can be a valuable research 

tool. 

Evaluate Sources of Information Not all 
sources of information are reliable. You should 
evaluate all your sources of information, and 

use only those you know to be dependable. 

For example, if you are researching ways to 

make homes more energy efficient, a site writ- 

ten by the U.S. Department of Energy would 
be more reliable than a site written by 

a company that is trying to sell a new type of 

weatherproofing material. Also, remember 

that research always is changing. Consult the 
most current resources available to you. For 

example, a 1985 resource about saving energy 

would not reflect the most recent findings. 
Sometimes scientists use data that they 

did not collect themselves, or conclusions 

drawn by other researchers. These data must 

be evaluated carefully. Ask questions about 

how the data were obtained, if the investiga- 
tion was carried out properly, and if it has 

been duplicated exactly with the same results. 
Would you reach the same conclusion from 

the data? Only when you have confidence in 

the data can you believe it is true and feel 
comfortable using it. 



Interpret Scientific Illustrations As you 
research a topic in science, you will see 
drawings, diagrams, and photographs to 
help you understand what you read. Some 
illustrations are included to help you under- 
stand an idea that you can’t see easily by 
yourself, like the tiny particles in an atom in 
Figure 2. A drawing helps many people to 
remember details more easily and provides 
examples that clarify difficult concepts or 
give additional information about the topic 
you are studying. Most illustrations have 
labels or a caption to identify or to provide 
more information. 

Nucleus 
Neutron 

Electrons 

Figure 2 This drawing shows an atom of carbon 

with its six protons, six neutrons, and six electrons. 

Concept Maps One way to organize data is 

to draw a diagram that shows relationships 

among ideas (or concepts). A concept map 

can help make the meanings of ideas and 

terms more clear, and help you understand 

and remember what you are studying. 
Concept maps are useful for breaking large 

concepts down into smaller parts, making 
learning easier. 

Science Skill Handbook 

Network Tree A type of concept map that 
not only shows a relationship, but how the 
concepts are related is a network tree, shown 
in Figure 3. In a network tree, the words are 
written in the ovals, while the description of 
the type of relationship is written across the 
connecting lines. 

When constructing a network tree, write 
down the topic and all major topics on sep- 

arate pieces of paper or notecards. Then 
arrange them in order from general to spe- 
cific. Branch the related concepts from the 
major concept and describe the relationship 
on the connecting line. Continue to more 
specific concepts until finished. 

is classified as 

has 
no 

Definite Definite aay Gey 
foun 

shape volume aay Gey 

has 
no 

Definite Definite 
shape volume 

Figure 3 A network tree shows how concepts or 

objects are related. 

Events Chain Another type of concept map 

is an events chain. Sometimes called a flow 

chart, it models the order or sequence of 

items. An events chain can be used to 

describe a sequence of events, the steps 
in a procedure, or the stages of a process. 

When making an events chain, first 

find the one event that starts the chain. 

This event is called the initiating event. 

Then, find the next event and continue 

until the outcome is reached, as shown 

in Figure 4. 
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Initiating Event 

Sound is produced. 

Sound travels. 

Sound hits hard surface. 

Sound reflects back. 

Echo is heard. 

Figure 4 Events-chain concept maps show the 

order of steps in a process or event. This concept map 

shows how a sound makes an echo. 

Cycle Map A specific type of events chain is 

a cycle map. It is used when the series of 

events do not produce a final outcome, but 

instead relate back to the beginning event, 
such as in Figure 5. Therefore, the cycle 

repeats itself. 

To make a cycle map, first decide what 

event is the beginning event. This is also 

called the initiating event. Then list the next 
events in the order that they occur, with the 
last event relating back to the initiating 
event. Words can be written between the 

events that describe what happens from one 
event to the next. The number of events in a 

cycle map can vary, but usually contain 
three or more events. 

852 STUDENT RESOURCES 

Science Skill Handbook [am 

eco 
entering where ial 

the cylinder is og 

inthe 
inthe 

Gasoline and 

air to mix 

Compression 

stroke 

allowing 

then ignited 
for the 

and removed 

during the 

Figure 5 A cycle map shows events that occur in 

a cycle. 

Spider Map A type of concept map that you 

can use for brainstorming is the spider map. 

When you have a central idea, you might 

find that you have a jumble of ideas that 
relate to it but are not necessarily clearly 
related to each other. The spider map on 

sound in Figure 6 shows that if you write 

these ideas outside the main concept, then 
you can begin to separate and group unre- 

lated terms so they become more useful. 

through Pe S intensity 
oS LL 

through liquids 3, & frequency 
D S 

through gases i: g quality 

sound >) 

outer ear sonogram 

middle ear sonar 

inner ear 

te 
x 

LP } 
<S & : 
iS yD echolo

cation
 

& ; 
a music 

Figure 6 A spider map allows you to list ideas that 

relate to a central topic but not necessarily to one 

another. 



Diamond Graphite 
(atoms arranged in (atoms arranged 
cubic structure) in layers) 

Carbon 

Figure 7 This Venn diagram compares and con- 
trasts two substances made from carbon. 

Venn Diagram To illustrate how two sub- 
jects compare and contrast you can use a 

Venn diagram. You can see the character- 
istics that the subjects have in common 
and those that they do not, shown in 
Figure 7. 

To create a Venn diagram, draw two 
overlapping ovals that that are big enough 
to write in. List the characteristics unique to 
one subject in one oval, and the characteris- 

tics of the other subject in the other oval. 

The characteristics in common are listed in 

the overlapping section. 

Make and Use Tables One way to organ- 

ize information so it is easier to understand 

is to use a table. Tables can contain num- 

bers, words, or both. 

To make a table, list the items to be 

compared in the first column and the char- 

acteristics to be compared in the first row. 

The title should clearly indicate the content 

of the table, and the column or row heads 

should be clear. Notice that in Table 1 the 

units are included. 

Table 1 Recyclables Collected During Week | 

Day of Week | Paper | Aluminum | Glass 

(kg) (kg) (kg) 

Monday 5.0 4.0 120 

Wednesday 4.0 1.0 | 10.0 

| Friday Oe 2.0 10.0 

—— > 
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Make a Model One way to help you better 
understand the parts of a structure, the way 
a process works, or to show things too large 
or small for viewing is to make a model. For 
example, an atomic model made of a plastic- 
ball nucleus and pipe-cleaner electron shells 
can help you visualize how the parts of an 

atom relate to each other. Other types of 
models can by devised on a computer or 
represented by equations. 

Form a Hypothesis 

A possible explanation based on previ- 

ous knowledge and observations is called a 
hypothesis. After researching gasoline types 
and recalling previous experiences in your 

family’s car you form a hypothesis—our car 
runs more efficiently because we use pre- 
mium gasoline. To be valid, a hypothesis 
has to be something you can test by using 
an investigation. 

Predict When you apply a hypothesis to a 

specific situation, you predict something 

about that situation. A prediction makes a’ 
statement in advance, based on prior obser- 

vation, experience, or scientific reasoning. 

People use predictions to make everyday 

decisions. Scientists test predictions by per- 

forming investigations. Based on previous 

observations and experiences, you might 

form a prediction that cars are more 

efficient with premium gasoline. The pre- 
diction can be tested in an investigation. 

Design an Experiment A scientist needs 

to make many decisions before beginning 

an investigation. Some of these include: how 
to carry out the investigation, what steps to 

follow, how to record the data, and how the 
investigation will answer the question. It 

also is important to address any safety 
concerns. 
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Test the Hypothesis 
Now that you have formed your hypoth- 

esis, you need to test it. Using an investiga- 

tion, you will make observations and collect 

data, or information. This data might either 

support or not support your hypothesis. 

Scientists collect and organize data as num- 

bers and descriptions. 

Follow a Procedure In order to know 
what materials to use, as well as how and in 

what order to use them, you must follow a 

procedure. Figure 8 shows a procedure you 

might follow to test your hypothesis. 

Procedure 
1. Use regular Sasoline for two weeks. &. Record the number of kilometers 

between fill-ups and th € amou 
gasoline used. si 

3. Switch to premium gasoline for 
two weeks. 

4. Record the number of kilometers 
between fill-ups and the amount 
of gasoline used. 

Figure 8 A procedure tells you what to do step by 

step. 

Identify and Manipulate Variables and 

Controls [n any experiment, it is important 

to keep everything the same except for the 

item you are testing. The one factor you 

change is called the independent variable. 

The change that results is the dependent 
variable. Make sure you have only one inde- 

pendent variable, to assure yourself of the 

cause of the changes you observe in the 

dependent variable. For example, in your 

gasoline experiment the type of fuel is the 

independent variable. The dependent vari- 

able is the efficiency. 
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Many experiments also have a control— 

an individual instance or experimental sub- 

ject for which the independent variable is not 

changed. You can then compare the test 

results to the control results. To design a con- 

trol you can have two cars of the same type. 

The control car uses regular gasoline for four 

weeks. After you are done with the test, you 

can compare the experimental results to the 

control results. 

Collect Data 
Whether you are carrying out an investi- 

gation or a short observational experiment, 

you will collect data, as shown in Figure 9. 

Scientists collect data as numbers and 

descriptions and organize it in specific ways. 

Observe Scientists observe items and 

events, then record what they see. When 

they use only words to describe an observa- 

tion, it is called qualitative data. Scientists’ 

observations also can describe how much 

there is of something. These observations 

use numbers, as well as words, in the descrip- 
tion and are called quantitative data. For 

example, if a sample of the element gold is 

described as being “shiny and very dense” the 

data are qualitative. Quantitative data on this 

sample of gold might include “a mass of 30 g 
3» 

and a density of 19.3 g/cm’. 

Figure 9 Collecting data is one way to gather 

information directly. 



Figure 10 Record data neatly and clearly so it is 

easy to understand. 

When you make observations you should 
examine the entire object or situation first, 

and then look carefully for details. It is 
important to record observations accurately 
and completely. Always record your observa- 
tions immediately as you make them, so you 
do not miss details or make a mistake when 
recording results from memory. Never put 

unidentified observations on scraps of paper. 
Instead they should be recorded in a note- 
book, like the one in Figure 10. Write your 
data neatly so you can easily read it later. At 

each point in the experiment, record your 
observations and label them. That way, you 

will not have to determine what the figures 
mean when you look at your notes later. Set 

up any tables that you will need to use ahead 
of time, so you can record any observations 
right away. Remember to avoid bias when 
collecting data by not including personal 
thoughts when you record observations. 
Record only what you observe. 

Estimate Scientific work also involves esti- 

mating. To estimate is to make a judgment 

about the size or the number of something 
without measuring or counting. This is 
important when the number or size of an 

object or population is too large or too dif- 

ficult to accurately count or measure. 

> 
% 
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Sample Scientists may use a sample or a 
portion of the total number as a type of 
estimation. To sample is to take a small, rep- 
resentative portion of the objects or organ- 
isms of a population for research. By 
making careful observations or manipulat- 
ing variables within that portion of the 
group, information is discovered and con- 
clusions are drawn that might apply to the 

whole population. A poorly chosen sample 
can be unrepresentative of the whole. If you 
were trying to determine the rainfall in an 
area, it would not be best to take a rainfall 
sample from under a tree. 

Measure You use measurements every day. 

Scientists also take measurements when col- 

lecting data. When taking measurements, it is 

important to know how to use measuring 

tools properly. Accuracy also is important. 

Length To measure length, the distance 

between two points, scientists use meters. 

Smaller measurements might be measured 

in centimeters or millimeters. 

Length is measured using a metric ruler 
or meterstick. When using a metric ruler, line 
up the 0-cm mark with the end of the object 
being measured and read the number of the 
unit where the object ends. Look at the met- 

ric ruler shown in Figure 11. The centimeter 

lines are the long, numbered lines, and the 
shorter lines are millimeter lines. In this 

instance, the length would be 4.50 cm. 
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Figure 11. This metric ruler has centimeter and 

millimeter divisions. 
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Mass The SI unit for mass is the kilogram 

(kg). Scientists can measure mass using units 

formed by adding metric prefixes to the unit 
gram (g), such as milligram (mg). To measure 
mass, you might use a triple-beam balance 
similar to the one shown in Figure 12. The 

balance has a pan on one side and a set of 
beams on the other side. Each beam has a 

rider that slides on the beam. 

When using a triple-beam balance, place 
an object on the pan. Slide the largest rider 

along its beam until the pointer drops below 

zero. Then move it back one notch. Repeat 

the process for each rider proceeding from 
the larger to smaller until the pointer swings 

an equal distance above and below the zero 

point. Sum the masses on each beam to find 

the mass of the object. Move all riders back 

to zero when finished. 
Instead of putting materials directly on 

the balance, scientists often take a tare of a 

container. A tare 1s the mass of a container 

into which objects or substances are placed 

for measuring their masses. To mass objects 
or substances, find the mass of a clean con- 

tainer. Remove the container from the pan, 

and place the object or substances in the 

container. Find the mass of the container 
with the materials in it. Subtract the mass 

of the empty container from the mass of the 
filled container to find the mass of the 
materials you are using. 

Figure 12 A triple-beam balance is used to deter- 

mine the mass of an object. 
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Figure 13 Graduated cylinders measure liquid 

volume. 

Liquid Volume To measure liquids, the unit 

used is the liter (L). When a smaller unit 1s 
needed, scientists might use a milliliter (mL). 
Because a milliliter takes up the volume of a 

cube measuring | cm on each side it also can 
be called a cubic centimeter (cm? = cm X 

(ina < inal), 

You can use beakers and graduated cylin- 

ders to measure liquid volume. A graduated 

cylinder, shown in Figure 13, is marked 

from bottom to top in milliliters. In the lab, 
you might use a 10-mL graduated cylinder 

or a 100-mL graduated cylinder. When 

measuring liquids, notice that the liquid has 

a curved surface. Look at the surface at eye 

level, and measure the bottom of the curve. 

This is called the meniscus. The graduated 
cylinder in Figure 13 contains 79.0 mL, or 

79.0 cm?, of a liquid. 

Temperature Scientists often measure 
temperature using the Celsius scale. Pure 
water has a freezing point of 0°C and boiling 
point of 100°C. The unit of measurement is 
degrees Celsius. Two other scales often used 
are the Fahrenheit and Kelvin scales. 



Figure 14 A thermometer measures the tempera- 

ture of an object. 

Scientists use a thermometer to meas- 

ure temperature. Most thermometers in a 
laboratory are glass tubes with a bulb at 
the bottom end containing a liquid such 
as colored alcohol. The liquid rises or falls 
with a change in temperature. To read a 

glass thermometer like the thermometer in 

Figure 14, rotate it slowly until a red line 

appears. Read the temperature where the 
red line ends. 

Form Operational Definitions An opera- 

tional definition defines an object by how it 
functions, works, or behaves. For example, 

when you are playing hide and seek and a tree 

is home base, you have created an operational 
definition for a tree. 

Objects can have more than one opera- 
tional definition. For example, a ruler can 

be defined as a tool that measures the length 
of an object (how it is used). It can also be a 

tool with a series of marks used as a stan- 

dard when measuring (how it works). 

> 
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Analyze the Data 
To determine the meaning of your 

observations and investigation results, you 
will need to look for patterns in the data. 
Then you must think critically to determine 
what the data mean. Scientists use several 
approaches when they analyze the data they 
have collected and recorded. Each approach 
is useful for identifying specific patterns. 

Interpret Data The word interpret means 
“to explain the meaning of something.” 
When analyzing data from an experiement, 

try to find out what the data show. Identify 
the control group and the test group to see 
whether or not changes in the independent 
variable have had an effect. Look for differ- 
ences in the dependent variable between the 
control and test groups. 

Classify Sorting objects or events into 
groups based on common features is called 

classifying. When classifying, first observe 
the objects or events to be classified. Then 

select one feature that is shared by some 

members in the group, but not by all. Place 
those members that share that feature in a 

subgroup. You can classify members into 

smaller and smaller subgroups based on 

characteristics. Remember that when you 

classify, you are grouping objects or events 

for a purpose. Keep your purpose in mind 

as you Select the features to form groups 
and subgroups. 

Compare and Contrast Observations can 

be analyzed by noting the similarities and 

differences between two more objects or 
events that you observe. When you look at 

objects or events to see how they are similar, 

you are comparing them. Contrasting is 

looking for differences in objects or events. 
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Recognize Cause and Effect A cause is 

a reason for an action or condition. The 

effect is that action or condition. When 

two events happen together, it is not nec- 

essarily true that one event caused the 

other. Scientists must design a controlled 

investigation to recognize the exact cause 

and effect. 

Science Skill Handbook 

Draw Conclusions 

When scientists have analyzed the data 

they collected, they proceed to draw conclu- 

sions about the data. These conclusions are 

sometimes stated in words similar to the 

hypothesis that you formed earlier. They 
may confirm a hypothesis, or lead you to a 

new hypothesis. 

Infer Scientists often make inferences based 

on their observations. An inference is an 

attempt to explain observations or to indi- 

cate a cause. An inference is not a fact, but a 

logical conclusion that needs further investi- 

gation. For example, you may infer that a 

fire has caused smoke. Until you investigate, 
however, you do not know for sure. 

Apply When you draw a conclusion, you 

must apply those conclusions to determine 

whether the data support the hypothesis. If 

your data do not support your hypothesis, it 
does not mean that the hypothesis is wrong. 

It means only that the result of the investi- 

gation did not support the hypothesis. 
Maybe the experiment needs to be 

redesigned, or some of the initial observa- 

tions on which the hypothesis was based 
were incomplete or biased. Perhaps more 

observation or research is needed to refine 

your hypothesis. A successful investigation 
does not always come out the way you origi- 
nally predicted. 

| 

. 
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Avoid Bias Sometimes a scientific investi- 

gation involves making judgments. When 

you make a judgment, you form an opinion. 

It is important to be honest and not to 

allow any expectations of results to bias 
your judgments. This is important through- 

out the entire investigation, from research- 

ing to collecting data to drawing 

conclusions. 

Communicate 

The communication of ideas is an 

important part of the work of scientists. A 

discovery that is not reported will not 
advance the scientific community's under- 
standing or knowledge. Communication 

among scientists also is important as a way 

of improving their investigations. 

Scientists communicate in many ways, 

from writing articles in journals and maga- 
zines that explain their investigations and 

experiments, to announcing important dis- 

coveries on television and radio. Scientists 

also share ideas with colleagues on the 
Internet or present them as lectures, like 

the student is doing in Figure 15. 

Figure 15 A student communicates to his peers 

about his investigation. 
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OPEN FLAME 

Eye Safety 
Proper eye protection 

should be worn at all 

times by anyone per- 

forming or observing 
science activities. 

Fa 

Special disposal proce- 
dures need to be fol- 
lowed. 

Organisms or other 
biological materials 
that might be harmful 
to humans 

Objects that can burn 

skin by being too cold 
or too hot 

Use of tools or glass- 
ware that can easily 

puncture or slice skin 

Possible danger to res- 
piratory tract from 

fumes 

Possible danger from 

electrical shock or 

burn 

Substances that can 
irritate the skin or 

mucous membranes of 

the respiratory tract 

Chemicals can react 

with and destroy tissue 

and other materials 

Substance may be poi- 

sonous If touched, 

inhaled, or swallowed. 

Flammable chemicals 

may be ignited by 

open flame, spark, or 
exposed heat. 

Open flame in use, 

may cause fire. 

Clothing 
Protection 

clothing. 

This symbol appears 

when substances 

could stain or burn 
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certain chemicals, 

living organisms 

bacteria, fungi, blood, 
unpreserved tissues, 

plant materials 

boiling liquids, hot 
plates, dry ice, liquid 

nitrogen 

razor blades, pins, 

scalpels, pointed tools, 

dissecting probes, bro- 
ken glass 

ammonia, acetone, 

nail polish remover, 

heated sulfur, moth 

balls 

improper grounding, 

liquid spills, short 

circuits, exposed wires 

pollen, moth balls, 

steel wool, fiberglass, 

potassium perman- 

ganate 

bleaches such as 

hydrogen peroxide; 

acids such as sulfuric 
acid, hydrochloric acid; 
bases such as ammo- 

nia, sodium hydroxide 

mercury, many metal 
compounds, iodine, 

poinsettia plant parts 

alcohol, kerosene, 

potassium perman- 

ganate 

hair, clothing, paper, 

synthetic materials 

Animal Safety 
This symbol appears 

when safety of ani- 

mals and students 

must be ensured. 

Do not dispose of 

these materials in the 

sink or trash can. 

Avoid skin contact with 

these materials. Wear 

mask or gloves. 

Use proper protection 

when handling. 

Practice common- 

sense behavior and 

follow guidelines for 
use of the tool. 

Make sure there is 

good ventilation. Never 

smell fumes directly. 

Wear a mask. 

Double-check setup 

with teacher. Check 

condition of wires and 

apparatus. 

Wear dust mask and 
gloves. Practice extra 
care when handling 
these materiais. 

Wear goggles, gloves, 
and an apron. 

Follow your teacher's 
instructions. 

Avoid open flames and 
heat when using 
flammable chemicals. 

Tie back hair and loose 
clothing. Follow 

teacher's instruction on 

lighting and extinguish- 
ing flames. 
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Dispose of wastes as 

directed by your 
teacher. 

Notify your teacher if 

you suspect contact 

with material. Wash 

hands thoroughly. 

Go to your teacher for 
first aid. 

Go to your teacher for 
first aid. 

Leave foul area and 
notify your teacher 
immediately. 

Do not attempt to fix 

electrical problems. 
Notify your teacher 
immediately. 

Go to your teacher for 
first aid. 

Immediately flush the 
affected area with 
water and notify your 
teacher. 

Always wash hands 

thoroughly after use. 

Go to your teacher for 
first aid. 

Notify your teacher 

immediately. Use fire 

safety equipment if 
applicable. 

Notify your teacher 
immediately. Use fire 

safety equipment if 
applicable. 

Handwashing 
After the lab, wash 
hands with soap and 

water before removing 

goggles. 
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Introduction to Science Safety 
Confucius, an ancient and well-known 

Chinese philosopher, is credited with a 

statement that could serve as a legacy of all 

types of human wisdom. It seems especially 

appropriate for the active learning you will 

experience in this science program. 

“T hear and I forget, I see and 
I remember, I do and I understand.” 

This is the basis for the safety routine 
that will be used in all the labs in this book. 
It is assumed that you will use all of your 

senses as you “experience” the labs. 
However, with such experience comes the 

potential for injury. The purpose of this 

section of the book is to help keep you safe 
by involving you in the safety process. 

How will your teacher help? 
It will be your teacher’s responsibility 

to decide which science labs are safe and 
appropriate for you. Your teacher will iden- 

tify the hazards involved in each activity and 
likely will ask for your assistance for ways to 

reduce the dangers as much as possible. He 
or she will involve you regularly in safety 
discussions about your understanding of the 
actual and potential dangers and the safety 
measures needed to keep everyone safe. 
Ideally, this will become a habit with each 

lab in which you take part. 

Your teacher also will explain the safety 

features of your room as well as the most 
important safety equipment and routines 

for addressing safety issues. He or she will 

also require that you complete a Student 

Lab-Safety Form for each lab to make certain 
you are prepared to perform the lab safely. 

Your teacher will review your comments, 

make corrections, and sign or initial this 

form BEFORE you will be permitted to 
begin the lab. 

The ultimate purpose of the safety dis- 
cussions and the Student Lab-Safety Form 

will be to help you take some responsibility 

for your own safety and to help you to 

develop good habits when you prepare and 
perform science experiments and labs. 

How can you help? 
Since your teacher cannot anticipate 

every safety hazard that might occur and 

he or she cannot be everywhere in the room 

at the same time, you need to take some 

responsibility for your own safety. The 

following general information should apply 

to nearly every science lab in which you will 
be involved as part of this class. 

Adapted from Gerlovich, et al. (2004). The Total Science Safety System D. JaKel, Inc. http://www.netins.net/showcase/jakel, Used with Permission 
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m Be able to locate and use all safety 

equipment as directed by your teacher, 
such as: 

m fire extinguishers; 

m fire blankets; 

m eye protective equipment (goggles, 

safety glasses, face shield); 

yooqpueH ||P{S aua!Ds m eyewash; 

m drench shower. 

m Complete the Student Lab-Safety Form 

before starting any science lab. 

m Ask questions about any safety concerns 
: that you might have BEFORE starting 
You must: any lab of science investigation. 
m Review any Safety Symbols in the labs and 

be certain that you know what they mean. 
Remember! Your teacher will review 

your comments, make corrections, and 

m Follow all teacher instructions for safety _sign or initial the Student Lab-Safety Form 
and make certain that you understand BEFORE you will be permitted to begin the 
all the hazards related to the labs you are __lab. A copy of this form appears below. 
about to do. 

Student Lab-Safety Form 

m= Be able to explain the purpose of the lab. 
Student Name: 

Teacher Approval Initials 

m Be able to explain, or demonstrate, all rea- 

sonable emergency procedures, such as: 
Date of Approval 

F teacher that you understand the safety concerns of this lab, the 

ns must be answered after the teacher explains the information to you. m how to evacuate the room during 

emergencies; ih ancy net a 
itial this form before you can proceed with the lab, 

m how to react to any chemical 

emergencies; 2 are the safety concerns in this lab (explained by your teacher) 

m how to deal with fire emergencies; 

m how to perform a scientific 
investigation safely; §, What additional safety concerns or questions do you have? 

m how to anticipate some safety 

concerns and be prepared to 

address them; 

m how to use equipment properly 

and safely. 

Adapted from Gerlovich, et al. (2004). The Total Science Safety System D. JaKel, Inc. http://www.netins.net/showcase/jakel. Used with Permission 
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Math Review 

Use Fractions 
A fraction compares a part to a whole. In 

the fraction 3p the 2 represents the part and 

is the numerator. The 3 represents the whole 

and is the denominator. 

Reduce Fractions To reduce a fraction, you 

must find the largest factor that is common to 

both the numerator and the denominator, the 

greatest common factor (GCF). Divide both 

numbers by the GCE. The fraction has then 

been reduced, or it is in its simplest form. 

Example Twelve of the 20 chemicals in the science 

lab are in powder form. What fraction of the 

chemicals used in the lab are in powder form? 

Step 1 Write the fraction. 

palit . 12 

whole 20 

Step 2 To find the GCF of the numerator and denom- 

inator, list all of the factors of each number. 

Factors of 12:1, 2,3, 4,6, 12 (the numbers 

that divide evenly into 12) 

Factors of 20: 1,2, 4,5, 10, 20 (the numbers 

that divide evenly into 20) 

Step 3 List the common factors. 

1,2,4 

Step 4 Choose the greatest factor in the list. 

The GCF of 12 and 20 is 4. 

Step 5 Divide the numerator and denominator by 

the GCF. 

12 4 _ 3 
20 == 4 5 

In the lab, = of the chemicals are in powder form. 

Practice Problem At an amusement park, 66 of 90 

rides have a height restriction. What fraction of the 

rides, in its simplest form, has a height restriction? 
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Add and Subtract Fractions To add or 

subtract fractions with the same denomina- 

tor, add or subtract the numerators and 

write the sum or difference over the denom- 

inator. After finding the sum or difference, 

find the simplest form for your fraction. 

: 1 
Example 1 Inthe pe outside your house, — 3 Of the 

animals are rabbits, > 3 ave squirrels, and the einen 

are birds and insects. How many are mammals? 

Step 1 Add the numerators. 

1 3 (1+3) 4 
8 8 8 8 

Step 2 Find the GCF. 
4 
3 (GCF, 4) 

Step 3 Divide the numerator and denominator by 

the GCF. 

| 
8=4 2 

. of the animals are mammals. 

Example 2 6 of the Earth is covered by 

freshwater, and 7 — g Of that i is in glaciers, how much 

freshwater is se A hee 

Step 1 Subtract the numerators. 

7 i, aI 16 
16 16 16 16 

Step 2 Find the GCF. 
6 
WG (GCF, 2) 

Step 3 Divide the numerator and denominator by 

the GCF. 
Gea 

16 +2 8 

3} , 
A of the freshwater is not frozen. 

Practice Problem A bicycle rider is riding at a rate 

of 15 km/h for s of his ride, 10 km/h for = of his ride, 

and 8 km/h for the remainder of the ride. How much 

of his ride is he riding at a rate greater than 8 km/h? 



Unlike Denominators To add or subtract 
fractions with unlike denominators, first 
find the least common denominator (GEG ID)). 
This is the smallest number that is a com- 
mon multiple of both denominators. 
Rename each fraction with the LCD, and 
then add or subtract. Find the simplest form 
if necessary. 

Example 1_ A chemist makes a paste that is | table 
salt (NaCl), = sugar (C,H, ,0,), and the remainder is 
water (H,0). How much of the paste is a solid? 

Step 1 Find the LCD of the fractions. 
1 1 
Shu Es (LCD, 6) 

Step 2 Rename each numerator and each denomi- 
nator with the LCD. 

Step 3 Add the numerators. 

Leer ae 
6 6 6 6 

2 of the paste is a solid. 

Example 2 The average precipitation in Grand 

Junction, CO, is os inch in November, and = inch in 

December. What is the total average precipitation? 

Step 1 Find the LCD of the fractions. 

lege Tea (LCD, 10) 

Step 2 Rename each numerator and each denomi- 

nator with the LCD. 

Step 3 Add the numerators. 

ii Gl (eo) 2 13 

10 10 10 10 

S inches total precipitation, or ies inches. 

= Be 1 
Practice Problem On an electric bill, about i of the 

: flee 
energy is from solar energy and about 70 5 from 

wind power. How much of the total bill is from solar 

energy and wind power combined? 

Math Skill Handbook 

Example 3 In your body, of your muscle 
contractions are involuntary (cardiac and smooth 

muscle tissue). Smooth muscle makes a of your 
muscle contractions. How many of your muscle 
contractions are made by cardiac muscle? 

Step 1 Find the LCD of the fractions. 
7 3 

Step 2 Rename each numerator and each denomi- 
nator with the LCD. 

US 3 = AM), MO so} = 3x0} 

IAS, 15 <2= a) 

Step 3 Subtract the numerators. 
21s 21 oy ts: 
3 UC OMS 0 30 

Step 4 Find the GCF. 

15. 
30 (GCF, 15) 

1 

2 

1 5 ; 
> of all muscle contractions are cardiac muscle. 

Example 4 Tony wants to make cookies that call for 

+ ofa cup of flour, but he only has s of a cup. How 

much more flour does he need? 

Step 1 Find the LCD of the fractions. 

3 1 
im (LCD, 12) 

Step 2 Rename each numerator and each denomi- 

nator with the LCD. 

3 ys) Oe 
ASS Gp) 

1X4 _ 4 
3e4 8 

Step 3 Subtract the numerators. 

9 AN (O54) F eS 

12 12 12 12 

os of a cup of flour 
12 

Practice Problem Using the information provided 

to you in Example 3 above, determine how many 

muscle contractions are voluntary (skeletal muscle). 
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Multiply Fractions To multiply with frac- 
tions, multiply the numerators and multiply 

the denominators. Find the simplest form if 

necessary. 

Example Multiply 2 by . 

Step 1 Multiply the numerators and denominators. 

3 x i — ss i — 3S 

5) 3 (5 x 3) 15 

Step 2 Find the GCF. 
3 
15 (GCF, 3) 

Step 3 Divide the numerator and denominator by 

the GCF. 

Ja5) ol 
123) 5 

3 mgs ibe al 
: multiplied by 3 SS 

Practice Problem Multiply eh by = 
14 16° 

Find a Reciprocal Two numbers whose 

product is 1 are called multiplicative 

inverses, or reciprocals. 

Example Find the reciprocal die 

Step 1 Inverse the fraction by putting the denomi- 

nator on top and the numerator on the 

bottom. 

8 

3 

The reciprocal of is = 

Practice Problem Find the reciprocal of 5. 
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Divide Fractions To divide one fraction 
by another fraction, multiply the dividend 

by the reciprocal of the divisor. Find the 

simplest form if necessary. 

Example 1 Divide : by ~ 

Step 1 Find the reciprocal of the divisor. 

The reciprocal of} is a 

Multiply the dividend by the reciprocal of the 

divisor. 

Step 2 

| >. | 

Find the GCF. 

3 
5 (GCF, 3) 

Step 3 

Step 4 Divide the numerator and denominator by 

the GCF. 

3 

ieee nl 
5 divided by — is > iy 

3 

Example 2 Divide Es b a 

Step 1 Find the reciprocal of the divisor. 

. pene: 
The reciprocal of ist. 

Step 2 Multiply the dividend by the reciprocal of the 

divisor. 

3 
Presy SA a Gre ane 
ee OP ee Goat) 
4 

See dies  ey 5 divided by 7 is 5 or 2c. 

3 ‘ 2%. di 
Practice Probl == | == ractice Problem Divide = by 10° 
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Use Ratios 

When you compare two numbers by 
division, you are using a ratio. Ratios can be 

. 3 : Boat : written 3 to 5, 3:5, or im Ratios, like fractions 

also can be written in simplest form. 
Ratios can represent one type of proba- 

bility, called odds. This is a ratio that com- 
pares the number of ways a certain outcome 
occurs to the number of possible outcomes. 
For example, if you flip a coin 100 times, 
what are the odds that it will come up 
heads? There are two possible outcomes, 
heads or tails, so the odds of coming up 
heads are 50:100. Another way to say this 
is that 50 out of 100 times the coin will 
come up heads. In its simplest form, the 
ratio is 1:2. 

> 

Example 1 A chemical solution contains 40 g of salt 

and 64 g of baking soda. What is the ratio of salt to 

baking soda as a fraction in simplest form? 

Step 1 Write the ratio as a fraction. 
salt = eo 

baking soda 64 

Step 2 Express the fraction in simplest form. 

The GCF of 40 and 64 is 8. 

whl) BES 

64 64= 8 8 

The ratio of salt to baking soda in the sample is 5:8. 

Example 2 Sean rolls a 6-sided die 6 times. What 

are the odds that the side with a 3 will show? 

Step 1 Write the ratio as a fraction. 

number of sides witha3 _ 1 

number of possible sides 6 

Step 2 Multiply by the number of attempts. 

- x 6 attempts = © attempts = 1 attempt 

1 attempt out of 6 will show a 3. 

Practice Problem Two metal rods measure 100 cm 

and 144 cm in length. What is the ratio of their 

lengths in simplest form? 

Math Skill Handbook 

Use Decimals 

A fraction with a denominator that is a 
power of ten can be written as a decimal. For 

2 example, 0.27 means saat The decimal point 

separates the ones place from the tenths 
place. 

Any fraction can be written as a decimal 

using division. For example, the fraction a 

can be written as a decimal by dividing 5 by 
8. Written as a decimal, it is 0.625. 

Add or Subtract Decimals When adding 
and subtracting decimals, line up the decimal 
points before carrying out the operation. 

Example 1 Find the sum of 47.68 and 7.80. 

Step 1 Line up the decimal places when you write 

the numbers. 

47.68 

se heal) 

Step 2 Add the decimals. 

11 

47.68 

+ 7.80 

55.48 

The sum of 47.68 and 7.80 is 55.48. 

Example 2 Find the difference of 42.17 and 15.85. 

Step 1 Line up the decimal places when you write 

the number. 

42.17 

15-05 

Step 2 Subtract the decimals. 

3111 

42.17 

malo 

26.32 

The difference of 42.17 and 15.85 is 26.32. 

Practice Problem Find the sum of 1.245 and 3.842. 
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1o0cm _ 100+4 _ 25 
44cm 144+ 436 

25:36 

Add or Subtract 

Decimals 

] 

1.245 

+ 3,842 

5.087 
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Multiply Decimals 

Multiply 4.6 and 2.2 by 10. 

46 X 22 = 1012 

Each factor had one decimal place. 

10.12 

Divide Decimals 

Multiply both factors by 10. 

Divide 756 by 36. 
21 

36)756 
22 
36 

36 
0 

Use Proportions 

PES 
18 W 

wxX3=5X 18 

3w _ 90 
3 3 

w = 30 

x 
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) 
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Multiply Decimals To multiply decimals, 
multiply the numbers like you multiply num- 

bers without decimals. Count the decimal 
places in each factor. The product will have 

the same number of decimal places as the 

sum of the decimal places in the factors. 

Example Multiply 2.4 by 5.9. 

Step 1 Multiply the factors like two whole numbers. 

24 X 59 = 1416 

Step 2 Find the sum of the number of decimal places 

in the factors. Each factor has one decimal 

place, for a sum of two decimal places. 

Step 3 The product will have two decimal places. 

14.16 

The product of 2.4 and 5.9 is 14.16. 

Practice Problem Multiply 4.6 by 2.2. 

Divide Decimals When dividing decimals, 

change the divisor to a whole number. To 

do this, multiply both the divisor and the 
dividend by the same power of ten. Then 

place the decimal point in the quotient 

directly above the decimal point in the divi- 

dend. Then divide as you do with whole 

numbers. 

Example Divide 8.84 by 3.4. 

Step 1 Multiply both factors by 10. 

3.4 X 10 = 34, 8.84 x 10 = 88.4 

Divide 88.4 by 34. 

2.6 

34)88.4 
— 68 

204 

~204 
0 

Step 2 

8.84 divided by 3.4 is 2.6. 

Practice Problem Divide 75.6 by 3.6. 

866 STUDENT RESOURCES 

Use Proportions 
An equation that shows that two ratios 

are equivalent is a proportion. The ratios a 

and iz are equivalent, so they can be written 

as = = ae This equation is a proportion. 

When two ratios form a proportion, the 

cross products are equal. To find the cross 
: 2 5 : 

products in the proportion — = —, multiply 
5 

4 10° 

the 2 and the 10, and the 4 and the 5. 

Therefore 2 x 10 = 4 X 5, or 20 = 20. 

Because you know that both ratios are 

equal, you can use cross products to find a 

missing term in a proportion. This is known 

as solving the proportion. 

Example The heights of a tree and a pole are 

proportional to the lengths of their shadows. The tree 

casts a shadow of 24 m when a 6-m pole casts a 

shadow of 4 m. What is the height of the tree? 

Step 1 Write a proportion. 

height of tree _ _ length of tree's shadow 

height of pole length of pole’s shadow 

Substitute the known values into the propor- 

tion. Let h represent the unknown value, the 

height of the tree. 

h _ 24 
6 4 

Find the cross products. 

hee 46424 

Step 2 

Step 3 

Step 4 Simplify the equation. 

4h = 144 

Divide each side by 4. 

ries alla 
4 4 
h = 36 

Step 5 

The height of the tree is 36 m. 

Practice Problem The ratios of the weights of two 

objects on the Moon and on Earth are in proportion. 

A rock weighing 3 N on the Moon weighs 18 N on 

Earth. How much would a rock that weighs 5 N on 

the Moon weigh on Earth? 



Use Percentages 
The word percent means “out of one hun- 

dred.” It is a ratio that compares a number to 
100. Suppose you read that 77 percent of the 
Earth’s surface is covered by water. That is the 
same as reading that the fraction of the 

Earth’s surface covered by water is at To 

express a fraction as a percent, first find the 
equivalent decimal for the fraction. Then, 
multiply the decimal by 100 and add the 
percent symbol. 

Example Express a as a percent. 

Step 1 Find the equivalent decimal for the fraction. 

_0.65 
20)13.00 

120 

100 

100. 
0 

Step 2 Rewrite the fraction S as 0.65. 

Step 3 Multiply 0.65 by 100 and add the % symbol. 

0.65 X 100 = 65 = 65% 

13 _ ¢e9 50,55 65%. 

This also can be solved as a proportion. 

Example Express a as a percent. 
20 

Step 1 Write a proportion. 

dE ge Pe ol 
20 100 

Step 2 Find the cross products. 

1300 = 20x 

Step 3 Divide each side by 20. 
1300 _ 20x 
20 20 

65% =x 

Practice Problem In one year, 73 of 365 days were 

rainy in one city. What percent of the days in that city 

were rainy? 
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Solve One-Step Equations 
A statement that two expressions are 

equal is an equation. For example, A = B is 
an equation that states that A is equal to B. 

An equation is solved when a variable is 
replaced with a value that makes both sides 
of the equation equal. To make both sides 
equal the inverse operation is used. Addition 
and subtraction are inverses, and multipli- 
cation and division are inverses. 

Example 1 Solve the equation x — 10 = 35. 

Step 1 Find the solution by adding 10 to each side of 
the equation. 

= IO = 35 

= 10 se 1O = 35 4 1 

x = 45 

Step 2 Check the solution. 

Xen Ol —e35 

45 = 10 = 35 

35 = 35 

Both sides of the equation are equal,sox = 45. 

Example 2 Inthe formulaa = bc find the value of 

Cita = 20/and b= 2: 

Step 1 Rearrange the formula so a = bc 

the unknown value is by G We 

itself on one side of the bed 
equation by dividing both ; =C 

sides by b. 

Step 2 Replace the variables a =¢ 

and 6 with the values that 20a 

are given. “gir 

10 =c 

Step 3 Check the solution. a = bc 

20 = 2 X 10 

20 = 20 

Both sides of the equation are equal,so c = 10 is the 

solution when a = 20 and b = 2. 

Practice Problem Inthe formula h = gd, find the 

value of difg = 12.3 andh = 17.4. 
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oe a 
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7300 _ 365x 
365 365 

20% = x 
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Use Statistics 

mean 

8+44+12+8+11+ 144+ 16 
=773 

723+7~ 104 

median 

48,8, 11, 12, 14, 16 

mode 

48,8, 11, 12, 14, 16 

range 
APO Oo, Ll; V2, 14 16 

16—-4= 12 

Text Question 

Answer 

purple 

x 
° 
° 
2 
Ss 
< 
© 
= 

sé 
74) 
= 
= 

© 
= 

868 MATH SKILL HANDBOOK 

Math Skill Handbook 

"Math Skill Handbook 

Use Statistics 
The branch of mathematics that deals 

with collecting, analyzing, and presenting 

data is statistics. In statistics, there are three 

common ways to summarize data with a 

single number—the mean, the median, and 

the mode. 

The mean of a set of data is the arith- 

metic average. It is found by adding the 

numbers in the data set and dividing by the 

number of items in the set. 
The median is the middle number in a 

set of data when the data are arranged in 

numerical order. If there were an even num- 

ber of data points, the median would be the 

mean of the two middle numbers. 

The mode of a set of data is the number 

or item that appears most often. 
Another number that often is used to 

describe a set of data is the range. The range 

is the difference between the largest number 

and the smallest number in a set of data. 

A frequency table shows how many 

times each piece of data occurs, usually in a 

survey. Table 2 below shows the results of a 

student survey on favorite color. 

Table 2 Student Color Choice 

Color Tally Frequency 

Red III 4 
Blue aaa 5 

Black || 2 

Green ||| 3 

Purple tHt || 7 

Yellow it | 6 

Based on the frequency table data, which 

color is the favorite? 

868 STUDENT RESOURCES 

Example The speeds (in m/s) for a race car during 

five different time trials are 39, 37, 44, 36, and 44. 

To find the mean: 

Step 1 Find the sum of the numbers. 

39 + 37 + 44 + 36 + 44 = 200 

Step 2 Divide the sum by the number of items, 

which is 5. 

200 + 5 = 40 

The mean is 40 m/s. 

To find the median: 

Step 1 Arrange the measures from least to greatest. 

36, 37,39, 44, 44 

Step 2 Determine the middle measure. 

36, 37,39, 44, 44 

The median is 39 m/s. 

To find the mode: 

Step 1 Group the numbers that are the same 

together. 

44,44, 36, 37,39 

Step 2 Determine the number that occurs most in 

the set. 

44,44, 36, 37,39 

The mode is 44 m/s. 

To find the range: 

Step 1 Arrange the measures from greatest to least. 

44,44, 39, 37,36 

Step 2 Determine the greatest and least measures in 

the set. 

44,44, 39, 37,36 

Step 3 Find the difference between the greatest and 

least measures. 

44 — 36 = 8 

The range is 8 m/s. 

Practice Problem Find the mean, median, mode, 

and range for the data set 8,4, 12,8, 11,14, 16. 



Use Geometry 
The branch of mathematics that deals 

with the measurement, properties, and rela- 
tionships of points, lines, angles, surfaces, 
and solids is called geometry. 

Perimeter The perimeter (P) is the distance 
around a geometric figure. To find the peri- 
meter of a rectangle, add the length and width 
and multiply that sum by two, or 2(/ + w). To 
find perimeters of irregular figures, add the 
length of the sides. 

Example 1 Find the perimeter of a rectangle that is 
3 m long and 5 m wide. 

Step 1 You know that the perimeter is 2 times the 
sum of the width and length. 

P=2(3m + 5m) 

Step 2 Find the sum of the width and length. 

P= 2(8m) 

Step 3 Multiply by 2. 

P=16m 

The perimeter is 16 m. 

Example 2 Find the perimeter of a shape with sides 

measuring 2 cm,5 cm,6 cm,3 cm. 

Step 1 You know that the perimeter is the sum of all 

the sides. 

P2546 4 3 

Step 2 Find the sum of the sides. 

[Pe seals) Sans: 

P=16 

The perimeter is 16 cm. 

Practice Problem Find the perimeter of a rectangle 

with a length of 18 m and a width of 7 m. 

Practice Problem Find the perimeter of a triangle 

measuring 1.6 cm by 2.4 cm by 2.4 cm. 

Area of a Rectangle The area (A) is the 
number of square units needed to cover 
a surface. To find the area of a rectangle, 
multiply the length times the width, or 
! x w. When finding area, the units also are 
multiplied. Area is given in square units. 

Example Find the area of a rectangle with a length 
of 1 cm and a width of 10 cm. 

Step 1 You know that the area is the length multi- 
plied by the width. 

A = (1cm X 10cm) 

Step 2 Multiply the length by the width. Also multi- 
ply the units. 

A= 10cm? 

The area is 10 cm2. 

Practice Problem Find the area of a square whose 
sides measure 4 in. 

Area of a Triangle To find the area of a 

triangle, use the formula: 

A = =(base x height) 
wile 

The base of a triangle can be any of its sides. 

The height is the perpendicular distance from 
a base to the opposite endpoint, or vertex. 

Example Find the area of a triangle with a base of 

18 mand a height of 7 m. 

Step 1 You know that the area is + the base times 

the height. 

A = $(18 m x 7m) 

Step 2 Multiply = by the product of 18 < 7.Multiply 

the units. 

A= 3126 m2) 

A = 63 m2 

The area is 63 m2. 

Practice Problem Find the area of a triangle with a 

base of 27 cm and a height of 17 cm. 
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Perimeter 

Problem 1 

P= 2(18m + 7m) 

P= 2(25 m) 

P= 50m 

Problem 2 

P= 16cm +2.4cm + 2.4cm 

P= 6.4cm 

Area of a Rectangle 

A= (4m X 4m) 

A= 16m? 

Area of a Triangle 

A= $(27 cm X 17 cm) 

je 5 (459 cm?) 

A= 2295 cm? 
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Circumference of a 

Circle 

C= 2dr 

C = 2ar(19) 

C = 38 

C= 119.4 

Area of a Circle 

A= ane 

A= (16m) 

A= 17 256m? 

A =~ 804.2 m2 
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Circumference of a Circle The diameter 

(d) of a circle is the distance across the circle 

through its center, and the radius (r) is the 

distance from the center to any point on the 

circle. The radius is half of the diameter. 

The distance around the circle is called the 

circumference (C). The formula for finding 

the circumference is: 

G= Or or G= ad 

The circumference divided by the diameter 

is always equal to 3.1415926... This nonter- 

minating and nonrepeating number is rep- 

resented by the Greek letter 7 (pi). An 

approximation often used for 7 is 3.14. 

Example 1 Find the circumference of a circle with a 

radius of 3 m. 

Step 1 You know the formula for the circumference 

is 2 times the radius times Tr. 

C= Tai) 

Step 2 Multiply 2 times the radius. 

C= 67 

Step 3 Multiply by T. 

C=19m 

The circumference is 19 m. 

Example 2 Find the circumference of a circle with a 

diameter of 24.0 cm. 

Step 1 You know the formula for the circumference 

is the diameter times Tr. 

C = 77(24.0) 

Step 2 Multiply the diameter by Tr. 

C=75.4cm 

The circumference is 75.4 cm. 

Practice Problem Find the circumference of a circle 

with a radius of 19 cm. 
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Area of a Circle The formula for the area 

of a circle 1s: 

A= mr 

Example 1 Find the area of a circle with a radius of 

4.0 cm. 

Step 1 A = 71(4.0)? 

Step 2 Find the square of the radius. 

A = 161 

Step 3 Multiply the square of the radius by T. 

A ="50/cm 

The area of the circle is 50 cm2. 

Example 2 Find the area of a circle with a radius of 

225m. 

Step 1 A = 71(225)’ 

Step 2 Find the square of the radius. 

A = 506257 

Step 3 Multiply the square of the radius by Tr. 

A = 158962.5 

The area of the circle is 158,962 m2. 

Example 3 Find the area of a circle whose diameter 

is 20.0 mm. 

Step 1 You know the formula for the area of a circle 

is the square of the radius times 77, and that 

the radius is half of the diameter. 

ea a8 \2 

Step 2 Find the radius. 

= 11(10.0)? 

Step 3 Find the square of the radius. 

A = 1007 

Step 4 Multiply the square of the radius by 77. 

A = 314mm 

The area is 314 mm2. 

Practice Problem Find the area of a circle with a 

radius of 16 m. 



Volume The measure of space occupied by 
a solid is the volume (V). To find the vol- 
ume of a rectangular solid multiply the 
length times width times height, or 
V=1x wx h, It is measured in cubic 
units, such as cubic centimeters (cm?). 

Example Find the volume ofa rectangular solid 
with a length of 2.0 m, a width of 4.0 m, anda height 
of 3.0 m. 

Step 1 You know the formula for volume is the 
length times the width times the height. 

V = 2.0m X 4.0m X 3.0m 

Step 2 Multiply the length times the width times the 
height. 

= 24m3 

The volume is 24 m3, 

Practice Problem Find the volume ofa rectangular 
solid that is 8 m long, 4 m wide, and 4 m high. 

To find the volume of other solids, mul- 

tiply the area of the base times the height. 

Example 1 Find the volume of a solid that has a 

triangular base with a length of 8.0 m and a height of 

7.0 m.The height of the entire solid is 15.0 m. 

Step 1 You know that the base is a triangle, and the 

area of a triangle is = the base times the 

height, and the volume is the area of the base 

times the height. 

ats i ery 
v=|566 Bp) 

xX 15 

Step 2 Find the area of the base. 

v=|t(8x7)|x15 
l J 

= (5 56) x 15 

Step 3 Multiply the area of the base by the height of 

the solid. 

V = 28 X 15 

V = 420 m? 

The volume is 420 m?. 
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Example 2 Find the volume of a cylinder that has 
a base with a radius of 12.0 cm, anda height of 
21.0 cm. 

Step 1 You know that the base is a circle, and the 
area of a circle is the square of the radius 
times 7r, and the volume is the area of the 
base times the height. 

V = (arr) X 21 

V = (1122) X 21 

Step 2 Find the area of the base. 

V =144c x 21 
V = 452 X 21 

Step 3 Multiply the area of the base by the height of 
the solid. 

V = 9,490 cm3 

The volume is 9,500 cm. 

Example 3 Find the volume of a cylinder that has 
a diameter of 15 mm and a height of 4.8 mm. 

Step 1 You know that the base is a circle with an 

area equal to the square of the radius times 

7. The radius is one-half the diameter. The 

volume is the area of the base times the 

height. 

V =(ar) X 4.8 

paul 2 v=|n(3 x 15] x48 

V = (a7.52) X 4.8 

Step 2 Find the area of the base. 

V = 56.2571 X 4.8 

V ~ 176.63 X 4.8 

Step 3 Multiply the area of the base by the height of 

the solid. 

V = 847.8 

The volume is 847.8 mm?. 

Practice Problem Find the volume of a cylinder 

with a diameter of 7 cm in the base and a height of 

16 cm. 
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Volume 

Problem 1 

Y= 8m<4m><4m 

V = 128 m3 

Problem 2 

V = mr X height 

= ib 2 
b= ce x7} |x 16 

V = [n(3.5)2] X 16 

V = [am(12.25)] X 16 

V ~ 38.48 X 16 

V =~ 615.75 
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Measure in SI 

smaller; 1000; one thousandth 

Dimensional Analysis 
= yee Ow, 100mg _ 

xmg = lef i iy 

1,000,000 mg 
1,000,000 mg = 1kg 
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Science Applications 

Measure in SI 

The metric system of measurement was 

developed in 1795. A modern form of the 

metric system, called the International 

System (SI), was adopted in 1960 and pro- 

vides the standard measurements that all 
scientists around the world can understand. 

The SI system is convenient because unit 

sizes vary by powers of 10. Prefixes are used 

to name units. Look at Table 3 for some 

common SI prefixes and their meanings. 

Table 3 : Common SI Prefixes 

Prefix Symbol Meaning 

kilo- k 1,000 thousand 

hecto- h 100 hundred 

deka- da 10 ten 

deci- d 0.1 tenth 

centi- € 0.01 hundredth 

\_milli- m 0.001 | thousandth 

Example How many grams equal one kilogram? 

Step 1 Find the prefix k//o- in Table 3. 

Step 2 Using Table 3, determine the meaning of 

kilo-. According to the table, it means 1,000. 

When the prefix k//o- is added to a unit, it 

means that there are 1,000 of the units in a 

“kilounit.” 

Step 3 Apply the prefix to the units in the question. 

The units in the question are grams. There are 

1,000 grams in a kilogram. 

Practice Problem |s a milligram larger or smaller 

than a gram? How many of the smaller units equal 

one larger unit? What fraction of the larger unit does 

one smaller unit represent? 
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Dimensional Analysis 

Convert SI Units In science, quantities 

such as length, mass, and time sometimes 

are measured using different units. A process 

called dimensional analysis can be used to 

change one unit of measure to another. This 

process involves multiplying your starting 

quantity and units by one or more conver- 

sion factors. A conversion factor is a ratio 

equal to one and can be made from any two 

equal quantities with different units. If 1,000 

mL equal 1 L then two ratios can be made. 

hit _ 

1,000 mL 

1,000 mL 

it JL, 

One can convert between units in the SI sys- 

tem by using the equivalents in Table 3 to 

make conversion factors. 

Example 1 How many cm are in 4m? 

Step 1 Write conversion factors for the units given. 

From Table 3, you know that 100 cm = 1m. 

The conversion factors are 

100 cm 

1m 

1m 

100 cm 

Decide which conversion factor to use. Select 

the factor that has the units you are convert- 

ing from (m) in the denominator and the 

units you are converting to (cm) in the 

numerator. 

100 cm 

1m 

and 

Step 2 

Step 3 Multiply the starting quantity and units by 

the conversion factor. Cancel the starting 

units with the units in the denominator. There 

are 400 cm in 4m. 

100 cm 
4m X = 400 cm 

Practice Problem How many milligrams are in one 

kilogram? (Hint: You will need to use two conversion 

factors from Table 3.) 



Convert Between Unit 

Systems 

Problem 1 

~ Math Sk ill Handbook 
PORTE 5 Tin inane: P 

Table 4 Unit System Equivalents 
0.45 kg 

Type of Equivalent sdf x Tit 2.25 kg 
Measurement 

Length Vin = 2.54 cm ee 2 

a ao (2.54cm) mi = 1.61 km 

Mass 10z = 28.359 = lin  1in X 1in 
and / 1Ib = 0.45 kg 2.54cm  2.54cm X 2.54.cm 

Belgny 1 ton (short) = 0.91 tonnes (metric tons) | = elites 
1Ib = 4.45 N } | 16.39 cm? 

Volume 1in? = 16.39 cm3 

1qt=0.95L |= 
1 gal = 3.78L cc 

- Area 1 in? = 6.45 cm2 = 
1 yd? = 0.83 m2 C= 
1 mi? = 2.59 km? 1. 8 
1 acre = 0.40 hectares co 

| Temperature °C = (°F — 32) i 8 
1.8 | = 

Keene a773 ‘ 
*Weight is measured in standard Earth gravity. 

Convert Between Unit Systems Table 4 Step 3 Multiply the starting quantity and units by 
gives a list of equivalents that can be used to the conversion factor. Cancel the starting 
convert between English and SI units units with the units in the denominator. g : 

Round your answer to the nearest tenth. 

Example Ifa meterstick has a length of 100 cm, 100 cap ee 39.37 in 

how long is the meterstick in inches? 2.54 emt 

Step 1 Write the conversion factors for the units The meterstick is about 39.4 in long. 

given. From Table 4, 1 in = 2.54 cm. 

lin and 2.54.cm Practice Problem A book has a mass of 5 Ibs. What 

2.54 cm Tin is the mass of the book in kg? 

Step 2 Determine which conversion factor to use. You 

are converting from cm to in. Use the conver- Practice Problem Use the equivalent for in and cm 

sion factor with cm on the bottom. (1 in = 2.54 cm) to show how 1 in? = 16.39 cm?. 

1in 

2.54cm 
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Precision and 

Significant Digits 

Problem 1 

7,4 

Problem 2 

Bee 5) 27 456 

5.28 has 3 significant digits. 

5.2 has 2 significant digits. 

When multiplying and dividing, 
the answer is rounded to the 

smallest number of significant digits 

of the numbers being multiplied or 
divided—in this case, 2. 

27.456 is rounded to 27. 

Scientific Notation 

Problem 1 

44 

Problem 2 

0.000007 

Problem 3 

5.39 X 102 
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Precision and Significant 

Digits 
When you make a measurement, the 

value you record depends on the precision 

of the measuring instrument. This precision 

is represented by the number of significant 

digits recorded in the measurement. When 

counting the number of significant digits, 

all digits are counted except zeros at the end 

of a number with no decimal point such as 

2,050, and zeros at the beginning of a deci- 

mal such as 0.03020. When adding or sub- 

tracting numbers with different precision, 

round the answer to the smallest number of 
decimal places of any number in the sum or 

difference. When multiplying or dividing, 

the answer is rounded to the smallest num- 

ber of significant digits of any number 

being multiplied or divided. 

Example The lengths 5.28 and 5.2 are measured in 

meters. Find the sum of these lengths and record your 

answer using the correct number of significant digits. 

Step 1 Find the sum. 

5.28m 2 digits after the decimal 

=P Sa) Tan 1 digit after the decimal 

10.48 m 

Step 2 Round to one digit after the decimal because 

the least number of digits after the decimal 

of the numbers being added is 1. 

The sum is 10.5 m. 

Practice Problem How many significant digits are 

in the measurement 7,071,301 m? How many signifi- 

cant digits are in the measurement 0.003010 g? 

Practice Problem Multiply 5.28 and 5.2 using the 

rule for multiplying and dividing. Record the answer 

using the correct number of significant digits. 
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Scientific Notation 

Many times numbers used in science are 

very small or very large. Because these num- 

bers are difficult to work with scientists use 

scientific notation. To write numbers in sci- 

entific notation, move the decimal point 

until only one non-zero digit remains on 

the left. Then count the number of places 

you moved the decimal point and use that 

number as a power of ten. For example, the 

average distance from the Sun to Mars is 

227,800,000,000 m. In scientific notation, 

this distance is 2.278 x 10!! m. Because you 
moved the decimal point to the left, the 

number is a positive power of ten. 

The mass of an electron is about 

0.000 000 000 000 000 000 000 000 000 000 911 kg. 

Expressed in scientific notation, this mass 1s 

9.11 x 10-7! kg. Because the decimal point 
was moved to the right, the number is a 

negative power of ten. 

Example Earth is 149,600,000 km from the Sun. 

Express this in scientific notation. 

Step 1 Move the decimal point until one non-zero 

digit remains on the left. 

1.496 000 00 

Step 2 Count the number of decimal places you have 

moved. In this case, eight. 

Step 3 Show that number as a power of ten, 10°. 

Earth is 1.496 < 108 km from the Sun. 

Practice Problem How many significant digits are 

in 149,600,000 km? How many significant digits are 

in 1.496 < 10° km? 

Practice Problem Parts used in a high performance 

car must be measured to 7 * 10 ©m. Express this 
number as a decimal. 

Practice Problem A CD is spinning at 539 revolu- 

tions per minute. Express this number in scientific 

notation. 



Make and Use Graphs 
Data in tables can be displayed in a 

graph—a visual representation of data. 
Common graph types include line graphs, 
bar graphs, and circle graphs. 

Line Graph A line graph shows a relation- 
ship between two variables that change 
continuously. The independent variable 
is changed and is plotted on the x-axis. 
The dependent variable is observed, and 
is plotted on the y-axis. 

Example Draw a line graph of the data below from 
a cyclist in a long-distance race. 

Table 5 Bicycle Race Data 

Time (h) Distance (km) 

0 0 

1 8 

2 16 

2 24 
4 32 

5 40 

Step 1 Determine the x-axis and y-axis variables. 

Time varies independently of distance and is 

plotted on the x-axis. Distance is dependent 

on time and is plotted on the y-axis. 

Step 2 Determine the scale of each axis. The x-axis 

data ranges from 0 to 5. The y-axis data 
ranges from 0 to 50. 

Step 3 Using graph paper, draw and label the axes. 

Include units in the labels. 

Step 4 Draw a point at the intersection of the time 

value on the x-axis and corresponding dis- 

tance value on the y-axis. Connect the points 

and label the graph with a title, as shown in 

Figure 20. 

Math Skill Handbook am 
Distance v. Time 
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Figure 20 This line graph shows the relationship 
between distance and time during a bicycle ride. 

Practice Problem A puppy’s shoulder height is 
measured during the first year of her life. The follow- 
ing measurements were collected: (3 mo, 52 cm), 
(6 mo, 72 cm), (9 mo, 83 cm), (12 mo, 86 cm). Graph 
this data. 

Find a Slope The slope of a straight line is 
the ratio of the vertical change, rise, to the 
horizontal change, run. 

vertical change (rise) Slope = = 
horizontal change (run) 

change in y 
change in x 

Example Find the slope of the graph in Figure 20. 

Step 1 You know that the slope is the change in y 

divided by the change in x. 
Slope = change iny 

change in x 

Step 2 Determine the data points you will be using. 

For a Straight line, choose the two sets of 

points that are the farthest apart. 

_ (40-0) km Slope = (50) h 

Step 3 Find the change in y and x. 

Slope = kn oe or 
Step 4 Divide the change in y by the change in x. 

— 8&km 
Slope = 5 

The slope of the graph is 8 km/h. 
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Bar Graph 

Composition of Air 

Percent (%) 

Nitrogen Oxygen Other 

Gas 

Circle Graph 

The total amount of aluminum 
collected is: 

4.0 kg + 1.0kg + 2.0kg = 7.0kg 

4.0 kg x 

ol er 
1.0 kg x 7? 

rig er 
2.0 kg xX * 

Tong sere 

Monday is 57% of graph, Wednesday 
is 14% of graph, and Friday is 29% of 
graph. 
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Bar Graph To compare data that does not 

change continuously you might choose a bar 

graph. A bar graph uses bars to show the 

relationships between variables. The x-axis 

variable is divided into parts. The parts can 

be numbers such as years, or a category such 

as a type of animal. The y-axis is a number 

and increases continuously along the axis. 

Example A recycling center collects 4.0 kg of 

aluminum on Monday, 1.0 kg on Wednesday, and 2.0 kg 

»| on Friday. Create a bar graph of this data. 

Step 1 Select the x-axis and y-axis variables. The 

measured numbers (the masses of alu- 
minum) should be placed on the y-axis. The 

variable divided into parts (collection days) is 

| placed on the x-axis. 

i | Step 2 Create a graph grid like you would for a line 

} graph. Include labels and units. 

| Step 3 For each measured number, draw a vertical 

bar above the x-axis value up to the y-axis 

value. For the first data point, draw a vertical 

bar above Monday up to 4.0 kg. 

Aluminum Coliected During Week 

he 
pire 

Waa ial 

Prise 
Pie 

Mass (kg) 

Monday Wednesday Friday 

Day of collection 

Practice Problem Draw a bar graph of the gases in 

air: 78% nitrogen, 21% oxygen, 1% other gases. 
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Circle Graph To display data as parts of a 
whole, you might use a circle graph. A circle 

graph is a circle divided into sections that 

represent the relative size of each piece of 

data. The entire circle represents 100%, half 

represents 50%, and so on. 

Example Airis made up of 78% nitrogen, 21% 

oxygen, and 1% other gases. Display the composition 

of air in a circle graph. 

Step 1 Multiply each percent by 360° and divide by 

100 to find the angle of each section in the 

circle. 

360° 6) tte 

718% X Wa = 280.8° 

360° 
16) = 21% X 100 = 75.6° 

1% X so = = 3.6 

Step 2 Use a compass to draw a circle and to mark 

the center of the circle. Draw a straight line 

from the center to the edge of the circle. 

Step 3 Use a protractor and the angles you calcu- 

lated to divide the circle into parts. Place the 

center of the protractor over the center of the 

circle and line the base of the protractor over 

the straight line. 

Other 

1% 
Oxygen 

21% 

Practice Problem Draw a circle graph to represent 

the amount of aluminum collected during the week 

shown in the bar graph to the left. 
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Formulas 
Chapter 1 The Nature of Science 

density = mass/volume 

Kelvin = °Celsius + 273 

% Error = [(Accepted value — Experimental value)/Accepted value] < 100 

Chapter 3 Motion, Acceleration, and Forces 

average speed = total distance/total time 

acceleration = (final velocity — initial velocity)/(final time — initial time) y 

Chapter 4 The Laws of Motion | 
acceleration = net force/mass 
net force = mass X acceleration 

gravitational force = mass X (acceleration due to gravity) | 
weight = mass X 9.8 m/s2 ! 
momentum (p) = mass X velocity 

f 

Chapter 5 Energy 
yooqpuey |IPIs WeW 

kinetic energy = + mass x (velocit Ne 

gravitational potential energy (GPE) = mass X 9.8 m/s2 x height | 
mechanical energy = gravitational potential energy + kinetic energy 

Chapter 6 Work and Machines 

work = force X distance 

power = work/time 

power = energy transferred/time 

mechanical advantage = output force/input force 

efficiency % = (output work/input work) X 100 

Ideal mechanical advantage of a lever = length of input arm/length of output arm 

Ideal mechanical advantage of a wheel and axle = radius of wheel/radius of axle 
Ideal mechanical advantage of an inclined plane = length of slope/height of slope 

Chapter 9 Heat and States of Matter 

change in thermal energy = mass * change in temperature X specific heat 

or 

Q= MX (Tsna — Tinitia * G 
latent heat of melting = mass X heat of fusion 

latent heat of vaporization = mass heat of vaporization 
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Math Skill Handbook 

Math Skill Handbook — 

Chapter 10 Waves 

wave speed = wavelength * frequency 

frequency = number of wavelengths/time 

wavelength = wave speed/frequency 

Chapter 11 Sound and Light 

index of refraction = speed of light in a vacuum/speed of light in a substance 

Chapter 13 Electricity 

electric current = voltage difference/resistance 

electric power = current * voltage difference 

electric energy = power x time 

878 STUDENT RESOURCES 
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Extra Math Problems 
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EXTRA Math Problems 
For help and hints with these problems, visit Math Practice at gpescience.com. 

Chapter | The Nature of Science 

- How many centimeters are in four meters? 

- How many deciliters are in 500 mL? 

- How many liters are in 2540 cm3? 

b&b WN = - Ayoung child has a mass of 40 kg. What is the 
mass of the child in grams? 

5. Iron has a density of 7.9 g/cm3. What is the 
mass in kg of an iron statue that has a volume 

of 5.4L? 

6. A 2-L bottle of soda has a volume of 

2000 cm?. What is the volume of the bottle 

in cubic meters? 

7. Abig summer movie has a running time of 

96 minutes. What is the movie's running time 

in seconds? 

8. The temperature in space is approximately 3 K. 

What is this temperature in degrees Celsius? 

9. The x-axis of a certain graph is distance trav- 

eled in meters and the y-axis is time in sec- 

onds. Two points are plotted on this graph 

with coordinates (2, 43) and (5, 68). What is the 

elapsed time between the two points? 

10. A circle graph has labeled segments of: 57%, 

21%, 13%, and 6%. What percentage does the 

unlabeled segment have? 

Chapter 2 Science, Technology, and 

Society 

11. Acar can travel 14 km on 1 L of gasoline. What 

percentage of its fuel efficiency does another 

car have if it travels 10 km on 1 L of gasoline? 

12. What is the fuel efficiency of a car if it gets 

45 percent of the fuel efficiency of another car 

that travels 15 km on 1 L of gasoline? 

13. If new information technology causes a three 

percent reduction in the 40,000,000 HIV infec- 

tions worldwide, how many people would be 

infected? 

14. A circle graph shows the comparative effects 
of five new technologies. The circle graph 
has segments labeled 45 percent, 32 percent, 
12 percent, and 3 percent. What is the correct 

label of the fifth segment? 

15. Data from a new Web site takes 17 min to 

download. How many seconds does it take? 

16. If anew internet connection reduces a down- 

load time of 17 min by 85 percent, how much 

time (in minutes and seconds) will it take now? 

17. Because of a new health center in a town, the 

cases of influenza are 25 percent fewer. If the 

town usually has 300 cases per month, how 

many cases should you expect during the next 

month? 

18. Ifa person can sell 10 computers per day anda 

new technology allows her to triple her sales, 

how many computers can she expect to sell 

the next day? 

19. If it normally takes 45 min to travel to a 

nearby town using an older train, but a new 

technologically advanced train can make the 

trip in one-third of the time, how long will the 

trip take? 

20. A technologically advanced engine runs at 

twice the efficiency of an older engine. If the 

older engine allows a car to travel at a fuel 

efficiency of 8 km/L, what is the fuel efficiency 

of the advanced engine? 

Chapter 3 Motion, Acceleration, and 
Forces 

21. John rides his bike 2.3 km to school. After 

school, he rides an additional 1.4 km to the 

mall in the opposite direction. What is his total 

distance traveled? 

22. A squirrel runs 4.8 m across a lawn, stops, then 

runs 2.3 m back in the opposite direction. 

What is the squirrel’s displacement from its 

starting point? 
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Answers 

Chapter 1 

1. 400 cm 

al 

. 2.541 

. 40,000 g 

.42.7kg 
. 0.002 m2 

. 5,760 5 

=270'C 

DEEN 

. 3% So Oo DON DO SPW LY — 

Chapter 2 

11. 71% 

12. 6.8 km/L 

13. 38,800,000 

14. 8% 

15. 1,020 s 

16. 2 min, 33s 

We225 

18. 30 

19. 15 minutes 

20. 16 km/L 

Chapter 3 

21. 3.7 km 

225 22M 
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Answers 

Chapter 3 cont. 

TRY 

24. 

25. 

26. 

OE 

28. 

29: 

30. 

Bl 

32. 

33; 

15 cm/s 

84.6 km/h 

100 km/h 

3 m/s 

0.5 m/s? 

—0.3 m/s? 

3,000 N toward team B 

4h 

7.92h 

2.5 m/s? 

—5 m/s 

Chapter 4 

34. 

30% 

36. 

by 

38. 

39. 

40. 

4), 

42. 

43, 

44. 

45. 

467.5N 

20 m/s? 

19.6N 

245N 

140 N 

114N 

215,000 kg-m/s 
30 m/s 

6,000 N 

5 m/s? 

784 N 

36,000 kg-m/s 

Chapter 5 

46, 

47. 

48, 

49, 

50. 

eile 

52. 

122.54 

12 kg 

80 J 

123,000 J 

2,350 J 

2,000 kg 

327,000 J 
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24. 

25. 

26. 

27. 

28. 

36. 

37. 

29. 

30. 

31. 

32. 

33. 

35. 

. Extra Math Problems 

. Anant travels 75 cmin 5s. What was the ant’s 

speed? 

It took you 6.5 h to drive 550 km. What was 

your speed? 

A bus leaves at 9 a.m. with a group of tourists. 

They travel 350 km before they stop for lunch. 

Then they travel an additional 250 km until the 

end of their trip at 3 p.m. What was the average 

speed of the bus? 

Halfway through a cross-country meet, a run- 

ner's speed is 4 m/s. In the last stretch, she 

increases her speed to 7 m/s. What is her 

change in speed? 

It takes a car one minute to go from rest to 

30 m/s. What is the acceleration of this car? 

You are running at a speed of 10 km/h and hit 

a patch of mud. Two seconds later your speed 

is 8 km/h. What is your acceleration in units of 

m/s?? 

During a tug-of-war, Team A is applying a 

force of 5000 N while Team B is applying a 

force of 8000 N. What is the net force applied 

to the rope? 

You are in a car traveling an average speed of 

60 km/h. The total trip is 240 km. How long 

does the trip take? 

You are riding in a train that is traveling at a 

speed of 120 km/h. How long will it take to 

travel 950 km? 

A car goes from rest to a speed of 90 km/h in 

10 s. What is the car's acceleration in m/s?? 

A cart rolling at a speed of 10 m/s comes to a 

stop in 2 s. What is the cart’s acceleration? 

Chapter 4 The Laws of Motion 
34, A 85-kg mass has an acceleration of 5.5 m/s2. 

What is the net force applied? 

A 3200-N force is applied to a 160-kg mass. 

What is the acceleration of the mass? 

A 2-kg object is dropped from a height of 

1000 m. What is the force of air resistance on 

the object when it reaches terminal velocity? 

How much force is needed to lift a 25-kg mass? 

880 STUDENT RESOURCES 

38. 

39. 

40. 

41. 

42. 

43. 

44. 

45. 

If you are pushing on a box with a force of 20 N 

and there is a force of 7 N on the box due to 

sliding friction, what is the net force on the box? 

The acceleration due to gravity on the moon is 

about 1.6 m/s”. If you weigh 539 N on Earth, 

how much would you weigh on the moon? 

If a 5000-kg mass is moving at a speed of 

43 m/s, what is its momentum? 

How fast must a 50-kg mass travel to have a 

momentum of 1500 kg m/s? 

What is the net force on a 4000-kg car that 

doubles its speed from 15 m/s to 30 m/s over 

10 seconds? 

A book with a mass of 1 kg is sliding on a table. 

If the frictional force on the book is 5 N, calcu- 

late the book’s acceleration. Is it speeding up 

or slowing down? 

What is the weight of a person with a mass of 

80 kg? 

A car with a mass of 1,200 kg has a speed of 

30 m/s. What is the car's momentum? 

Chapter 5 Energy 

46. 

47. 

48. 

49. 

50. 

Sills 

52. 

What is the kinetic energy of a 5-kg object 

moving at 7 m/s? 

An object has kinetic energy of 600 J anda 

speed of 10 m/s. What is its mass? 

If you throw a 0.4-kg ball at a speed of 20 m/s, 

what is the ball’s kinetic energy? 

A rollercoaster car moving around a high turn 

has 100,000 J of GPE and 23,000 J of KE. What 

is its mechanical energy? 

If you have a mass of 80 kg and you are stand- 

ing ona platform 3 m above the ground, what 

is your gravitational potential energy? 

A car is traveling at 30 m/s with a kinetic 

energy of 900 kJ. What is its mass? 

At top of a hill, a rollercoaster has 67,500 J of 

kinetic energy and 290,000 J of potential 

energy. Gradually the roller coaster comes to a 

stop due to friction. If the roller coaster has 

30,000 J of potential when it stops, how much 

heat energy is generated by friction from the 

top of the hill until it stops? 



53. A 2-kg book is moved from a shelf that is 2m 
off the ground to a shelf that is 1.5 m off the 
ground. What is its change in GPE? 

54. A system has a total mechanical energy of 
350 J and kinetic energy of 220 J. What is its 
potential energy? 

55. An object held in the air has a GPE of 470 J. 
The object then is dropped. Halfway down, 

what is the object's kinetic energy? 

56. Acar with a mass of 900 kg is traveling at a 

speed of 25 m/s. What is the kinetic energy of 

the car in joules? 

57. What is the gravitational potential energy of a 

diver with a mass of 60 kg who is 10 m above 

the water? 

58. If your weight is 500 N, and you are standing 

on a floor that is 20 m above the ground, what 

is your gravitational potential energy? 

Chapter & Work and Machines 

59. When moving a couch, you exert a force of 

400 N and push it 4 m. How much work have 

you done? 

60. How much work is needed to lift a 50-kg 

weight to a shelf 3 m above the floor? 

61. By applying a force of 50 N, a pulley system 

can lift a box with a mass of 20 kg. What is the 

mechanical advantage of the pulley system? 

62. How much energy do you save per hour if you 

replace a 60-watt lightbulb with a 55-watt 

lightbulb? 

63. Suppose you supply energy to a machine at a 

rate of 700 W and that the machine converts 

560 J into heat every second. At what rate 

does the machine do work? 

64. You exert a force of 200 N on a machine over a 

distance of 0.3 m. If the machine moves an 

object a distance of 0.5 m, how much force 

does the machine exert on the object? Assume 

friction can be ignored. 

65. What is the efficiency of a machine if you do 

work on the machine at a rate of 1200 W and 

the machine does work at a rate of 300 W? 

es 
me sererres 

Extra Math Problems 

66. What is the IMA of a seesaw with a 1.6-m effort 

arm and a 1.2-m resistance arm? 

67. What is the IMA of a wheel with a radius of 

0.35 m and an axle radius of 0.04 m? 

68. An inclined plane has an IMA of 1.5 and a height 
of 2.0 m. How long is this inclined plane? 

69. What power is used by a machine to perform 
800 J of work in 25 s? 

70. A person pushes a box up a ramp that is 

3 m long, and 1 m high. If the box has a mass 

of 20 kg, and the person pushes with a force of 

80 N, what is the efficiency of the ramp? 

71. A first class lever has a mechanical advantage 

of 5. How large would a force need to be to lift 

a rock with a mass of 100 kg? 

Chapter 7 The Earth-Moon-Sun System 
72. Earth's diameter is 12,714 km from pole to 

pole and 12,756 km at the equator. How much 

less is Earth’s diameter from pole to pole than 

that at the equator? 

73. Earth’s circumference is 40,075 km at the equa- 

tor and 40,008 km through the two poles. How 

much greater is Earth’s circumference around 

the equator? 

74. Earth’s average density is 5.52 g/cm?. If the 

Moon's average density is 3.31 g/cm?, what 

percentage of Earth’s density is the Moon's 

density? 

75. \f a day on Earth lasts 23 h and 56 min, how 

many minutes are in one day? 

76. Earth is one AU (149,600,000 km) from the Sun. 

If Jupiter is 5.2 AUs from the Sun, how many 

kilometers is Jupiter from the Sun? 

77. \f Earth rotates 15° each hour, how many 

degrees will it rotate in three hours? 

78. Earth is tilted 23.5°. If the Sun is 50° above the 

southern horizon when it is directly over the 

equator, how high in the sky will the Sun be on 

the first day of summer? 

79. \f the Sun has a diameter of 1,392,000 km and 

is about 400 times larger than the Moon, what 

is the approximate diameter of the Moon? 
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Answers 

Chapter 5 cont. 

53. 

54. 

ou: 

56, 

57. 

58. 

9.8 J 

130 J 

235 J 

281,000 J 

5,880 J 

10,000 J 

Chapter 6 

32. 

60. 

61. 

62. 

63, 

64. 

65. 

66. 

67. 

68. 

69. 

70. 

Ti 

1,600 J 

120 J 

3.92 

18,000 J 

140 W 

1,120 N 

25% 

1233 

8.75 

3.0m 

32 W 

81.7% 

196 N 

Chapter 7 

72. 

73. 

74, 

ley 

76. 

TT. 

78. 

He) 
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42 km 

67 km 

60% 

1,436 min 

777,920,000 km 

45° 

135° 

3,480 km 

881 



Answers 

Chapter 7 cont. 

80. 

81. 

12.4 synodic months 

208 times 

Chapter 8 

82. 

83. 

84, 

85. 

86. 

87. 

88. 

89. 

90. 

eae 

O2. 

bh 

S/H lw 

152 kPa 

0.608 kPa 

0.002 kPa 

20% 

4 

1408 

15.1% 

1,429,500,000 km 

47.5 times 

4.2 times 

Chapter 9 

94. 

05, 

96. 

97, 

98. 

9, 

100. 

101. 

102. 

103. 

104. 

20,920 J 

2kg 

13,280 J 

418,400 J 

6 kg 

343 K 

710 J/(kg K) 

198 K 

1,300 J 

20,900 J 

397 J/(kg K) 

Chapter 10 

105. 

882 

0.04 m 
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Extra Math Problems 

80. 

81. 

Extra Math Problems. 

If there are 29.5 days in one synodic month, 

how many synodic months are there in one 

year of 365 days? 

The South Pole-Aitken Basin on the Moon is 

12 km deep and 2,500 km wide. How many 

times wider is the basin than it is deep? 

Chapter 8 The Solar System 

82. 

83. 

84. 

882 

What fraction of a complete orbit (360°) would 

a planet move through if its H.L. changes from 

S2etO Ss O27 

What fraction of a complete orbit (360°) would 

a planet move through if its H.L. changes from 

152° to 242°? 

Earth’s atmospheric pressure is 101.3 kPa. 

What is atmospheric pressure on the surface 

of Titan if it is 1.5 times that of Earth? 

. What is the atmospheric pressure on the sur- 

face of Mars if it is 0.6 percent of Earth’s? 

. If the atmospheric pressure of Triton’s atmos- 

phere is 0.002 percent of Earth’s, what is the 

atmospheric pressure on the surface of Triton? 

. Ifa planet has an H.L. of 73°, what percentage 

of the total orbit (360°) would this represent? 

. If the diameters of Earth and Uranus are 

12,756 km and 51,118 km respectively, 

approximately how many Earths could fit 

across Uranus’s diameter? 

. The volume of sphere is 4/3(ar?). If the radius 

of Earth is 6,378 km and the radius of Jupiter is 

71,492, how many Earths would fit inside 

Jupiter? 

. The volume of sphere is 4/3(ar?). If the radius 

of Mars is 3,394 km and the radius of Earth is 

6,378 km, what percentage of Earth’s volume is 

Mars’s volume? 

. On average, Earth is 150 million km (1 AU) 

from the Sun. If Saturn is 9.53 AU from the Sun, 

what is the distance from the Sun to Saturn? 

. If Venus takes 0.62 years to orbit the Sun and 

Saturn takes 29.42 years to orbit the Sun, how 

many times will Venus orbit the Sun during 

each orbit of Saturn? | 

STUDENT RESOURCES 
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If Earth is tilted 23.5° and Uranus is tilted 

97.9°, how many times greater is the axial tilt 

of Uranus than that of Earth? 

Chapter 9 Heat and States of Matter 

94. 

95. 

96. 

OT. 

98. 

EL) 

100. 

101. 

102. 

103. 

104. 

Water has a specific heat of 4184 J/(kg K). 

How much energy is needed to increase the 

temperature of a kilogram of water 5°C? 

The temperature of a block of iron, which has 

a specific heat of 450 J/(kg K), increases by 3 K 

when 2700 J of energy are added to it. What 

is the mass of this block of iron? 

How much energy is needed to heat 1 kg of 

sand, which has a specific heat of 664 J/(kg K), 

from 30°C to 50°C? 

1 kg of water (specific heat = 4184 J/(kg K)) is 

heated from freezing (0°C) to boiling (100°C). 

What is the change in thermal energy? 

A concrete statue (specific heat = 600 J/(kg 

K)) sits in sunlight and warms up to 40°C. 

Overnight, it cools to 15°C and loses 90,000 J 

of thermal energy. What is its mass? 

A glass of water has temperature of 70°C. 

What is its temperature in K? 

A substance with a mass of 10 kg loses 

106.5 kJ of heat when its temperature drops 

15°C. What is this substance’s specific heat? 

Air is cooled from room temperature (25°C) to 

100 K. What is the temperature change in K? 

To remove 800 J of heat from a refrigerator, 

the compressor in the refrigerator does 500 J 

of work. How much heat is released into the 

surrounding room? 

How much heat is needed to raise the tem- 

perature of 100 g of water by 50K, if the 

specific heat of water is 4,184 J/kg K? 

A sample of an unknown metal has a mass of 

0.5 kg. Adding 1,985 J of heat to the metal 

raises its temperature by 10 K. What is the 

specific heat of the metal? 

Chapter 10 Waves 
105. What is the wavelength of a wave with a fre- 

quency of 0.4 kHz traveling at 16 m/s? 



106. 

107. 

108. 

109. 

110. 

114. 

Two waves are traveling in the same medium 
with a speed of 340 m/s. What is the differ- 
ence in frequency of the waves if the one has 
a wavelength of 5 m and the other has a 
wavelength of 0.2 m? 

Transverse wave A has an amplitude of 7 cm. 
This wave constructively interferes with 
wave B. While the two waves overlap, the 
amplitude of the resulting wave is 10 cm. 

What is the amplitude of wave B? 

What is the wavelength of a wave with a fre- 

quency of 5 Hz traveling at 15 m/s? 

What is the velocity of a wave that has a 

wavelength of 6 m and a frequency of 3 Hz? 

A ray of light hits a mirror at an angle of 35° 

to the normal. What is the angle of the 

reflected ray to the normal? 

. Awave has a wavelength of 250 cm anda 

frequency of 4 Hz. What is its speed? 

. Awave has a frequency of 5.6 MHz. What is 

the frequency of this wave in Hz? 

. Alight ray strikes a mirror and is reflected. 

The angle between the incident and reflected 

rays is 86°. What is the angle of the incident 

ray to the normal? 

What is the frequency of a wave with a wave- 

length of 7 m traveling at 21 m/s? 

Chapter tf Sound and Light 

Tis: 

116. 

Ub l7se 

A sound wave with a frequency of 440 Hz 

travels in steel with a speed of 5200 m/s. 

What is the wavelength of the sound wave? 

A wave traveling in water has a wavelength 

of a 750 m and a frequency of 2 Hz. How fast 

is this wave moving? 

At 0°C sound travels through air with a speed 

of about 331 m/s and through aluminum with 

a speed of 4877 m/s. How many times longer 

is the wavelength of a sound wave in alu- 

minum compared to the wavelength of a 

sound wave in air if both waves have the 

same frequency? 

118. 

119. 

120. 

122. 

123. 

124. 

253 

126. 

Extra Math Problems 

The speed of sound in air at 0°C is 331 m/s, 

and at 20°C is 344 m/s. What is the percent- 
age change in the speed of sound at 20°C 
compared to 0°C? 

The wreck of the Titanic is at a depth of about 

3800 m. A sonar unit on a ship above the 

Titanic emits a sound wave that travels at a 

speed of 1500 m/s. How long does it take a 

sound wave reflected from the Titanic to 

return to the ocean surface? 

A sonar unit on a ship emits a sound wave. 

The echo from the ocean floor is detected 

two seconds later. If the speed of sound in 

water is 1500 m/s, how deep is the ocean 

beneath the ship? 

. Atsunami travels across the ocean at a speed 

of 500 km/h. If the distance between the 

wave crests is 200 km, what is the frequency 

of the wave? 

A light ray strikes a plane mirror. The angle 

between the light ray and the surface of the 

mirror is 25°. What angle does the reflected 

ray make with the normal? 

If the index of refraction of the mineral 

rock salt is 1.52, and the speed of light in a 

vacuum is 300,000 km/s, what is the speed 

of light in rock salt? 

In the human eye, there are about 7,000,000 

cone cells distributed over an area of 5 cm?. 

If cone cells are evenly distributed over this 

region, how many cone cells are distributed 

over an area of 2 cm?? Express your answer in 

scientific notation. 

The magnification of a mirror or lens equals 

the image size divided by the object size. If a 

plant cell with a diameter of 0.0035 mm is 

magnified so that the diameter of the image 

is 0.028 cm, what is the magnification? 

Light enters the human eye through the 

pupil. In the dark, the pupil is dilated and has 

a diameter of about 1 cm. The Keck telescope 

has a mirror with a diameter of 10 m. If both 

the pupil and the Keck mirror are circles, what 

is the ratio of the area of the Keck telescope 

mirror to the area of a dilated human pupil? 
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Answers 

Chapter 10 cont. 

106. 1,632 Hz 

107. 3cm 

108. 3m 

109. 18 m/s 

We 35" 

111. 1 m/s 

112. 5,600,000 Hz 

113; 435. 

114. 3 Hz 

Chapter 11 

115. 11.8m 

116. 150 m/s 

We 147 

118. 3.9% 

11S Sols 

120. 1,500 m 

121. 2.5 wavelengths/h 

225650 

123. 197,000 km/s 

124. 2.8 x 10° 

125. 80X 

126. 1,000,000:1 
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Answers 

Chapter 11 cont. 

127, 1.2cm 

Chapter 12 

128. 

129. 

130. 

EH 

132. 

133: 

134. 

135: 

136. 

137, 

13 min 53 sec 

3000 km 

2946 km 

5 min 36s; 6 min 32s 

13 min 1s 

60% 

8.7 X 108m? 

2600 km 

5.6 times faster 
S nal Ve Luel poalO'eKinG Ve. 

= 1.774 X 10" km?: 16.3% 

Chapter 13 

138, 

139. 

140. 

141, 

142. 

143. 

144, 

145, 

146. 

147. 

148. 

149, 

150. 

151; 
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5.6 V 

3A 

20 

360 W 

5.8 A 

220V 

330 kWh 

8h 

$0.32 

0.75h 

2400 

0.833 A 

906 W 

1 kWh: 0.30 kWh 
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Extra Math Problems 
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127. 

‘Extra Math Problems _ 

A light source is placed a distance of 1.2 m 

from a concave mirror on the optical axis. The 

reflected light rays are parallel and form a light 

beam. What is the focal length of the mirror? 

Chapter 12 Earth’s Internal Processes 
128. 

129, 

130. 

131. 

132. 

133. 

134. 

135. 

136, 

137. 

How long after an earthquake will a seismo- 

graph 3,000 km away from the epicenter 

record S-waves that travel at 3.6 km/s? 

If it takes 48 min and 20 s for P-waves travel- 

ing at 6.0 km/s to reach and be recorded by a 

seismograph, how far away is the epicenter? 

If S-waves lag behind P-waves by 1 min 52 5 

for every 1000 km of distance from the earth- 

quake epicenter, how far away from the 

earthquake epicenter is a seismograph that 

measures a time-lag of 5 min 30 s between 

the arrivals of P-waves and S-waves.? 

With a P-wave-S-wave lag time of 1 min 

52 sec, how much difference between the 

arrival times of P-waves and S-waves would 

be measured at 3,000 km? At 3,500 km? 

If surface waves travel at 3.2 km/s, when 

would you expect them to arrive at a seismo- 

graph that is 2,500 km distant from the earth- 

quake epicenter? 

If S-waves travel at 3.6 km/s and P-waves 

travel at 6.0 km/s through Earth’s crust, what 

percentage of the speed of P-waves would 

you expect S-waves to travel at other depths 

inside Earth? 

The volume of a cone is ar7h, If Paricutin is 

424 m high and has a base 2.8 km across, 

what is the volume of the cinder cone? 

If two plates diverge at a rate of 1.3 cm/year, 

how much farther apart in kilometers will the 

two plates be after 200 million years? 

How many times faster are plates moving 

at 7.3 cm/year than are plates moving at 

1.3 cm/year? 

The volume of a sphere is 4/3(ar2). The radius 

of Earth is 6,378 km, and the radius of its core 

(including both outer and inner cores) is 3,486 

km. What are the volumes of both? What per- 

centage of the total volume of Earth is its core? 
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Chapter 13 Electricity 

138. 

139. 

140 

141. 

142. 

143. 

144, 

145. 

146. 

147. 

148. 

149. 

150. 

151, 

A circuit has a resistance of 4 (. What voltage 

difference will cause a current of 1.4 A to flow 

in the circuit? 

How many amperes of current will flow in a 

circuit if the voltage difference is 9 V and the 

resistance in the circuit is 3 (2? 

If a voltage difference of 3 V causesa1.5A 

current to flow in a circuit, what is the resist- 

ance in the circuit? 

The current in an appliance is 3 A and the 

voltage difference is 120 V. How much power 

is being supplied to the appliance? 

What is the current into a microwave oven 

that requires 700 W of power if the voltage 

difference is 120 V? 

What is the voltage difference in a circuit that 

uses 2420 W of power if 11 A of current flows 

into the circuit? 

How much energy is used when a 110 kW 

appliance is used for 3 hours? 

A television has a power rating of 210 W. If 

the television uses 1.68 kWh of energy, for 

how long has the television been on? 

How much does it cost to light six 100-W 

lightbulbs for six hours if the price of electri- 

cal energy is $0.09/kWh? 

An electric clothes dryer uses 4 kW of electric 

power. How long did it take to dry a load of 

clothes if electric power costs $0.09/kWh, and 

the cost of using the dryer was $0.27? 

What is the resistance of a lightbulb that 

draws 0.5 amp of current when plugged into 

a 120-V outlet? 

How much current flows through a 100-W 

lightbulb that is plugged into a 120-V outlet? 

Eight amps of current flow through a hair 

dryer connected to a 120-V outlet. How much 

electrical power does the hair dryer use? 

Compare the electrical energy that is used by 

a 100-W lightbulb that burns for 10h, anda 

1,200-W hair dryer that is used for 15 min. 



Chapter 14 Magnetism 
VW52. 

EX 

154, 

156. 

TS7. 

158. 

159. 

160. 

How many turns are in the secondary coil of a 

step-down transformer that reduces a voltage 

from 900 V to 300 V and has 15 turns in the 

primary coil? 

A step-down transformer reduces voltage 

from 2400 V to 120 V. What is the ratio of the 

number of turns in the primary coil to the 

number of turns in the secondary coil of the 

transformer? 

The current produced by an AC generator 

switches direction twice for each revolution 

of the coil. How many times does a 110-Hz 

alternating current switch direction each 

second? 

. What is the output voltage from a step-down 

transformer with 200 turns in the primary coil 

and 100 turns in the secondary coil if the 

input voltage was 750 V? 

What is the output voltage from a step-up 

transformer with 25 turns in the primary coil 

and 75 turns in the secondary coil if the input 

voltage was 120 V? 

How many turns are in the primary coil of a 

step-down transformer that reduces a voltage 

from 400 V to 100 V and has 80 turns in the 

secondary coil? 

How many turns are in the secondary coil of a 

step-up transformer that increases voltage 

from 30 V to 150 V and has seven turns in the 

primary coil? 

The coil of a 60-Hz generator makes 60 revo- 

lutions each second. How many revolutions 

does the coil make in five minutes? 

If a generator coil makes 6000 revolutions in 

two minutes, how many revolutions does it 

make each second? 

Chapter 15 Electromagnetic Radiation 

161. 

162. 

Express the number 20,000 in scientific 

notation. 

An electromagnetic wave has a wavelength 

of 0.054 m. What is the wavelength in scien- 

tific notation? 

163. 

164. 

165. 

166. 

167. 

168. 

169. 

170. 

Extra Math Problems 

Earth is about 4,500,000,000 years old. 

Express this number in scientific notation. 

The speed of electromagnetic waves in air is 

300,000 km/s. What is the frequency of elec- 

tromagnetic waves that have a wavelength of 

5 X 10-3 km? 

The speed of radio waves in water Is about 

2.26 X 10° km/s. What is the frequency of 

radio waves that have a wavelength of 3.0 km? 

Radio waves with a frequency of 125,000 Hz 

have a wavelength of 1.84 km when traveling in 

ice. What is the speed of the radio waves in ice? 

Some infrared waves have a frequency of 

10,000,000,000,000 Hz. Express this frequency 

in scientific notation. 

An infrared wave has a frequency of 

1 X 10'3 Hz and a wavelength of 3 X 10-5 m. 

Express this wavelength as a decimal number. 

An AM radio station broadcasts at a fre- 

quency of 620 kHz. Express this frequency 

in Hz using scientific notation. 

An FM radio station broadcasts at a frequency 

of 101 MHz. Express this frequency in Hz 

using scientific notation. 

Chapter 16 Energy Sources 

UF ALE 

Vex 

173. 

A gallon of gasoline contains about 2800 g of 

gasoline. If burning one gram of gasoline 

releases about 48 kJ of energy, how much 

energy is released when a gallon of gasoline 

is burned? (1 kJ = 1000 J) 

An automobile engine converts the energy 

released by burning gasoline into mechanical 

energy with an efficiency of about 25%. If 

burning 1 kg of gasoline releases about 

48,000 kJ of energy, how much mechanical 

energy is produced by the engine when 1 kg 

of gasoline is burned? 

You heat a cup of water in a 750-W microwave 

oven for 40 s, and warm the water by 20°C. If it 

takes about 20 kJ of energy to raise the tem- 

perature of a cup of water by 20°C, what is the 

efficiency of the microwave oven? 
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Chapter 14 

152. 

15a. 

154. 

153: 

156. 

157. 

158. 

159. 

160. 

5 

20:1 

220 

375V 

360 V 

320 

35 

18,000 

50 

Chapter 15 

161 

162. 

163. 

164. 

165. 

166. 

167. 

168. 

169. 

170. 

iy 

5.41072 

45 X 10° 

6 X< 107 Hz 

7.5 10> *Hz 

2.30 X 10° km/s 

1X 103 Hz 

0.00003 m 

6.2 < 10° Hz 

1.01 < 108 Hz 

Chapter 16 

171. 134,400 kJ 

172. 12,000 KJ 

Ws 
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Answers 

Chapter 16 cont. 

174. 

ler 

176. 

177, 

178. 

179, 

180. 

5 m2 

68% 

3 

4,000 kg 
32 

10.8% 

YE 

Chapter 17 

181. 

182. 

183. 

184. 

185. 

186. 

187. 

188. 

189, 

190. 

3 times 

1.6 cm per day 

10.13 kPa 

78.8% 
3° 

202.6 kPa 

0.3% 

12 minutes 

One every 25,000 years 

nitrogen = 280.8°; oxygen = 

75.6°; argon = 3.6°. 

Chapter 18 

1S 

886 

675 
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Extra Math Problems 

174. On average, solar energy strikes Earth’s sur- 

face with an intensity of about 200 W/m~. If 
solar cells are 10% efficient, how large an area 

would have to be covered by solar cells to 

generate enough electrical power to light a 

100-W lightbulb? 

175. What is the overall efficiency of a hydroelec- 

tric plant if the process of falling water turn- 

ing a turbine is 80% efficient, the turbine 

spinning an electric generator is 95% effi- 

cient, and the transmission through power 

lines is 90% efficient? 

176. When a certain 235U nucleus is struck by a 

neutron, it forms the two nuclei 2A KK and 

"Ba. How many neutrons are emitted when 

this occurs? 

177. A nuclear reactor contains 100,000 kg of 

enriched uranium. About 4% of the enriched 

uranium is the isotope uranium-235. What is 

the mass of uranium-235 in the reactor core? 

178. Suppose the number of uranium-235 nuclei 

that are split doubles at each stage of a chain 

reaction. If the chain reaction starts with one 

nucleus split in the first stage, how many 

nuclei will have been split after six stages? 

179. From 1970 to 1995 the carbon dioxide concen- 

tration in Earth’s atmosphere increased from 

about 325 parts per million to about 360 parts 

per million. What was the percentage change 

in the concentration of carbon dioxide? 

180. About 85% of the energy used in the U.S. 

comes from fossil fuels. How many times 

greater is the amount of energy used from 

fossil fuel than the amount used from all 

other energy sources? 

Chapter |? Weather and Climate 

181. If a snowy surface reflects 90 percent of the 

solar radiation that strikes it and bare soil 

reflects 30 percent, how many times more 

solar radiation is reflected from a snowy 

surface than from bare soil? 

182. The amount of rainfall over five days is 4 cm, 

2 cm, 0.4 cm, 0.2 cm, and 1.3 cm. What is the 

average rainfall per day? 
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“Extra Math Problems 

183. Air pressure at Earth’s surface is 101.3 kPa. 

What is the air pressure at 16 km if it is aa the 

air pressure at Earth’s surface? 

184. Much of northern Florida receives 1,300 mm 

of rain on average per year and the southern 

part of the Everglades receives 1,650 mm of 

rain on average per year. What percentage is 

the rainfall in northern Florida of the rainfall 

in the southern part of the Everglades? 

185. If the tilt of Earth’s axis has varied from 21.5° 

to 24.5° over time, what is the value of the 

range of Earth’s axial tilt? 

186. Air pressure at Earth’s surface is 101.3 kPa. If 

air pressure in an average car tire is equal to 

two atmospheres, what is the pressure in an 

average car tire? 

187. Most of Earth’s atmosphere is within 30 km of 

Earth’s surface. If Earth’s atmosphere extends 

about 10,000 km above Earth's surface, what 

percentage of the atmosphere’s depth con- 

tains most of Earth's atmosphere? 

188. If a tornado travels at 50 km/h and cuts a 

path of destruction 10 km long, how many 

minutes did it take to do this? 

189. If there have been eight glacial periods dur- 

ing the past 200,000 years, what is the rate at 

which these have occurred? 

190. The three main gases in Earth’s atmosphere 

are nitrogen—78 percent, oxygen—21 per- 

cent, and argon and trace gases—1 percent. 

Ifa circle graph were drawn to represent 

these data, how many degrees would repre- 

sent each section? 

Chapter 18 Classification of Matter 

191. Two solutions, one with a mass of 450 g and 

the other with a mass of 350 g, are mixed. A 

chemical reaction occurs and 125 g of solid 

crystals are produced that settle on the bot- 

tom of the container. What is the mass of the 

remaining solution? 



192. 

193° 

194. 

fi95: 

196. 

1975 

198. 

ioe 

200. 

Carbon reacts with oxygen to form carbon 

dioxide according to the following equation: 
C + O, > CO,. When 120 g of carbon reacts 

with oxygen, 440 g of carbon dioxide are 

formed. How much oxygen reacted with the 
carbon? 

Salt water is distilled by boiling it and con- 
densing the vapor. After distillation, 1,164 g 

of water have been collected and 12 g of salt 

are left behind in the original container. What 

was the original mass of the salt water? 

Calcium carbonate, CaCO,, decomposes 

according to the reaction: CaCO; > CaO + 

CO,. When 250 q of CaCO, decompose com- 

pletely, the mass of CaO is 56% of the mass of 

the products of this reaction. What is the 

mass of CO, produced? 

Water breaks down into hydrogen gas 

and oxygen gas according to the reaction: 

2H,0 — 2H, + O,. In this reaction the mass 

of oxygen produced is eight times greater 

than the mass of hydrogen produced. If 36 g 

of water form hydrogen and oxygen gas, 

what is the mass of hydrogen gas produced? 

The size of particles in a solution is about 1 nm 

(1 nm = 0.000000001 m). Write 0.000000001 m 

in scientific notation. 

A chemical reaction produces two new sub- 

stances, one with a mass of 34 g and the 

other with a mass of 39 g. What was the total 

mass of the reactants? 

The human body is about 65% oxygen. If a 

person has a mass of 75.0 kg, what is the 

mass of oxygen in their body? 

A 112-g serving of ice cream contains 19 g of 

fat. What percentage of the serving is fat? 

The mass of the products produced by a 

chemical reaction is measured. The reaction is 

repeated five times, with the same mass of 

reactants used each time. The measured 

product masses are 50.17 g, 50.12 g, 50.17 g, 

50.10 g, and 50. 14 g. What is the average of 

these measurements? 

Extra Math Problems 

Chapter 19 Properties of Atoms and 
the Periodic Table 

201. Boron has a mass number of 11 and an 

atomic number of 5. How many neutrons are 

in a boron atom? 

202. A magnesium atom has 12 protons and 

12 neutrons. What is its mass number? 

203. lodine-127 has a mass number of 127 and 

74 neutrons. What percentage of the particles 

in an iodine-127 nucleus are protons? 

204. How many neutrons are in an atom of 

phosphorus-31? 

205. What is the ratio of neutrons to protons in the 

isotope radium-234? 

206. About 80% of all magnesium atoms are 

magnesium-24, about 10% are magnesium-25, 

and about 10% are magnesium-26. What is the 

average atomic mass of magnesium? 

207. The half-life of the radioactive isotope 

rubidium-87 is 48,800,000,000 years. Express 

this half-life in scientific notation. 

208. The radioactive isotope nickel-63 has a 

half-life of 100 years. How much of a 10.0-g 

sample of nickel-63 is left after 300 years? 

209. Asample of the radioactive isotope cobalt-62 

is prepared. The sample has a mass of 1.00 g. 

After three minutes, the mass of cobalt-62 

remaining is 0.25 g. What is the half-life of 

cobalt-62? 

210. A neutral phosphorus atom has 15 electrons. 

How many electrons are in the third energy 

level? 

Chapter 20 Earth Materials 

211. If oxygen makes up 46.6 percent of the mass 

of Earth’s crust and silicon makes up 27.7 per- 

cent, what is the total percent of the crust’s 

mass for oxygen and silicon? 

212. If oxygen and silicon make up 74.3 percent of 

the mass of Earth’s crust, what percent of this 

percentage is silicon’s percentage? 

213. How many total atoms of aluminum and 

oxygen combined make up one molecule of 

corundum (Al,O,)? 
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Chapter 18 cont. 

192. 320g 

193. 1,176 

194. 110g 

195. 4g 

196, 1x10? 

T7139 

198. 48.8 

199, 17% 

200. 50.14 g 

Chapter 19 

201. 6 

202. 24 

203. 42% 

204. 16 

205. 1.66 or 73:44 

206. 24.3 amu 

207. 4.88 x 10! 

208. 1.25g 

209. 1.5 minutes 

210. 5 

Chapter 20 

211. 74.3% 

212. 37.3% 

PAS eS 
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Answers 

Chapter 20 cont. 

214. 1:4 

215. 31 times 

216. 

AIT 

218. 

215 

220. 8:1 

Chapter 21 

221. 

222. 

223. 

224. 

225. 

226. 

PAB 

228. 

229. 

230. 

51.2 years 

13.3% 

39.2 years 

1.8 X 10’ kg/day 

1.2 X 10’ kg/day 

4.5 years 

8.88 < 10'4 m3 

3.98 X 1014 m? 

1/8 

48,000 years 

Chapter 22 

23K 

232, 

235: 

234. 

235% 

888 

(NH,),50, 

—2+2=0 

Fe,0, 

36 

+5 
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Extra Math Problems 

Extra Math Problems 
IT 

214. What is the ratio of silicon to oxygen ina 

molecule of olivine ((Mg, Fe),SiO,)? 

215. Other than the common eight elements that 

make up Earth’s crust, all other elements 

make up only 1.5 percent. If oxygen makes up 

46.6 percent of Earth's crust, how many times 

greater is the amount of oxygen in Earth's 

crust than those other elements. 

216. The Mohs scale of hardness consists of ten 

categories, each associated with a mineral 

standard. How many categories are between 

hardness 7—quartz and hardness 2—gypsum? 

217. The volume of sphere is 4/3 mr?. If a particle 

of gravel has a radius of 2mm anda sand 

grain has a radius of 1 mm, how much bigger 

is the volume of the gravel? 

218. If asedimentary rock has a porosity of 15 

percent, how much volume do the mineral 

grains and cement take up? 

219. If you have a halite cube that measures 4 cm 

on each side, what is the total surface area of 

the cube? 

220. What is the ratio of oxygen atoms to potas- 

sium atoms in one molecule of K-feldspar, 

(KAISIO,)? 

_ Chapter 2! Earth’s Changing Surface 

| 221. If soil erosion averages 2.5 cm per year and 

the average soil profile is 3.2 m thick with 

40 percent of topsoil, how long will it take 

for the topsoil to erode away? 

222. The average soil profile in your area is 2.1 m 

thick. Topsoil erodes at 2.0 cm per year. What 

percent of the soil profile is topsoil if it erodes 

in 14 years? 

223. Soil erosion in your area averages 3.5 cm per 

year. The average soil profile is 3.7 m thick 

and 35 percent of that is topsoil. Soil replace- 

ment through weathering is 0.2 cm per year. 

How long will it take for the topsoil to erode? 

224. Observations taken at the mouth of a stream 

include a flow rate of 120 m?/s and a sus- 

pended sediment load of 1.8 kg/m?. How 

many kilograms of sediment potentially could 

drop out of this stream each day? 

888 STUDENT RESOURCES 

225. Observations taken at the mouth of a stream 

include a flow rate of 85 m?/s and a sus- 

pended sediment load of 1.6 kg/m?. How 
many kilograms of sediment potentially could 

drop out of this stream each day? 

226. Suppose a community with a human popula- 

tion of 800 has a water consumption rate of 

900 L per person per day. This community 

relies on an aquifer that is thought to contain 

1.2 billion L of water. Assuming no change 

in average water consumption or significant 

recharge of the aquifer, how many years will 

this water supply last? 

227. An aquifer is 400 km in length, 185 km in 

width, and 80 km thick. Sampling of the 

aquifer material shows it has an average 

porosity of 15 percent. What is the volume 

of porosity? 

228. An aquifer with dimensions of 350 km in 

length, 175 km in width, and 65 km thick. 

Sampling of the aquifer material shows it has 

an average porosity of 10 percent. What is the 

volume of porosity? 

229. If three half-lives for an isotope have passed, 

what fraction of the original isotope would be 

present in the igneous rock? 

230. If the half-life of an isotope is 12,000 years 

and the amount of the isotope present in the 

rock is only 7 of the original amount present, 

how old is the igneous rock containing the 

isotope? 

Chapter 22 Chemical Bonds 

231. What is the formula of the compound formed 

when ammonium ions, NH3, and phosphate 

ions, PO,3~, combine? 

232. Show that the sum of positive and negative 

charges in a unit of calcium chloride (CaCl) 

equals zero. 

233. What is the formula for iron(IIl) oxide? 

234. How many hydrogen atoms are in three mol- 

ecules of ammonium phosphate, (NH,)3P0,? 

235. The overall charge on the polyatomic phos- 

phate ion, PO,3~, is 3—. What is the oxidation 

number of phosphorus in the phosphate ion? 



236. 

237. 

238 

239 

240, 

The overall charge on the polyatomic dichro- 
mate ion, Cr,0,?~, is 2—. What is the oxidation 
number of chromium in this polyatomic ion? 

What is the formula for lead(IV) oxide? 

What is the formula for potassium chlorate? 

What is the formula for carbon tetrachloride? 

What percentage of the mass of a sulfuric 

acid molecule, H,SO,, is sulfur? 

Chapter 223. Chemical Reactions 
241, 

242. 

243. 

244, 

245. 

246. 

Lithium reacts with oxygen to form lithium 

oxide according to the equation: 4Li + O, > 

2Li,0. If 27.8 g of Li react completely with 

32.0 g of O,, how many grams of Li,O are 

formed? 

What coefficients balance the following 

equation: Zn(OH), + __H,PO, > 

_Zn;(PO,), + _H,0? 

Aluminum hydroxide, Al(OH),, decomposes 

to form aluminum oxide, Al,O,, and water 

according to the reaction: 2Al(OH), > 

Al,O, + 3H,0. If 156.0 g of Al(OH), decom- 

posé to from 102.0 g of Al,O,, how many 

grams of H,O are formed? 

In the following balanced chemical reaction 

one of the products is represented by the 

symbol X: BaCO, + C + H,O — Ba(OH), + 

H,O + 2X. What is the formula for the com- 

pound represented by X? 

When propane, CHg, is burned, carbon diox- 

ide and water vapor are produced according 

to the following reaction: C,H, + 50, > 

3CO, + 4H,O0. How much propane is burned 

if 160.0 g of O, are used and 132.0 g of CO, 

and 72.0 g of H,O are produced? 

Increasing the temperature usually causes the 

rate of a chemical reaction to increase. If the 

rate of a chemical reaction doubles when the 

temperature increases by 10°C, by what fac- 

tor does the rate of reaction increase if the 

temperature increases by 30°C? 

Extra Math Problems 

247. 

248, 

249, 

250. 

iii SSR EE SR 

When acetylene gas, C,H,, is burned, carbon 

dioxide and water are produced. Find the 

coefficients that balance the chemical equa- 

tion for the combustion of acetylene: 

$C 05 = CO, + H,0. 

What coefficients balances the following 

equation: CS, + __O, > _CO, + SO,? 

When methane, CH,, is burned, 50.1 kJ of 

energy per gram are released. When propane, 

C,Hg, is burned, 45.8 kJ of energy are released. 

If a mixture of 1 g of methane and 1 g of 

propane is burned, how much energy is 

released per gram of mixture? 

A chemical reaction produces 0.050 g of a 

product in 0.18 s. In the presence of a cata- 

lyst, the reaction produces 0.050 g of the 

same product in 0.007 s. How much faster is 

the rate of reaction in the presence of the 

enzyme? 

Chapter 24 Solutions, Acids, and Bases 

251. 

252. 

. Acube has 2-cm sides. If it is split in half, 

254, 

255. 

256. 

A cup of orange juice contains 126 mg of vita- 

min Cand 1/2 cup of strawberries contain 

42 mg of vitamin C. How many cups of straw- 

berries contain as much vitamin C as one cup 

of orange juice? 

What is the total surface area of a 2-cm cube? 

what is the total surface area of the two 

pieces? 

At 20°C, the solubility in water of potassium 

bromide, KBr, is 65.3 g/100 mL. What is the 

maximum amount of potassium bromide that 

will dissolve in 237 mL of water? 

At 20°C, the solubility of sodium chloride, 

NaCl, in water is 35.9 g/100 mL. If the maxi- 

mum amount of sodium chloride is dissolved 

in 500 mL of water at 20°C, the mass of the 

dissolved sodium chloride is what percentage 

of the mass of the solution? 

The difference between the pH of an acidic 

solution and the pH of pure water is 3. What 

is the pH of the solution? 
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Answers 
Chapter 22 cont. 

236. +6 

237. PbO, 
238. KCIO, 
239. CC, 
240. 32.6% 

Chapter 23 

241. 59.8g 
242. 3,2,1,6 

243. 54.0g 
244, CO 

245. 44.0g 
246. 8 

247. 2,5,4,2 

PAS 3): le 

249. 48.0 kI/g 
250. 25.7 times 

DeWalt) 

252. 24cm? 

253)-32.em? 

254. 155 
255. 26.4% 

Chapter 24 

256. 4 
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Answers 

Chapter 24 cont. 

257. 

258. 

259. 

260. 

47 

26.0 mL 

H,50, + 2KOH 

K,S0, + 2H,0 

3HBr + Al(OH), > 

AlBr, + 3H,0 

Chapter 25 

261. 

262. 

263. 

264. 

265. 

266. 

267. 

268. 

269. 

270. 

36 

30 

0.65 or 95:146 

1 

1 

PR 
Zu 

16.08 days 

17,190 years 

37.2 minutes 

Chapter 26 

Bil 

aE, 

273. 

274. 

275. 

276. 

abs 

278. 

279. 

280. 

890 

90 times 

32.5mm 

about 12.5 days 

69 hours and 44 minutes 

6.25 times 

2.6 times 

3000 times 

1.5 times 

62.5% 

6.3 billion years younger 

EXTRA MATH PROBLEMS 

Extra Math Problems 

-_ExtraMa 

257. The pH of rain that fell over a region had 

measured values of 4.6, 5.1, 4.8, 4.5, 4.5, 4.9, 

4.7, and 4.8. What was the mean value of the 

measured pH? 

258. If 5.5% of 473.0 mL of vinegar is acetic acid, 

how many milliliters of acetic acid are there? 

259. Write the balanced chemical equation for the 

neutralization of it,S0,, sulfuric acid, by KOH, 

potassium hydroxide. 

260. Write the balanced chemical equation for the 

neutralization of HBr, hydrobromic acid, by 

Al(OH),, aluminum hydroxide. 

Chapter 25 Nuclear Changes 

261. How many protons are in the nucleus BK? 

262. How many neutrons are in the nucleus 3?Fe? 

263. What is the ratio of neutrons to protons in the 

nucleus 23/Am ? 

264. How many alpha particles are emitted when 
222 218p,? the nucleus “g¢Rn decays to *,,Po! 

265. How many beta particles are emitted when 

the nucleus 79K decays to the nucleus 49Ca? 

266. An alpha particle is the same as the helium 

nucleus 4He. What nucleus is produced when 

the nucleus *26Ra decays by emitting an 

alpha particle? 

| 267. How long will it take a sample of '27Po to 

decay to 1/8 of its original amount if '37Po0 

has a half-life of 0.7 s? 

268. The half-life of ‘231 is 8.04 days. How much 

time would be needed to reduce 1 g of '2!! to 

0.25 g? 

269. Asample of radioactive carbon-14 sample has 

decayed to 12.5% of its original amount. If the 

half-life of carbon-14 is 5730 years, how old is 

this sample? 

270. A sample of 78Cl is observed to decay to 25% 

of the original amount in 74.4 minutes. What 

is the half-life of 78Cl? 
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Chapter 26 Stars and Galaxies 

273 

PM Meee 

27:3. 

274. 

2s 

276. 

278. 

279% 

280. 

If the focal length of a telescope’s objective is 

900 mm and the focal length of its eyepiece is 

10 mm, what is the magnifying power of this 

telescope? 

If the focal length of a telescope’s objective 

is 700 mm and the magnifying power of the 

telescope is 40 times, what is the focal length 

of an eyepiece? 

If it takes 25 days for a sunspot to travel once 

around the Sun, about how many days would 

it take to travel across the face of the Sun? 

If a solar prominence blasts material from 

the Sun at a speed of 600 km/s, how long in 

hours and minutes would it take for material 

to arrive at Earth 150 million km away? 

How many times larger in area is a 

250-mm-diameter objective than a 

100-mm diameter objective? 

How many times larger in area is an 

8-m-diameter objective than a 5-m-diameter 

objective? 

. How many times larger is an elliptical galaxy 

that is nine million light-years across than one 

that is 3,000 light-years across? 

A telescope’s objective has a focal length of 

1,200 mm. It is used with two eyepieces that 

have focal lengths of 12 mm and 18 mm. 

How many times greater is the magnifying 

power of the telescope when the 12-mm 

eyepiece is used? 

A telescope’s objective has a focal length of 

1500 mm. It is used with two eyepieces that 

have focal lengths of 20 mm and 12.5 mm. 

What percentage of the magnifying power 

obtained using the 12.5-mm eyepiece is 

achieved using the 20-mm eyepiece? 

If the age of the universe was thought to be 

20 billion years, but is now considered to be 

13.7 billion years, how much younger is the 

universe thought to be now? 
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Rock Type Rock Name Characteristics 

Igneous Granite Large mineral grains of quartz, feldspar, 
(intrusive) hornblende, and mica. Usually light in color. 

Diorite Large mineral grains of feldspar, hornblende, and mica. 

Less quartz than granite. Intermediate in color. 

Gabbro Large mineral grains of feldspar, augite, and olivine. 
No quartz. Dark in color. 

Igneous Rhyolite Small mineral grains of quartz, feldspar, hornblende, 
(extrusive) and mica, or no visible grains. Light in color. 

Andesite Small mineral grains of feldspar, hornblende, and mica 
or no visible grains. Intermediate in color. 

Basalt Small mineral grains of feldspar, augite, and possibly 

olivine or no visible grains. No quartz. Dark in color. 

Obsidian Glassy texture. No visible grains. Volcanic glass. 
Fracture looks like broken glass. 

Pumice Frothy texture. Floats in water. Usually light in color. 

Sedimentary Conglomerate Coarse grained. Gravel or pebble-size grains. 

(detrital) Sandstone Sand-sized grains 1/16 to 2mm. 

Siltstone Grains are smaller than sand but larger than clay. 

Shale Smallest grains. Often dark in color. Usually platy. 

Sedimentary Limestone Major mineral is calcite. Usually forms in oceans and 

(chemical or organic) lakes. Often contains fossils. 

Coal Forms in swampy areas. Compacted layers of organic 

material, mainly plant remains. 
——— 

Sedimentary Rock Salt Commonly forms by the evaporation of seawater. 

(chemical) 
2 EE 

Metamorphic Gneiss Banding due to alternate layers of different minerals, 

(foliated) of different colors. Parent rock often is granite. 

Schist Parallel arrangement of sheetlike minerals, mainly 

micas. Forms from different parent rocks. 

Phyllite Shiny or silky appearance. May look wrinkled. 

Common parent rocks are shale and slate. 

Slate Harder, denser, and shinier than shale. Common 

parent rock is shale. 

Metamorphic Marble Calcite or dolomite. Common parent rock is limestone. 

(nonfoliated) Soapstone Mainly of talc. Soft with greasy feel. 

Quartzite Hard with interlocking quartz crystals. Common 

parent rock is sandstone. 
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Minerals 

Mineral Color Streak Hardness Breakage Uses and Other 

(formula) Pattern Properties 

Graphite black to black to basal pencil lead, lubricants for 

(C) gray gray cleavage locks, rods to control some 

(scales) small nuclear reactions, 

il battery poles | 

Galena gray gray to 25 cubic source of lead, used for pipes, 

(PbS) black cleavage shields for X rays, fishing 

| perfect equipment sinkers 

| Hematite black or reddish- a0.) irregular source of iron; converted to 

(Fe 03) reddish- brown fracture pig iron, made into steel 

brown 

Magnetite black black 6 conchoidal source of iron, 

(Fe30,) fracture attracts a magnet 

Pyrite light, greenish- | 6—6.5 uneven fool’s gold 

(FeS;) brassy, black fracture 

yellow 

Talc white, white 1 cleavage in | used for talcum powder, 

(Mgpz Si4049 greenish one sculptures, paper, 

(OH)>) direction and tabletops 

Gypsum colorless, white 2 basal used in plaster of paris 

(CaSO4°2H30) | gray, cleavage and dry wall for 

white, building construction 

brown 
ee 

Sphalerite brown, light to 354 cleavage in | main ore of zinc; used in 

(ZnS) reddish- dark Six paints, dyes, and medicine 

brown, brown directions 

greenish 

Muscovite white, colorless 2—2.5 _basal occurs in large, flexible 

(KAI3Si; light gray, cleavage plates; used as an insulator 

049(OH)>) yellow, in electrical equipment, 

rose, lubricant 
x) green 
o ae ae 
2 Biotite black to colorless 2.5—3 basal occurs in large, 
c (K(Mg,Fe)3 dark cleavage flexible plates 
I (AISi;00) brown 
Y (OH)>) 

o Halite colorless, colorless 25 cubic salt; soluble in water; 
A (NaCl) red, cleavage a preservative 
oe white, 

blue . | 
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Minerals 
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Mineral Color Streak Breakage Uses and Other 
(formula) Pattern Properties 

Calcite colorless, colorless, | 3 cleavage in fizzes when HCl is added; 
(CaCO3) white, white three used in cements and other 

pale directions building materials 
blue 

Dolomite colorless, white cleavage in concrete and cement; 
(CaMg (CO3)3) | white, three used as an ornamental 

pink, directions building stone 
green, 
gray, 

pee | = 

Fluorite colorless, colorless 4 cleavage in used in the manufacture 
(CaF,) white, four of optical equipment; 

blue, directions glows under 

green, ultraviolet light 
red, yellow, 

purple ee 

Hornblende | greento gray to 5—6 cleavage in will transmit light on 

(CaNa)>-3 black white two thin edges; 6-sided 

(Mg,Al, directions cross section 

Fe)<-(Al,Si), 

Sig022 

(OH)2) —- 

Feldspar colorless, colorless 6 two cleavage | used inthe manufacture 
(KAISi30¢) white to planes meet of ceramics 

(NaAl gray, at 90° angle 

Si30¢), green 

(CaAL Si, 

Os) 

Augite black colorless 6 cleavage in square or 8-sided 
((Ca,Na) two cross section 

(Mg,Fe,Al) directions 

(Al,Si) Oe) 1 | 

Olivine olive, none 65-7 conchoidal gemstones, 
((Mg,Fe), green fracture refractory sand 

Si0,4) 

Quartz colorless, | none 7 conchoidal used in glass manufacture, 
(Si05) various fracture electronic equipment, 

colors radios, computers, 

watches, gemstones 
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Physical Science Reference Tables 
Standard Units Wavelengths of Light ina Vacuum 

Symbol Name Quantity Violet 4.0 —4.2 X 10°7m 
(= -7 

m meter length Blue nea pa i 

kg kilogram mass Green uae Ze Ue , 
Pa pascal pressure Yellow Se all ti 

K kelvin temperature Orange 5965 ~ 10 7m 

mol mole amount of a substance Red 65—7.0% 107m 

J joule energy, work, quantity of heat 

5 second time 

C coulomb electric charge 

V volt electric potential The Index of Refraction for 
A ampere electric current Common Substances 
Q ohm resistance (\ = 5.9 10-7m) 

Physical Constants and Conversion Factors Air 1.00 

Acceleration due to gravity 9.8 m/s/s or m/s? Alcohol 1.36 
Avogadro's Number N, 6.02 10’ particles per mole Canada Balsam 53 

Electron charge e 16x10; °C Corn Oil 1.47 

Electron rest mass m, 9.11 X 10°-"kg Diamond 2.42 
Gravitation constant G 6.67 X 10° "N X m’/kg? Glass, Crown ie) 

a en laa 7 x 10° MeV Glass, Flint (Wal 
peed oF ight ina vacuum (C : m/s GI | 1.47 

Speed of sound at STP 331 m/s og 
Lucite 1.50 

Standard Pressure 1 atmosphere 
101.3 kPa Quartz, Fused 1.46 

760 Torr or mmHg Water 1.33 
14.7 Ib/in’ 

Heat Constants 

Specific Melting Boiling Heat of Heat of 
Heat (average) Point Point Fusion Vaporization 

(kJ/kg X °C) (Ge (°C) (kJ/kg) (kJ/kg) 

(/g X °O (J/g) (J/g) 

Alcohol (ethyl) 2.43 (liq.) 7 79 109 855 
Aluminum 0.90 (sol.) 660 2467 396 10500 

Ammonia 4.71 (liq.) ahs a3 332 1370 
Copper 0.39 (sol.) 1083 2567 205 4790 
lron 0.45 (sol.) 1535 2750 267 6290 

Lead 0.13 (sol.) 328 1740 25 866 
Mercury 0.14 (liq.) = 39 357 11 295 
Platinum 0.13 (sol.) WP 3827 101 229 
Silver 0.24 (sol.) 962 2212 105 2370 
Tungsten 0.13 (sol.) 3410 5660 192 4350 
Water (solid) 2.05 (sol.) 0 - 334 _ 
Water (liquid) 4.18 (liq) - 100 - - 
Water (vapor) 2.01 (gas) - - - 2260 
Zinc 0.39 (sol.) 420 907 113 1770 

STUDENT RESOURCES 



Standard Units 
= 
=) _ 
oO j=) = 
(=) i=) =) = 
(=) (=) =D oS = 
(‘S) j=) (=) So i=) = 
j=) SS j=) =) (=) Oo = 
So Oo =} (=) =>] Oo SS _ 

SF ogsoess 1S er oete uns o 8 = (=) 
(=) oOo (=) So SS erot Ss oS. Sas = is oe = (Sa SSS SS «2 SSMS so rTs Sivoo 6 =) .o fore 

| | | | | | | | | | | | | 
| | | | 

1010-710 510-" 10° 10°" 107 10° 10° 10 * 1010 2.1071 10 10" 102m 108 8107. 10° 
| | | | | | 

J | | | | | | 
i = 

~~ Gamma ray —}-—— X ray —— ~ Microwaves > | 
a — | 

i) | 
_  +UV> 3 —— |R —~ hoe | 
> a i Ls ea a 

| | | ' i| | | 7 

sie lee | ‘es Colin | | | <——— Radio waves -----------: 
| | | sale a L | ie ' | 

1 | | | | 

Shorter Wavelength.” VisibleLight 9239) ------.. ___ Longer Wavelength 

Violet | Blue Green Yellow Orange | Red | 

CS Oe A i . x air 
° i) ° i) ) =) =) 
— — — — i = = 

x< =< x< ~< x< x< =< 

‘= oN oN cs SS = S 
+ + + Wa) Wa) \o i 

Radioactive Decay 

Atomic number and chemical symbol 

238 

234 

230 

226 

PDB 

218 
Mass number 

214 

210 

206 

es *He (cx particle) Helium nucleus emission 

8 ve (B particle) electron emission 
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PERIODIC TABLE OF THE ELEMENTS 

Columns of elements are called groups. Elements in 

the same group have similar chemical properties. 

1 / 

9 Gas 

b Liquid 

[J] Solid 

State of (0) Synthetic 

Element 

Atomic number 

matter yy 
t Symbol y 

Atomic mass The first three symbols tell you the state 

Beryllium of matter of the element at room 

4 temperature. The fourth symbol 

2 Be OO identifies elements that are not present 

in significant amounts on Earth. Useful 

amounts are made synthetically. 

Sodium Magnesium 

1 
3 O 

Potassium Scandium Titanium Vanadium Chromium Manganese 

19 21 22 23 24 25 ry ll s =f ol) 3 | el 
39.098 50.942 51.996 54.938 

Rubidium Zirconium Niobium Molybdenum | Technetium Ruthenium 

37 40 a Aq 42 43 (©) 44 

5 Rb Zr Nb Mo Tc Ru 

85.468 91.224 92.906 95.94 (98) 

Barium Lanthanum Hafnium Tantalum Tungsten Rhenium Osmium 

56 57 72 73 74 75 6 O a OC 
Ba UI La iB) Hf Ta W Re 

132.905 137.327 138.906 178.49 180.948 183.84 186.207 

Francium Actinium Rutherfordium| Dubnium Seaborgium Bohrium 

7 87 89 104 105 106 107 

Fr a) Ac my) Rf Db Sg © Bh 

(223) (227) (266) 

Rows of elements are called 

periods. Atomic number 

increases across a period. 
Cerium Promethium Samarium 

58 OT 61 62 
; Lanthanide Ce Pm © Sm O 

series 140.116 150.36 The arrow shows where these 

elements would fit into the 
pened hie They Pera pees Sea Pea Neptunium Plutonium 

to the bottom of the table to Actinide Th a Pa a u a a ©) is () 
p u save space. series 

232.038 231.036 238.029 (237) (244) 
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Sedlsat : 
Metal Sciencep! INC 
Metalloid Visit fl.gpescience.com for updates 18 

to the periodic table. 

Nonmetal 

The color of an element's block 

_ tells you ifthe element is a 

metal, nonmetal, or metalloid. 

Aluminum Silicon aie 

B 14 
ai) eee 

26.982 23 0865 ee 
if 2 es ~ =| 

eed = 

Nickel 

28 

Ni 

Gallium 

il 

Arsenic — 

bei Se = el 
Germanium | 

2 32. i 

“Ge = 

Palladium Cadmium Indium c Antimony } 

46 48 49 50 a5 | fe 

Pd my) Cd CI) In CT Sn U — Sb O 
112.411 114.818 118.710 121.760 

Platinum i Bismuth 

78 j 83 
-- =; al 

195.078 } : 208.980 

Ununbium 

112 

Europium Terbium Dysprosium Holmium Erbium Thulium Lutetium 

63 65 66 67 68 69 71 =, al ;, a py L! >, fl | = el ve! 
151.964 : 158.925 162.500 164.930 167.259 168.934 : 174.967 

Californium Einsteinium Fermium Mendelevium Nobelium Lawrencium 

28) @ 99 Ii! «é 101 102 103 

4 2 3 2 2 my © ve 1 e 

(252) (257) (258) (259) (262) 

yooqpuep a2ualajay 
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Weather Map Symbols 

Location of Barometric pressure in | 

Type of high clouds weather station millibars with initial | 

9 or 10 omitted (1,024.7) | 

Type of middle clouds ——) | 
a ok 247 Change in barometric | 

Temperature (°F) Bae <— pressure in last 3h 
ee 31 +28 

iNDSO! 2 ee ere: Total percentage of 
precipitation sky covered by clouds 

MAEVE S [DG OCU ieee aca r= +————— Type of low clouds 
and direction 

30 ~——————- Dew point temperature (°F) 

Sample Plotted Report at Each Station 

Precipitation Wind Speed Sky Coverage Some Types of High Clouds 

and Direction 

0 calm © No cover —— Scattered cirrus 

1—2 knots | @ 1/10orless | —— Dense cirrus in patches 

3—7 knots | @ 2/10 to 3/10 | W—C Veil of cirrus covering entire sky 

Thunderstorm 8—-12knots | @ 4/10 ——C Cirrus not covering entire sky 

» Drizzle SS) 13-17 knots | @ 

Showers 18-22 knots} Q@ 6/10 

23-27 knots| @ 7/10 

48—52 knots| @ Overcast with 

| 898  sTUDENT RESOURCES 

Openings | 

1 knot = 1.852 km/h} @ Completely 
overcast 

Some Types of Middle Clouds | Some Types of Low Clouds Fronts and Pressure Systems 

‘ Thin altostratus G ~~ Cumulus of fair (H) or High Center of high- or 
layer weather (L) orLow low-pressure system 

= / Thick altostratus WY Stratocumulus 4444 (old front 
° layer 
Q 

2 Po Thin altostratus == | =---- Fractocumulus of eaaeaea Warn front 
S in patches bad weather 

g ee Thin altostratus Stratis oF Mama Occluded front 
@ in bands fair weather 
oY ie a, Stationary front 



Pronunciation Key 

Use the following key to help you sound out words in the glossary. 

# FCAT Vocabulary 

Al serpents back (BAK) 

AVN sctowds fis wanes day (DAY) 

alive te ere father (FAH thur) 

OWS ae ee oe hee flower (FLOW ur) 

Algo ctaare hi lente car (CAR) 

ares Heater at less (LES) 

COR ete recent leaf (LEEF) 

ah eee ees trip (TRIHP) 
i(il con 1e)....idea (i DEE uh) 

Ol ieacry totces ete go (GOH) 

AWitinrcrctte cee heer soft (SAWFT) 

OL etancnies tena: orbit (OR buht) 

Disab cadecasiosss coin (COYN) 

OOleeens cree eee foot (FOOT) 

English 

- Glossary/Glosario 
Como usar el glosario en espanol: 
1. Busca el término en inglés que desees il 

encontrar. | 

2. El térmi anol, j con |i | . El término en espanol, junto con la i 

definicion, se encuentran en la | 

columna de la derecha. 

CWoioadeh ery food (FEWD) | 

VOORs ar set cencor pure (PYOOR) 

VEW ane oes few (FYEW) | 

ula eee comma (CAH muh) | 

WALCO sescoon rub (RUB) | 

5 ore ee shelf (SHELF) | 
Chiivane fencers nature (NAY chur) 

[Fie nad at Beets gift (GIHFT) 

Visispoustons Gases eeeess gem (JEM) 

IDS carats sete is sing (SING) 

Zenner were vision (VIH zhun) 

Keeetccde at crc cake (KAYK) 

Sceinentnere ear seed, cent (SEED, SENT) 

Y ee pr ay ane zone, raise (ZOHN, RAYZ) 

OTE NTLY: 

| Espafiol 

absolute dating: process of assigning a precise numeri- 
cal age to an organism, object, or event, based on an 

absolute reference. (p. 669) 

acceleration: rate of change of velocity; can be calcu- 
lated by dividing the change in the velocity by the 

time it takes the change to occur. (p. 76) 

accuracy: compares a measurement to the real or 

accepted value. (p. 14) 

# acid: any substance that produces hydrogen ions, H*, 

in a water solution. (p. 764) 

# activation energy: the minimum amount of energy 

needed to start a reaction (p. 735) 

agricultural biotechnology: scientific techniques, such 

as genetic engineering, used to increase farm crop 

yields and nutritional values of foods by creating, 

modifying, or improving plants, animals, and 

microorganisms. (p. 45) 

air resistance: force that opposes the motion of objects 

that move through the air. (p. 85) 

alpha particle: particle consisting of two protons and 
two neutrons that is emitted from a decaying atomic 

nucleus. (p. 791) 

alternating current (AC): electric current that reverses its 

direction of flow in a regular pattern. (p. 442) 

amplitude: maximum distance a wave causes the particles 
in a medium to move from the rest position. (p. 298) 

datacion absoluta: proceso de asignar una edad 

numérica precisa a un organismo, objeto o evento, 

basado en una referencia absoluta. (p. 669) 

aceleracion: tasa de cambio de la velocidad; se calcula 
dividiendo el cambio en la velocidad por el tiempo 

que toma para que ocurra el cambio. (p. 76) 

exactitud: comparacion de una medicion con el valor 

real o aceptado. (p. 14) 

acido: sustancia que produce iones de hidrégeno, H*, 

en una solucion de agua. (p. 764) 

energia de activacion: cantidad minima de energia 

necesaria para comenzar una reaccion. (p. 735) 

biotecnologia agricola: técnicas cientificas, como la 

ingenieria genética, utilizadas para incrementar la 

produccion de las cosechas de las granjas y los va- 

lores nutricionales de los alimentos al crear, modi- 
ficar o mejorar las plantas, animales y 

microorganismos. (p. 45) 

resistencia del aire: fuerza que se opone al movimiento 

de los objetos que se mueven por el aire. (p. 85) 

particula alfa: particula compuesta por dos protones y 

dos neutrones y que es emitida por un nucleo 

atomico en descomposicion. (p. 791) 

corriente alterna (CA): corriente eléctrica que invierte su 

direccion de flujo en un patron regular. (p. 442) 

amplitud: distancia maxima a la que una onda causa 

que las particulas en un medio salgan de su posicion 

de reposo. (p. 298) 
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aqueous solution/biomass 

3 aqueous solution: a solution in which water is the 

solvent. (p. 753) 

aquifer: rock unit that transmits water through its pore 

space. (p. 664) 

asteroids: rocky solar system objects of widely varying 

size usually found between the orbits of Mars and 

Jupiter in an area called the asteroid belt. (p. 236) 

asthenosphere: weaker, semi-solid, plasticlike layer 

beneath Earth’s lithosphere on which lithospheric 

plates move. (p. 372) 

¥ astronomical unit: about 150 million km, which equals 

the average distance from Earth to the Sun; used to 

measure distances within the solar system. (p. 220) 

atom: the smallest particle of an element that still 

retains the properties of the element. (p. 589) 

¥#% atomic number: number of protons in an atom’s 

nucleus. (p. 585) 

average atomic mass: weighted-average mass of the 
mixture of an element’s isotopes. (p. 587) 

average speed: total distance an object travels divided by 

the total time it takes to travel that distance. (p. 72) 

Solucion acuosa/biomasa 

Solucién acuosa: solucion en la que el agua es el 

solvente. (p. 753) 
Aculfero: unidad rocosa que conduce agua a través de 

su espacio poroso. (p. 664) 

Asteroides: objetos rocosos del sistema solar que varian 

ampliamente en tamano y usualmente se encuentran 

entre las 6rbitas de Marte y Jupiter en un area lla- 

mada el cintur6n de asteroides. (p. 236) 

astenosfera: capa débil, semisolida, similar al plastico 

que se encuentra por debajo de la litosfera terrestre 

en la cual se mueven las placas litosféricas. (p. 372) 

unidad astronomica: cerca de 150 millones de km, lo 

cual equivale a la distancia promedio de la tierra al 

sol; utilizada para medir distancias entre el sistema 

solar. (p. 220) 

atomo: la particula mas pequena de un elemento que 

mantiene las propiedades del elemento. (p. 589) 

numero atomico: numero de protones en el nucleo de 

un atomo. (p. 585) 

masa atomica promedio: masa de peso promedio resultado 

de la mezcla de los is6topos de un elemento. (p. 587) 

velocidad promedio: distancia que recorre un objeto 

dividida por el tiempo que dura en recorrer dicha 

distancia. (p. 72) 

balanced chemical equation: chemical equation with the 

same number of atoms of each element on both 

sides of the equation. (p. 726) 

balanced forces: forces on a object that combine to give 
a zero net force and do not change the motion of 

the object. (p. 82) 

%* base: any substance that forms hydroxide ions, OH’, in 

a water solution. (p. 766) 

beta particle: electron that is emitted from a decaying 

atomic nucleus. (p. 793) 

bias: occurs when a scientist’s expectations change how 

the results of an experiment are viewed. (p. 10) 

big bang theory: the theory that the universe started 
with a big bang, or explosion, and has been expand- 

ing ever since. (p. 837) 

binary compound: compound that is composed of two 

elements. (p. 703) 

biomass: renewable organic matter from plants and 

animals, such as wood and animal manure, that can 

be burned to provide heat. (p. 506) 

STUDENT RESOURCES 

ecuacion quimica Fnceada; ecuacion quimica con el 

mismo numero de atomos de cada elemento en los 

dos lados de la ecuacion. (p. 726) 

fuerzas equilibradas: fuerzas en un objeto que se com- 

binan para dar una fuerza neta de cero y no cambiar 

el movimiento del objeto. (p. 82) 

base: sustancia que forma iones de hidroxido, OH-, en 

una solucion de agua. (p. 766) 

particula beta: electron emitido por un nucleo atomico 
en descomposicion. (p. 793) 

predisposicion: ocurre cuando las expectativas de un 

cientifico cambian la forma en que son vistos los 

resultados de un experimento. (p. 10) 

teoria de la gran explosion: teoria que explica que el 
universo comenzo con una gran explosién y que se 

ha estado expandiendo desde entonces. (p. 837) 
compuesto binario: compuesto conformado por dos 

elementos. (p. 703) 

biomasa: materia organica renovable proveniente de 
plantas y animales, tales como madera y estiércol 

animal, que puede ser incinerada para producir 
calor. (p. 506) 



biosphere/chemical reaction 

biosphere: everything organic, including plants, 
animals, and humans. (p. 529) 

bubble chamber: radiation detector, consisting of a 
container of superheated liquid under high pressure, 
that is used to detect the paths of charged particles. 
(p. 797) 

carrier wave: specific frequency that a radio station is 
assigned and uses to broadcast signals. (p. 469) 

% catalyst: substance that speeds up a chemical reaction 

without being permanently changed itself. (p. 740) 

cathode-ray tube: sealed vacuum tube that produces 

one or more beams of electrons that produce an 

image when they strike the coating on the inside of 
; a TV screen. (p. 472) 

cementation: sedimentary rock-forming process in 

which minerals precipitate out of water and fill the 
spaces between clasts. (p. 625) 

centripetal acceleration: acceleration of an object toward 

the center of a curved or circular path. (p. 110) 

* centripetal force: a net force that is directed toward the 

center of a curved or circular path. (p. 110) 

chain reaction: ongoing series of fission reactions. 

(p. 802) 
charging by contact: process of transferring charge 

between objects by touching or rubbing. (p. 395) 

charging by induction: process of rearranging electrons 

on a neutral object by bringing a charged object 

close to it. (p. 396) 

chemical bond: force that holds atoms together in a 
compound. (p. 694) 

chemical change: change of one substance into a new 

substance. (p. 564) 

chemical equation: shorthand method to describe 

chemical reactions using chemical formulas and 

other symbols. (p. 723) 

chemical formula: chemical shorthand that uses sym- 

bols to tell what elements are in a compound and 

their ratios. (p. 689) 

chemical potential energy: energy stored in chemical 

bonds. (p. 131) 

chemical property: any characteristic of a substance, 
such as flammability, that indicates whether it can 

undergo a certain chemical change. (p. 563) 

chemical reaction: process in which one or more sub- 

stances are changed into new substances. (p. 720) 

biosfera/reaccion quimica i 

tas, animales y humanos. (p. 529) 

camara de burbujas: detector de radiacién que consiste 

de un contenedor de un liquido sobrecalentado a | 

alta presion, usado para detectar la trayectoria de las 

particulas cargadas. (p. 797) | 

| 

| 
i 

| 

| 
biosfera: cualquier entidad organica, incluyendo plan- : 

onda transportadora: frecuencia especifica que se le 

asigna a una estacion de radio y que la usa para emi- 

tir senales. (p. 469) 

catalizador: sustancia que acelera una reacci6n quimica 

sin cambiar el mismo permanentemente. (p. 740) 

tubo de rayos catédicos: tubo vacio sellado que produce 

uno o mas haces de electrones para producir una 

imagen al chocar con el revestimiento del interior de 

una pantalla de televisor. (p. 472) 

cementacion: proceso de formacién de rocas sedimen- 

tarias en el que los minerales se precipitan del agua y 

rellenan los espacios entre los clastos. (p. 625) 

aceleracion centripeta: aceleracion de un objeto dirigida 

hacia el centro de un trayecto curvo o circular. (p. 110) 

fuerza centripeta: fuerza neta dirigida hacia el centro de 

un trayecto curvo o circular. (p. 110) 

reaccion en cadena: serie continua de reacciones de 
fision. (p. 802) 

carga por contacto: proceso de transferir carga entre 

objetos por contacto o frotacion. (p. 395) 

carga por induccion: proceso de redistribucién de los 

electrones en un objeto neutro acercandoles un 

objeto con carga. (p. 396) 

enlace quimico: fuerza que mantiene a los 4tomos jun- 

tos dentro de un compuesto. (p. 694) 

cambio quimico: transformaci6n de una sustancia en 

una nueva sustancia. (p. 564) 

ecuacion quimica: método simplificado para describir 

reacciones quimicas usando formulas quimicas y 

otros simbolos. (p. 723) 

formula quimica: nomenclatura quimica que usa sim- 

bolos para expresar qué elementos estan en un com- 
puesto y en qué proporcion. (p. 689) 

energia quimica potencial: energia almacenada en los 

enlaces quimicos. (p. 131) 

propiedad quimica: cualquier caracteristica de una sus- 

tancia, como por ejemplo la combustibilidad, que 

indique si puede someterse a determinado cambio 

quimico. (p. 563) 

reaccion quimica: proceso en el cual una o mas sustan- 

cias son cambiadas por nuevas sustancias. (p. 720) 
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cinder cone volcano/concave mirror 

cinder cone volcano: small, violently erupting volcano 

formed by accumulation of large pyroclastic 

materials around a vent. (p. 377) 

circuit: closed conducting loop through which an 

electric current can flow. (p. 401) 

clasts: bits and pieces of rock that vary widely in size 

and composition, are broken down by weathering, 

and may become consolidated into sedimentary 

rock. (p. 624) 

cleavage: physical property of a mineral that causes it 

to break along planes that cut across relatively weak 

chemical bonds, creating a well-defined, smooth, flat 

surface. (p. 610) 

cloud chamber: radiation detector that uses water or 
ethanol vapor to detect the paths of charged parti- 

cles. (p. 796) 

colloid (KAHL oyd): heterogeneous mixture whose parti- 

cles never settle. (p. 556) 

combustion reaction: a type of chemical reaction that 

occurs when a substance reacts with oxygen to pro- 

duce energy in the form of heat and light. (p. 730) 

comet: mass of dust, rock particles, frozen water, 

methane, and ammonia that travels through space 

and develops a bright, distinctive tail of light as it 

approaches the Sun and is pushed on by the solar 

wind. (p. 236) 

composite volcano: large volcano formed by alternating 
lava flows and violently erupting pyroclastic 

materials. (p. 378) 

# compound: substance formed from two or more ele- 

ments in which the exact combination and propor- 

tion of elements is always the same. (p. 554) 

compound machine: machine that is a combination of 

two or more simple machines. (p. 174) 

compressional wave: a wave for which the matter in the 

medium moves back and forth along the direction 

that the wave travels. (p. 290) 

computer simulation: performance-testing method 

using a computer to imitate the process or proce- 
dure or to gather data. (p. 55) 

concave lens: a lens that is thicker at the edges than in 

the middle; causes light rays to diverge and forms 

reduced, upright, virtual images; usually used in 

combination with other lenses. (p. 335) 

concave mirror: a reflective surface that curves inward 

and can magnify objects or create beams of light. 
(p. 332) 

STUDENT RESOURCES 

volcan de cono de ceniza/espejo concavo 

volcan de cono de ceniza: volcan pequeno, de erupcidn 

violenta formado por la acumulacion de materiales 

piroclasticos grandes alrededor de una chimenea. 

(Daos7)) 

circuito: circuito conductor cerrado através del cual 

puede fluir una corriente eléctrica. (p. 401) 

clastos: toda clase de objetos rocosos que varian 

ampliamente en tamano y composicion, son 
degradados por el clima y pueden consolidarse 

en rocas sedimentarias. (p. 624) 

clivaje: propiedad fisica de un mineral que causa que 

éste se rompa en planos que toman el camino mas 

corto entre los enlaces quimicos relativamente 

débiles, creando una superficie bien definida, suave 

y plana. (p. 610) 

camara de vapor: detector de radiaciones que usa vapor 

de agua o de etanol para detectar la trayectoria de 

las particulas cargadas. (p. 796) 

coloide: mezcla heterogénea cuyas particulas nunca se 

sedimentan. (p. 556) 

reaccion de combustion: un tipo de reacci6n quimica 

que ocurre cuando una sustancia reacciona con 
oxigeno para producir energia en forma de calor 

y luz. (p. 730) 

cometa: masa de polvo, particulas de roca, agua conge- 

lada, metano y amoniaco que viaja a través del espa- 

cio; desarrolla una cauda de luz brillante y distintiva 
a medida que se acerca al sol, y es empujada por 

vientos solares. (p. 236) 

volcan compuesto: volcan grande formado por flujos 

alternantes de lava y materiales piroclasticos erup- 

cionados violentamente. (p. 378) 

compuesto: sustancia formada por dos 0 mas elemen- 

tos en la que la combinacion y proporcion exacta de 

los elementos es siempre la misma. (p. 554) 

maquina compuesta: maquina compuesta por dos 0 

mas maquinas simples. (p. 174) 

onda de compresion: onda para la cual la materia en el 

medio se mueve hacia adelante y hacia atras en la 

direccién en que viaja la onda. (p. 290) 

simulacion computarizada: método de prueba del 

desempeno utilizando una computadora para imitar 

el proceso 0 procedimiento 0 para recopilar datos. 
(p. 55) 

lente concavo: lente que es mas delgado en los bordes 

que en el centro; hace que los rayos de luz se desvien 

y forma imagenes reducidas, verticales y virtuales, 

generalmente utiliza en combinacion con otros 
lentes) (pa 335) 

espejo concavo: superficie reflexiva que se curva hacia 
el interior y que puede amplificar los objetos o crear 
rayos de luz. (p. 332) 
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concentration/critical mass 

# concentration: how much solute is present in a solution 
compared to the amount of solvent. (p. 706) 

conduction: transfer of thermal energy by collisions 
between particles in matter at a higher temperature 

and particles in matter at a lower temperature. 
(p. 266) 

conductor: material, such as copper wire, in which 
electrons can move easily. (p. 395) 

constant: in an experiment, a variable that does not 

change when other variables change. (p. 9) 

constellation: star pattern that appears to form images, 

is used by astronomers to locate and name stars, and 

often is named for a mythological figure. (p. 818) 

constraints: design limitations placed on products by 

outside factors, such as available materials, cost, and 

environmental impact. (p. 55) 

continental climate: climate with little direct ocean 

influence and steep temperature gradients. (p. 532) 

control: standard used for comparison of test results in 

an experiment. (p. 9) 

control system: device or collection of devices used to 

monitor a system and limit system failures. (p. 56) 

convection: transfer of thermal energy in a fluid from 
one place to another. (p. 267) 

# convergent boundary: plate tectonic boundary where 

lithospheric plates collide. (p. 539) 

convex lens: a lens that is thicker in the middle than at 
the edges and can form real or virtual images. 

(9.333) 

convex mirror: a reflective surface that curves outward 

and forms a reduced, upright, virtual image. (p. 333) 

cosmology: study of how the universe began, what it is 

made of, and how it continues to evolve. (p. 836) 

#% covalent bond: attraction formed between atoms when 

they share electrons. (p. 697) 

crest: the highest points on a transverse wave. (p. 294) 

critical mass: amount of fissionable material required so 

that each fission reaction produces approximately 

one more fission reaction. (p. 802) 

Glossary/Glosario 

concentracion/masa critica 

| 
concentracion: cantidad de soluto que estaé presente en | 

una soluci6n en comparacién con la cantidad de \ 

solvente. (p. 706) | 

conduccion: transferencia de energia térmica por coli- 

siones entre particulas de materia a una temperatura 

alta y particulas de materia a una temperatura mas 
baja. (p. 266) 

conductor: material, como el alambre de cobre, a través 
del cual los electrones se pueden mover con facilidad. 
(p. 395) 

constante: en un experimento, una variable que no \ 

cambia cuando cambian otras variables. (p. 9) 
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constelacion: patron estelar que parece formar ima- 

genes; es usado por los astronomos para ubicar y 

nombrar las estrellas, y con frecuencia se denomina 

con base en una figura mitolégica (p. 818) 

restricciones: limitaciones de diseho impuestas en los 

productos por factores externos, como los materiales 

disponibles, el costo y el impacto ambiental. (p. 55) 

clima continental: clima con una pequena influencia 

ocednica directa y gradientes abruptos de tempe- 
ratura. (p. 532) 

control: estandar usado para la comparaci6n de resulta- 

dos de pruebas en un experimento. (p. 9) 

sistema de control: dispositivo o conjunto de disposi- 

tivos utilizados para monitorear un sistema y limitar 

sus fallas. (p. 56) 

conveccion: transferencia de energia térmica en un 

fluido de un lugar a otro. (p. 267) 

limite convergente: limite de la placa tecténica donde 

las placas litosféricas colisionan. (p. 539) 

lente convexo: lente que es mas delgado en el centro 

que en los bordes y que puede formar imagenes 

reales o virtuales. (p. 333) 

espejo convexo: una superficie reflexiva que se curva 

hacia el exterior y forma una imagen reducida, verti- 

cal y virtual. (p. 333) 

cosmologia: estudio del origen del universo, de su 

composicion y de la forma como continua 

evolucionando. (p. 836) 

enlace covalente: atraccion formada entre atomos que 

comparten electrones. (p. 697) 

cresta: los puntos mas altos en una onda transversal. 

(p. 294) 

masa critica: cantidad de material fisionable requerido de 

manera que cada reaccion de fisi6n produzca aproxi- 

madamente una reaccion de fision adicional. (p. 802) 
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dark energy/Earth energia oscura/tierra 

dark energy: energy that might be causing accelerated 

expansion of the universe. (p. 837) 

dark matter: unseen mass that adds to the gravity of a 

galaxy, but cannot be detected or seen. (p. 838) 

decibel: unit for sound intensity; abbreviated dB. 

(p. 322) 
decomposition reaction: chemical reaction in which one 

substance breaks down into two or more substances. 

@a7e1) 

density: mass per unit volume of a material. (p. 19) 

dependent variable: factor that changes as a result of 

changes in the other variables. (p. 9) 

deposition: process in which eroded materials are 

dropped by their transporting agents. (p. 654) 

#¢ diffraction: the bending of waves around an obstacle; 

can also occur when waves pass through a narrow 

opening. (p. 304) 

direct current (DC): electric current that flows in only 

one direction. (p. 442) 

discontinuity: boundary marking an abrupt density 
change between Earth’s layers. (p. 371) 

displacement: distance and direction of an object’s 

change in position from the starting point. (p. 71) 

distance: how far an object moves. (p. 71) 

distillation: process that can separate two substances in 

a mixture by evaporating a liquid and recondensing 

its vapor. (p. 563) 

divergent boundary: plate tectonic boundary where 

lithospheric plates are moving apart. (p. 358) 

Doppler effect: change in pitch or frequency that occurs 
when a source of a sound is moving relative to a 

listener. (p. 330) 

double-displacement reaction: chemical reaction that 

produces a precipitate, water, or a gas when two 

ionic compounds in solution are combined. (p. 732) 

drainage basin: land area that gathers water for a major 

river. (p. 655) 

energia oscura: energia que podria estar causando la 

expansion acelerada del universo. (p. 837) 

materia oscura: masa no vista que se suma a la gravedad 

de una galaxia pero que no puede detectarse o verse. 

(p. 838) 
decibel: unidad que mide la intensidad del sonido; se 

abrevia dB. (p. 322) 

reaccion de descomposicion: reaccién quimica en la cual 

una sustancia se descompone en dos 0 mas sustan- 

cias. (p. 731) 

densidad: masa por unidad de volumen de un material. 

(p19) 

variable dependiente: factor que varia como resultado 

de los cambios en las otras variables. (p. 9) 

deposicion: proceso en el que los materiales erosiona- 

dos son decantados a partir de sus agentes trans- 

portadores. (p. 654) 

difraccion: curvatura de las ondas alrededor de un 

obstaculo, la cual también puede ocurrir cuando 

éstas pasan a través de una abertura angosta. (p. 304) 

corriente directa (CD): corriente eléctrica que fluye en 

una sola direccion. (p. 442) 

discontinuidad: limite que marca un cambio abrupto de 

densidad entre las capas de la Tierra. (p. 371) 

desplazamiento: distancia y direccion del cambio de 

posicion de un objeto desde el punto inicial. (p. 71) 

distancia: qué tan lejos se mueve un objeto. (p. 71) 

destilacion: proceso que puede separar dos sustancias 

de una mezcla por medio de la evaporacion de un 

liquido y la recondensacion de su vapor. (p. 563) 

limite divergente: limite de las placas tecténicas donde 

las placas litosféricas se alejan. (p. 358) 

efecto Doppler: cambio en la altura 0 frecuencia que 

ocurre cuando una fuente de sonido se mueve en 
relacidn con un oyente. (p. 330) 

reaccion de doble desplazamiento: reaccién quimica que 

produce un precipitado, agua o gas cuando se combi- 

nan dos compuestos iOnicos en una solucién. (p. 732) 

cuenca de drenaje: area terrestre que capta agua para un 

rio grande. (p. 655) 

Earth: third planet from the Sun; the only planet 

known to support life and to have water on its 

surface as a gas, a liquid, and a solid. (p. 225) 

STUDENT RESOURCES 

tierra: tercer planeta mas cercano al ; el unico planeta 
que se sabe que alberga vida y que tiene agua en su 
superficie en estado solido, liquido y gaseoso. 
(5, 225) 



ecliptic/El Nino 

ecliptic: yearly path of Earth around the Sun; also, the 
Sun’s apparent path through the zodiac. (p. 192) 

efficiency: ratio of the output work done by the 
machine to the input work done on the machine, 
expressed as a percentage. (p. 164) 

elastic potential energy: energy stored when an object 

is compressed or stretched. (p. 131) 

elastic rebound: sudden energy release that accompa- 
nies fault movement and causes earthquakes, or 

seismic vibrations. (p. 363) 

electric current: the net movement of electric charges 
in a single direction, measured in amperes (A). 

(p. 400) 

electric motor: device that converts electrical energy to 
mechanical energy by using the magnetic forces 

between an electromagnet and a permanent magnet 

to make a shaft rotate. (p. 435) 

: electric power: rate at which electrical energy is 

converted to another form of energy; expressed 

in watts (W). (p. 410) 

* electromagnet: temporary magnet made by wrapping a 

wire coil, carrying a current, around an iron core. 

(p. 432) 

electromagnetic induction: process in which electric 

current is produced in a wire loop by a changing 

magnetic field. (p. 438) 

#* electromagnetic waves: waves created by vibrating 

electric charges, can travel through a vacuum or 

through matter, and have a wide variety of 

frequencies and wavelengths. (p. 456) 

electron cloud: area around the nucleus of an atom 
where the atom’s electrons are most likely to be 

found. (p. 583) 

electron dot diagram: uses the symbol for an element 

and dots representing the number of electrons in 

the element’s outer energy level. (p. 594) 

electrons: particles surrounding the center of an atom 
that have a charge of 1—. (p. 579) 

element: substance with atoms that are all alike. 
(p. 552) 

ellipse: elongated, closed curve with two foci; shape of 

Earth’s orbit around the Sun. (p. 188) 

El Nino: a warming of the Pacific Ocean every three to 

five years, which dramatically alters worldwide 

weather patterns, and occurs when prevailing trade 

winds weaken near the equator. (p. 539) 

ecliptico/El Niho f 

ecliptico: trayectoria anual de la tierra alrededor del 
Sol; también, la trayectoria aparente del Sol a través | 

del zodiaco. (p. 192) | 
eficiencia: relacion del trabajo efectuado por una 

maquina y el trabajo hecho en ésta, expresada en 

porcentaje. (p. 164) i 
energia elastica potencial: energia almacenada cuando 

un objeto es comprimido o estirado. (p. 131) 

rebote elastico: liberacién subita de energia que 

acompana al movimiento de las fallas y que causa i 

terremotos o vibraciones sismicas. (p. 363) 
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corriente eléctrica: movimiento neto de cargas eléctricas 

en una sola direccion, medido en amperios (A). 

(p. 400) 
motor electrico: dispositivo que convierte la energia 

eléctrica en energia mecanica usando las fuerzas 

magnéticas entre un electroiman y un iman 

permanente para que el eje gire. (p. 435) 

potencia eléctrica; proporcién a la cual la energia 

eléctrica se convierte en otra forma de energia; se 

expresa en vatios (V). (p. 410) 

electroiman: iman temporal que se hace envolviendo 

una bobina de cable que conduce una corriente, 

alrededor de un nucleo de hierro. (p. 432) 

induccion electromagnética: proceso en el cual una cor- 

riente eléctrica es producida en un circuito cerrado 

de cable mediante un campo magnético cambiante. 

(p. 438) 

ondas electromagnéticas; ondas creadas por la vibracion 

de cargas eléctricas, que pueden viajar a través del 
vacio o de la materia y que tienen una amplia var- 

iedad de frecuencias y de longitudes de onda. (p. 456) 

nube de electrones: area alrededor del nucleo de un 

atomo en donde hay mas probabilidad de encontrar 
los electrones de los atomos. (p. 583) 

diagrama de punto de electrones: usa el simbolo de un ele- 

mento y puntos que representan el numero de electrones 
en el nivel de energia externo del elemento. (p. 594) 

electrones: particulas que rodean el centro de un 

atomo que tienen la carga de 1—. (p. 579) 

elemento: sustancia en la cual todos los atomos son 

iguales. (p. 552) 

elipse: curva alargada y cerrada con dos distancias 

focales; forma de la Orbita terrestre alrededor del 

Sol. (p. 188) 
EI Nifo: calentamiento del Océano Pacifico cada tres 

a cinco anos, el cual altera dramaticamente los 

patrones climaticos en todo del mundo y que ocurre 
cuando los vientos alisios se debilitan cerca del 

ecuador. (p. 539) 
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endothermic reaction/foliated 

endothermic reaction: chemical reaction that requires 

heat energy in order to proceed. (p. 735) 

energy: the ability to do work and cause a change to 

occur. (p. 128) 

engineer: researcher who uses scientific information or 

ideas to solve problems or human needs and bring 

technology to consumers. (p. 53) 

entropy: a measure of how spread out, or dispersed 

energy is. (p. 276) 

epicenter: point on Earth’s surface directly above an 

earthquake’s focus. (p. 364) 

equinox: occurs twice yearly (March and September), 

when the Sun is directly above Earth’s equator, and 

the number of daylight hours equals the number of 

nighttime hours worldwide. (p. 195) 

erosion: removal of surface material through weather- 

ing by agents such as wind and water. (p. 654) 

exothermic reaction: chemical reaction in which 
energy is primarily given off in the form of heat. 

(p. 738) 

experiment: organized procedure for testing a hypothe- 

sis; tests the effect of one thing on another under 

controlled conditions. (p. 8) 

extrasolar planet: planet in orbit around another star. 

(p. 222) 
extraterrestrial life: life on other worlds. (p. 239) 

extrusive igneous rock: rock formed from rapidly 

cooling lava that has erupted at Earth’s surface or 

formed from consolidated solid materials expelled 

from volcanoes. (p. 620) 

reaccion endotérmica/foliado 

reaccion endotérmica: reacci6n quimica que requiere 

energia de calor para proceder. (p. 735) 

energia: capacidad de realizar un trabajo y hacer que 

ocurra un cambio. (p. 128) 

ingeniero: investigador que utiliza informacion cienti- 

fica o ideas para solucionar problemas 0 necesidades 
humanas y brindar tecnologia a los consumidores. 

(pas) 
entropia: una medida del grado de diseminacion 0 

dispersion de la energia. (p. 276) 

epicentro: punto de la superficie terrestre directamente 

encima del foco de un terremoto. (p. 364) 

equinoccio: fendmeno que ocurre dos veces al ano 

(marzo y septiembre), cuando el Sol esta directa- 

mente sobre el ecuador terrestre y en el que el 

numero de horas en el dia es igual al numero de 

horas en la noche en todo el mundo. (p. 195) 

erosion: remoci6n del material superficial a través 

del desgaste por agentes como el viento y el agua. 

(p. 654) 

reaccion exotérmica: reaccidn quimica en la cual la 

energia es inicialmente emitida en forma de calor. 

(ps728) 

experimento: procedimiento organizado para probar 

una hipotesis; prueba el efecto de una cosa sobre 

otra bajo condiciones controladas. (p. 8) 

planeta extrasolar: planeta en orbita alrededor de otra 

estrella. (p. 222) 

vida extraterrestre: vida en otros mundos. (p. 239) 

roca ignea extrusiva: roca formada a partir de lava que 

fue erupcionada a la superficie terrestre y que se 

enfri6 rapidamente o formada a partir de materiales 

solidos consolidados expulsados de los volcanes. 

(p. 620) 

® fault: crack in Earth’s crust along which movement has 

taken place. (p. 364) 

first law of motion: states that if the net force on an 

object is zero, then an object at rest remains at rest, 

or, if the object is moving, it continues moving with 

constant velocity. (p. 98) 

# first law of thermodynamics: states that the increase in 

thermal energy of a system equals the work done 

on the system plus the heat added to the system. 

(p. 274) 
focus: point of origin of an earthquake. (p. 363) 

foliated: type of metamorphic rock whose grains are 
arranged in layers or bands. (p. 631) 
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falla: fisura en la corteza terrestre a lo largo de la cual 

ha tenido lugar un movimiento. (p. 364) 

primera ley del movimiento: ley que establece que si la 

fuerza neta sobre un objeto es cero, entonces un 

objeto en reposo permanece en reposo, 0, si el 

objeto esta moviéndose, éste continua moviéndose 
con una velocidad constante. (p. 98) 

primera ley de la termodinamica: establece que el 

aumento en la energia térmica de un sistema es igual 

al trabajo realizado sobre el sistema mas el calor 
agregado a éste. (p. 274) 

foco: punto de origen de un terremoto. (p. 363) 
foliado: tipo de roca metamorfica cuyos granos estan 

dispuestos en capas o bandas. (p. 631) 



force/Global Positioning System (GPS) 

force: a push or pull exerted on an object. (p. 81) 
fossil fuels: oil, natural gas, and coal; formed from the 

decayed remains of ancient plants and animals. 
(p. 487) 

fossils: remains or traces of organisms found in the 
geologic rock record; can be direct remains such 
as bones, mold and cast formations, and trace 
impressions. (p. 671) 

fracture: physical property of a mineral that causes it to 
break into uneven pieces. (p. 610) 

frequency: the number of wavelengths that pass a fixed 
point each second; expressed in hertz (Hz). (p. 295) 

friction: a force that opposes the sliding motion 

between objects that are in contact. (p. 83) 

fuerza/Sistema de Posicionamiento Global (GPS) 

fuerza: impulso o traccién sobre un objeto. (p. 81) 

combustibles fosiles: petrdleo, gas natural y carbon 

formados por los restos descompuestos de plantas 

y animales ancestrales. (p. 487) 

fosiles: restos 0 vestigios de organismos que se encuen- 

tran en el registro geologico; pueden ser restos direc- 

tos como huesos, moldes, impresiones fosilizadas e 
impresiones de huellas. (p. 671) 

fractura: propiedad fisica de un mineral que causa que 

éste se rompa en piezas asimétricas. (p. 610) 

frecuencia: el namero de longitudes de onda que pasan 

por un punto fijo en un segundo; expresa en hertz 

GHz) apa 95) 

friccion: una fuerza que se opone al movimiento 

deslizante entre los objectos que estan el contacto. 

(p. 83) 

galaxy: large group of stars, gas, and dust held together 

by gravity; most commonly can be elliptical, spiral, 

and irregular. (p. 831) 

galvanometer: a device that uses an electromagnet to 

measure electric current. (p. 434) 

gamma ray: electromagnetic wave with no mass and no 

charge that travels at the speed of light and is usually 

emitted with alpha or beta particles from a decaying 

atomic nucleus; has a wavelength less than about ten 
trillionths of a meter. (pp. 467, 793) 

Geiger counter: radiation detector that produces a click 
or a flash of light when a charged particle is 

detected. (p. 798) 

generator: device that uses electromagnetic induction 

to convert mechanical energy to electrical energy. 

(p. 400) 

geocentric model: Earth-centered model of the solar 

system. (p. 218) 

geothermal energy: thermal energy in hot magma; can 
be converted by a power plant into electrical energy. 

(p. 505) 
giant: late stage in a star’s life cycle that occurs when its 

hydrogen fuel is depleted, its core contracts, and its 

outer layers expand and cool. (p. 825) 

Global Positioning System (GPS): a system of satellites 

and ground monitoring stations that enable a 
receiver to determine its location at or above Earth’s 

surface. (p. 475) 

galaxia: grupo grande de estrellas, gas y polvo man- 

tenidos juntos por la gravedad; comunmente pueden 

ser elipticas, espirales e irregulares. (p. 831) 

galvanometro: dispositivo que usa un electroiman para 

medir la corriente eléctrica. (p. 434) 

rayo gama: onda electromagnética sin masa ni carga 

que viaja a la velocidad de la luz y que usualmente es 

emitida con particulas alfa o beta a partir de un 

nucleo atomico en descomposicion; tiene una elec- 

tromagneética con longitudes de onda menores a diez 

trillonésimas de metro. (pp. 467, 793) 

contador Geiger: detector de radiaci6n que produce un 

sonido seco o un destello de luz al detectar una 

particula cargada. (p. 798) 

generador: dispositivo que usa induccion electromag- 

nética para convertir energia mecanica en energia 

eléctrica. (p. 400) 

modelo geocéntrico: modelo del sistema solar centrado 

en la tierra. (p. 218) 

energia geotérmica: energia térmica en el magma 

caliente, la cual se puede convertir mediante una 

planta industrial en energia eléctrica. (p. 505) 

gigante: ultima etapa en el ciclo de vida de una estrella 

que ocurre cuando su combustible hidrégeno es 

agotado, su nucleo se contrae y sus capas externas se 
expanden y enfrian. (p. 825) 

Sistema de Posicionamiento Global (GPS): sistema de 

satélites y estaciones de monitoreo en tierra que 

permiten que un receptor determine su ubicacion 

en o sobre la superficie terrestre. (p. 475) 
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global warming/hydrate 

global warming: increased atmospheric heating from 

activities such as fossil fuel burning, which have 

increased air pollution and concentrations of trace 

gases and dust and modified the water and carbon 

cycles. (p. 538) 

graph: visual display of information or data that can pro- 

vide a quick way to communicate a lot of information 

and allow scientists to observe patterns. (p. 22) 

gravitational potential energy: energy stored by objects 

due to their position above Earth’s surface; depends 

on the distance above Earth’s surface and the 

object’s mass. (p. 132) 

gravity: attractive force between two objects that 

depends on the masses of the objects and the dis- 

tance between them. (p. 104) 

greenhouse effect: atmospheric warming involving heat 

absorption by trace gases such as carbon dioxide 

and water vapor. (p. 520) 

group: vertical column in the periodic table. (p. 592) 

calentamiento global/hidrato 

calentamiento global: aumento de la temperatura atmos- 

férica por actividades como la quema de combustibles 

fosiles, lo cual incrementa la poluci6n del aire y las 

concentraciones de gases traza y polvo y modifica los 

ciclos del agua y del carbono. (p. 538) 

grafica: presentacién visual de informacion que puede 
suministrar una forma rapida de comunicar gran 

cantidad de informacién y que permite que los cien- 

tificos puedan observar los patrones. (p. 22) 

energia gravitacional potencial: energia almacenada por 

objetos debido a su posicion sobre la superficie ter- 

restre, la cual depende de la distancia sobre la super- 

ficie terrestre y de la masa del objeto. (p. 132) 

gravedad: fuerza de atraccion entre dos objetos que 

depende de las masas de los objetos y de la distancia 

entre ellos. (p. 104) 

efecto de invernadero: calentamiento atmosférico que 

involucra la absorcion de calor por gases traza como 

el didéxido de carbono y el vapor de agua. (p. 520) 

grupo: columna vertical en la tabla periddica. (p. 592) 

*®* half-life: amount of time it takes for half the nuclei in 

a sample of a radioactive isotope to decay. (p. 794) 

hardness: physical property of a mineral that measures 

resistance to scratching. (p. 611) 

heat: thermal energy that flows from a warmer mate- 

rial to a cooler material. (p. 257) 

* heat of fusion: amount of energy required to change a 

substance from the solid phase to the liquid phase. 

(p. 262) 
#% heat of vaporization: the amount of energy required 

for the liquid at its boiling point to become a gas. 

(p. 262) 
heliocentric model: Sun-centered model of the solar 

system. (p. 219) 

heterogeneous (het uh ruh JEE nee us) mixture: mixture, 

such as mixed nuts or a dry soup mix, in which dif- 

ferent materials are unevenly distributed and are 

easily identified. (p. 555) 

homogeneous (hoh moh JEE nee us) mixture: solid, liq- 

uid, or gas that contains two or more substances 

blended evenly throughout. (p. 556) 

hydrate: compound that has water chemically attached 

to its ions and written into its chemical formula. 

(p. 708) 
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vida media: tiempo requerido para que se descom- 

ponga la mitad de los nucleos de una muestra de 

is6topo radiactivo. (p. 794) 

dureza: propiedad fisica de un mineral que mide la 
resistencia al desgaste. (p. 611) 

calor; energia térmica que fluye de un material caliente 

a uno frio. (p. 257) 

calor de fusion: cantidad de energia necesaria para 
cambiar una sustancia del estado sélido al liquido. 

(p. 262) 

calor de vaporizacion: cantidad de energia necesaria 

para que un liquido en su punto de ebullicion se 

convierta en gas. (p. 262) 

modelo heliocéntrico: modelo del sistema solar 
centrado en el sol. (p. 219) 

mezcla heterogénea: mezcla, tal como una mezcla de 
nueces 0 una mezcla seca para hacer sopa, en la cual 
diferentes materiales estan distribuidos en forma 
desigual y se pueden identificar facilmente. (p. 555) 

mezcla homogénea: solido, liquido, 0 gas que contiene 
dos o mas sustancias mezcladas de manera uniforme 
en toda la mezcla. (p. 556) 

hidrato: compuesto que contiene agua quimicamente 
conectada a sus iones y representada en su formula 
quimica. (p. 708) 



hydroelectricity/intrusive igneous rock 

hydroelectricity: electricity produced from the energy 
of falling water. (p. 503) 

hypothesis: educated guess using what you know and 
what you observe. (p. 8) 

hidroelectricidad/roca ignea intrusiva 

hidroelectricidad: electricidad producida a partir de la 
energia generada por una caida de agua. (p. 503) 

hipotesis: suposicion fundamentada que se basa en lo 

que se sabe y lo que se observa. (p. 8) 

inclined plane: simple machine that consists of a slop- 
ing surface, such as a ramp, that reduces the amount 
of force needed to lift something by increasing the 
distance over which the force is applied. (p. 172) 

independent variable: factor that, as it changes, affects 
the measure of another variable. (p. 9) 

index of refraction: property of a material indicating 
how much light slows down when traveling in the 
material. (p. 329) 

* indicator: organic compound that changes color in 
acids and bases. (p. 764) 

: inertia: resistance of an object to a change in its 
motion. (p. 99) 

infiltration: process by which water enters Earth to 

become groundwater, controlled by the slope of the 

land, type of surface material, and type and amount 

of vegetation. (p. 663) 

infrared waves: electromagnetic waves that have a 

wavelength between about 1 mm and 750 billionths 

of a meter. (p. 464) 

inhibitor: substance that slows down a chemical reac- 
tion or prevents it from occurring by combining 
with a reactant. (p. 740) 

input force: force exerted on a machine. (p. 162) 

instantaneous speed: speed of an object at a given 

point in time; is constant for an object moving with 

constant speed, and changes with time for an object 

that is slowing down or speeding up. (p. 71) 

insulator: material in which electrons are not able to 

move easily. (p. 395); material in which heat flows 

slowly. (p. 270) 

intensity: amount of energy that flows through a cer- 

tain area in a specific amount of time. (p. 322) 

interference: occurs when two or more waves overlap 
and combine to form a new wave. (p. 306) 

internal combustion engine: heat engine that burns fuel 
inside the engine in chambers or cylinders. (p. 275) 

intrusive igneous rock: coarse-grained rock formed 

from slowly cooling magma below Earth’s surface. 

(p. 617) 

plano inclinado: maquina simple que consiste de una 

superficie inclinada, tal como una rampa, que reduce la 

fuerza necesaria para levantar un objeto aumentando 

la distancia sobre la cual se aplica dicha fuerza. ( pel72) 

variable independiente: factor que, a medida que cam- 

bia, afecta la medida de otra variable. (p. 9) 

indice de refraccion: propiedad de un material para 

indicar la cantidad de luz que se frena al pasar a 

través del material. (p. 329) 

indicador: compuesto organico que cambia de color en 

presencia de acidos y bases. (p. 764) 

inercia: resistencia de un objeto a cambiar su 

movimiento. (p. 99) 

infiltracion: proceso mediante el cual el agua entra en 

la tierra para convertirse en agua subterranea, con- 

trolado por la pendiente del suelo, el tipo de mate- 

rial superficial y el tipo y cantidad de vegetacién. 
(p. 663) 

ondas infrarrojas: ondas electromagnéticas que tienen 

una longitud de onda entre aproximadamente 1 mm 
y 750 billonésimas de metro. (p. 464) 

inhibidor: sustancia que reduce una reaccién quimica 0 

previene que ocurra por una combinacién con un 
reactivo. (p. 740) 

fuerza de entrada: fuerza ejercida sobre una maquina. 
(ps 162) 

velocidad instantanea: velocidad de un objeto en un 

punto dado en el tiempo; es constante para un 

objeto que se mueve a una velocidad constante y 

cambia con el tiempo en un objeto que esta 

reduciendo o aumentando su velocidad. (p. 71) 

aislador: material a través del cual los electrones no se 
pueden mover con facilidad. (p. 395); material en el 

cual el calor fluye lentamente. (p. 270) 

intensidad: cantidad de energia que fluye a través de 

cierta area en un tiempo especifico. (p. 322) 

interferencia: ocurre cuando dos 0 mas ondas se sobrepo- 

nen y combinan para formar una nueva onda. (p. 306) 

motor de combustion interna: motor de calor que 

quema combustible en su interior en camaras o 

cilindros. (p. 275) 

roca ignea intrusiva: roca aspera y granulosa formada a 

partir de un enfriamiento lento del magma debajo 

de la superficie terrestre. (p. 617) 
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ion/law of conservation of mass 

electrons than protons. (pp. 692, 707) 

ionic bond: attraction formed between oppositely 

H 

ion: charged particle that has either more or fewer 

| iN ee 
charged ions in an ionic compound. (p. 696) 

% isotopes: atoms of the same element that have different 

numbers of neutrons. (p. 586) 

ion/ley de conservacion de la masa 

ion: particula cargada que tiene ya sea mas 0 menos 

electrones que protones. (pp. 692, 707) 

enlace idnico: atraccion formada entre iones con cargas 

opuestas en un compuesto idnico. (p. 696) 

isotopos: atomos del mismo elemento que tienen difer- 

ente numero de neutrones. (p. 586) 

jet stream: high-speed, powerful air current that affects 

many weather processes, such as the development of 

storms. (p. 525) 

joule: SI unit of energy. (p. 130) 

Jupiter: largest and fifth planet from the Sun; has 

continuous, swirling, high-pressure gas storms, the 

largest of which is the Great Red Spot. (p. 231) 

corriente a presion: corriente de aire poderosa y de alta 

velocidad que afecta a muchos procesos climaticos, 

como el desarrollo de las tormentas. (p. 525) 

julio: unidad SI de energia. (p. 130) 

Jupiter: quinto planeta mas cercano al Sol, también es 

el mas grande; tiene tormentas gaseosas arremoli- 
nadas y continuas de alta presion, la mas grande de 

las cuales es la Gran Mancha Roja. (p. 231) 

%* Kelvin: the SI unit for temperature, abbreviated K; a 

temperature change of | Kelvin is the same as a 

temperature change of 1°C. (p. 255) 

kinetic energy: energy a moving object has because of 

its motion; depends on the mass and speed of the 

object. (p. 130) 

kinetic theory: explanation of the behavior of mole- 

cules in matter; states that all matter is made of con- 

stantly moving particles that collide without losing 

energy. (p. 254) 

Kelvin: la unidad del sistema internacional de medidas 

para la temperatura, cuya abreviatura es K; un cam- 

bio en la temperatura de | grado kelvin es lo mismo 

que un cambio en la temperatura de 1°C. (p. 255) 

energia cinética: energia que tiene un cuerpo debido a 

su movimiento, la cual depende de la masa y veloci- 

dad del objeto. (p. 130) 

teoria cinética: explicaci6n del comportamiento de las 

moléculas en la materia, la cual establece que todas las 

sustancias estan compuestas de particulas en constante 

movimiento que colindan sin perder energia. (p. 254) 

La Nina: climatic phenomenon that occurs when Pacific 

trade winds are very strong and temperatures colder 

than normal; the opposite of El Nino. (p. 539) 

latent heat: energy used to melt snow or evaporate 

water. (p. 520) 

law of conservation of charge: states that charge can be 
transferred from one object to another but cannot 

be created or destroyed. (p. 393) 

law of conservation of energy: states that energy can 

never be created or destroyed. (p. 139) 

law of conservation of mass: states that the mass of all 
substances present before a chemical change equals 

the mass of all the substances remaining after the 

change. (p. 567) 
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La Nina: fenomeno climatico que ocurre cuando los 

vientos alisios del pacifico son muy fuertes y la 

temperatura disminuye mas de lo normal; lo 

opuesto a El Nino. (p. 539) 

calor latente: energia utilizada para derretir nieve o 

evaporar agua. (p. 520) 

ley de la conservacion de carga: establece que la carga 

puede ser transferida entre un objeto y otro pero no 

puede ser creada o destruida. (p. 393) 

ley de la conservacion de energia: establece que la energia 
nunca puede ser creada ni destruida. (p. 139) 

ley de conservacion de la masa: establece que la masa de 

todas las sustancias presente antes de un cambio 

quimico es igual a la masa de todas las sustancias 

resultantes después del cambio. (p. 567) 



law of conservation of momentum/maria 

law of conservation of momentum: states that if a group 
of objects exerts forces only on each other, then the 
total momentum of the objects doesn’t change 
(piit7) 

lee rain shadow: area of reduced precipitation on one 
side of a mountain range. (p. 533) 

lever: simple machine consisting of a bar free to pivot 
about a fixed point called the fulcrum. (p. 166) 

light-year: distance light travels in one year—about 
9.5 billion km. (p. 820) 

Local Group: cluster of about 45 galaxies, including 
the Milky Way. (p. 831) 

longshore current: movement of water parallel to the 
shoreline caused by waves colliding with the shore 

at an angle, which results in net sediment transport 
parallel to the shoreline. (p. 659) 

loudness: human perception of sound intensity. 

(p. 322) 

lunar eclipse: occurs during full moon, when the 
Moon enters Earth’s umbra and Earth casts a 

curved shadow on the Moon’s surface. (p. 202) 

10 

ley de la conservacion del movimiento/maria 

ley de la conservacion del movimiento: ley que establece 
que sien un grupo de objetos se ejercen fuerzas sdlo 

en unos sobre otros, entonces el momento total de 
los objetos no cambia. (p. 117) 

sombra lluviosa a sotavento: area de precipitacion reducida 

en un lado de un sistema montanoso. (p. 533) 

palanca: maquina simple que consiste de una barra 

que puede girar sobre un punto fijo llamado pivote. 
(p. 166) 

ano luz: distancia que viaja la luz en un aho—cerca 

de 9 500 millones de km. (p. 820) 

Grupo Local: agrupacién de cerca de 45 galaxias, 

incluyendo la Via Lactea. (p. 831) 

corriente costera: movimiento de agua paralelo a la 

linea costera causado por olas que colisionan con la 

costa en angulo, lo cual resulta en transporte neto de 

sedimentos paralelo a la linea costera. (p. 659) 

volumen de sonido: percepcién humana de la intensi- 

dad del sonido. (p. 322) 

eclipse lunar: fendmeno que ocurre durante la luna 

llena, cuando la Luna entra en el cono de sombra de 

la Tierra y ésta proyecta una sombra curva sobre la 

superficie de la Luna. (p. 202) 

machine: device that makes doing work. easier by 

increasing the force applied to an object, changing 

the direction of an applied force, or increasing the 

distance over which a force can be applied. (p. 160) 

magma: molten rock material found inside Earth. 

(p. 613) 

magnetic domain: group of atoms in a magnetic mate- 
rial with the magnetic poles of the atoms pointing 

in the same direction. (p. 429) 

magnetic field: surrounds a magnet and exerts a force 
on other magnets and objects made of magnetic 

materials. (p. 425) 

magnetic pole: region on a magnet where the mag- 

netic force exerted by a magnet is strongest; like 

poles repel and opposite poles attract. (p. 425) 

magnetism: the properties and interactions of 

magnets. (p. 424) 

main sequence: section of an H-R diagram that is 
plotted from the upper left to the lower right and 

contains 90 percent of all known stars. (p. 823) 

maria: relatively flat, dark-colored regions on the 

Moon’s surface. (p. 203) 

maquina: artefacto que facilita la ejecucion del trabajo 

aumentando la fuerza que se aplica a un objeto, 

cambiando la direccién de una fuerza aplicada o 

aumentando la distancia sobre la cual se puede 

aplicar una fuerza. (p. 160) 

magma: material rocoso derretido que se encuentra en 

el interior de la Tierra. (p. 613) 

dominio magnético: grupo de dtomos en un material 

magnético en el cual los polos magnéticos de los 

atomos apuntan en la misma direccion. (p. 429) 

campo magnético: rodea a un iman y ejerce una fuerza 

sobre otros imanes y objetos hechos de materiales 
magnéticos. (p. 425) 

polo magnético: zona en un iman en donde la fuerza 

magneética ejercida por un iman es la mas fuerte; los 

polos iguales se repelen y los polos opuestos se atraen. 

(p. 425) 

magnetismo: propiedades e interacciones de los 

imanes. (p. 424) 

secuencia principal: seccidn de un diagrama H-R que es 

graficado desde la parte superior izquierda hasta la 

parte inferior derecha y contiene el 90% de todas las 

estrellas conocidas. (p. 823) 

maria: egiones relativamente planas y de color oscuro 

sobre la superficie de la luna. (p. 203) 
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maritime climate/moon phase 

maritime climate: climate with a strong ocean influence 

and milder temperatures. (p. 532) 

| Mars: fourth planet from the Sun; called the red 
planet because of high concentrations of iron oxide. 

| (p5225) 

mass: amount of matter in an object. (p. 19) 
| % mass number: sum of the number of protons and 

| neutrons in an atom’s nucleus. (p. 585) 
Glossary/Glosario mechanical advantage (MA): ratio of the output force 

exerted by a machine to the input force applied to 

the machine. (p. 164) 

mechanical energy: sum of the potential energy and 
kinetic energy in a system. (p. 136) 

medium: matter in which a wave travels. (p. 289) 

Mercury: closest planet to the Sun; has a larger than 

q expected iron core. (p. 223) 

meteoroid: rocky solar system object formed from 

pieces of comets and asteroids. (pp. 236, 633) 

microwaves: radio waves with wavelengths of between 
about 1 m and | mm. (p. 463) 

% mid-ocean ridge (MOR): a continuous system of twin 

mountain ranges with a rift valley between them 

that extends around Earth on the seafloor; formed 

where two oceanic plates are forced apart due to 

magma rising from Earth’s mantle; a source of new 

rock. (p. 356) 

Milky Way: our spiral-shaped galaxy, which contains the 
solar system and about 400 billion stars, including 

the Sun, and measures about 100,000 light-years 

across. (p. 831) 

mineral: naturally occurring, inorganic, crystalline solid 
with a predictable chemical composition and a char- 

acteristic set of physical properties. (p. 609) 

model: can be used to represent an idea, object, or 

event that is too big, too small, too complex, or too 

dangerous to observe or test directly. (p. 11) 

% molecule: a neutral particle that forms as a result of 

electron sharing. (p. 697) 

| # momentum: property of a moving object that equals its 
mass times its velocity. (p. 116) 

moon phase: changing appearance of the Moon as 

viewed from Earth, depending on the relative posi- 

tions of the Sun, the Moon, Earth, and the observer. 

(p. 199) 
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clima maritimo/fase lunar 

clima maritimo: clima con una fuerte influencia 

oceanica y temperaturas templadas. (p. 532) 

marte: cuarto planeta mas cercano al Sol; llamado el 

planeta rojo debido a altas concentraciones de 6xido 

de hierro. (p. 225) 

masa: cantidad de materia en un objeto. (p. 19) 

numero de masa: suma del numero de protones y neu- 

trones en el nucleo de un atomo. (p. 585) 

ventaja mecanica (MA): relacion de la fuerza ejercida por 

una maquina y la fuerza aplicada a dicha maquina. 

(p. 164) 

energia mecanica: suma de la energia potencial y 

energia cinética en un sistema. (p. 136) 

medio: materia a través de la cual viaja una onda. (p. 289) 

Mercurio: planeta mas cercano al sol; tiene un nucleo 

de hierro mas grande de lo esperado. (p. 223) 

meteorito: objeto rocoso del sistema solar formado de 

pedazos de cometas y asteroides. (pp. 236, 633) 

microondas: ondas de radio con longitudes de onda 

entre aproximadamente | mm y | m. (p. 463) 

canto del mediados de-océano (MOR): un sistema con- 

tinuo de la montana gemela se extiende con un valle 

de la grieta entre ellos que extienda alrededor de la 

tierra en el seafloor; formado donde estan dos placas 

oceanicas separado forzado debido al magma que se 

levanta de la capa de la tierra; una fuente de la roca 

nueva. (p. 356) 

Via Lactea: nuestra galaxia en forma de espiral, la cual 

contiene al sistema solar y cerca de 400 000 millones 

de estrellas, incluyendo al Sol, y tiene una extension 

de aproximadamente 100 000 anos luz. (p. 831) 

mineral: solido de origen natural, inorganico y cristalino 

con una composicion quimica predecible y un con- 

junto caracteristico de propiedades fisicas. (p. 609) 

modelo: puede ser usado para representar una idea, 

objeto o evento que es demasiado grande, demasiado 

pequeno, demasiado complejo o demasiado peligroso 

para ser observado o probado directamente. (p. 11) 

molécula: particula neutra que se forma al compartir 
electrones. (p. 697) 

impetu: propiedad de un objeto en movimiento que es 

igual a su masa por su velocidad. (p. 116) 

fase lunar: cambio en la apariencia de la Luna seguin es 
vista desde la Tierra, dependiendo de las posiciones 
relativas del Sol, la Luna, la Tierra y el observador. 
(p: £99) 



~ Glossary/Glosario 
Neptuno/circuito paralelo 

Neptune: eighth planet from the Sun; has storms 
similar to Jupiter’s and appears blue because of 
atmospheric methane. (p. 235) 

net force: sum of the forces that are acting on an 
object. (p. 82) 

neutron: neutral particle, composed of quarks, inside 
the nucleus of an atom. (p. 579) 

nonpolar molecule: molecule that shares electrons 

equally and does not have oppositely charged ends. 
(p. 700) 

nonrenewable resources: natural resource, such as fossil 

fuels, that cannot be replaced by natural processes as 
quickly as it is used. (p. 493) 

* nuclear fission: process of splitting an atomic nucleus 

into two or more nuclei with smaller masses. 
(p. 801) 

% nuclear fusion: reaction in which two or more atomic 

nuclei form a nucleus with a larger mass. (p. 803) 

nuclear reactor: uses energy from a controlled nuclear 
chain reaction to generate electricity. (p. 494) 

nuclear waste: radioactive by-product that results when 

radioactive materials are used. (p. 498) 

nucleus: positively charged center of an atom that con- 

tains protons and neutrons and is surrounded by a 
cloud of electrons. (p. 579) 

Neptuno: octavo planeta mas cercano al Sol; tiene 

tormentas similares a las de Jupiter y parece azul 

debido al metano atmosférico. (p. 235) 

fuerza neta: suma de fuerzas que acttian sobre un 
objeto. (p. 82) 

neutron: particula neutra, compuesta por quarks, den- 

tro del nucleo de un atomo. (p. 579) 

molécula no polar; molécula que comparte equitativa- 
mente los electrones y que no tiene extremos con 

cargas opuestas. (p. 700) 

recursos no renovables; recursos naturales, tales como 

combustibles fosiles, que no pueden ser reemplaza- 

dos por procesos naturales tan pronto como son 

usados. (p. 493) 

fision nuclear: proceso de divisién de un nucleo 

atomico en dos o mas ntcleos con masas mas 

pequenas. (p. 801) 

fusion nuclear: reaccidn en la cual dos o mas nticleos 

atomicos forman un nucleo con mayor masa. (p. 803) 

reactor nuclear; usa energia de una reacci6n nuclear con- 

trolada en cadena para generar electricidad. (p. 494) 

desperdicio nuclear; subproducto radioactivo que 

resulta del uso de materiales radiactivos. (p. 498) 

nucleo: centro de un atomo con carga positiva que 

contiene protones y neutrones y esta rodeado por 

una nube de electrones. (p. 579) 

Ohm's law: states that the current in a circuit equals the 

voltage difference divided by the resistance. (p. 405) 

opaque: material that absorbs or reflects all light and 

does not transmit any light. (p. 327) 

output force: force applied by a machine. (p. 162) 

oxidation number: positive or negative number that 
indicates how many electrons an atom has gained, 

lost, or shared to become stable. (p. 703) 

ley de Ohm: establece que la corriente en un circuito es 
igual a la diferencia de voltaje dividida por la 

resistencia. (p. 405) 

opaco; material que absorbe o refleja toda la luz pero 
no la transmite. (p. 327) 

fuerza de salida: fuerza aplicada por una maquina. 
(p. 162) 

numero de oxidacion: numero positivo 0 negativo que 

indica cuantos electrones ha ganado, perdido o com- 

partido un atomo para poder ser estable. (p. 703) 

parallel circuit: circuit in which electric current has 

more than one path to follow. (p. 406) 
circuito paralelo: circuito en el cual la corriente eléctrica 

tiene mas de una trayectoria para seguir. (p. 406) 
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; period/polar molecule 

period: the amount of time it takes one wavelength to 

pass a fixed point; expressed in seconds. (p. 295); 

horizontal row in the periodic table. (p. 595) 

periodic table: organized list of all known elements that 

| are arranged by increasing atomic number and by 

| changes in chemical and physical properties. (p. 588) 

Glossary/Glosario %& permeability: a measure of the ability of a fluid to pass 

through a material. (p. 665) 

petroleum: liquid fossil fuel formed from decayed 

nn | a remains of ancient organisms; can be refined into 

. fuels and used to make plastics. (p. 489) 

yw pH: a measure of the concentration of hydronium ions 

in a solution using a scale ranging from 0 to 14, with 

0 being the most acidic and 14 being the most basic. 

(p. 773) 

photon: particle that electromagnetic waves sometimes 

behave like; has energy that increases as the frequency 

of the electromagnetic wave increases. (p. 460) 

photosphere: light-emitting surface of the Sun. (p. 827) 

photovoltaic cell: device that converts solar energy into 

electricity; also called a solar cell. (p. 501) 

physical change: any change in size, shape, or state of 

matter in which the identity of the substance 

remains the same. (p. 562) 

physical property: any characteristic of a material, such 

as size or shape, that you can observe or attempt 

to observe without changing the identity of the 

material. (p. 560) 

: pigment: colored material that is used to change the 

| color of other substances. (p. 342) 

pilot plant: scaled-down version of real production 

equipment that closely models actual manufacturing 

conditions and is used to test a new manufacturing 

process. (p. 56) 

pitch: how high or low a sound seems; related to the 

frequency of the sound waves. (p. 323) 

plane mirror: flat, smooth mirror that reflects light to 
form upright, virtual images. (p. 331) 

plasma: matter consisting of positively and negatively 

charged particles. (p. 261) 

Pluto: smallest and ninth planet from the Sun; has a 

thin atmosphere and a solid, ice-rock surface. 
al (p. 236) 

polar molecule: molecule with a slightly positive end 

and a slightly negative end as a result of electrons 

being shared unequally. (p. 700) 
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periodo/molécula polar 

periodo: la cantidad de tiempo que requiere una longi- 

tud de onda para pasar un punto fijo; expresa en 

segundos. (p. 295); fila horizontal en la tabla pe- 

riddica. (p. 595) 

tabla periddica: lista organizada de todos los elementos 

conocidos y que han sido ordenados de manera 

ascendente por numero atomico y por cambios en 

sus propiedades quimicas y fisicas. (p. 588) 

permeabilidad: medida de la capacidad de un fluido 

para pasar a través de un material. (p. 665) 

petroleo: combustible fésil liquido que se forma a par- 

tir de residuos en descomposicion de organismos 

ancestrales y que puede ser refinado para producir 

combustibles y usado para hacer plasticos. (p. 489) 

pH: medida de la concentracion de iones de hidronio 

en una solucion, usando una escala de 0 a 14, en la 

cual 0 es la mas acida y 14 la mas basica. (p. 773) 

foton: particula como la cual algunas veces se compor- 

tan las ondas electromagnéticas; tiene energia que 

aumenta a medida que la frecuencia de la onda 

electromagnética aumenta. (p. 460) 

fotosfera: superficie solar que emite luz. (p. 827) 

células fotovoltaicas: dispositivo que convierte la 

energia solar en electricidad; también llamada celda 

solar. (p. 501) 

cambio fisico: cualquier cambio en tamano, forma o 

estado de una sustancia en la cual la identidad de la 
sustancia sigue siendo la misma. (p. 562) 

propiedad fisica: cualquier caracteristica de un material, 

tal como tamano o forma, que se puede haber 

observar o tratado de observar sin cambiar la identi- 

dad del material. (p. 560) 

pigmento: material de color que se usa para cambiar el 

color de otras sustancias. (p. 342) 

planta piloto: version a escala reducida de un equipo de 

produccion real que simula cercanamente las condi- 

ciones reales de fabricacion y es utilizada para pro- 

bar un proceso de fabricacion nuevo. (p. 56) 

altura: qué tan alto 0 bajo parece un sonido; tiene 

relacion con la frecuencia de las ondas sonoras. (p. 323) 

espejo plano: espejo plano y liso que refleja la luz para 

formar imagenes verticales y virtuales. (p. 331) 

plasma: materia consistente de particulas con cargas 
positivas y negativas. (p. 261) 

Pluton: noveno planeta y el mas lejano al Sol, también 
el mas pequeno; tiene una atmosfera delgada y una 
superficie solida de hielo y roca. (p. 236) 

molécula polar: molécula con un extremo ligeramente 
positivo y otro ligeramente negativo como resultado 
de un compartir desigual de los electrones. (p. 700) 



polyatomic ion/radio waves 

polyatomic ion: positively or negatively charged, cova- 
lently bonded group of atoms. (p. 707) 

porosity: empty space in sedimentary rock in which 
water, oil, and natural gas are stored within Earth. 
(p. 625) 

potential energy: stored energy an object has due to its 
position. (p. 131) 

power: amount of work done, or the amount of energy 
transferred, divided by the time required to do the 
work or transfer the energy; measured in watts (W). 
(p. 157) 

% precision: describes how closely measurements are to 
each other and how carefully the measurements 
were made. (p. 14) 

principle of superposition: states that the oldest rocks in 
an undisturbed sequence of rocks are at the bottom 
of the undisturbed sequence. (p. 670) 

#% product: in a chemical reaction, the new substance that 

is formed. (p. 720) 

proton: particle, composed of quarks, inside the 

nucleus of an atom that has a charge of 1+. (p. 579) 

prototype: first full-scale model built to performance- 

test a new product. (p. 56) 

pulley: simple machine that consists of a grooved 

wheel with a rope, chain, or cable running along 

the groove; can be either fixed or movable. 
(p&169) 

— Glossary/Glosario 
ion poliatomico/ondas de radio | 

ion poliatomico: grupo de atomos enlazados covalente- 
mente, con carga positiva 0 negativa. (p. 707) 

porosidad: espacio vacio en la roca sedimentaria en el | 
que el agua, el petroleo y el gas natural son almace- 
nados dentro de la Tierra. (p. 625) | 

energia potencial: energia almacenada que un objeto 
tiene debido a su posicién. (p. 131) 

potencia: cantidad de trabajo realizado o cantidad de 

energia transferida, dividida por el tiempo requerido 

para realizar el trabajo o transferir la energia; 

medida en vatios (V). (p. 157) 

precision: descripcion de la cercania de las mediciones 

una respecto a otra y del cuidado con el que se 
hacen éstas. (p. 14) 

principio de superposicion (estratigrafico): principio que 

establece que las rocas més antiguas en una secuen- 

cia de rocas sin perturbaciones estan en la parte mas 

baja de la secuencia no perturbada. (p. 670) 

producto: es la nueva sustancia que se forma en una 

reacci6n quimica. (p. 720) 

proton: particula, compuesta por quarks, dentro del 

nucleo de un dtomo que tiene una carga de 1+. (p. 579) 

prototipo: el primer modelo a escala completa con- 

struido para probar el desempeno de un producto 
nuevo. (p. 56) 

polea: maquina simple que consiste de una rueda 

acanalada con una cuerda, cadena o cable que se 

desliza por el canal y que puede ser fija o movil. 
(p. 169) 

quarks: particles of matter that make up protons and 
neutrons. (p. 579) 

quarks: particulas de materia que constituyen los pro- 

tones y neutrones. (p. 579) 

radiant energy: energy carried by an electromagnetic 

wave. (p. 459) 

radiation: transfer of thermal energy by electromag- 
netic waves. (p. 269) 

radioactivity: process that occurs when a nucleus decays 

and emits alpha, beta, or gamma radiation. (p. 788) 

radio telescope: telescope that collects and magnifies 

radio waves. (p. 821) 

radio waves: electromagnetic waves with wavelengths 
longer than about 1 mm, used for communications. 

(p. 463) 

energia radiante: energia transportada por una onda 

electromagneética. (p. 459) 

radiacion: transferencia de energia térmica mediante 

ondas electromagnéticas. (p. 269) 

radiactividad: proceso que ocurre cuando un nucleo se 

descompone y emite radiacion alfa, beta o gama. 
(p. 788) 

radio telescopio: telescopio que colecta y magnifica las 
ondas de radio. (p. 821) 

ondas de radio: ondas electromagnéticas con longitudes 

de onda mas largas de aproximadamente 1 mm y 

que se usan en las comunicaciones. (p. 463) 
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rarefaction/saturated solution 

rarefaction: the least dense regions of a compressional 

wave. (p. 294) 

% rate of reaction: the speed at which reactants are 

consumed and products are produced in a given 

reaction. (p. 738) 

% reactant: in a chemical reaction, the substance that 

reacts. (p. 720) 

reflecting telescope: optical instrument that uses a 
concave mirror to collect light and a lens to magnify 

an image. (p. 820) 

refracting telescope: optical instrument that uses 
double convex lenses to collect light and magnify 

an image. (p. 819) 

Glossary/Glosario 

refraction: the bending of a wave as it changes speed in 

moving from one medium to another. (p. 302) 

regolith: layer of debris on the Moon’s surface formed 

by the accumulation of meteoric material. 

(p. 203) 

relative dating: process of dating objects or events in 

time order, or sequence, based on logical relation- 

ships; may or may not involve the use of numbers. 

(p. 669) 
renewable resource: energy source that is replaced 

almost as quickly as it is used. (p. 501) 

resistance: tendency for a material to oppose electron 

fl flow and change electrical energy into thermal 
i energy and light; measured in ohms (2). (p. 403) 

resonance: the process by which an object is made 

to vibrate by absorbing energy at its natural 

frequencies. (p. 309) 

revolution: movement of Earth in its orbit around the 

Sun; used to measure time in years. (p. 192) 

* rift valley: long, linear, dropped-down valley between 

(p. 356) 

rock: consolidated, natural mixture of minerals, 

volcanic glass, or rock fragments. (p. 617) 

rock cycle: continuous process that forms and changes 

rocks on Earth’s surface and deep below the surface. 

(p. 634) 

rotation: spinning of Earth on its axis; used to measure 

time in days. (p. 192) 

a saturated solution: any solution that contains all the 
| solute it can hold at a given temperature. (p. 761) 
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twin, parallel mountain ranges produced by faulting. 

rarefaccion/solucion saturada 

rarefaccién: las regiones menos densas de una onda de 

compresion. (p. 294) 

fasa de reaccion: velocidad a la que los reactantes son 

consumidos y los productos son generados en una 

reaccion dada. (p. 738) 

reactante: es la sustancia que reacciona en una reaccion 

quimica. (p. 720) 

felescopio de reflexion: instrumento Optico que utiliza 

un espejo concavo para captar la luz y una lente 

para magnificar una imagen. (p. 820) 

felescopio de refraccion: instrumento Optico que 

utiliza lentes convexas dobles para captar la luz y 

magnificar una imagen. (p. 819) 

refraccion: curvatura de una onda al cambiar su 

velocidad al pasar de un medio a otro. (p. 302) 

regolito: capa de escombros sobre la superficie lunar 

formada por la acumulacion de material meteorico. 

(p. 203) 
datacion relativa: proceso de datar objetos 0 eventos en 

un orden o secuencia temporal, basado en relaciones 

l6gicas; puede o no involucrar el uso de numeros. 

(p. 669) 
recursos renovables: fuente de energia que es reem- 

plazada casi tan pronto como es usada. (p. 501) 

resistencia: tendencia de un material de oponerse al 

fluido de los electrones y convertir la energia eléc- 

trica en energia térmica y luz; se mide en ohmios 

(Q). (p. 403) 
resonancia: el proceso por el cual un objeto vibra al 

absorber energia en sus frecuencias naturales. (p. 309) 

revolucion: movimiento de la Tierra en su orbita 

alrededor del sol, utilizado para medir el tiempo 
en anos. (p. 192) 

valle de hendidura: valle alargado, lineal y deprimido 

producido por una falla que se encuentra entre dos 

sistemas montanosos paralelos. (p. 356) 

roca: mezcla natural y consolidada de minerales, 

obsidiana o fragmentos de roca. (p. 617) 

ciclo de la roca: proceso continuo que forma y cambia 

las rocas sobre y debajo de la superficie terrestre. 

(p. 634) 

rotacion: giro de la Tierra sobre su eje, utilizado para 

medir el tiempo en dias. (p. 192) 

solucion saturada: cualquier solucién que contiene todo 
el soluto que puede retener a una temperatura 

determinada. (p. 761) 



Saturn/society 

Saturn: second-largest and sixth planet from the Sun: 
has the most complex system of rings. (p. 234) 

scientific law: statement about what happens in nature 
that seems to be true all the time; does not explain 
why or how something happens. (p. 12) 

scientific methods: organized set of investigation proce- 
dures that can include stating a problem, forming a 
hypothesis, researching and gathering information, 
testing a hypothesis, analyzing data, and drawing 
conclusions. (p. 7) 

screw: simple machine that consists of an inclined 
plane wrapped in a spiral around a cylindrical post. 
(p. 173) 

sea breeze: cooling breeze that blows from the sea 

toward land during the afternoon. (p. 533) 

second law of motion: states that the acceleration of an 
. object is in the same direction as the net force on 

the object, and that the acceleration equals the net 

force divided by the mass. (p. 102) 

# second law of thermodynamics: states that is impossible 

for heat to flow from a cool object to a warmer 

object unless work is done. (p. 274) 

sediment transport: movement of eroded materials by 

wind, water, and/or glaciers from one location to 
another. (p. 654) 

Sedna: unofficial name for object 2003 VB12, a distant 
planetoid with a very elliptical orbit. (p. 237) 

series circuit: circuit in which electric current has only 

one path to follow. (p. 407) 

shadow zone: “dead zone” between 105 and 140 degrees 

from an earthquake’s epicenter, where nothing is 

recorded on a seismogram. (p. 371) 

shield volcano: broad, flat volcano formed by layers 
of free-flowing, high-temperature, basaltic lava. 

(p. 377) 

simple machine: machine that does work with only one 

movement—lever, pulley, wheel and axle, inclined 

plane, screw, and wedge. (p. 166) 

single-displacement reaction: chemical reaction in 

which one element replaces another element in a 

compound. (p. 731) 

sliding friction: frictional force that opposes the motion 

of two surfaces sliding past each other. (p. 84) 

society: group of people who share similar values and 

beliefs. (p. 46) 

Saturno/sociedad ; 

hipotesis, investigacion y recopilacién de informa- 

cion, comprobacion de la hipétesis, andlisis de datos 

y elaboracion de conclusiones. (p. 7) Tees 

Saturno: sexto planeta mas cercano al Sol, también el ) QO 
segundo mas grande; tiene el sistema de anillos mas | roy 
complejo. (p. 234) uv 

ley cientifica: enunciado acerca de lo que ocurre en la nat- oy 
uraleza, lo cual parece ser cierto en todo momento, sin = 
explicar como o por qué algo ocurre. (p. 12) G) 

métodos cientifico: conjunto organizado de proced- | a 
imientos de investigacion que puede incluir el =. 
planteamiento de un problema, formulacion de una | 9° 

tornillo: maquina simple que consiste de un plano 

inclinado envuelto en espiral alrededor de un poste 

cilindrico. (p. 173) 

brisa marina: brisa refrescante que sopla del mar hacia 
la tierra durante la tarde. (p. 533) 

segunda ley de movimiento: establece que la aceleracién 

de un objeto es en la misma direccién que la fuerza 
neta del objeto y que la aceleraci6n es igual a la 

fuerza neta dividida por su masa. (p. 102) 

segunda ley de la termodinamica: establece que es 

imposible que el calor fluya de un objeto frio a uno 

caliente, a menos que se realice un trabajo. (p. 274) 

transporte de sedimentos: movimiento de materiales 

erosionados por el viento, agua o glaciares de un 

lugar a otro. (p. 654) 

Sedna: nombre no oficial para el objeto 2003 VB12, 

un planetoide distante con una orbita muy eliptica. 
(Gok ew) 

circuito en serie: circuito en el cual la corriente eléctrica 

tiene una sola trayectoria para seguir. (p. 407) 

zona de sombra: “zona muerta” entre 105 y 140 grados 
del epicentro de un terremoto, donde nada es 

registrado sobre un sismograma. (p. 371) 

volcan de escudo: or capas de lava basaltica que 

fluyeron libremente a alta temperatura. (p. 377) 

maquina simple: maquina que realiza el trabajo con un 

solo movimiento: palanca, polea, rueda y eje, plano 
inclinado, tornillo y cuna. (p. 166) 

reaccion de un solo desplazamiento: reaccién quimica en 

la cual un elemento reemplaza a otro elemento en 

un compuesto. (p. 731) 

friccion deslizante: fuerza de friccién que se opone al 

movimiento de dos superficies que se deslizan entre 
si. (p. 84) 

sociedad: grupo de personas que comparten valores y 
creencias similares. (p. 46) 

GLOSSARY/GLOSARIO 917 



918 

~ Glossary/Glosario 

soil/strong base 

soil: mixture of weathered rock, decaying organic 

matter, water, and air that overlies bedrock and is 

capable of supporting plant life. (p. 650) 

solar eclipse: occurs during new moon, when the Moon 

passes directly between the Sun and Earth, casting a 

shadow on part of Earth. (p. 201) 

solenoid: a wire wrapped into a cylindrical coil. (p. 432) 

solstice: occurs twice yearly (June and December), 

when the Sun reaches its greatest distance north or 

south of the equator. (p. 195) 

% solubility: maximum amount of a solute that can be 

dissolved in a given amount of solvent at a given 

temperature. (p. 759) 

solute: in a solution, the substance being dissolved. 

(p. 753) 
solution: homogeneous mixture that remains con- 

stantly and uniformly mixed and has particles that 

are so small they cannot be seen with a microscope. 

(pp. 556, 752) 
solvent: in a solution, the substance in which the solute 

is dissolved. (p. 753) 

specific heat: amount of thermal energy needed to raise 

the temperature of 1 kg of a material 1°C. (p. 257) 

spectroscope: device that disperses light into its com- 

ponent wavelengths, using a prism or diffraction 

grating. (p. 822) 

speed: distance an object travels per unit of time. (p. 71) 

sphere: three-dimensional, round object whose surface 

is the same distance from the center in all directions. 

(p. 186) 

standing wave: a wave pattern that forms when waves 

of equal wavelength and amplitude, but traveling in 

opposite directions, continuously interfere with each 

other; has points called nodes that do not move. 

(p. 308) 

static electricity: the accumulation of excess electric 

charge on an object. (p. 392) 

static friction: frictional force that prevents two surfaces 
from sliding past each other. (p. 84) 

streak; color of a mineral in powdered form; helps 
identify a mineral and can be observed by rubbing 

a mineral on a white porcelain tile. (p. 611) 

strong acid: any acid that dissociates almost completely 
in solution. (p. 771) 

strong base: any base that dissociates completely in 
solution. (p. 772) 

STUDENT RESOURCES 

suelo/base fuerte 

suelo: mezcla de rocas degradadas, materia organica en 

descomposicion, agua y aire que yace sobre el lecho 

rocoso y que es capaz de soportar la vida vegetal. 

(p. 650) 

eclipse solar: ocurre durante la luna nueva, cuando la 

Luna pasa directamente entre Sol y la Tierra, 

proyectando una sombra sobre una parte de la 

Tiemaatps2 01) 

solenoide: cable envuelto en forma de bobina cilindrica. 

(p. 432) 

solsticio: fendmeno que ocurre dos veces al ano (junio 

y diciembre), cuando el sol alcanza su mayor distan- 

cia al norte o al sur del ecuador. (p. 195) 

solubilidad: maxima cantidad de soluto que puede ser 

disuelto en una cantidad dada de solvente a una 

temperatura determinada. (p. 759) 

soluto: en una soluci6n, la sustancia que esta disuelta. 

(5738) 

solucion: mezcla homogénea que permanece constante 

y uniformemente mezclada y que tiene particulas 

tan pequenas que no pueden ser vistas en un micro- 

scopio. (pp. 556, 752) 

solvente: en una solucion, la sustancia en la cual se dis- 

uelve el soluto. (p. 753) 

calor especifico: cantidad de energia térmica necesaria 

para aumentar un grado centigrado la temperatura 

de un kilogramo de material. (p. 257) 

espectroscopio: dispositivo que dispersa la luz en las 

longitudes de onda que la componen, utilizando un 

prisma 0 rejilla de difracci6n. (p. 822) 

velocidad: distancia que recorre un objeto por unidad 

de tiempo. (p. 71) 

esfera: objeto redondo tridimensional cuya superficie 

esta a la misma distancia desde el centro hacia todas 

las direcciones. (p. 186) 

onda estacionaria: patron de una onda que se forma 

cuando ondas con la misma longitud de onda y 

amplitud, pero que viajan en direcciones opuestas, 

interfieren continuamente entre si; tiene puntos lla- 

mados nodos que no se mueven. (p. 308) 

electricidad estatica: la acumulacion del exceso de carga 

eléctrica en un objeto. (p. 392) 

friccion estatica: fuerza que evita que dos superficies en 

contacto se deslicen una sobre otra. (p. 84) 

veta: color de un mineral en forma de polvo; ayuda a 

identificar un mineral y puede observarse al frotar un 

mineral sobre una losa de porcelana blanca. (p. 611) 

acido fuerte: cualquier acido que se disocie casi por 

completo en una solucion. (p. 771) 

base fuerte: cualquier base que se disocie completa- 

mente en una soluci6on. (Da 2) 



strong force/third law of motion 

strong force: attractive force that acts between protons 
and neutrons in an atomic nucleus. (p. 878) 

subduction: occurs when lithospheric plates converge 
and the edge of one plate is forced downward 
beneath another; recycles old lithosphere. (p. 359) 

substance: element or compound that cannot be bro- 
ken down into simpler components and maintain 
the properties of the original substance. (p. 552) 

subtropical high: persistent, relatively stationary, high- 
pressure system. (p. 525) 

sunspots: cool, darker areas of the Sun’s photosphere. 
(p. 827) 

supersaturated solution: any solution that contains 
more solute than a saturated solution at the same 
temperature. (p. 762) 

suspension: heterogeneous mixture containing a liquid 

in which visible particles settle. (p. 558) 

synthesis reaction: chemical reaction in which two or 

more substances combine to form a different 
substance. (p. 731) 

———— 

x, 

Glossary/Glosario 

fuerza de atraccion/tercera ley de movimiento 

fuerza de atraccion: fuerza de atraccidn que actua 
entre protones y neutrones en un nucleo atémico. 
(p. 878) 

subduccion: fendmeno que ocurre cuando las placas 
litosféricas convergen y el borde de una placa es 
forzado a pasar por debajo del otro; recicla la 
litosfera antigua. (p. 359) 

sustancia: elemento 0 compuesto que no se puede 

descomponer en componentes mas simples y que 
mantiene las propiedades de la sustancia original. 
(p. 552) 

alto subtropical: sistema persistente de alta presidn 

relativamente estacionario. (p. 525) 

manchas solares: areas frias y mas oscuras de la 

fotosfera solar. (p. 827) 

solucion sobresaturada: cualquier solucién que 

contenga mas solutos que una solucién saturada a 
la misma temperatura. (p. 762) 

suspension: mezcla heterogénea que contiene un 

liquido en el cual las particulas visibles se 

sedimentan. (p. 558) 

reaccion sintesis: reaccidn quimica en la cual se combi- 

nan dos 0 mas sustancias para formar una sustancia 
diferente. (p. 731) 

technology: application of science to help people. 

(p. 13) 

temperature: measure of the average kinetic energy of 

all the particles in an object. (p. 255) 

temperature inversion: an increase of temperature with 

height, resulting in very stable air that resists the 

rising needed for cloud formation or dispersal of 

air pollution. (p. 519) 

texture: describes the size and arrangement of rock 

components and can help indicate how a rock 

formed. (p. 617) 

theory: explanation of things or events that is based on 

knowledge gained from many observations and 

investigations. (p. 12) 

thermal energy: sum of the kinetic and potential energy 

of the particles in an object; is transferred by con- 

duction, convection, and radiation. (p. 256) 

third law of motion: states that when one object exerts a 
force on a second object, the second object exerts a 

force on the first object that is equal in strength and 

in the opposite direction. (p. 113) 

tecnologia: aplicacion de la ciencia en beneficio de la 
poblacion. (p. 13) 

temperatura: medida de la energia cinética promedio 

de todas las particulas en un objeto. (p. 255) 

inversion de temperatura: incremento de la temperatura 

con la altura, resultando en aire muy estable que 

resiste la elevacion necesaria para la formacion de 

nubes o dispersion de la polucién del aire. (p. 519) 

textura: patron que describe el tamano y disposicion de 

los componentes rocosos y que puede ayudar a 

indicar como esta formada la roca. (p. 617) 

teoria: explicacion de las cosas 0 eventos que se basa en 

el conocimiento obtenido a partir de numerosas 

observaciones e investigaciones. (p. 12) 

energia térmica: suma de la energia cinética y potencial 

de las particulas en un objeto, la cual se transfiere 

por conduccion, conveccion y radiacion. (p. 256) 

tercera ley de movimiento: establece que cuando un objeto 

ejerce una fuerza sobre un segundo objeto, el segundo 

objeto ejerce una fuerza igual de fuerte sobre el primer 

objeto y en direcci6n opuesta. (p. 113) 
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; tide/ultraviolet waves marea/ondas ultravioleta 

° | tide: rise and fall in Earth’s sea level, caused by a giant marea: elevacion y caida del nivel del mar en la Tierra, 

= wave formed by the gravitational pull of the Sun causadas por una ola gigante formada por la atrac- 

a | and Moon. (p. 199) cién gravitacional del Sol y de la Luna. (p. 199) 

2 | time zone: 15°-wide area on Earth’s surface in which zona horaria:drea sobre la superficie terrestre de 15° de 

=4 | the time is the same. (p. 190) ancho en la que la hora es la misma. (p. 190) 

o tracer: radioactive isotope, such as iodine-131, that can _ indicador radiactivo: isotopo radioactivo, tal como el 

a be detected by the radiation it emits after it is yodo-131, que puede ser detectado por la radiacion 

oO | absorbed by a living organism. (p. 804) que emite después de ser absorbido por un organ- 

UO ismo vivo. (p. 804) 

| transceiver: device that transmits one radio signal and radio transmisor-receptor: dispositivo que transmite y 

) receives another radio signal at the same time, recibe una senal de radio al mismo tiempo, permi- 

so ual allowing a cordless phone user to talk and listen at tiendo que un usuario de un teléfono inalambrico 

i the same time. (p. 473) pueda hablar y escuchar al mismo tiempo. (p. 473) 

transform boundary: plate tectonic boundary that exists _ limite de transformacion: limite de la placa tectonica 

as a large fault, or crack, along which lithospheric que existe como una gran falla o grieta, a lo largo del 

plates move in a horizontal direction. (p. 360) cual las placas litosféricas se mueven en direccion 

horizontal. (p. 360) 

transformer: device that uses electromagnetic induction — transformador: dispositivo que usa induccion electro- 

to increase or decrease the voltage of an alternating magnética para aumentar o disminuir el voltaje de 

current. (p. 443) una corriente alterna. (p. 443) 

translucent: material that transmits some light but not _ translucido: material que transmite alguna luz pero no 

enough to see objects clearly through it. (p. 327) la suficiente para ver claramente los objetos a través 

del mismo. (p. 327) 

transmutation: process of changing one element to transmutacion: proceso de cambio de un elemento a 

another through radioactive decay. (p. 792) otro mediante la descomposicion radioactiva. (p. 792) 

transparent: material that transmits almost all the light —__ transparente: material que transmite casi toda la luz, 

striking it so that objects can be clearly seen through chocandola de tal manera que los objetos pueden 

it (ps 327) ser claramente vistos a través del mismo. (p. 327) 

transverse wave: wave for which the matter in the onda transversal: onda para la cual la materia en el 

medium moves back and forth at right angles to the medio se mueve hacia adelante y hacia atras en 

direction the wave travels; has crests and troughs. Angulos rectos respecto a la direccion en que viaja 

(p. 290) la onda; ésta tiene cresta y depresiones. (p. 290) 

troposphere: lowest layer of Earth’s atmosphere where troposfera: capa mas baja de la atmosfera terrestre 

most weather occurs and temperature normally donde ocurre la mayoria de los fendmenos climati- 

decreases with height. (p. 519) cos y la temperatura disminuye normalmente con 

la altura. (p. 519) 

trough: the lowest points on a transverse wave. (p. 294) — depresion: los puntos mas bajos en una onda 

transversal. (p. 294) . 

turbine: large wheel that rotates when pushed by steam, _ turbina: rueda grande que gira al ser impulsada por 
i wind, or water and provides mechanical energy to a vapor, viento 0 agua y que suministra energia 

| i generator. (p. 440) mecanica a un generador. (p. 440) 

a Tyndall effect: scattering of a light beam as it passes efecto Tyndall: difusion de un rayo de luz al pasar a 
through a colloid. (p. 557) través de un coloide. (p. 557) 

ultraviolet waves: electromagnetic waves with ondas ultravioleta: ondas electromagnéticas con longi- 
wavelengths between about 400 billionths and tudes de onda entre aproximadamente 10 y 400 bil- 
10 billionths of a meter. (p. 465) lonésimas de metro. (p. 465) 
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unbalanced forces/weak acid 

unbalanced forces: forces that combine to produce a net 
force that is not equal to zero and cause the velocity 
of an object to change. (p. 82) 

unconformity: gap in the rock record representing a 
period of erosion or non-deposition. (p. 671) 

uniformitarianism: Hutton’s concept that the laws of 
nature act today as they have in the past. (p. 670) 

unsaturated solution: any solution that can dissolve 
more solute at a given temperature. (p. 671) 

Uranus: seventh planet from the Sun; appears blue- 
green because of atmospheric methane, and its axis 
of rotation is tilted on its side. (po235) 

fuerzas desbalanceadas/acido débil 

fuerzas desbalanceadas: fuerzas que se combinan para 
producir una fuerza neta diferente a cero y causan 
que cambie la velocidad de un objeto. (p. 82) 

discordancia: brecha en el registro rocoso que repre- 

senta un periodo de erosion o falta de deposicién. 
(p. 671) 

uniformitarianismo: concepto de Hutton respecto a que 

las leyes de la naturaleza que actuan hoy dia son 

iguales a las del pasado. (p. 670) 

solucion no saturada: cualquier solucion que puede dis- 

olver mas solutos a una temperatura determinada. 
(p. 671) 

Urano: séptimo planeta mas cercano al Sol; tiene una 

apariencia verde-azul debido al metano atmosférico, 

y cuyo eje de rotacion esta inclinado hacia un lado. 
(p. 235) 

variable: factor that can cause a change in the results of 
an experiment. (p. 9) 

* vector: a physical quantity that is specified by both a 
size and a direction. (p. 71) 

* velocity: the speed and direction of a moving object. 

(po73) 

Venus: second planet outward from the Sun; has a 

dense, atmosphere of mostly carbon dioxide and 

very high surface temperatures. (p. 224) 

viscosity: a fluid’s resistance to flow. (p. 375) 

visible light: electromagnetic waves with wavelengths of 
750 to 400 billionths of a meter that can be detected 

by human eyes. (p. 465) 

voltage difference: related to the force that causes elec- 

tric charges to flow; measured in volts (V). (p. 400) 

volume: amount of space occupied by an object. (p. 18) 

variable: factor que puede causar un cambio en los 
resultados de un experimento. (p. 9) 

vector: cantidad fisica que esta especificada por un 

tamano y una direccion. (p. 71) 

velocidad direccional: la rapidez y direccién de un 

objeto en movimiento. (p. 73) 

Venus: segundo planeta mas cercano al Sol; tiene una 

atmosfera densa compuesta principalmente de 

didxido de carbono y una temperatura superficial 
muy alta. (p. 224) 

viscosidad: resistencia de un fluido al flujo. (p. 375) 

luz visible: ondas electromagnéticas con longitudes de 

onda entre 400 y 750 billonésimas de metro y que 

pueden ser detectadas por el ojo humano. (p. 465) 

diferencia de voltaje: se refiere a la fuerza que causa que 

las cargas eléctricas fluyan; se mide en voltios (V). 

(p. 400) 
volumen: espacio ocupado por un objeto. (p. 18) 

water table: boundary separating the saturated zone 

from the unsaturated zone. (p. 664) 

wave: a repeating disturbance or movement that trans- 

fers energy through matter or space. (p. 288) 

wavelength: distance between one point on a wave and 

the nearest point just like it. (p. 295) 

weak acid: any acid that only partly dissociates in 
solution. (p. 771) 

tabla de agua: limite que separa la zona saturada de la 

zona insaturada. (p. 664) 

onda: alteracion 0 movimiento repetitivo que transfiere 

energia a través de la materia o el espacio. (p. 288) 

longitud de onda: distancia entre un punto en una onda 

y el punto semejante mas cercano. (p. 295) 

acido débil: cualquier acido que solamente se disocie 

parcialmente en una solucion. (p. 771) 
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weak base/X rays 

weak base: any base that does not dissociate completely 

in solution. (p. 772) 

weather fronts: zones in which air masses interact. 

(p. 526) 
weathering: process of physical or chemical breakdown 

of materials at or near Earth’s surface, influenced by 

factors such as the nature of the parent material, 

climate, and time. (p. 646) 

wedge: simple machine that is an inclined plane with 

one or two sloping sides. (p. 173) 

weight: gravitational force exerted on an object. 

(p. 106) 
westerlies: global winds that blow from the west in the 

middle latitudes. (p. 524) 

wheel and axle: simple machine that consists of a shaft 

or axle attached to the center of a larger wheel, so 

that the shaft and the wheel rotate together. (p. 171) 

white dwarf: giant star that has lost its outer layers, 

leaving behind a hot, dense core that continues to 

contract under gravity. (p. 825) 

work: transfer of energy that occurs when a force 

makes an object move; measured in joules. (p. 154) 

X rays: electromagnetic waves with wavelengths 

between about 10 billionths of a meter and 10 tril- 

lionths of a meter, that are often used for medical 

imaging. (p. 467) 

STUDENT RESOURCES 

base débil/rayos X 

base débil: cualquier base que no se disocie completa- 

mente en una solucion. (p. 772) 

frentes climaticos: zonas en las que interactuan las 

masas de aire. (p. 526) 

desgaste: proceso de fraccionamiento fisico 0 quimico 

de materiales en o cerca de la superficie terrestre, 

influenciado por factores como la naturaleza del 

material de origen, el clima y el tiempo. (p. 646) 

cuha: maquina simple que consiste de un plano incli- 

nado con uno o dos lados en declive. (p. 173) 

peso: fuerza gravitacional ejercida sobre un objeto. 

(p. 106) 
vientos del oeste: vientos globales que soplan desde el 

oeste en las latitudes medias. (p. 524) 

rueda y eje: maquina simple que consiste de una barra 

0 eje sujeto al centro de una rueda de mayor tamano 

de manera que el eje y la rueda giran juntos. (p. 171) 

enana blanca: estrella gigante que ha perdido sus capas 

externas, dejando un nucleo denso y caliente que 

continua contrayéndose bajo la gravedad. (p. 825) 

trabajo: transferencia de energia que se produce 

cuando una fuerza hace mover un objeto y que se 

mide en julios. (p. 154) 

rayos X: ondas electromagnéticas con longitudes de 

onda entre 10 billonésimas de metro y 10 trillonési- 

mas de metro, las cuales se utilizan con frecuencia 

para producir imagenes de uso médico. (p. 467) 



Absolute dating Air 

Italic numbers = illustration/photo Bold numbers = vocabulary term 
lab = a page on which the entry is used ina lab 

act = a page on which the entry is used in an activity 

Absolute dating, 669, 672, 

672-673, 673; radioactive iso- 

topes in, 672, 672-673, 673 

Absolute magnitude, of stars, 823 

Acceleration, 76-80; at amusement 

parks, 80; calculating, 77-79, 79, 

80 act, 86 act, 93 act; calculating 

net force using, 103 act; cen- 

tripetal, 110, 110; and force, 87 

lab, 101, 102 act, 103, 103; gravi- 

tational, 106, 106-107, 107, 123 

act; and mass, 101; positive, neg- 

ative, or zero, 78, 79, 79; and 

speed, 76, 76; and velocity, 76, 

76-77 

Acceleration of gravity symbol, 

106 

Accuracy, 14 

Acetic acid, 556, 689, 765, 771, 772, 

772. See also Acid(s) 

Acetylsalicylic acid, 765. See also 

Acid(s) 

Acid(s), 764-765; acetic, 556, 689, 

765, 771, 772, 772; acetylsali- 

cylic, 765; ascorbic, 765; battery, 
689; carbonic, 765, 771; com- 

mon, 765, 765; concentration of, 

772, 773, 773-774, 775 lab; dis- 

sociation of, 768, 768, 771, 771, 

772, 772; hydrochloric, 689, 698, 

(Shes, Ie, WN AIM, hs IE 

indicators of, 764, 773, 773-774; 

neutralization of, 769, 769; 

nitric, 765; phosphoric, 765; 

properties of, 764, 764; in stom- 

ach, 689; strong, 771, 771, 772, 

772; sulfuric, 689, 765, 765; 

weak, 771, 771, 772,772 

Acid-base reaction, 769 

Acid-base solution, 768, 768—770 

Acidic groundwater, 666 

Acidic sting, 768 act 
Acid precipitation, 663 

Acid rain, 663 

Acid relief, 766 lab 

Action and reaction, //3, 113-114 

Activation energy, 735, 736, 736 

Activities, Applying Math, 13, 16, 

215-24;:20.59; 45, 503957,00872, 

72005700; 99,102, 1085 LdealiG, 

TV pyi2o 0 e233. V4.3. 49. 

156, 158, 159, 165, 174, 181, 189, 

19S L987 207-2135 220222, 229) 

237 241, 244, 247, 259,258,259, 

2695270527 75280, 283,29300976 

ZOD 3095.2 2070500557), 

9435349; 3573015368, 309, 372, 

378, 385, 399, 405, 411, 413, 419, 

430, 437, 444, 451, 459, 461, 467, 

ATS, 48 1 5495, 900).506;, 9135522, 

Wy Dovey DM 5 SI), S44, HO, NG, 

SIV, DIGs HID) NO, SNS, 03), OSs, 

623, 629, 635, 641, 652, 662, 665, 

63151692,702;,705, /09,7 155.725, 

US, PDE), 3, VO, HEIs Ty UNS 

MOD, HIV) W745 Pky IDO; FID5 EIS 

800, 806, 813, 820, 822, 829, 835, 

839, 845; Applying Science, 49, 

428, 499, 586, 706; Integrate, 9, 

11, 17, 30, 42, 48, 49, 54, 56, 77, 

DOM LOS OS A oD SS e143; 

eak WgSes, QO, 2 itch, 220), 2s; Za 

Po, ANS 2S Oy DY AG SHES 

335-336, 341, 342, 346, 358, 377, 

402, 405, 408, 416, 427, 428, 440, 

465, 466, 472, 496, 497, 505, 522, 

Ba), KO}, SHO, Soy, Nell, SKov4ss SXo}d), 

586,592, 596, 613, 614, 627, 631, 

648, 668, 670, 694, 695, 705, 725, 

736, 740, 753, 768, 774, 790, 799, 

804, 818, 827, 837, 842; Oops! 

Accidents in Science, 60, 210, 

712, 744; Science and History, 

120, 146, 312, 382, 448, 448, 600, 

638, 810; Science and Language 

Arts, 30, 90, 416, 542, 842; 

Science and Society, 178, 510, 

638, 678, 778; Science Online, 5, 

Hi, WOE, AM, od, oy SU), (es A, oe 

Mis MO, WOS; 7, WSO), 4S. 15333, 

WHA Weis, Meek, HOE DI, D2, 2a, 

USD 2X0, XO, ZFS, LSI, 23, SOD: 

SUS), SYS, S40), BDS;, Bots, M4, SIGs 

IM, DNS, AY, AW, ASNT, AA, ANS). 

473, 474, 485, 498, 505, 517, 528, 

SA); SDI, DDI, DO, HHO, D7, DTS); 

Il, SYS, SOS, O07, GIS, O22, O32, 

645, 657, 658, 667, 687, 691, 696, 

WMS), W222, FM, FOZ, FIO, VIB; 

Missa HSNO, CLDs (IL, BAIL, Save 

Science Stats, 244, 280, 570; 

Standardized Test Practice, 

34-35, 64-65, 94-95, 124-125, 

150-151, 182-183, 214-215, 

248-249, 284-285, 316-317, 

350-351, 386-387, 420-421, 

452-453, 482-483, 514-515, 

546-547, 574-575, 604-605, 

642-643, 682-683, 716-717, 

748-749, 782-783, 814-815, 

846-847 

Activity series, 732, 732 

Adams, John, 235 

Adaptive optics, 821 

Addiss, Stephen, 346 

Additive color, 343. See also 

Color(s) 

Adhesives, 712, 712 

Africa, divergent boundaries in, 
358; matching South America’s 

coastline to, 355; number of 

HIV infections in, 45; techno- 

logical needs in, 42, 42 

Age. See Dating 

Agitation, and rate of reaction, 739 

Agricultural biotechnology, 45 

Agriculture, and climate, 537; crop 
rotation in, 650; and environ- 

ment, 44; and global water cycle, 

522; preventing soil loss in, 652, 

652; soil conservation in, 650, 

650 

Aitken Basin (Moon), 204, 205 

Air. See also Atmosphere; composi- 

tion of, 518; convection currents 
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Aircraft 

in, 268, 269, 271 lab; as solution, 

753, 753; speed of light in, 460; 
Air conditioner thermostat, 56 

Aircraft, computer simulation of, 

55) OD) 

Aircraft carriers, 77 act 

Air currents, 521 

Air mass(es), and weather fronts, 

WHO), SAS 

Air pollutants, 668 

Air pollution, and climate change, 

Soy 

Air resistance, 85, 85-86, 86, 112 

lab 

Albedo, 520, 530 

Alchemy, 564 act, 810 

Alcohol, grain, 689 
Alloy, 753, 754 
Alluvial fan, 656 

Alpha particles, 791-792, 792 

Alternating current (AC), 442, 

444, See also Electric current 

Alternator, 403, 439 

Aluminum, from bauxite, 614; 

chemical symbol for, 578; cook- 
ing in, 732; in Earth’s crust, 608; 

in metamorphic rock, 631; mod- 

eling an atom of, 581 /ab; as 
non-silicate mineral, 614; in soil 

profile, 649; uses of, 553 

Aluminum hydroxide, 767 

Aluminum oxide, 704 

Alvin (submarine), 239 

Americium, 553 

Ammonia, 767, 770, 770; as weak 

base, 772 

Ammonium chloride, 735, 735 

Ampere, 400 

Amphibole, 631 

Amplitude, 298, 298-299, 299; of 

sound waves, 321, 321 

AM radio, 470, 470, 471 

amu (atomic mass unit), 584 

Amusement park, 68, 68; accelera- 

tion at, 80; speed at, 80 

Andes, 359 

Andesite, 621 

Andromeda Galaxy, 831. See also 

Galaxies 

Angelou, Maya, 90 

Angle(s), finding, 330 act; of inci- 

dence, 302, 302, 309 act, 349 act; 

of reflection, 302, 302; using, 
222 act. 247, act 

STUDENT RESOURCES 

Animal(s), carbon dating of, 795; 

and energy from Sun, 827 act; 

extinction of, 118, 536 act; on 

geologic time scale, 672, 672; 
helping, 54 act; magnets in, 428 

act; matching fossils on different 

continents, 355, 355; in scientific 

experiments, 50; speed of, 69 lab 

Antacid, 564, 766 lab, 769, 769 

Antarctica, 538, 658 

Antares (star), 824 

Antenna, 469, 469, 471 

Apatite, hardness of, 611 

Apollo 11 spacecraft, 115 

Apollo space mission, 208-209 lab 

Appalachian Mountains, 655 

Apparent magnitude, 826 

Appearance, as physical property, 

560, 560 

Appliances. See also names of indi- 

vidual appliances; cost of using, 

413 act, 419 act; moving thermal 

energy in, 276, 276; refrigerator, 

276, 276 

Applying Math, Acceleration of a 

Sled, 102; Age of Rocks, 798; 

Average Speed, 72; Barium 

Sulfate Reaction, 728; Calculate, 

AV NOL), Dai Sele), SYS; Stoo, 40), 

845; Centimeters, 16; Change in 

Thermal Energy, 258; Chapter 

Review, 33, 63, 93, 123, 149, 181, 

21352475283, 3493 Son 49s 

451, 481, 513, 545, 573, 603, 641, 

OSI 7/15) 7475 (oly Sls 8453 

Convert to Celsius, 255; 

Determining a Formula, 705; 

Gravitational Potential Energy, 

132, Heliocentric Longitude 

(H.L.), 220; Kinetic Energy, 130, 

Law of Conservation of Mass, 
565; Magnifying Power of 

Telescopes, 820; Momentum of a 

Sprinter, 116; Porosity Volume, 

665; Power, 158, Power Used by 

a Clothes Dryer, 411, Predicting 

Carbon Dioxide Concentration, 

537; Predicting Tides, 198; 

Section Review, 13, 21, 26, 45, 

D0 %69;/ 55 00; 00, LOSS Lire ly. 

1335; 143, 159 165,174, 189, 195; 

Z07 2225 229231, 2A OOD. 

210; 215,293,299; 309,326,530) 

2375343, 901, 3695372) 370, 399, 

Arsenic 

405, 413, 430, 437, 444, 461, 467, 

A75%493,.500, 506, 5225928, 924) 

5395679) 99,9575 590, Ola, 023; 

629, 635, 650, 661, 692, 702, 709, 
725.729, 733, 140.7 58; 709; 7.10; 

790, 795, 800, 806, 822, 829, 835, 

839; Solve One-Step Equations, 

Toyo rs O08, 102, 1 UIs / 2a, OA; 

Solve a Simple Equation, 102, 

116, 198; Speed of Light in 

Water, 459; Speed of Sound, 297; 

Surface Area, 757, Temperature, 

24; Use Angles, 222, 247; Use 

Coefficients, 728; 733; Use 

Decimals, 195, 21352575) Use 

Equations, 222, 247, 774, 820; 

Use Fractions, 481, 795; Use 

Geometry, 220, 665; Use Graphs, 

740; Use Logarithms, 798; Use 

Numbers, 45, 220, 237, 241, 573, 

DOO Oi 1 LON ae! Oli Oden OL 

835; Use Percentage(s), 50; 57, 

229, 241, 247, 309, 343, 500, 506, 

S113, BY, De (OL, TAM, TDs KOE 

829, 835, 839; Use Proportions, 

573, 733, 781; Use a Ratio, 437, 

444, 451, 813; Use Ratios, 133; 
Use Scientific Notation, 459, 

461, 467, 481; Using Sonar, 325; 

Use a Table, 493, 587, 603; Work, 
156 

Applying Science, Can a contami- 

nated radioactive site be 

reclaimed? 499; Can you name 

binary ionic compounds? 706; 

How can magnetic parts of a 

junk car be salvaged? 428; How 

can radioactive isotopes help tell 

time? 586; What impact does the 

accident at Chernobyl have on 

the future of nuclear power? 49 

Aqueous solution, 753 

Aquifer, 664, 664, 665 act, 667, 678 

Aquitard, 664, 665, 667 

Archimedes’ Principle, 12 act 

Area, calculating, 615 act 

Arecibo (Puerto Rico) telescope, 

821 

Argon, 241, 518; energy levels in, 
53 

Arid climate, 534, 534. See also 
Climate 

Aristotle, 186, 202, 219, 581 

Arsenic, 668 



Arétes 

Arétes, 659, 659 

Artesian well, 667 

Ascorbic acid, 765. See also Acid(s) 

Asteroid, 118, 236, 236, 536 act 

Asteroid belt, 236 

Asthenosphere, 372, 372, 609 

Astigmatism, 336 

Astronaut, 6, 11, 107, 114 act 

Astronomer, 472 act 

Astronomical unit(s) (AU), 17 act, 

217 lab, 220 

Astronomy. See Integrate 

Astronomy 

Atlas (Saturn’s moon), 234 

Atmosphere, 518—523; carbon 

dioxide in, 189, 492, 492, 

518-520, 536, 537 act; and cli- 

mate system, 529, 529-530; 

composition of, 518-519, 518; 

condensation in, 521; convection 

currents in, 268, 269, 271 lab; of 

Earth, 108 act, 224, 225, 466, 

466, 518-522; formation of, 519; 

greenhouse effect in, 224, 520, 

520; heating, 520, 520; of Jupiter, 

232; latent heat in, 520; of Mars, 

226; of Mercury, 189, 224; of 

Neptune, 235; nitrogen in, 518; 

oxygen in, 518; of Pluto, 236; of 

Saturn, 234; structure of, 519, 

519; trace gases in, 518, 520, 537; 

of Uranus, 235; of Venus, 189, 

224; water in, 518, 519, 521-522, 

SAL, SEP) HG, SY 

Atmospheric pressure, 517 lab, 

high and low pressure systems, 

525, 528; 535; and winds, 

524-525 

Atom(s), 576, 576-587, 589; com- 

ponents of, 579, 579; electric 

charge in, 392, 392; energy levels 

in, 592, 592-593, 593 act, 

691—692; forces inside, 787, 

787-788, 788; models of, 581, 

581 lab, 581-583, 582, 583; 

nucleus of, 579, 579, 785 lab, 

786, 786, 787. see Nucleus; and 

periodic table, 592, 592-594, 

593, 593 act, 594; radioactive, 

586 act; stability of, 690, 

690-692, 691, 692; structure of, 

5/8 =I00s 092, D9 2RO9S AGt 

Atomic bomb, 60 

Atomic mass, 584, 584—587; aver- 

age, 585, 587, 587 
Atomic mass unit(s) (amu), 584 

Atomic number, 585, 786, 789, 804 

act; on periodic table, 589 

Aurora, 188, 422, 422, 829 

Aurora australis, 188, 829 

Aurora borealis, 188, 829 

Automobile(s). See Car(s) 

Average. See Math Skill Handbook. 

See also Applying Math; finding, 
13 act 

Average atomic mass, 585, 587, 587 

Average speed, 72. See also 

Speed(s); calculating, 72 act, 75 
act; measuring, 71 lab 

Ax, 161, 161 

Axis, of Earth, 188, 193, 193 

Axle radius, calculating, 181 act. 

See also Wheel and axle 

Babylonians, 190, 201 act 

Background radiation, 799-800, 
500 

Bacteria, exotic forms of, 239; 

magnets in, 428 act 

Backwash, 660 

Baking soda, 565, 707, 760 

Balanced chemical equation, 

726-729, 727 act, 728 act 

Balanced force, 82, 82 

Bar graph, 25, 25. See also Graph(s) 

Barium, 804 act 

Barium chlorate, 707 

Barium hydroxide, 735, 735 

Barium sulfate, 728 act, 732, 732 

Bar magnet, 426, 426, 427 lab. See 

also Magnet(s) 

Barred spiral galaxy, 831, 834. See 

also Galaxies 

Basalt, 356, 357, 621, 621, 622 

Basaltic lava, 357 

Base(s), 766—770; applications of, 

767; in cleaning materials, 766, 

766, 767; common, 767; concen- 

tration of, 773, 773-774; dissoci- 

ation of, 768, 768, 772; 

indicators of, 766, 773, 773-774; 

properties of, 766; strong, 772; 

weak, 772 

Baseball bat, 167, 167 

A 

Index 
Body temperature 

Basin, drainage, 655, 655; in geo- 

logic mapping, 674, 674 

Bat, and echoes, 301 

Batholith, 623 act 

Battery, 401—403, 436, 441; addi- 

tion of, 402 lab; dry-cell, 402, 

402; lead-acid, 403; wet-cell, 402, 
402, 403 

Battery acid, 689. See also Acid(s) 

Bauxite, 614 

Baymouth bar, 660 

Bayou, 657 act 

Beach erosion, 654 

Bedrock, 650, 650, 651 

Becquerel, Henri, 790, 790 

Behavior, as physical property, 561 

Berzelius, Jons Jakob, 705 act 

Beta particles, 793, 793 

Betelgeuse (star), 818, 824, 825, 

825 

Bias, 10; avoiding, 10 

Bicarbonate ion, 774. See also 

lon(s) 

Bicycle, 152, 152 

Big bang theory, 837 

Big Dipper, 818 act 

Binary compounds, 703 

Binary covalent compounds, nam- 
ing, 708-709 

Binary ionic compounds, 703-706, 
706 act 

Binary star system, 837. See also 

Star(s) 

Biochemical sedimentary rock, 
628-629, 629 

Biological processes, gases pro- 

duced by, 518 

Biomass, 506 

Biosphere, 529, 529-530 

Biotechnology, agricultural, 45; 

and foods, 45 
Bird(s), gliding on convection cur- 

rents, 271 lab 

Black dwarf star, 824 

Black hole, 825, 835, 835 

Block and tackle, 170, 170 

Blood, pH of, 774, 774 act 

Blowouts, 658 

Blue shift, 837 
Body. See Human body; and mag- 

netic resonance imaging, 448, 448 

Body temperature, controlling, 736 

act 

INDEX 925 
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Index 

Body waves 

Body waves, 364, 364 

Bohr, Niels, 582 

Boiling, 262, 262 

Boiling point, 262, 563; of covalent 

compounds, 701; of hydrocar- 
bons, 489; of ionic compounds, 

701, 702; of water, 20, 21, 21 

Bond(s), 694—702; breaking, 

710-711 lab; chemical, 687 lab, 

694-695, 695; covalent, 697, 

697-698, 698, 700; formation of, 

695, 695, 696, 697, 702; in glue, 

712, 712; ionic, 696, 696, 696 act; 

observing types of, 698 lab 

Boreal climate, 534, 534. See also 

Climate 

Boron, average atomic mass of, 

587; isotopes of, 586, 587, 587; 

mass number of, 585 

Boston, climate in, 532 

Boundaries, convergent, 359, 359; 

divergent, 358, 358, 377; trans- 

form, 360, 360 

Brass, 753, 753 

Brightness, of light, 336 

Broadcasting, radio, 469-471, 470, 

471; television, 472 

Bubble chamber, 580, 797, 797 

Buffer, 774, 774 

Buildings, earthquake engineering 

of, 368 369 

Burning, 563, 564, 567, 567, 721, 

730; of magnesium, 727, 727 

a ee 
Calcite, in cement, 614; hardness 

of, 611; in marble, 632; in sedi- 

mentary rocks, 625 

Calcium, chemical symbol for, 578; 

in Earth’s crust, 608 

Calcium carbonate, 566, 566, 566 

act, 628, 769 

Calcium fluoride, 704 

Calcium hydroxide, 767 

Calcium oxide, 689 

Calcium sulfate dihydrate, 708. See 

also Gypsum 

Calculus, 120 

Callisto (Jupiter’s moon), 232, 233, 

BO} 

Calorie, 143 act 

STUDENT RESOURCES 

Calorimeter, 259, 259 

Cancer, 455 lab; treating with 

radioactivity, 806, 806 

Canis Major constellation, 818. See 

also Constellation(s) 

Canis Minor constellation, 818. 

See also Constellation(s) 

Can opener, 174, 174 

Canyon, formation of, 655 

Cape Cod, 660 

Car(s), advances in, 53, 53; alterna- 

tive fuels for, 506, 506; battery 

in, 403; calculating gas mileage 

of, 63 act; and centripetal force, 

110; as compound machine, 

174; in crash, 96, 96, 100, 

100-101, 101; energy conver- 

sions in engine of, 136, 136; and 

environment, 48; fuel efficiency 

of, 53; fuel gauge in, 435, 435; 

hybrid, 53, 53, 506, 506; internal 

combustion engine in, 275, 275; 

producing energy in, 439; 

retrieving magnetic parts of, 428 

act; safety belts in, 101, 101 

Carbon, atomic number of, 585; 

atomic structure of, 592; chemi- 

cal symbol for, 578; half-life of, 

794; mass number of, 585; in 

radioactive dating, 673; specific 
heat of, 257 

Carbonates, 614 

Carbon cycle, 536, 536 

Carbon dating, 586 act, 795 

Carbon dioxide, absorption of, 

189; absorption of ultraviolet 

rays by, 520; in atmosphere, 189, 
Dik, DUS), B20), SAO, Dai) GCIs 

bonds in, 697; calculating rate of 

increase of concentration of, 539 

act, 545 act; in chemical reac- 

tion, 736, 736; in Earth’s atmos- 

phere, 189, 224, 492, 492: 

formation of, 730; as gas in soft 

drimks7556, 956; 753,763,763: 

in Mars’s atmosphere, 226; in 

metamorphic rock, 631; predict- 

ing concentration of, 537 act; 

solubility in water, 760, 763; 

sources of , 51 lab; in Venus’s 

atmosphere, 189, 224; in vol- 

canic eruptions, 375 

Carbon-14, 585, 586 act, 673 

Charon (Pluto’s moon) 

Carbonic acid, 765, 771. See also 

Acid(s) 

Carbon monoxide, 709 

Carbon-13, 586 act 

Carbon-12, 585, 586 act, 789 

Career, Integrate. See Integrate 

Career 

Car jack, 160, 160 

Carnot, Sadi, 13 

Carrier wave, 469, 470, 470, 471 

Cassini-Huygens spacecraft, 234, 

234 act, 241, 241 

Catalyst, 740, 740 act, 741 lab 

Cathode-ray tube (CRT), 472, 

472, 

Cave(s), 566 act, 666, 666 

Cell phone, 473, 473 

Cellular respiration, gases pro- 

duced by, 518 

Celsius temperature scale, 20, 21, 

Al, DSS, DSS) GUE 

Cementation, 625, 625 

Centimeter, 16, 16 act, 17 

Centripetal acceleration, 110, 110. 

See also Acceleration 

Centripetal force, 110, 110 lab, 

110-111 

Ceramics, 638 

CFCs (chlorofluorocarbons), 466, 

466, 538 

Chadwick, James, 582 

Chain reaction, nuclear, 496, 802, 

802, 807 lab, 810 

Chain silicates, 614 

Chalk, 554 

Challenger Deep, 370 

Channei development, 656, 656 

Channel, stream, 655, 655 

Chapter Review, 32-33, 62-63, 

92-93, 122-123, 148-149, 

180-181, 212-213, 246-247, 

282-283, 314-315, 348-349, 

384-385, 418-419, 450-451, 

480—481, 512-513, 544-545, 

972-573, 602-603, 640-641, 

680-681, 714—715, 746-747, 

780-781, 812-813, 844-845 

Chardonnet, Hilaire de, 744, 744 

Charge. See Electric charge 
Charged objects, 398 lab 

Charging by contact, 395 

Charging by induction, 396 

Charon (Pluto’s moon), 236 



Checking Concepts 

Checking Concepts, 32, 62, 92, 
122, 148, 180, 212-213, 246, 

282-283, 314, 348, 384-385, 418, 

450, 480, 512, 544-545, 572, 602, 

640, 680-681, 714, 746, 780, 812, 

844 

Chemical bond(s), 694-695, 695; 

and mixing, 687 lab 

Chemical change, 564, 564, 564 act; 

separating with, 565; weathering 

as, 566, 566, 566 act 

Chemical energy, 129, 737; trans- 
forming, 136, 136 

Chemical equation, 723, 724 lab, 

726-729; balanced, 726-729, 727 
act, 728 act; symbols used in, 

723; writing, 723, 727, 729 

Chemical formula, 689; for com- 
pounds with added water, 708; 

for compounds with polyatomic 
ions, 707; for ionic compounds, 

705, 705 act; writing, 705, 705 
act, 707, 708 

Chemical potential energy, 131, 
130 

Chemical properties, 563; flamma- 

bility, 563; and light, 563, 563 

Chemical reaction, 720-747; clas- 

sifying, 730-733; combustion 

reaction, 730; conservation of 

energy in, 734; creating, 738 lab; 

decomposition reaction, 731, 

731; describing, 720; double- 

displacement reaction, 732, 732; 

endergonic reaction, 735, 

735-736, 736; endothermic reac- 

tion, 735, 735-736, 736; and 

energy, 734, 734-735; exergonic 

reaction, 736, 736, 738, 738; 

exothermic reaction, 738, 738; v. 

nuclear reaction, 720, 720; oxi- 

dation-reduction reaction, 733, 

733; rate of, 738-740, 739, 740 

act; single-displacement reac- 

tion, 731, 731-732; synthesis 

reaction, 730, 731; writing as 

chemical equation, 723, 727, 729 

Chemical sedimentary rock, 628, 

628 lab 

Chemical stability, 690, 690-692, 

COTF O92 

Chemical symbols, 578, 598-599 

lab 

Chemical weathering, 648-649, 

649. See also Weathering 
Chemist, surface-coating, 753 act 
Chemistry, father of, 721 act, 

721-722, 722. See also Lavoisier, 
Antoine 

Chemistry, Integrate. See Integrate 
Chemistry 

Chernobyl accident, 49, 49 act, 497 
act, 498, 498 

Chewing gum, 570 

Chloride ion, oxidation number of, 

703 

Chlorine, 554, 554; chemical sym- 

bol for, 578; in compound, 689, 

689, 696, 696, 698, 698. see also 

Sodium chloride; electron dot 

diagram for, 691; electron dot 

diagram of, 594, 594; and ozone, 
538 

Chlorofluorocarbons (CFCs), 466, 

466, 538 

Chloroform, 699 

Chlorophyll, 342 act 
Chromatic aberration, 210 

Chrome, 611 

Chromium, oxidation number of, 

704 

Chromosphere, 827 

Cinder cone volcano(es), 377, 378. 

See also Volcano(es) 

Circle graph, 26, 26. See also 
Graph(s) 

Circuit(s), 391 lab, 401, 401, 416 

act; household, 409, 409-410, 

410; open, 408; parallel, 406, 

406, 414—415 lab; series, 407, 

407-408, 414-415 lab; simple, 
404, 404—405 

Circuit breaker, 409, 410, 410 

Circumference, of Earth, 187 

Cirque, 659, 659 

Cities, heat island effect in, 533 

Civilizations, early, 201 act 

Classification, 550-573, 555 lab; 

and chemical changes, 564, 564 

act, 564—565, 566, 566, 566 act; 

and chemical properties, 563, 

563; of climate, 534, 534; of 

detrital sedimentary rock, 627; 

of intrusive igneous rock, 620; of 

metamorphic rock, 632-634, 

633; and physical changes, 562, 

Index 

Climate change 

562 lab, 562-563, 563, 566, 566, 

566 act; and physical properties, 

560-561, 561, 561 act; of plan- 
etsy 221 

Classifying, 9 act 

Clast(s), 624—625, 625; buried, 625; 

compaction of, 625, 625; size of 
626, 626, 627; composition of, 

627; as detritus, 626; particle 

sizes Of, 626, 626, 627; porosity 

of, 625; uses of, 638 
Clay, 625, 627, 631, 632, 648, 649, 

664; formation of, 638; in meta- 
morphic rocks, 631; in sedimen- 

tary rocks, 625-627; uses of, 638 
Cleaning materials, bases in, 766, 

766, 767; reactions between, 770, 

770. act 

Cleavage, 610, 610; in minerals, 
610, 610; in rocks, 632 

Clementine space mission, 204, 

204 act, 205, 206 

Climate, 529-541; boreal, 534, 534; 

causes of, 530, 530-533, 531, 

532, 533; classifying, 534, 534; of 
coastal areas, 258 act; continen- 

tal, 532; defined, 530; and defor- 

estation, 522, 537; and global 
warming, 537; humid, 532; 
human factor in, 537, 537; and 

latitude, 530; local, 533; long- 
term, 535, 535-536, 536; mar- 

itime, 532; and mean 

temperature, 530, 530; microcli- 

mate, 533, 540-541 Jab; and 

mountains, 533; of North 

America, 532,532,534, 5384 and. 

oceans and ocean currents, 532; 

and precipitation, 532, 532; and 

prevailing winds, 532; regional, 

533; and temperature, 530, 530, 

532; types of, 534, 534; and 

water, 533, 533; v. weather, 

529-530 world, 534 act 

Climate change, 535-539; and car- 

bon cycle, 536, 536; and El Nino, 

539, 539; and global warming, 

536, 538; human factor in, 

536-538; and land surface, 538; 

and La Nina, 539; long-term, 

535, 535—536; and ozone layer, 

538; seasonal, 535; and water 

cycle, 536 
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Climate system 

Climate system, 529, 529-530 

Closed system, 274 

Clothes dryer, power used by, 411 act 

Clothing, as heterogeneous mix- 

(Une, DID, HD) 

Cloud(s), cumulonimbus, 521, 527, 

5287 cumulus, 521, 521, 526; tor- 

mation of, 521; and heating of 

atmosphere, 520, 521; ice crys- 

tals shal; 527, S278 Scans, Sy, 

521; in water cycle, 663 

Cloud chamber, 796, 796 

Clouds of Magellan, 832, 832, 834 

CME (coronal mass ejection), 829, 

§29 

Coal, 490-491; formation of, 488, 

491, 629, 629; pollutants released 
by, 492; uses of, 490. See also 

Fossil fuels 

Coastal areas, climate of, 258 act 

Coastline(s), matching, 353 lab, 

354, 354-355, 355; and wave 

action, 660-661, 661 

Cobalt, 570 

Cobalt chloride, 708 

Cobalt-60, 806 

Coefficient(s), 724, 724; choosing, 

727; Use. /28 Act, 733 act 

Coil, 436, 436, 439, 445 lab, 446 act 

Coins, 753, 754 

Cold climate, 534, 534. See also 

Climate 

Cold front, 526 

Cold rain, 521 

Colliding galaxies, 816, 833, 833 

Colloid(s), 556-558, 557, 557 act 

Color(s), 339-343; additive, 343; of 

copper, 688, 688; interpreting, 

341 act; and light, 329, 329, 

339-343; of minerals, 609; mix- 

ing, 342-343, 343; and mood, 

346 act; for photosynthesis, 342 

act; primary, 342, 342; reason for, 

339, 339; seeing, 340-341, 341; 

and streak, 611; subtractive, 343 

Color blindness, 340 act, 341, 341 

Colored filter, 339-340, 340 

Coma, of comet, 236, 236 

Combustion reaction, 730. See also 

Chemical reaction 

Comet, 236, 236 

Communicating Your Data, 27, 29, 

Sy I 3/5 NDS TAN Naya, us. 

N73. 77, W265 POO), 2305 243}, ZH le 

279, 3015 338, 34553795 38.0, 406; 

415, 445, 447, 468, 477, 507, 509, 

Ds 4, SSS), SOS), SY, SIS), Ol, 

G37, (653, OF 7, O35 Wl, 748, 775s 

777, 807, 809, 830, 841 

Communication, with graphs, 22, 

22-26, 23, 25 lab; of investiga- 

tion results, 10, 10 

Communications satellite, 474, 

474, 474 act 

Commutator, 436, 437 

Compact discs, 57, 57 

Compaction, 625 

Comparing and contrasting, 558 

act 

Compass, and electric current, 431; 

making, 429 lab 

Compass needle, 426, 426, 427, 

427, 431 

Composite volcano, 378, 378 

Compound(s), 554, 554; with added 

water, 708, 708, 708 lab; binary, 

703; binary covalent, 708-709; 

binary ionic, 703-706, 706 act; 

bonds in. see Bond(s); chemical 

formulas for, 689; complex, 707, 

707; covalent, 700, 701; ionic, 700, 

701, 702; molecular, 554; naming, 

725, 725; with polyatomic ions, 

707, 707; properties of, 688, 

688-689, 689, 700, 700-702, 701, 

702; solubility of, 761 
Compound machine, 174, 174. See 

also Machine 

Compression, 321, 321, 323, 324, 

324 

Compressional wave, 290, 290, 

320; 321,321, 323; amplitude oi, 

298, 298; and interference, 307, 

307; parts of, 294; wavelength of, 

295. See also Wave(s) 

Compressive stress, 363, 364 lab 

Computer(s), in space program, 

Laer 

Computerized tomography (CT) 

scan, 370, 465 act 

Computer model. See Model(s) 

Computer simulation, 11, 11,55, 55 

See also Lens 

Concave mirror, 332, 332-333. See 

also Mirror 

Continental glacier 

Concentrated energy sources, 487 

Concentration, 760, 760; of acids, 

VDI 13-7 A ab 20k 

bases, 773, 773-774; and rate of 

reaction, 739, 739 

Concepts, Checking. See Checking 

Concepts 

Conclusion, drawing, 10 

Concrete, 555 

Concretion, 226, 228 act 

Condensation, 263, 263; in atmos- 

phere, 521 

Condensation nuclei, 521 

Conduction, 266, 266—267, 267 lab, 

278-279 lab 

Conductor, 395, 403, 406 /ab; ther- 

mal, 267, 267 lab 

Cone(s), 340-341, 341 

Conglomerate, 627 

Conservation, of charge, 393; of 

energy, 135-145, 138, 140 act, 

144-145 lab, 163, 734; of fossil 

fuels, 493; of mass, 565 act, 567, 

NOI, HOS OS) lela, 72, V2 2 

of momentum, 117, 117; of 

resources, 139, 522; of soil, 650, 

650; of water, 678 

Constant, 9 

Constellation(s), 192, 818, 818, 818 

act 

Constraint, 55 

Constructive interference, 

306-307, 307. See also 

Interference 

Consumers, and technology, 

46-47, 46 

Contact, charging by, 395 

Contact metamorphism, 631 

Continent(s), matching coastlines 

of, 353 lab, 355, 355; matching 

mountains on, 356, 356; match- 

ing rocks on, 356, 356 

Continental air, 526 

Continental climate, 532. see also 

Climate 

Continental crust, 373, 609, 614, 

619 

Continental drift, 353 lab, 

Continental glacier, 658, 659. See 

also Glacier(s) Contour plowing, 
650 



Contour plowing 

Contour plowing, 652 

Contraction, 264 

Control(s), experimental, 9 

Control system, 56 

Convection, 267, 271 lab, 519 lab 

Convection current, 267, 267-269, 

268, 271 lab, 397 

Convection layer, of Sun, 827, 827 

Convection zone, of Sun, 827, 828 

Convergent boundary, 359, 359 

Conversion of SI units, 16, 16 act, 

21 act, 33 act, 229 act, 467 act, 

545 act 

Convex lens, 333, 333, 334, 336, 

336. See also Lens 

Convex mirror, 333, 333. See also 

Mirror 

Coolant, 276, 276 

Coordinated Universal Time 

(UTG); 191 

Copernicus, Nicholas, 219, 220 

Copper, activity of, 732, 732; atoms 

in, 552, 552; color of, 688, 688; 

as conductor, 395, 403; group 

properties of, 592; mass number 

of, 585; oxidation number of, 

704; oxidation of, 648; in single- 

displacement reaction, 731, 731; 
veins in, 612 

Copper sulfate, 688; solubility of, 
761 

Copyright protection, 57, 57 

Cordless telephone, 473 

Core, of farthy 37179713372, 372: 

of Moon, 204, 204 

Coriolis effect, 525, act, modeling, 

525 lab 

Corméa, 335, 335 

Corona, 827 

Coronal mass ejection (CME), 

829, 829 

Correlation, in relative dating, 671, 

671 

Corrosion, 733, 733 

Corundum, colors of, 609; hard- 

ness of, 611. See also Gems 

Cosmic microwave background 
radiation, 837 

Cosmology, 836-839 

Cost(s), calculating, 763 act 

Countries, developing, 42, 42; 

industrialized, 43, 43 

Covalent bond, 697, 697-698, 698, 

700 

Covalent compound, 700, 701; 
binary, 708-709; prefixes for 
naming, 709 

Crash, and laws of motion, 96, 96, 
100, 100-101, 101 

Crater(s), 228; on Mars, 228; on 

Mercury, 223, 223; on Moon, 

203, 208-209 lab; splosh, 240; on 

Titan (Saturn’s moon), 241; on 

Venus, 224, 224 

Crescent moon, 200, 200 

Crest, 294, 294 

Critical mass, 802 

Crop rotation, 652 

Cross cutting relationships, prin- 

ciple of, 670 

Crowbar, 162, 162 

CRT (cathode-ray tube), 462, 462 

Crude oil. See Petroleum (oil) 

Crust, 372, brittleness of, 363; con- 

tinental, 373, 609, 614, 619; and 

continental drift, 353 lab, 

354-356, 355, 356; of Earth, 

354-361, 608-609, 609, 613-614, 

617, 619; evolution of, 354-361; 

folding of, 675, 675; of Moon, 
204, 204; oceanic, 373, 609, 614, 

619; and plate tectonics, 358, 

358-361, 359, 360; and seafloor 

spreading hypothesis, 356, 

350=35/ 99/557 ACh, Soo dcr 

Cryosphere, 529, 529-530 

Crystal(s), dissolving, 756, 756 

Crystalline structure, 609; and 

atom arrangement, 610; and 

crystal shape, 611, 612; and 

freezing point, 618; of salt, 609 
lab 

Crystallization, 762, 762 act 

Crystal system, 612, 612 lab, 612 

CT (computerized tomography) 

scan, 370, 465 act 

Cubic decimeter, 18 

Culture, and acid rain, 778; effects 

on technology, 46, 46-50, 48, 49, 

49 act; and personal values, 47; 

and technological needs, 42, 

42-45, 43, 44 

Cumulonimbus clouds, 521, 528. 

See also Cloud(s) 

Cumulus clouds, 521, 526. See also 

Cloud(s) 

Curie, Marie, 790 

Curie, Pierre, 790 

Index 
Delta 

Current, longshore, 660, 661; from 

wave action, 660, 661. See also 

Convection current; Electric 
current 

Cyanoacrylate, 712 

Cylinder, of internal combustion 
engine, 275, 275 

Cynognathus, 355 

ame) a 
Dalton, John, 581, 581 

Dam(s), 440, 503, 503 

Dark energy, 837, 839 

Dark matter, 838, 838-839, 839 

Data, analyzing, 10, 29 lab, 51 lab, 

59 lab, 89 lab, 119 lab, 145 lab, 

177 lab, 209 lab, 243 lab, 279 lab, 

311 lab, 345 lab, 381 lab, 415 lab, 

447 lab, 477 lab, 509 lab, 523 lab, 

541 lab, 599 lab, 637 lab, 677 lab, 

711 lab, 743 lab, 777 lab, 809 lab, 

841 Jab; interpreting, 131 lab, 

747 act, 781 act; measurable, 10 

Date line, 191, 191 

Dating, 669-673; absolute, 669, 

672, 672-673, 673; carbon, 586 

act, 795; radioactive, 672, 

672-673, 673, 794-795; radio- 

metric, 673; relative, 669, 670, 

670-672, 671; uranium-—lead, 

496 act, 795, 798 act 

Daughter nucleus, 794 

Day(s), measuring, 190, 192; side- 

real, 192; solar, 192 

Daylight, 190, in seasons, 194, 195 

Daylight Saving Time (DST), 191 
DDT, 48 

Decay, radioactive, 672, 672-673, 
673 

Decibel, 322, 322 

Decimal(s), using, 195 act, 213 act, 

I (GNC 

Decomposition reaction, 731, 731. 

See also Chemical reaction 

Decompression, 373 

Deflation, 660 

Deflation hollows, 660 

Deforestation, 522, 537 

Deformation, 363; elastic, 364 

Degree, 190 

Deimos (Mars’s moon), 226 

Delta, 657, 657 

INDEX 929 
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Democritus 

Democritus, 581; atomic model of, 

582 

Density, 19; calculating, 21 act, 33 

act; of Earth, 187; measuring, 

19, 19 lab, 20 

Dependent variable, 9 

Deposition, 654; by glaciers, 659, 

659; by mass wasting, 662; of 

soil, 654, 656, 656; in streams, 

656, 656; by wave action, 661; by 

wind, 660, 660 

Derived unit, 19 

Desert(s), 535, 660, 660; and con- 

vention currents, 268, 269; and 

wind, 658, 659 

Desertification, 538 

Desert pavement, 660 

Design Your Own, Become a Bond 

Breaker, 710-711; Blocking 

Noise Pollution, 344-345; 

Comparing Motion from 

Different Forces, 88-89; 

Comparing Series and Parallel 
Circuits, 414-415; Controlling 

Electromagnets, 446-447; 

Developing a Measurement 

System, 28-29; Investigating 

Microclimate, 540-541; 

Measuring the Conservation of 

Mass, 568-569; Swinging 

Energy, 144-145; Testing 

Unknown Soil Samples for Life, 

242-243 

Destructive interference, 306, 307, 

307. See also Interference 

Detrital sedimentary rock, 626, 

626-627; classification of, 627; 

composition of, 627; textures of, 

626 

Detritus, 626 

Developing countries, 42, 42 

Dew, 263, 263 

Diameter, of Earth, 187 

Diamond, hardness of, 611; speed 

of light in, 460 

Differential weathering, 649, 649, 

661. See also Weathering 

Diffraction, 304, 304—305, 305 act; 

of radio waves, 305; and wave- 

length, 305, 305 

Diffuse reflection, 328, 328 

Diffusion, 261 

Dinitrogen oxide, 689 

STUDENT RESOURCES 

Dinosaurs, extinction of, 536 act 

Diorite, 620, 621 

Direct current (DC), 442 

Discontinuity, 371; Mohorovicic, 

BVO, Bills, Sl 

Discovery, scientific, 38 

Discovery space shuttle, 820 

Disease(s), causes of, 38; conta- 

gious, 39, and HIV, 42, 42 act; 

and microorganisms, 38; plague, 

38, 38, 39, 120; prevention of, 

38, 38, 39; vaccines for, 44 

Disk magnet, 425. See also 

Magnet(s) 

Displacement, 71; calculating, 93 

act; and distance, 71, 71 

Dissociation, of acids, 768, 768, 

Wi, HIN VI TIES OW ESES, HOS. 

768, 772 

Dissolving, 755, 755-758, 776-777 

lab; and amount of solid, 755, 

755,759, 759; and amount of 

surface area, 756, 756, 756 lab, 

757 act; rate of, 756-758; and 

stirring, 756; and temperature, 

758, 761 

Distance, calculating, 75 act, 326 

act, 337 act, 349 act; and dis- 

placement, 71, 71; and force, 

161, 161; graphing against time, 

74, 74, 75; horizontal and verti- 

cal, 109, 109; large, measuring, 

220; measuring, 17, 17, 17 act, 

ROS NXE 

Distillation, 562-563; of water, 551 

lab, 562-563, 563 

Distributaries, 657, 657 

Divergence, 356 

Divergent boundary, 358, 358, 376 

Dolphin, and echoes, 301 

Domain, magnetic, 429, 429, 430 

act 

Dome(s), in geologic mapping, 

674, 674 

Doppler effect, 323-324, 324, 837 

Double-displacement reaction, 

732, 732. See also Chemical reac- 

tion 

Downbursts, 527 

Downdrafts, 527 

Drainage basin, 655, 655 

Drought, 42 

Drum, 308 

Earth 

Dry-cell battery, 402, 402. See also 

Battery 

Duct 272-272 

Ductility, 570 

Dune(s), 660, 660 

Dust bowl, 542 

Dust storm, 527 

Dwarf elliptical galaxy, 832, 833, 

833, 834, 834. See also Galaxies 

Dwarf star, 824, 825. See also 

Star(s) 

Dynamite, 734, 734 

—____{-—-——— 

Early civilizations, 201 act 

Earplugs, 322 
Ear protectors, 307 act 

Earth, 225, 225; atmosphere of, 108 

act, 224, 225, 466, 466, 518-522. 

See Atmosphere; average density 

of, 187;;axis of) 188, 1935193; 
carbon dioxide in atmosphere 

of, 492, 492; as center of solar 

system, 218, 218; circumference 

of, 187; comparing to other 
planets, 189 act; core of, 371, 

371, 372, 372, 427; crust of, 
608-609, 609, 613-614, 617, 619. 

see Crust; diameter of, 187; dis- 
tance to Sun, 17 act, 187, 188, 
220, 280 act; fault lines of, 82 
act; geologic time on. see 

Geologic time; gravitational 

acceleration of, 106, 106-107; 
gravitational force of, 97 lab, 

104, 106, 107, 107, 108, 108 act, 

256; gravity on, 187; heliocentric 

longitude for, 244; interior of, 
370, 370-372, 371, 372; internal 

layers Of, 372,372; lite on, 225, 
239, 784, 784; magnetic field of, 

188, 188 act, 427, 427, 829; mag- 

netic poles of, 188, 427; mantle 

of, 372, 620; mass of, 187; meas- 
uring, 186, 186, 187; measuring 

time on, 190, 190-192, 191, 192; 

Moon’s effects on, 184, 198 act, 

198-199, 199; motion of, 71, 90 
ack, 190n 190; 1925 192,524. 524; 

orbit of, 188-189, 192, 192, 193, 

219; ozone layer of, 466, 466; 



Earth materials 

physical properties of, 187; as 
penumbra of, 202, 202; planet, 
189, 189; revolution of, 192, 192; 
rotation of, 190, 192, 524; sea- 

sons on, 193, 193-195, 194, 195 

lab; shape of, 186, 186-187; sim- 

ilarities to Mars, 189; similarities 

to Venus, 189; size of, 185 lab, 

186, 187; as sphere, 186, 187; 

stars visible from, 817 lab, 818, 

818; temperature on, 189, 225; 

umbra of, 202, 20; uniformity 

of, 371; velocity of, 77 

Earth materials, 606-641, 607 lab; 

clay, 625, 631, 636-638; freezing 
point of, 618; igneous rocks, 

617-623, 622 act; melting point 

of, 618; metamorphic rock, 630, 

630-634, 631 act, 631, 632 act, 

633; minerals, 608-616, 612 lab, 

615 act, 616 lab; sedimentary 

rock, 624-629, 627 act, 628 lab 
Earthquake(s), 362-369; causes of, 

363, 363-364, 364 lab; and 

energy release, 364; engineering 

to decrease damage from, 368, 

369; epicenter of, 364, 365, 371; 

focus of, 364; focus depth of , 
363, 363, global distribution of, 

362, 362-363; levels of destruc- 

tion caused by, 369; locations of, 

380-381 lab; magnitude of, 366; 

measuring, 367, 367; on Mercalli 

Scale of Intensity; 367; shallow, 

363; and seismic waves, 293, 293, 

293 act 

Earthquake waves, 364-366, 365, 

366, 369 act, 370 

Earth science, 6. See Integrate 

Earth Science 

Earth Science, Integrate. See 

Integrate Earth Science 

Earth scientist, 52 

Earth’s surface, and glaciers, 651; 

and heating of atmosphere, 520; 

and running water, 655, 

655-657, 656 lab, 656, 657; soil 

on. See Soil; and weathering, 

646, 646-649, 647, 648 act, 649. 

See also Deposition; Erosion; 

Weathering 

East African Rift Valley, 377 

Easterlies, 524 

Echo, 301 

Echolocation, 325 

Eclipse(s), 201 act, 201—202; lunar, 

202, 202; modeling, 200 lab; 

solar, 201, 201 

Ecliptic, 192 

Economic forces, effects on tech- 

nology, 46, 47-48 

Economic minerals, 614, 615 act 

Efficiency, 164-165; calculating, 

165, 165 act, 181 act; increasing, 

165, 165; of power plants, 492, 
497 

Egyptians, 648 act; 651 

Einstein, Albert, 120, 460, 478, 478, 

802 

Elastic deformation, 363 

Elastic potential energy, 131. See 
also Potential energy 

Elastic rebound, 363 

Electrical energy, 129, 411 act, 

412-413, 419 act. see also 

Energy; Energy sources; convert- 

ing from mechanical energy to, 

438, 438, 439, 440, 440, 441; 

transforming, 135, 135, 486, 486; 
transmitting, 442, 444, 444 

Electrical fuse, 409, 410, 410 

Electric charge, 392-399; attrac- 

tion and repulsion of, 394, 394, 

396, 396, 788, 788; charged 

objects, 398 lab; charging by 
contact, 395; charging by induc- 

tion, 396; detecting, 398-399, 

399; electric field surrounding, 

394, 394; forces exerted by, 393, 

393; inside atoms, 786; law of 

conservation of, 393; positive 

and negative, 392, 392-394, 393, 

394; transferring, 392, 393, 394, 

394, 395 

Electric circuit. See Circuit(s) 

Electric current, 400—405, 405 act; 

ability of solutions to conduct, 
771, 771; alternating, 442, 444; 

calculate, 413 act, 419 act; 

changing direction of, 439, 439; 

direct, 442; flow of, 401, 401; 

magnetic field surrounding, 457, 

457; and magnetism, 431, 431; 

measuring, 400; producing, 438, 

438-444, 439, 440, 441, 445 lab; 

and resistance, 403—404; and 

Index 

Electron(s) 

voltage difference, 400, 400-401, 
401 

Electric field, 457, 457-458; chang- 
ing, 458; surrounding electric 
charge, 394, 394 

Electric force, calculating, 399 act; 

and electric charge, 393, 393; 

force of gravity compared to, 
394 

Electric heating system, 273, 273 
Electrician, 408 act 

Electricity, 390-419; in endergonic 

reactions, 735, 735; hydroelec- 

tricity, 503, 503-504, 504; and 

power outages, 442; producing, 

44, 438, 438-444, 439, 440, 441, 

445 lab, 491, 491; sources of, 
491, 491, 494-506. see Energy 

sources; static, 392, 393, 396, 

397; uses of, 390, 390. See also 
Energy 

Electric motor, 435, 435—437, 436, 

437 act, 439, 441 

Electric power, 410-413, 411 act, 

413 act, 419 act 

Electric shock, 394, 395, 405 act 
Electrolyte, 402, 770 

Electromagnet, 432, 432-435. See 

also Magnet(s); controlling, 

446-447 lab; properties of, 432; 

rotating, 434, 434, 435, 435; and 

sound, 433, 433 

Electromagnetic force, 104 

Electromagnetic induction, 438 

Electromagnetic spectrum, 462, 

462-467; frequency of, 462, 462; 
gamma rays in, 462, 467; 

infrared waves in, 462, 464, 464; 
microwaves in, 462, 463; radio 

waves in. see Radio wave; of star, 
822, 822; ultraviolet (UV) waves 

in, 455 lab, 462, 465, 465-466, 

466; visible light in, 462, 464, 

465; X rays in, 462, 467, 467 

Electromagnetic waves, 454—48 1, 

456, 458 lab; changing materials, 

455 lab; frequency of, 460, 462, 

462; making, 458, 458; proper- 

ties of, 459, 459-460, 460; speed 

of, 460; as transverse waves, 458; 

wavelength of, 460, 460 

Electron(s), 392, 392, 579, 579; 

atomic stability and, 690, 

INDEX 931 
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Electron cloud model of atom 

690-692, 691, 692; in chemical 

bond, 694-695, 695; in electron 

cloud, 582, 582, 583, 583; in 

energy levels, 592, 592-593, 593 
act, 691-692; in ionic bond, 696; 

696; mass of, 583 act, 584, 584; 

negative charge of, 786; sharing, 

697, 697-700, 698, 699, 700; size 

of, 786 

Electron cloud model of atom, 

582, 582, 583, 583 

Electron cloud structure, 592, 592 

Electron dot diagram, 594, 594, 

691, 691, 691 act; of noble gases, 

690, 690 

Electroscope, 398, 399, 797, 797 

Element(s), 552; atoms of, 552, 

552; in binary compounds, 706; 
as building blocks, 609; in 
Earth’s crust, 608; groups of, 

592, 594; in human body, 570; 

identifying by protons, 585; iso- 

topes of, 586 act, 586-587, 587, 

789, 789; new, 595; organizing, 

588, 588-589, 589 lab; oxidation 

number of, 703, 704, 704; peri- 

odic table of. see Periodic table; 

statistics on, 570; symbols for, 

578, 598-599 lab; synthetic, 595, 

788; in universe, 596, 596 act; 

uses of, 553 

Ellipse, 188, 193 

Elliptical galaxies, 832, 832. See 

also Galaxies 

Ellison, Ralph, 416, 416 

El] Nino, 539, 539 

Eluviation, 650, 650 

Ely, Eugene, 77 act 

Endergonic reaction, 735, 

735-736, 736. See also Chemical 

reaction 

Endothermic reaction, 735, 

735-736, 736. See also Chemical 

reaction 

Energy, 126, 128, 128-149. See 

Potential energy; Solar energy; 

Thermal energy. See also Kinetic 

energy; activation, 735, 736, 736; 

and amplitude, 298, 298-299, 

299; calculating, 159 act; chang- 

ing forms of, 135, 135-136, 136; 

chemical, 129, 136, 136, 737; and 

chemical reactions, 734, 

STUDENT RESOURCES 

734-735; conservation of, 

135-145, 138, 140 act, 144-145 

lab, 163, 734; cost of, 492, 492, 

508-509 lab; dark, 837, 839; 

electrical, 438, 438, 439, 440, 

440, 441, 442, 444, 444. see 

Electrical energy; and entropy, 

DSI, 27s. wtonnnt oxoyal, 143} 

act; and food chain, 139 act; 

forms of, 129, 129; and friction, 

140; geothermal, 505, 505, 505 

act; mechanical, 136, 137, 149 

act, 438, 438, 439, 440, 440, 441; 

nuclear, 487, 494, 494-500, 495, 

496, 497, 498, 499, 500, 510; and 

power, 159, 15; radiant, 129, 

459, 502, 502; solar, 485 lab, 501, 

501-502, 502, 507 lab, 784, 784, 

827 act. see Solar energy; solu- 

tion, 762; and sound waves, 456; 

of sound waves, 321, 321; ther- 

mal, 129, 140, 143 act, 464, 486, 

486. see Thermal energy; tidal, 

504, 504; transferring, 159, 159; 

transforming, 486; use in United 

States, 487, 487; using, 484, 484, 

486, 486-487, 487; from water, 

503, 503—504, 504; and waves, 

286, 287 lab, 288, 288-289, 289, 

456; wind, 504, 504; and work, 

2801285 loos >5— 57 

Energy conversions, 127 lab; from 

chemical energy, 136, 136; from 

electrical energy, 135, 135; in 

human body, 142, 142-143; 

between kinetic and potential 

eneney, 1S6—1595 137,130; to 

mass, 141, [4] 

Energy level, in atom, 592, 

592-593, 593 act, 691-692 

Energy sources, 484—513, 487; bio- 

mass, 506; concentrated, 487; of 

electricity, 491, 491, 494-506; 

fossil fuels, 487-493, 488, 492, 

493, 506; geothermal, 505, 505, 
505 act; impact on environment, 

497-498, 498, 499 act, 508-509 

lab; nuclear, 487, 494, 494—500, 

495, 496, 497, 498, 499, 500, 510; 

renewable. see Renewable 

resources; Sun, 485 lab, 501, 

501-502, 502, 507 lab, 784, 784, 

827 act; tides, 504, 504; water, 

Equation(s) 

503, 503-504, 504; wind, 504, 

504 

Energy transformations, | 35-136, 

136; in a paper clip, 140 lab; in 

projectile motion, 137, 137; ina 

swing, 138, 139, 140, 144-145 

lab 
Engine, energy conversions in, 136, 

136; hybrid, 53 
Engineer, 53; defined, 17; flight 

test, 56 act; v. scientist, 52-53; 

working with scientist, 54 

Entropy, 276-277, 277 

Environment(s). See also Integrate 

Environment; background radi- 

ation in, 799-800, 800; and 

dams, 503, 503; impact of 

energy sources on, 497-498, 498, 

499 act, 508-509 lab; Integrate. 

see Integrate Environment; of 

metamorphism, 631; and 

nuclear power, 497-498, 498, 

499 act; protecting, 668; and 

petroleum products, 48, 48; 

radioactivity, 49, 49; and recy- 

cling, 561; and technology, 48, 

48—49, 49; and water resources, 

668 
Environmental Protection Agency 

(EPA), 48 act 
Enzyme, 774 

Epicenter, 364, 365, 371 

Epoch, 672 

Epsom salt solution, 735 

Equation(s), 411 act. See also 

Applying Math; Chemical equa- 

tion; Math Skill Handbook; for 

acceleration, 77; for average 

atomic mass, 587; for average 

speed, 72; for calculating net 

force, 103; calculating power, 

158 act; for Celsius-Fahrenheit 

conversion, 255, 255 act; for 

changes in thermal energy, 258, 

258 act; for electric power, 411; 

for gravitational force, 106; for 

gravitational potential energy, 

132; for ideal mechanical advan- 

tage, 169; for law of universal 

gravitation, 105; mass-energy, 

802; for mechanical advantage, 

164; for momentum, 116; for 

Newton’s second law of motion, 



Equator 

102; one-step, 72 act, 603 act, 

702 act, 709 act, 725 act, 845 act; 

for radioactive decay, 804 act; 

simple, 198 act; solving, 102 act, 

116 act; using, 222 act, 247 act, 

774 act, 822; for wave speed, 

297; for weight, 106 

Equator, 194, 195; rain near, 532 

Equinox, 194, 195 

Era, 672 

Erosion, 654; by glaciers, 658 act, 

658, 658-659, 659; by mass wast- 

ing, 662, 662; by running water, 

655, 655-657, 656 lab, 656, 657; 

of soil, 652; by streams, 655, 659; 

by wave action, 661; by wind, 660 

Eruption, volcanic, 622 

Eruptive products, 347-375, 375 

lab, 377 

Eruptive styles, 375-376, 376 

Ethanol, chemical formula for, 689 

Ethics, in science, 50, 50 act 

Europa (Jupiter’s moon), 232, 233, 

233, 240, 240 

Evaporation, 262; in chemical sedi- 

mentary rocks, 628; in global 

water cycle, 522, 522; minerals 

from, 613; and plants, 522; and 

sedimentary rock, 628, 628 lab; 

in water cycle, 662 

Evaporites, 628 lab 

Everglades, rainfall in, 533 

Exergonic reaction, 736, 736, 738, 

738. See also Chemical reaction 

Exothermic reaction, 738, 738. See 

also Chemical reaction 

Expansion joint, 264, 264 

Experiment(s), 8-10; and commu- 

nication, 10, 10; controls in, 9; 

drawing conclusions in, 10; 

objectivity in, 10; testing 

hypothesis in, 8; variables in, 9 

Extinction, 118, 536 act 

Extra Math Problems, 879-890 

Extrasolar planets, 222 

Extraterrestrial life, 239-241 
Extrusive igneous rock, 622; 

620-623, colors of, 621, compo- 

sition of, 621, 621; gases in, 623; 

textures of, 620, 621, 622, 622 

Eye(s), 335, 335-336. See also 

Vision problems; lens of, 54 act, 

335, 335; and light, 340-341, 341 

Fahrenheit temperature scale, 21, 
SS, P3)5) (avers 

Fall equinox, 194, 195 

Falling, free fall, 106, 106, 108, 108; 

and gravity, 97 lab; and terminal 
velocity, 86, 86 

Family (group) of elements, 592, 
594 

Farsightedness, 336, 336 

Fault(s), 356, 360, 364, 373 

Fault lines, 82 act 

Faunal succession, principle of, 671 

Feldspar, cleavage of, 610; in 
Earth’s crust, 614; in gabbro, 

620; in granite, 620; hardness of, 

611, plagioclase, 614, 618, 620, 

633; potassium, 620; and 

weather, 626; weathering of, 649, 
649. See also Weathering 

Feldspar group silicates, 614 

Fermi, Enrico, 801, 810, 810 

Fermi National Accelerator 
Laboratory, 580, 580 

Fertilizer, 9 

Field(s), electric. see Electric field; 

magnetic. see Magnetic field 

Filament, 159, 403, 403, 404, 553 

Filter, colored, 339-340, 340 

Finger Lakes, 659 

Fireworks, 728 

First-class lever, 166, 167, 167, 168, 
169, 169. See also Lever 

First law of motion, 98-101, 99, 99 

lab, 100, 101 

First law of thermodynamics, 274, 

274 

Fish ladder, 503, 503 

Fission, nuclear, 141, 141, 496, 496, 

720, 801, 801—802, 802, 802 act, 

804 act 

Fission products, 496 

Fixed pulley, 169, 169. See also 

Pulley 

Flammability, 563 

Flare, solar, 828, 828 

Flash flood, 658 

Flashlight, 403 

Fleece, 270 

Flight test engineer, 56 act 
Flooding, 649, 654, 655; flash, 658 

Index 

Force(s) 

Floodplain, 657, 657 

Florida, rainfall in, 533 

Fluid(s), expansion of, 267; heat as, 

Uso 

Fluorescent materials, 465, 465 

Fluorine-18, 805 

Fluorite, chemical formula for, 609; 

hardness of, 611 

Flute, 308 

FM radio, 470, 470, 471 

Focal length, 332, 333, 333, 334, 

336 lab 

Focal point, 332, 333, 333, 334 

Focus, 363, 369, 369 

Focus depth, of earthquakes, 363, 
363 

Fog, 526, 556, 557, 557 
Fold(s), 675, 675 

Foldables, 5, 31, 37, 61, 69, 91, 97, 

WIL MAA, WA, WSS), 7S), MSS), DILL. 

PIN Hley WMS AS 3i5 PR hey Aig Ol Shy Alls), 

SIS), Skeid, IDI, ZT, sous), ANG), Ni5)5). 

AUS), Aksoy, Silk, DIS, 3, HI, SHA, 

D756 OIE GO76395645), 079687, 

FAN3}, AMS), HES, WSN HTD, WSS CUAL, 

817, 843 

Folded mountains, 359 

Foliated rock, 631, 631, 632 

Foliated textures, 631-632 

Food(s), acids in, 764, 764; as basic 

need, 42, 42; and biotechnology, 
45; energy from, 143 act; as mix- 

tures 5545) 594,555) 556; 556; 

periodic table of, 597 lab; salt in, 

700; sugar in, 700 

Food chain, and energy, 139 act 

Forced-air heating system, 272, 

YD 

Force(s), 81; and acceleration, 87 lab, 

101, 102 act, 103, 103; action and 

reaction, 113, 113—114; balanced, 

82, 82; calculating, 111 act, 159 

act, 165 act; centripetal, 110, 110 

lab, 110-111; changing direction 

of, 161, 161; different, comparing 

motion from, 88—89 lab; and dis- 

tance, 161, 161; electric. see 

Electric force; electromagnetic, 

104; and fault lines, 82 act; fric- 

tion. see Friction; gravitational. 

see Gravity; input. see Input force; 

inside atom, 787, 787-788, 788; 

and machine, 160, 160, 161, 161, 

INDEX 
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Forest(s) 

162, 162, 162 lab, 165, 165 act; 

magnetic, 424; measuring, 156; 

and motion, 81, 81-83; multiply- 

ing, 162 lab; net, 82, 82, 86 act, 

103, 103 act; nuclear, 104; output. 

see Output force; strong, 787, 

787-788, 788, 789 lab; unbal- 

anced, 82, 82-83, 99; weak, 793; 

and work, 155, 155, 156, 156 act, 

15751655 loa acs 

Forest(s). See Rain forests; loss of, 

522,037 
Formula. See Chemical formula 

Fossil(s), 671-672; correlation of, 

671, 671; in detrital sedimentary 

rock, 627; and geologic time, 

672; index, 671; matching on 

different continents, 355, 355 

Fossil fuels, 487—493; alternatives 

to, 506, 506; coal, 490-491, 492, 
629, 629; conserving, 493; costs 

of using, 492, 492; decline in 

production of, 493, 493; effi- 

ciency of converting, 492; for- 

mation of, 488; and greenhouse 

gases, 742-743 lab; making, 487, 

488; natural gas, 131, 131, 488, 

490; petroleum (oil), 488, 489, 

491, 492, 493, 493; pollutants 

released by, 492, 492; as source 

of carbon dioxide, 51 lab 
Foundations, private, 47 

Fraction(s). See also Applying 

Math; Math Skill Handbook; 

using, 481 act, 795 act 

Fractional distillation, 489 
Fracture, 610 

Free fall, 106, 106, 108, 108 

Freezing, 262 

Freezing point, of water, 20, 21, 21; 

of minerals, 618 

Frequency, 295-296; calculating, 299 

act, 315 act, 349 act; of carrier 

waves, 470, 470; of electromag- 

netic waves, 460, 462, 462; natu- 

ral, 309; for radio, 470, 476-477 

lab; of sound waves, 323, 323; and 

wavelength, 296, 296 

Freshwater, 663, 678; availability of, 

662; and life, 668; and pollution, 

668; protecting, 668 

Friction, 83-84, 110, 140, 165, 165; 

causes of, 83, 83; comparing, 83 

STUDENT RESOURCES 

lab; rolling, 84; sliding, 84, 84, 86 

act, 123 act; static, 84, 84; and 

wave formation, 292 

Front, weather, 526, 526 

Frost wedging, 647 

Fuel(s). See also Energy; Fossil 

Fuels; Gasoline; alternative, 506; 

biomass, 506; nuclear, 495, 495 

Fuel efficiency, 53 

Fuel gauge, 435, 435 

Fuel rods, 495, 495, 496, 498, 498, 

499 

Fulcrum, 166, 166, 167, 167, 168 

Full moon, 200, 200 

Furnace, 272, 273 

Fuse, 409, 410, 410 

Fusion, heat of, 262; of hydrogen 

and helium, 221, 823, 827; 

nuclear, 141, 141 act, 500, 500, 

720, 803, 803, 803 lab; in star, 

C2 o NOL aon, 

Gabbro, 620, 621 

Galaxies, 831—835; center of, 835, 

835; cluster of, 831, 837 act; col- 

liding, 816, 833, 833; dwarf, 832, 

833, 834; elliptical, 832, 832; for- 
mation of, 833; irregular, 832, 

832; sizes of, 832, 834; spiral, 

831, 832-833, 834, 834-835 

Galilei, Galileo, 120, 219, 220, 232, 

IV 3hy DS (Il 

Galileo space probe, 233, 240 

Galle, Johann, 235 

Galvanometer, 434—435, 435 

Gamma rays, 462, 467, 793, 806 

Gamow, George, 837 act 

Ganymede (Jupiter’s moon), 232, 
259 

Garnet, 631 

Gas(es), 260, 261; and atmospheric 

pressure, 524; condensation of, 

263, 263; conduction in, 

278-279 lab; convection in, 271 

lab; dissolving, 755; greenhouse, 

742-743 lab; in magma, 623; 

natural. see Natural gas; noble, 

690, 690; solubility of, 763, 763; 
speed of sound in, 321; thermal 

expansion of, 253 lab, 265, 265; 

as thermal insulator, 270; trace, 

Gneiss 

518, 537; in volcanic eruptions, 

DS 

Gasoline, alternative fuels to, 506, 

506; calculating mileage, 63 act; 

and environment, 48; making, 

487 

Gear, 172, 172 

Geiger counter, 798-799, 799 

Gel; 557 
Gem(s), corundum, 609 

General theory of relativity, 120, 

120 

Generator, 438, 438—444, 439, 440, 

441,491, 491 

Geocentric model of solar system, 

218, 218 act, 218 

Geologic events, catastrophic, 67 
Geologic maps, 674, 674-675, 67 

Geologic time, 645 lab, 669-675; 
and dating, 669-673; eras in, 

672; and fossils, 672 
Geologic time scale, 672, 672 

Geometry, porosity volume, 665 

act; using, 220 act 

Geothermal energy, 505, 505, 505 

act. see also Energy; Energy 
sources 

Geyser, 505 

Giant (star), 824, 825. See also 

Star(s) 

Gibbous moon, 200, 200 

Glacial landforms, 656, 657 
Glacier(s), calculating movement 

of, 662 act; and climate change, 

535, 535, 536; continental, 658, 
659; deposits by, 659, 659; ero- 

sion by, 658 act, 658, 658-659, 
659; speed of flow, 130 act; in 

transporting soil, 651; tributary, 

659; valley, 658, 658 

Glass, specific heat of, 257; speed of 
light in, 460 

Global Positioning System (GPS), 
475, 475 

Global technological needs, 42, 
42-45, 43, 44 

Global warming, 536, 538 

Global water cycle, 522, 522 

Global winds, 524, 524-525, 525 
Glossopteris, 355 

Glow sticks, 736, 736 
Glue, 712, 712 

Gneiss, 632 
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Goddard, Robert 

Goddard, Robert, 737 

Gold, activity of, 732, 732; chang- 

ing other metals into, 564 act; 

chemical composition of, 609; 

chemical symbol for, 578; chem- 
ical formula for, 609; ductility 

of, 570; group properties of, 592; 

search for, 615; uses of, 553; 
veins in, 612 

Gold-198, 806 

Government, and technology, 47, 47 

GPS (Global Positioning System), 
475, 475 

Grain alcohol, 689 

Gram, 20 

Gram/meter, 20 

Grandin, Temple, 30, 30 

Granite, 555, 620, 621, 623, 623 act, 

635, calculating volume of, 623 

act; in sediment, 635; weatheing 

of, 648 act 

Granulation, 827, 827 

Grapes of Wrath, The (Steinbeck), 

542 

Graph(s), 22, 22—26, 27 lab; bar, 25, 

25; circle, 26, 26; distance-time, 

74, 74, 75; interpreting, 93 act, 

493 act; line, 23, 23-24; making, 

596 act; of motion, 74, 74-75, 75 

act; speed-time, 77, 79; of tem- 

perature, 23, 23, 24 act, 25 lab; 

using, 740 act 

Graphics, Interpreting. See 

Interpreting Graphics 

Graphing calculator, 24, 24 

Graphite, 164 act, 404, 552, 611; 

hardness of, 611; specific heat of, 
Zh 

Gravel, 626, 627 

Gravitation, universal, 105, 105, 

105 act, 120 

Gravitational acceleration, 106, 
106-107, 107, 123 act. See also 

Acceleration 

Gravitational force, of Earth, 256 

Gravitational potential energy, 

132-133; calculating, 132 act, 

133 act; conversion of, 137, 137; 

decreasing, 133 
Gravity, 104-111, 187; acceleration 

of, 106, 106-107, 107, 123 act; 

and air resistance, 112 lab; and 

change, 653; on Earth, 187; and 
Earth’s atmosphere, 108 act; 

electric forces compared to, 394; 
force of, 97 lab, 104, 106, 107, 
107, 108, 108 act; law of, 12; on 

Mars, 111 act; Newton on, 120; 

range of, 105 
Great Lakes, 659, climate around, 

Great Plains, climate in, 528, 533 
Great Red Spot (Jupiter), 231, 235 

Greece, ancient, 778; on atoms, 

581; models of solar system in, 
218, 218-219, 219 

Greeks, ancient, 186, 201 act 

Greenhouse effect, 224, 375, 520, 
520, 742-743 lab 

Greenland, 535, 600, 658 

Greenwich, England, 191, 19] 

Grounding, 398, 398 

Ground moraine, 659 

Groundwater, 522, 664, 664-668; 

acidic, 666; and global water 

cycle, 522; infiltration of, 662, 

662, 663, 668, 668; obtaining, 

667; and pollution, 668; and 

porosity of ground, 664, 665 act; 

protecting, 668; in shaping 

Earth’s surface, 666; storage of, 

664, 678 

Group(s), 592; common properties 
in, 592, 594 

Growth, of plants, 9 

Gulf of Mexico, 526, 528, 532 

Gusev Crater (Mars), 228 

Gypsum, 628, 708; hardness of, 611 

Hahn, Otto, 801, 810 

Haiku garden, 346 

Hail, 527 

Hair dryer, 407, 410 

Half-life, 586 act, 673, 794, 794, 

813 act 

Halides, 614 

Halite, 614 

Halley’s comet, 236 

Halogen, 594, 594 

Hammer, 162, 163, 163 

Hand washing, for disease preven- 

tion, 39 

Hanging valley, 657 

Hardness, 611 

Hard water, 667 act 

History 

Hawaii, volcanic activity in, 376, 

376, 377, 379; volcanoes in, 377, 

379 lab 

Hawking, Stephen, 837 act 

Hazardous waste, 667 act 

Headland, 659 

Health, Integrate. See Integrate 

Health 

Hearing loss, 322 

Heat, 257, 257; absorption of, in 

endergonic reactions, 735; of 

body, 736 act; latent, 520; mod- 

els explaining, 11; nature of, 7, 7; 
release of, in exothermic reac- 

tions, 738; specific. see Specific 

heat 

Heat engine, 275, 275 act 

Heating, 272—273; in atmosphere, 

520, 520, 537; with electric heat- 
ing system, 273, 273; with forced 

air, 272, 272; with radiator sys- 

tem, 273; solar, 273 act; with 
solar energy, 485 lab, 507 lab 

Heating curve, 263, 263 

Heat island effect, 533 

Heat of fusion, 262 
Heat of vaporization, 262, 263 

Heavy-Ion Research Laboratory, 

D5) 

Heliocentric longitude, 220 act 
Heliocentric model of solar sys- 

tems 219; 219vighe2i e033 
Helium, as building block of other 

elements, 596; depletion in stars, 

825; in Earth’s early atmosphere, 

519; fusion with hydrogen, 803, 
803, 823, 827; isotopes of, 789, 

759 

Hematite, 226, 228, 228 act, 614, 

615, 648, 648; on Mars, 228, in 

sedimentary rocks, 625 
Hemisphere(s), 193, 194, 194 

Hertz, 323 

Hertz, Heinrich, 460 

Hertzsprung, Ejnar, 823 

Hess, Harry, 356 

Heterogeneous mixture, 555, 555 

Hieroglyphs, 648 act 

High pressure, 525, 535 

High tide, 199, 199 
Himalaya, 359 

Himalayan plateau, 535 

History, models in, 11. See Integrate 

History; Science and History 

xapu] 
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HIV (human immunodeficiency virus) 

HIV (human immunodeficiency 

virus), 42 

Homogeneous mixture, 556, 556 

Hoover Dam, 440 

Horizontal distance, 109, 109 

Horizontality, original, 670 

Horizontal motion, 109, 109 

Horn, Lyle, 534 

Horseshoe magnet, 425, 425. See 

also Magnet(s) 
Hot-air balloon, 265, 265 

Hot spot volcanic eruptions, 376, 

376, 378 
Hot springs, 612, 612 

Household circuit, 409, 409-410, 

410 

Household products, risk and ben- 

efit analysis of, 564 

H-R (Hertzsprung-Russell) dia- 

gram, 823, 523, 824, 826, 830 

Hubble Red Shift, 838 

Hubble Space Telescope, 820, 820, 

838. See also Telescope(s) 

Human body, and electric current, 

405 act; elements in, 570; energy 

conversions in, 142, 142-143; 

eye of, 335, 335-336, 340-341, 
341; ions in, 695 act; levers in, 

168; radiation in, 800 

Human factor, in climate, 536-538; 

in water cycle, 522 
Human immunodeficiency virus 

(HIV), 42 

Humid climate, 523 
Humidity, 532 

Hummingbird, 752, 752 

Hurricane, 39,73, 73, 275 act, 528, 

528 act 

Hutton, James, 670, 670 act 

Huygens space probe, 234, 234, 234 

act, 241 

Hybrid engine, 53, 506, 506 

Hydrate, 708, 708, 708 lab, 709 

Hydrocarbons, 241; boiling point 

of, 489; separating, 489; on Titan 
(Saturn’s moon), 241 

Hydrochloric acid, 689, 698, 698, 

HOS, FI ZA, VID FF, S22 ISO 

Acid(s) 

Hydroelectricity, 503, 503-504, 
504. See Energy sources. See also 
Energy 

Hydrogen, in acids, 764; as alterna- 

tive fuel, 506, 506; as building 

STUDENT RESOURCES 
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be 

block of other elements, 596; 

chemical symbol for, 578; den- 

sity of, 19; depletion in stars, 
824, 825; in Earth’s early atmos- 
phere, 519; fusion with helium, 

803, 803, 823, 827; in nuclear 
fusion, 500, 500; solubility in 

water, 760 

Hydrogen chloride, 698, 698, 700, 

768 

Hydrogen fluoride, 699 

Hydrologist, 665 

Hydronium ion, 764, 768, 768. See 

also Ion(s) 
Hydrosphere, 529, 529-530 

Hydrothermal mineral(s), 612, 6/2 

Hydroxide, 707 

Hydroxide ion, 768, 768, 770. see 

also lon(s) 
Hypothesis, 8; forming, 8, 28 lab, 

88 lab, 145 lab, 242 lab, 344 lab, 

415 lab, 447 lab, 540 lab, 568 lab, 

710 lab; testing, 8, 28 lab, 88 lab, 

145 lab, 242 lab, 344 lab, 415 lab, 
447 lab, 541 lab, 568 lab, 710 lab 

Ice core, 600 

Ideal machine, 163 

Ideal mechanical advantage 

(IMA), 164; calculating, 174 act; 

of inclined plane, 172; of lever, 

169; of pulley, 170; of screw, 

173; of wheel and axle, 171 

Ideas, Reviewing Main. See 

Reviewing Main Ideas 

Inferior planets, 221 

Igneous rock, 617-623, 622 act; 

extrusive, 620, 620-623, 621, 

622; intrusive, 617, 617-620, 619 

Image, real, 332, 334; satellite, 464, 

464; virtual, 332, 334 

Incidence, angle of, 302, 302, 309 

act 

Incident beam, 302 

Inclined plane, 172-173, 173. See 

also Simple machine 

Ideas, Reviewing Main. See 

Reviewing Main Ideas 
Inclusion, 679 

Independent variable, 9 

Index fossil, 671 

Integrate Chemistry 

Index of refraction, 329 

Indicator, 764, 766, 773, 773-774 

Induction, charging by, 396 
Industrialized countries, 43, 43 

Industries, and technology, 47, 48 

Inertia, 99, 99 lab, 99-100, 100 

Infection, 39 

Inference, 577 lab 
Inferior planets, 221 

Infiltration, 663, 664, 665 
Infrared waves, 462, 464, 464 

Infrasonic waves, 323. See also 

Sound waves 

Inhibitor, 740 

Ink, separating, 562 lab 

Inner planets, 223-230; as classifi- 

cation, 221; comparing in size to 

outer planets, 235 lab; differ- 

ences of outer planets, 231; 

Banthy22 552254 Manse 2a 

225-229, 226, 227 Att, 2275228, 

229; Mercury, 223, 223-224; and 

Sun, 223; time to orbit, 220; 

Venus, 224, 224 

Input force, 162, 163; of gear, 172, 

172; of lever, 167, 167; of pulley, 
69> 170; ofserew,al 73; of 

wedge, 173 

Input work, calculating, 181 act 

Insight, scientific, 39 

Instantaneous speed, 71. see also 

Speed(s) 

Insulator, 395, 395, 406 lab; ther- 

mal, 270, 270 

Integrate Astronomy, Elements in 

the Universe, 596; Finding Other 

Planets, 105; Light Pollution, 
842; Plasma State, 261; Red 
Shift, 324 

Integrate Career, Astronomer, 472; 

Electrician, 408; Flight Test 

Engineer, 56 act; Power Plant 

Operator, 440; Research 

Physicist, 592; Surface-Coating 
Chemist, 753 

Integrate Chemistry, Dry-Cell 

Battery, 402; Graphite 

Lubricant, 164; Illegible Rocks, 

648; Martian Minerals, 228; 

Metamorphic Rock 

Composition, 631; Radioactive 

Decay Equations, 804; Si-O 

Bond, 613; Surface of Mars, 
228 



Integrate Earth Science 

Integrate Earth Science, 

Astronomical Units, 17; 

Chemical Reactions and 

Lightning, 565; Coastal 

Climates, 258; Computer 

Models, 11; Dust Bowl, 542; 

Earth’s Magnetic Field, 427; 

Geothermal Energy, 505; Gravity 

and Earth’s Atmosphere, 108; 
Nature’s Heat Engines, 275; 
Seismic Waves, 293; 

Suspensions, 558; Uranium- 

Lead Dating, 496 

Integrate Environment, Energy 

and the Food Chain, 139; 

Environmental Protection 

Agency (EPA), 48; Not In My 

Back Yard (NIMBY), 668; Ozone 
Layer, 466; Recycling and 

Physical Properties, 561 

Integrate Health, Africa and HIV, 

42; CT scans, 465; Current and 

the Human Body, 405; Food 

Energy, 143; Iodine Deficiency, 

694; Iodine Tracers in the 

Thyroid, 804, 804; Noise 

Damage, 307; Space, 114 

Integrate History, Aircraft 

Carriers, 77; Alchemy, 564; Jons 

Jakob Berzelius, 705; Catalysts, 

740; Chernobyl Accident, 49; 

Classification Systems, 9; 
Dinosaur Extinction, 536; The 

Discovery of Radioactivity, 790; 

Early Civilizations, 201; 

Eclipses, 201; Geocentric Model 

of Solar System, 218; It’s how 

old?, 670; IUPAC, 725; 
Mythology, 818; Original 

Horizontality, 670; Volcanic 

Eruptions, 377 

Integrate Language Arts, Salt 

Mining, 615; Mapping the 

Universe, 837; Myth of 

Sisyphus, 132; Naming Moons, 

aya 

Integrate Life Science; Acidic 

Stings, 768; Blood pH, 774; 

Carbon Dating, 586; Color for 
Photosynthesis, 341; Controlling 

Body Heat, 736; Energy for Life, 

827; Human Eye, 335-336; 

Interpreting Color, 341; Ions 

and Nerve Cells, 695; Magnets 

in Organisms, 428; Plants, 522; 

Young Owl Gets Help, 54 

Integrate Physics, Color and Mood, 

346; Coriolis Effect, 525; Earth’s 

Motion, 90; Electric Circuits, 416; 

Magnetosphere, 188; Models, 30; 
Planet Motion, 220; Sonar, 358; 

Van Allen Belts, 188 

Integrate Social Studies, Artificial 

Rainmaking, 799; Deadly Ocean 
Waves, 297; Ukraine, 497 

Intellectual property, 57, 57 

Intensity, 322; of light, 336; of 

sound, 322, 322 

Interference, 306, 306-307, 308; 

constructive, 306-307, 307; 

destructive, 306, 307, 307; mag- 

netic, 427 lab; and standing 
waves, 308, 308 

Interior, of Earth, 370, 370-372, 

Bil, SIZ 

Internal combustion engine, 275, 

DIES) 

International Date Line, 191, 19] 

International Space Station, 633 

International System of Units. See 

SI (International System of 

Units) 

International Union of Applied 

Chemistry (IUPAC), 725 

Internet, as technological system, 

41. See also Use the Internet 

Interpreting Graphics, 33, 63, 

Cys ap, Aa, Wess Mites, DAS} WANE 

283, 315, 349, 385, 419; 451, 481, 

545, 573, 603, 641, 681, 714-715, 

VATS 7 Sly OSs O40 

Intrusion, 670, 670 

Intrusive igneous rock, 617, 

617—620; classification of, 620; 

composition of, 618, 618— 619; 

magma in, 617-619; texture of, 

619, 619 

Investigation, 7, 10, 10 

Io (Jupiter’s moon), 232, 233 

Iodine, in compounds, 695, 695; 
deficiency, 694, 694 act; radioac- 

tive, 804, 804 act; use in medi- 

cine, 694, 694 act, 804, 804 act 

Ion(s), 692; bicarbonate, 774; 

hydronium, 764, 768, 768; 

hydroxide, 768, 768, 770; and 

nerve cells, 695 act; polyatomic, 
IAW, HOY: 

Index 

Keck reflecting telescope (Hawaii) 

Ionic bond, 696, 696, 696 act 

Ionic compound, 700, 701, 702; 

binary, 703-706, 706 act; chemi- 

cal formula for, 705, 705 act; 

neutrality of, 704; properties of, 

WON, HO 

Iridium—192, 806 

Iron, and cooking, 732; in Earth’s 

core, 427; in Earth’s crust, 372, 

608; ore of, 614; oxidation num- 

ber of, 704; physical changes in, 

562, 562; rusting of, 564, 648, 

648; separating from sand, 561, 

561; specific heat of, 257 

Iron ore, 614, 615 

Iron oxides, 648, 649 

Irregular galaxies, 832, 832. See 
also Galaxies 

Isostatic rebound, 658 act 

Island arcs, 359 

Isotope(s), 586-587, 789, 789; in 

absolute dating, 672, 672-673, 

673; half-lives of, 586 act, 673; 

identifying, 587, 587; parent, 

672, 673, 673; telling time with, 

586 act, 672; as tracer, 804, 804, 

804 act; useful, 673 

xapu} 

Japan, as example of ocean-ocean 

convergent boundary, 359, 359 

Jet streams, 525 

Joule, 130, 158 

Joule, James Prescott, 13 

Journal. See Science Journal 

Jovian planets, 221 

Jupiter, 231-233; atmosphere of, 

231, 232; calculating orbital 

period of, 220 act; Great Red 
Spot on, 231, 231; moons of, 

232, 232, 233, 233, 240, 240; 

space probes to, 232; water on, 

Way D3) 

Kaolinite, 649 

Karst topography, 666, 666 

Keck reflecting telescope (Hawaii), 

821. See also Telescope(s) 
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Kelvin, Lord 

Kelvin, Lord, 11, 13 

Kelvin temperature scale, 21, 255 

Kenya, 42, 42 

Kepler, Johannes, 120, 220, 

Kilogram, 15, 15 

Kilometer, 17, 20 

Kilowatt, 158 

Kinetic energy, 130; calculating, 

130 act, 133 act, 143 act, 149 act; 

energy conversions involving, 

136-139, 137, 138; increasing, 

133, 133; and temperature, 255; 

and thermal energy, 256, 256; 

transformation of, 254 

Kinetic theory, 254, 254, 256 

Knowledge, technological, 41 

Krypton, 804 act 

Kuiper Belt, 236, 237 

Lab(s), 300, 523, 559; Atomic 

Trading Cards, 693; Be a 

Mineral Detective, 616; 
Bouncing Balls, 134; A Case for 
Pacific Plate Motion, 379; 

Catalyzed Reaction, 741; Chain 

Reactions, 807; Comparing the 

Angle of Sunlight to Intensity, 

196; Conduction in Gases, 
278-279; Convection in Gases 

and Liquids, 271; Design Your 

Own, 28-29, 88-89, 144-145, 

242-243, 344-345, 414-415, 

446-447, 540-541, 568-569, 

710-711; Determining Acidity, 

775; Earthquake! Earthquake! 

Where’s the earthquake’, 

380-381; Force and 

Acceleration, 87; Graphing Soil 

Textures, 651; Gravity and Air 

Resistance, 112; Identifying 

Conductors and Insulators, 406; 

Identifying Rocks, 636-637; 

Identifying the Moon’s Surface 

Features and Apollo Landing 
Sites, 208-209; Interpreting 

Features of Mars’s Surface, 230; 

It’s about time—relative that is., 

676-677; Launch Lab, 5, 37, 69, 

O75 27 Laon Ba, 22555 287, 

319; 953; 39194235455.485,5 17, 

351, 9/7,,607, 645,687, 719/751, 

220 act 

STUDENT RESOURCES 

785, 817; Levers, 175; Magnets, 

Coils, and Currents, 445; 

Measuring Wave Properties, 

210s eVGA By lO Ay ew ale 

Ye), AS, WE, WSs, HN), Woy, SHOE 

lab, 336, 364, 402, 427, 463, 489, 

SI, Soy, Brill PAS (SID; J Ukesy, KS, 

766, 802, 819; Model and Invent, 

58-59, 176-177, 808-809, 

840-841; The Momentum of 

Colliding Objects, 118-119; A 

Periodic Table of Foods, 597; 
Reflections of Reflections, 338; 

Saturated Solutions, 776-777; 

The Shape of Satellite Dishes, 

468; Solar Heating, 507; Star 

Cluster Age, 830; Try at Home 

MiniLAB, 25, 40, 83, 110, 140, 

NG2, AW, 233s Ho, 2S, SIG) IX, 

429, 458, 502, 525, 555, 589, 612, 

647, 698, 724, 756, 789, 824; Use 

the Internet, 476-477, 508-509, 
598-599, 742-743; Visualizing a 

Temperature Inversion, 523; 

What’s my graph?, 27; Who con- 

tributes COFG 5 

Lagoon, 661 

Lake(s), pollution of, 668 
Lake breeze, 533 

Land, and climate change, 

932-533, 538 

Landfill, 667 act 

Landform(s), creation of, 654; gla- 

cial, 659, 659; on rocky shore- 
lines, 661; and soil erosion, 654; 

and wave action, 661; and wind, 
660, 660 

Landslides, 667 act 

Language Arts. See Integrate 

Language Arts; Science and 

Language Arts 

Language Arts, Integrate. See 

Integrate Language Arts 

La Nina, 539 

Lapilli, 622 

Large Magellanic Cloud, 832, 832 
Latent heat, 520 

Latitude, and climate, 530, and 

temperature, 530 

Laughing gas, 689 

Launch Lab, Atmospheric Pressure, 

517; Can electromagnetic waves 

change materials?, 455; 

Chemical Bonds and Mixing, 

Law(s) 

687; Compare Speeds, 69; 
Demonstrate the Distillation of 
Water, 551; Doing Work with a 

Simple Machine, 153; Earth 
Materials at Home and School, 
607; Electric Circuits, 391; 

Energy Conversions, 127; 

Expansion of a Gas, 253; The 

Force of Gravity, 97; Global 
Jigsaw Puzzle, 353; Have you got 

the time?, 645; Heating with 

Solar Energy, 485; How do 

waves transfer energy?, 287; 

Inferring What You Can't 

Observe, 577; Magic Solutions, 

751; Relative Sizes of Earth, the 

Moon, and the Sun, 185; 
Rusting—A Chemical Reaction, 

719; The Size of a Nucleus, 785; 
The Size of the Solar System, 

217; Stars in the Sky, 817; The 

Strength of Magnets, 423; 

Technology in Your Life, 37; 

Understanding Measurements, 

5; What sound does a ruler 

make?, 319 

[Pavia oi/on5 750205 620862256023; 

calculating thickness of, 385 act; 

viscosity of, 375, 375 lab; in vol- 
canic eruptions, 374, 375. See 

also Magma 

Lavoisier, Antoine, 705 act, 

TOI 2 dy 22, JOINACE ho T20, 

730 

Lavoisier, Marie-Anne, 722 

Law(s), complying with, 55; conser- 

vation of charge, 393; conserva- 

tion of energy, 139, 139-141; 

conservation of mass, 565 act, 

567, 567, 568-569 lab, 721, 

721-722; conservation of 
momentum, 117, 117; on copy- 

rights, 57, 57; first law of ther- 
modynamics, 274, 274; of 

gravity, 12; inertia, 100, 100; on 

intellectual property, 57; 

Newton’s first law of motion, 

93=101,99, 99 laby 100, 101: 

Newton’s second law of motion, 

LOTS 103; 102, 102 sae 1035 106; 

Newton’s third law of motion, 
PS IS=11 Ss si 4 ai 6 sOhm’s 

law, 405, 408; and problem solv- 
ing, 55; of reflection, 302, 328, 



Index 
Leaching 

328; scientific, 12; second law of 
thermodynamics, 274; on trade- 
mark, 57; of universal gravita- 
tion, 104, 105, 105 act, 107, 120 

Leaching, 650, 651 
Lead, oxidation number of, 704; 

uses of, 553 

Lead-acid battery, 403. See also 
Battery 

Lead chromate, 342 
Lead nitrate, 564 

Lee rain shadow, 533, 533 
Legumes, 652 

Length, focal, 332, 333, 333, 334, 

336 lab; measuring, 16, 16 act, 

3 

336; 336; 0f eye; 54 act,/335;,335; 

of telescope, 210, 819 

Lever, 166-169. See also Simple 

machine; classes of, 166, 166, 

167, 167, 168; ideal mechanical 

advantage of, 169; measuring 

mass with, 175 lab; pulley as, 
169, 169 

Leverrier, Urbain, 235 

Life, diversity of, 238; on Earth, 

225, 239, 784, 784, 827 act; 

expectancy, 43; extraterrestrial, 

239-241; and freshwater, 668; on 

Jupiter’s moon, 232, 240, 240; on 

Mars, 225, 240, 240; and solar 

energy, 784, 784, 827 act; in solar 

system, 238-241; testing 

unknown soil samples for, 

242-243 lab; and water, 238 

Life science, 6 

Life Science, Integrate. See 

Integrate Life Science 
Light, 327-330; absorption of, 327, 

327; in black hole, 825; bright- 

ness of, 336; chemical reaction 

to, 563, 563; and color, 329, 329, 

338-343; diffraction of, 305; and 

Doppler effect, 837, 837-838; 

and eye, 340-341, 341; and 
Hubble Red Shift, 838; intensity 

of, 336; interaction with matter, 

327, 327; and mirrors, 328, 328, 

B31 391333, 332,993,838 au; 

and prisms, 329, 329; and red 

shift, 324 act; reflection of, 301, 

3013023 30253278275 02851920, 

338 act; refraction of, 302, 

302-303, 303, 329, 329-330, 330; 

scattering of, 328; spectrum of, 

822, 822; speed of, 296, 459 act, 

460, 478, 820, 834; in telescope, 

819, 820, 820; transmission of, 
327, 327; and Tyndall effect, 557, 

557, 557 act; visible, 462, 464, 

465; white, 329, 329, 342, 342, 

343 

Lightbulb, 127 lab, 159, 159, 403, 

403, 404, 404, 406 lab, 410, 553 

Lightning, 396, 396 act, 397, 399 

act; and chemical reactions, 565 

act; temperature of, 280 

Lightning rod, 398, 398 

Light pollution, 842 act 

Light ray, 331, 333, 333-335, 335 
Light-year, 820 
Lime, 689 

Limestone, 628, 632; as aquitard, 

664; composition of, 629; dis- 

solving, 666; weathering of, 566, 
566, 566 act, 648 

Line graph, 23, 23-24. See also 
Graph(s) 

Liquid(s), 260, 261; boiling, 262, 

262; chemical reaction between, 

564; convection in, 271 lab; dis- 

solving, 755; freezing, 262; 

measuring volume of, 18, 18, 20; 

thermal expansion of, 264, 264; 

vaporization of, 262, 262; viscos- 

ity of, 375, 375 lab; in volcanic 
eruptions, 375 

Liquid solution, 752, 752 

Liter, 18, 20 

Lithium, energy levels in, 593 

Lithium hydroxide, 729 

Lithium nitride, 705 act 

Lithosphere, 359, 360, 373, 529, 

529-530 

Litmus paper, 764, 766 

Little Dipper, 818 act 

Little lee Agesin355535 

Local climates, 533. See also 

Climate 

Local Group, 831 

Loess, 659 

Logarithms, using, 798 act 

Longitude, heliocentric, 220 act 

Longitudinal wave, 290. See 

Wave(s). See also Compressional 

wave 

Magnesium chloride 

Longshore current, 659, 660 

Long-term climate change, 535, 
935-536, 536 

Lopez-Alegria, Michael, 6 

Loudness, 322, 322 

Louisiana bayous, 657 act Low 

tide, 199 

Low pressure, 525, 528, 535 

Lubricant, graphite, 164 act; oil, 

165, 165; petroleum in, 489 

Luminosity, 826, 827 

Lunar eclipse, 202, 202 

Lunar module, 115, 737 

Lunar Prospector space mission, 

204 act, 205, 206 

Luster, 611, 6/1 

Lydians, 201 

Lye, 760 

Lystrosaurus, 355 

sy ee 
Machine, 160, 160-177. See also 

Simple machine; compound, 

174, 174; efficiency of, 164-165, 

165, 165 act, 181 act; and force, 
160, 160, 161, 161, 162, 162, 162 

lab, 165, 165 act; ideal, 163; and 
lubricant, 164 act, 165, 165; and 
mechanical advantage, 164, 164; 

perpetual-motion, 146, 146; 

work done by, 152, 152, 153 lab, 
162, 162-163, 163 

Magellan space probe, 224, 224 

Magma, 613; cooling of, 618-620, 
622; and cracks in crust, 356; 
dissolved gases in, 623; on 

Earth’s surface, 375, 375; and 

igneous rocks, 617-618, 621; as 
lava, 620, 622; minerals from, 
613; nature of, 618; origin of, 

359, 359, 373, 373-374; rock 

formed from, 617-619; at sur- 

face, 374, 374, 620, 620, 622; 

temperature of, 622; and types 

of volcanoes, 377, 378; upward 

movement of, 376; viscosity of, 

375, 378; and volcanic islands, 
359. See also Lava 

Magnesium, burning of, 727, 727; 

in compound, 696, 696; in 

Earth’s crust, 608 

Magnesium chloride, 696, 696 

xapu| 
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Magnesium hydroxide 

Magnesium hydroxide, 689, 767 

Magnesium oxide, 727 

Magnet(s), 424, 424-430; bar, 426, 

426, 427 lab; disk, 425; electro- 

magnet, 432, 432—435, 433, 434, 

435, 446-447 lab; heating, 430; 

horseshoe, 425, 425; interaction 

of, 426, 426; magnetic field 

around, 425; number of mag- 

netic domains in, 430 act; in 

organisms, 428 act; permanent, 

430, 436, 436, 437, 439, 441; 

producing electric current with, 

445 lab; retrieving magnetic 

parts of cars, 428 act; strength 

of, 423 lab 

Magnetic domain, 429, 429, 430 

act 

Magnetic field, 425, 425, 457, 

457-458; around electric cur- 

rent, 457, 457; changing, 458; 

direction of, 426, 426; of Earth, 

188, 188 act, 188, 427, 427, 829; 

and electric current, 431, 431; of 

Mercury, 223; in permanent 

magnets, 430, 436, 436; rotating 

electromagnets in, 434, 434, 435, 

435 
Magnetic field line, 425, 425, 431, 

431 

Magnetic force, 424 

Magnetic interference, 427 lab 

Magnetic materials, 428—430; 

magnetic domains in, 429, 429; 

retrieving with magnets, 428 

act 
Magnetic polarity, of rocks, 357 
Magnetic pole, 425, 425—426; 

attraction and repulsion of, 426, 

426; of Earth, 188, 188, 427; in 

electric motor, 436, 437; of elec- 

tromagnet, 434; isolating, 430 
Magnetic resonance imaging 

(MRI), 370, 448, 448, 464, 464 

Magnetism, 422—451, 424; in sepa- 

rating iron from sand, 561, 561 
Magnetite, 428 act 

Magnetosphere, 188, 188 act 

Magnifying power of telescope, 
819, 820 act 

Magnitude, 366; absolute, 823; of 

earthquakes, 366 

Main sequence, 823, 824, 824, 

827-828, 827, 828 

STUDENT RESOURCES 

Manhattan Project, 60 

Manicouagan crater (Quebec, 

Canada), 633 

Mantle, of Earth, 372, 620; of 

Moon, 204, 204 

Map(s), geologic, 674, 674-675, 

675 

Marble, 632 

Maria, 203, 203, 204 

Mariana Trench, 370 

Marine organisms, shells of, 648 

Mariner 9 space probe, 227 

Mariner 10 space probe, 223, 224 

Maritime climate, 532. See also 

Climate 

Mars, 189, 225-229; atmosphere of, 

226; color of, 225, 225; Earth’s 

similarities to, 189; exploration 

of, 226, 226-228, 227, 227 act, 

228; gravity on, 111 act; helio- 

centric longitude for, 244; inter- 

preting surfrace features of 230 

lab; life on, 225, 240, 240; mete- 

orites from, 229, 229; minerals 

on, 228 act; moons of, 226; 

NASA on, 226, 227, 227-229, 

228; orbit of, 219; seasons on, 

225;size of, 189;surtace Of, 225, 

PLIN, ILA, Ploy Pap oh, DPSS (HEIs, PHONO) 

lab; water on, 225, 226, 228, 228 

act; winds on, 225 

Mars Exploration Rover Mission, 

DIN, LPR shy PRS: 

Mars Global Surveyor spacecraft, 

DLO DTS 

Mars Odyssey, 227, 228 

Mars Pathfinder, 227, 228 

Mass, 19; and acceleration, 101; 

atomic, 584, 584-587; calculat- 

ing, 123 act, 283 act, 635 act, 747 

act; calculating net force using, 
103, 103 act, 123 act; conserva- 

tion of, 565 act, 567, 567, 

568-569 lab, 721, 721-722; con- 

verting into energy, 141, 141; 

critical, 802; of Earth, 187; of 

electron, 583 act, 584, 584; and 

gravitational acceleration, 106; 

and inertia, 99; measuring, 7, 15, 

15, 19; 20; 175 labs of newtron, 

584; of proton, 583 act, 584; v. 

weight, 107 

Mass-energy equation, 802 

Mass number, 585, 789, 792 

Mechanical advantage 

Mass wasting, 660, 660-661 

Math, Applying. See Applying 

Math 
Math problems. See Applying 

Math; Extra Math Problems; 

Math Skill Handbook 

Math Skill Handbook, 862-878 

Matter, classification of. See 
Classification; composition of, 

552,552—558, 253,0049999;,0903 

557, 558; dark, 838, 838=839, 

839; interaction with light, 327, 

327; measuring, 19, 19 lab, 20; 

and solar energy, 269, 269; states 

of. see States of matter; thermal 
expansion of, 264, 264; and 

waves, 289 

Matthews, Vine, Wilson, et al, 

357, 

Mayan culture, 778 

Meander, 655 

Mean temperature, 530, 530 

Measurement. See also Applying 

Math; Math Skill Handbook; SI 

(International System of Units); 

accuracy in, 14; of age of rocks, 

798 act; ancient, 186; of average 

speed, 71 lab; of conservation of 

mass, 568-569 lab; of days, 190, 

192; of density, 19, 19 lab, 20; 

developing a system of, 28-29 
lab; of distance, 17, 17, 17 act, 

20, 156; of Earth, 186, 186, 187; 
of earthquakes, 367, 367; of elec- 

tric current, 400; of force, 156; 

of frequency, 323; of geologic 

time, 672; of large distances, 

220, 821; of length, 16, 16 act, 

16-17, 17, 20; of liquid volume, 

18; 18,20; of mass.75 15; 15, 19, 
20, 175 lab; of matter, 19, 19 lab, 

20; precision in, 14; of radiation, 

798) act, 798-799, 799" im Sik 5, 

15-21, 781 act; of solid volume, 

18, 20; of specific heat, 259, 259; 
of speed, 20; standards of, 

14-21; of temperature, 21, 21; of 

time, 19, 190, 190-192, 191, 192, 

586 act; understanding, 5, 5 lab; 

of wave properties, 310-311 lab; 

of years, 192 

Mechanical advantage, 164, 164. 

See also Ideal mechanical advan- 
tage (IMA) 
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Mechanical energy Missouri River 

Mechanical energy, 136, 137, 149 Metallic luster, 611 618, 620; hardness of, 611; from 
act; converting to electrical Metalloid(s), on periodic table, hot water, 612, 612, identifying, 
energy, 438, 438, 439, 440, 440, oh ak es 616 lab; luster of, 611, 611; from 
44] Metamorphic rock, 630, 630-634; magma, 613; on Mars, 228 act; 

Mechanical wave, 289-293, 320. classification of, 632-634, 633; in ore, 614; physical properties 
See also Compressional wave; composition of, 631, 631 act; of, 609-612, 610, 611, 612; rock- 
Sound waves; Transverse wave; shock, 633; textures of, 631, forming, 613; in sedimentary 
Wave(s) 631-632, 632 act rocks, 625; streak of, 611; uses 

Mechanical weathering, 647, 647. Metamorphism, 630-634 of, 615 
See also Weathering Meteor, 633 Mineral groups, non-silicates, 614, 

Medial moraine, 659 Meteorite(s), 236, 633; from Mars, 614; silicates, 613, 613-614 
Medicine, CT (computerized 2295 229, 626,626: MiniLAB. See also Try at Home 

tomography) scan in, 370; CT Meteoroid, 236, 633 MiniLAB; Build a Telescope, 
scans 1n, 465 act; iodine in, 694, Meteorologist, 52 819; Calculating Your Work and 
694 act, 804, 804; magnetic res- | Meteorology. See Weather forecast- Power, 157; Comparing Thermal 
onance imaging (MRI) in, 448, ing Conductors, 267; Creating a 
448; MRI (magnetic resonance Meter, 17, 17, 20, 156 Colorful Chemical Reaction, 
imaging) in, 370, 464, 464; Meters/second, 20 738; Demonstrating Four Types Ts 
nuclear reactions in, 804, Methane, 234—236, 241, 518; in of Stress, 364; Determining the =) 
804—806, 805, 806; PET scans in, atmosphere, 518, 537 Density of a Pencil, 19; “y 
805; radiation therapy in, 467; Metric ruler, 17 Evaluating Benefits and * 
sonar in, 358 act; space medi- Mica, changing in metamorphic Consequences of Technology, 
cine, 114 act; treating cancer rocks, 631; cleavage in, 610, 610 47; Experimenting with Focal 
with radioactivity in, 806, 806; Microbes, in ocean vents, 239 Lengths, 336; Experimenting 
ultrasound in, 323, 326, 326, Microclimate, 533, 540—541 lab with Resonance, 309; Heating 

358 act, 370; X rays in, 467,467, | Micrometer, 17 with Microwaves, 463; 

Sao Microorganisms, and disease, 38; Interpreting Data from a 

Medium, 289; and speed of sound, gases produced by, 518, 518 Slingshot, 131; Investigating 

320-321; waves in, 289, 291, 296, Microwave(s), 462, 463 Battery Addition, 402; Making a 

302, 456, 456, 460 Microwave oven, 463, 463, 463 lab Hydrate, 708; Measuring 

Meitner, Lise, 801, 810, 810 Microwave tower, 473, 473 Average Speed, 71; Mining for 

Melting, 262, 263 Microweld, 83, 83 Coal, 492; Mining of Salt, 614; 

Melting point, 262, 618; of covalent Mid-ocean ridge system (MOR), Modeling an Aluminum Atom, 

compounds, 701; of ionic com- 3565°356,1997, 3585360, 375) 581; Modeling Evaporites, 628; 
pounds, 701, 702 376 Modeling a Nuclear Reaction, 

Mendeleev, Dmitri, 588, 588-589 Milk of magnesia, 689 802; Modeling Runoff, 656; 

Mercalli Scale of Earthquake Milky Way galaxy, 831; black hole Modeling a Telescope, 819; 

Intensity, 367 in, 835, 835; and dwarf galazies, Molding the Sun’s Rays at 

Mercury, 189, 223, 223-224; 823, 834; movement of, 838; Solstice, 195; Observing Acid 

atmosphere of, 189, 224; atoms structure of, 834, 834. See also Relief, 766; Observing Inertia, 

in, 552; classifying, 221; helio- Galaxies 99; Observing Magnetic 

centric longitude for, 244; mag- _— Milliliter, 18, 20 Interference, 427; Plotting 

netic field of, 223; orbit of, 220; Millimeter, 20 Retrograde Motion, 219; 

surface of, 224; temperature on, = Mineral(s), 608-616, 609; atom Separating Ink, 562; 
224 arrangement in, 610; changing Transforming Energy in a Paper 

Mercury oxide, 722, 726, 726-727 in metamorphic rocks, 631; Clip, 140; Visualizing 
Meridiani Planum (Mars), 228 cleavage of, 610, 610; crystal Convection, 519 

Mesophere, 519 shape of, 612, 612 lab; datingin _— Mirage, 330, 330 

Mesozoic Era, 672 rocks, 672; in Earth’s crust, Mirror, 328, 328, 331-333, 338 lab; 

Metal(s), bonds formed by, 696; 608-609, 609, 613, 614; eco- concave, 332, 332-333; convex, 

corrosion of, 733, 733; forming nomic, 614, 615 act; from evap- 333,383; plane, 631, 331=332) 

ions, 703; on periodic table, 595, oration, 613; formation of, 612, 332; reflection in, 301, 301, 302 

595; as thermal conductor, 267, 612-613; freezing point of, 618; Mississippi River, 558, 655, 655 

270 groups of, 613, 613-614, 614, Missouri River, 655, 655 
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Mixture(s) 

Mixture(s), 554, 554-558; chemi- 

cal bonds in, 687 lab; colloids 

as, 556-558, 557, 557 act; het- 

erogeneous, 555, 555; homoge- 

neous, 556, 556; suspensions, 

Sey De) 

Mobile telephone, 474 

Model(s), 11; of aluminum atom, 

581 lab; of atoms, 581, 581 lab, 

581-583, 582, 583; of Coriolis 

effect, 525 lab; of eclipse, 200 

lab; of evaporites, 628 lab; geo- 

centric, 218721652 bevaci, 219; 

heliocentric, 219, 219; high- 

tech, 11, 11; of lava viscosity, 

376 lab; making, 58 lab, 176 

lab, 808-809 lab, 840 lab; of 

method to count stars, 824 lab; 

of Moon phases, 200 lab; of 

nuclear reaction, 802 lab; of 

runoff, 656 lab; to scale, 213 

act; of solar system, 218 act, 

218, 218-219, 219; of strong 
force, 789 lab; of Sun’s rays at 

solstice, 195 lab; of telescope, 
819 lab; testing, 59 lab, 177 lab, 

809 lab, 841 lab; of transmuta- 

tions, 808—809 lab; of universe, 

836; uses of, 581; visualizing 
with, 115 1 act,30 

Model and Invent, Care Package, 

58-59; Expansion of the 

Universe, 840-841; Modeling 

Transmutations, 808-809; Using 

Simple Machines, 176-177 

Modified Mercalli Intensity Scale, 

366 

Mohorovicic discontinuity, 371, 

oval 

Mohs Scale of Hardness, 61 | 

Molecular compound, 554 

Molecular weight, calculating, 770 
act 

Molecule(s), 554, 697, 697; nonpo- 

lar, 700; polar, 699, 700, 700 

Momentum, 116-117; calculating, 
116 act, 117 act; of colliding 

objects, 118-119 lab; conserva- 

teom of, 117; 117 

Monomer, 712 

Monsoon, 535 

Month(s), sidereal, 197; synodic, 

WS 

Mood, and color, 346 act 

STUDENT RESOURCES 

Moon(s), 197—209; core of, 204, 

204; craters on, 203, 203; crust 

of, 204, 204; discovering water 

on, 205, 207 act; eclipse of, 201, 

202, 202; effects on Earth, 184, 

198 act, 198-199, 199; exploring, 

204-206, 205; gravitational force 

on Earth, 184, 199, 199; interior 

of, 204, 204; of Jupiter, 232, 232, 

233, 240, 240; mantle of, 204, 

204; of Mars, 226; motion of, 

197, 197; motion of, 197, 197; 

mountains on, 203, 203; naming, 

232 act; of Neptune, 235; origin 

of, 206-207, 206-207; penumbra 

of, 201, 201; of Pluto, 236; 

regolith on, 203; revolutions of, 

197, 197; rotation of, 197, 197; of 

Saturn, 234, 241, 241; size of, 185 

lab; surface of, 203, 203, 208-209 

lab; and tides, 184, 198 act, 

198-199, 199; umbra of, 201, 

201; of Uranus, 235 

Moonlight, 199 

Moon phases, 199-200; modeling, 

200 lab; waning, 200, 200; wax- 

ing, 200, 200 

Moraine, 659 

Moral issues in science, 50, 50 act 

Moseley, Henry G. J., 589 

Moss(es), dormant, 239, 239 

Motion, 70, 70-71; at amusement 

parks, 68, 68, 80, 80; changing, 
81, 81; comparing, from differ- 

ent forces, 88-89 lab; of Earth, 

71, 90 lab, 187, 190, 190, 192, 

192, 524, 524; and force, 81, 

81-83; graphing, 74, 74-75, 75 

act; horizontal and vertical, 109, 

109; and momentum, 116 act, 

116-117, 117, 118-119 lab; of 

Moon, 197, 197; Newton’s first 

law of, 98-101, 99, 99 lab, 100, 

101; Newton’s second law of, 

101-103, 102, 102 act, 103, 106; 

Newton’s third law of, 113, 

113-115, 114, 115; of planets, 

219, 219 lab, 219, 220, 220 act; 

projectile, 108-109, 109; as rela- 

tive, 71; retrograde, 219, 219 lab, 
219; of rockets, 114, 114) 115-in 

sports, 102 act 

Motor, electric, 435, 435—437, 436, 

437 act, 439, 441 

National Geographic Visualizing 

Mountain(s), changes in, 653, 653; 

and climate, 533; folded, 359; 
matching on different conti- 

nents, 356, 356; on Moon, 203, 

203 

Mountain sickness, 524 

Mount Pinatubo (Philippines), 

376 act, 376. See also 

Volcano(es) 

Mount St. Helens, 376 

Movable pulley, 170, 170. See also 

Pulley 

MRI (magnetic resonance imag- 

ing), 370, 448, 448, 464, 464 

Mudflow, 662 

Multiple covalent bond, 697, 697 

Music, and electromagnets, 433, 

433; standing waves in, 308 

Musical instruments, sound of, 

319 lab; and standing waves, 308 

Mythology, 818 act 

SS 
Name(s), 721; of binary covalent 

compounds, 708-709; of binary 

ionic compounds, 706, 706 act; 

of complex compounds, 707, 

707; of compounds, 725, 725; of 

polyatomic ions, 707; prefixes 

used in, 709 

Nanotechnology, 36, 172 act, 178, 

178 

NASA. See National Aeronautics 

and Space Administration 

(NASA) 

National Aeronautics and Space 

Administration (NASA), 8, 9, 9, 

11; in determining age of uni- 
verse, 837; in exploration of 
Jupiter, 232, 233; in exploration 

of Mars, 226, 226-229, 227, 228; 

in exploration of Saturn, 234, 

234 act; and map of universe, 

536, 837, 839; planning for 

Moon landing, 203; in search for 

other planets around stars, 222 

National Geographic Visualizing, 

Acceleration, 78; The Atomic 

Model, 582; Chemical Energy, 

737; Convection Currents, 268; 

Earthquake-Proof Buildings, 

368; Earth’s Biogeophysical 



Natural frequencies 

System, 531; Elements, 553; 
Energy Transformations, 138; 

Formation of Ocean Waves, 292; 

The Formation of Fossil Fuels, 
488; H-R Diagrams of Star 

Clusters, 826; Images Formed by 

a Convex Lens, 334; Levers in 

the Human Body, 168; 

Lightning, 397; Metal Alloys, 

754; Motors and Generators, 

441; PET Scans, 805; Polar 

Molecules, 699; Radio 

Broadcasts, 471; Rocket Motion, 
115; Role of Groundwater in 

Shaping Earth’s Surface, 666; 

Shock Metamorphic Rocks, 633; 

SI Dimensions, 20; Technology 

Supplying Basic Needs, 44; 
Water on the Moon, 205; What 

Galileo Saw, 233; The Work of 
Groundwater, 666 

Natural frequencies, 309. See also 

Frequency 

Natural gas. See Energy sources. See 

also Energy; Fossil fuels; chemi- 

cal potential energy released by, 

131, 131; formation of, 488, 488, 

490; uses of, 488, 490 
Natural resources. See Resources 
Nature, explained by science, 7 

Neap tide, 199, 199 

Nearsightedness, 337, 337 

Nebula, 221, 221, 823 

Needs for survival. See Survival 

needs 

Negative acceleration, 78, 79, 79. 

See also Acceleration 

Negative charge, 392, 392-394, 

393, 394 

Neodymium, 804 act 

Neptune, 235, 235; atmosphere of, 

235; classifying, 221; discovery 

of, 235; finding, 105, 105 act; 
moons of, 235 

Nerve cells, and ions, 695 act 

Net force, 82, 82; calculating, 86 
act, 103, 103 act 

Neutralization, 769, 769 

Neutron(s), 392, 392, 579, 579; in 

atomic nucleus, 786, 786; calcu- 

lating number of, 585; mass of, 
584, 786; and strong force, 787, 

787-788, 788, 789 lab 

Neutron star, 825. See also Star(s) 

New moon, 199, 200, 200 

Newton, Sir Isaac, 98, 105, 120, 

120, 210, 210, 220 act 

Newton (unit), 81,156 

Nickel, in Earth’s core, 372, 427 

Nile River, 651 

Nitric acid, 765. See also Acid(s) 

Nitrogen, adding to soil, 650; in 

atmosphere, 518; bonds in, 697, 

697; naming in binary com- 

pounds, 706 

Nitrogen monoxide, 736, 736 

Nitrous oxide, in atmosphere, 518, 

Syo)/ 

Noble gases, 690, 690 

Node, 308 

Noise, 307 act 

Noise pollution, 344—345 lab 

Nomenclature, 721, 725, 725 

Nonfoliated rock, 631, 631; meta- 

morphic, 632; texture of, 631 

Nonliquid solution, 753, 753 

Nonmetal(s), bonds formed by, 

696, 697; forming ions, 703; on 

periodic table, 595, 595 

Nonmetallic luster, 611 

Nonpolar molecules, 700 

Nonrenewable resources, 493, 493 

Non-silicates, 614, 614 

Normal, 302, 302, 303 

Norse settlers, disappearance of, 

600 

North America, climate of, 532, 

a, So), DS46 DBD 

Northern hemisphere, 193, 194, 

194, 195; climate in, 535; 

weather in , 525, 525, 526, 526 

Northern lights, 188 

Not In My Back Yard (NIMBY), 

667 act 

Nuclear chain reaction, 496, 802, 

802, 803, 803, 803 lab, 807 lab, 

810 

Nuclear energy, 487, 494, 494—500, 

495, 496, 497, 4985 499, S00N S10: 

See Energy sources. See also 

Energy 

Nuclear fission, 141, 141, 496, 496, 

720, 801, 801—802, S02, 802 act, 

804 act 

Nuclear force, strong, 104; weak, 

104 

Ocean(s) 

Nuclear fuel, 495, 495 

Nuclear fusion, 141, 141 act, 500, 

500, 720, 803, 803, 803 lab 

Nuclear power, and Chernobyl 

accident, 49, 49 act, 497 act, 

498, 498; and environment, 

497-498, 498, 499 act; risks of, 

49, 49 act, 497 act, 497-498, 

498 

Nuclear power plant, 494, 494, 497, 

497, 498, 498 

Nuclear radiation. See Radiation 

Nuclear reaction, 801—807; v. 

chemical reaction, 720, 720; in 

medicine, 804, 804—806, 805, 

806; modeling, 802 lab; nuclear 
fission, 801, 801-802, 802, 802 

lab, 804 act; nuclear fusion, 803, 

803, 803 lab 

Nuclear reactor, 494, 494-498, 495, 

496, 497, 498 

Nuclear waste, 498; disposal of, 

498 act, 498-499, 499; high- 

level, 499, 499; low-level, 498 

Nucleus, 579; of atom, 579, 579, 

720, 720, 785 lab, 786, 786, 787; 

calculating number of nuclei, 

806 act; in chemical reaction, 

720, 720; daughter, 794; decay 
of, 788, 791-795. see also 

Radioactivity; forces inside, 787, 
787-788, 788; in nuclear reac- 

tion, 720, 720; protons and neu- 

trons in, 786, 786; size of, 785 

lab, 786, 786, 786, 786, 787; sta- 

ble vs. unstable, 789 

Numbers, using, 45 act, 220 act, 

PVT (0G, DAN (ale, BV Be Xoo) (CNG 

Noy He WN, JAS) len, TAS (ales 

822 act, 829 act, 835 act. see also 

Applying Math; Math Skill 
Handbook 

Nutrient(s), adding to soil, 652 

Obelisks, 648 act 

Objectivity, 10 

Observation, 186 

Observatory, 820 
Ocean(s), and climate, 532; life 

around thermal vents in, 238, 

239; and seafloor spreading 

INDEX 943 
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Oceanic crust 

hypothesis, 356, 356-357, 358 

act 

Oceanic crust, 373, 609, 614 

Oceanus Procellarum (Moon), 208 

Ocean wave. See Water wave 

Odyssey space probe, 227, 228 

Oersted, Hans Christian, 431 

Ohm?’s law, 405, 408 

Oil. See Petroleum (oil) 

Oil spill, 48 

Okeechobee, Lake, 533 

Old Faithful, 505 
Olivine group minerals, 614, 618, 

620, 626 

Olympus Mons (Mars), 227 

One-step equation, solving, 72 act, 

367 act, 603 act, 702 act, 709 act, 

725 act, 845 act 

Oops! Accidents in Science, A 

Clumsy Move Pays Off, 744; 

Even Great Scientists Make 

Mistakes, 210; A Slippery 

Situation, 60, A Sticky Subject, 

P2 

Oort cloud, 236, 237 

Opaque materials, 327, 327 

Open circuit, 408 

Open system, 274 

Opportunity space probe, 226, 227, 

228, 228, 228 act 

Optical telescope, 819, 819 

Optic nerve, 335, 335 

Optics, adaptive, 821 

Orbit(s), of Earth, 188-189, 192, 

192, 193, 219; of inner planets, 

220; of Mars, 219; of Mercury, 

220; of Moon around Earth, 

201; of outer planets, 220 of 

planets, 220, 220 act, 236; of 

Pluto, 236; of Sun, 834 

Orbital period, calculating, 220 

act 

Ore, 614 

Original horizontality, principle 

of, 670, 674 

Orion constellation, 818, 825. See 

also Constellation(s) 

Outer planets, 23 1—237; as classifi- 

cation, 221; comparing in size to 

inner planets, 235 lab; differ- 

ences from inner planets, 231; 

Jupiter, 231; 231=233, 232, 233; 

Neptune, 235, 235; Pluto, 236, 

STUDENT RESOURCES 

Index 

236; Saturn, 234, 234; time to 

Orbit, 220; Unanuss 2359235 

Output arm, calculating length of, 

174 act 

Output force, 162, 163; of gear, 

172, 172; of lever, 167, 167; of 

pulley, 169, 170; of screw, 173 

Outwash plain, 659 

Owl, 54 act 

Oxidation, 648, 648. See also Rust 

Oxidation number, 703, 704, 704 

Oxidation-reduction reactions 

(redox), 733, 733. See also 

Chemical reaction 

Oxides, 614 

Oxygen, in atmosphere, 518; 

atomic number of, 585; atoms 

in, 552; density of, 19; in Earth’s 

crust, 608, 609; mass number 

of, 585; naming in binary com- 

pounds, 706; release by plants, 

522 act; in rust, 564; in silicates, 

613, 614; solubility in water, 

760 

Ozone, 225, 466, 565 act 

Ozone layer, 466, 466; in atmos- 

phere, 518-520, 538, 538 

Pacific Ocean, plate motion 

beneath, 379 lab; Ring of Fire in, 
BYON 376) 

Pager, 473 

Paint, as colloid, 556; mixing, 550, 
bol) 

Paint pigments, 342-343, 343 

Pangaea, 354, 354; evidence for 

existence of, 355, 356 

Parabolic trough, 502 © 

Parallax, 219 

Parallel circuit, 406, 406, 414-415 

lab 

Parasitic cones, 377 

Parent bedrock, 649 

Parent isotope, 672, 673 

Parent material, of soil, 651 

Parent rock, 634 

Particle research, 579 act, 579-580, 

580 

Particulate, 492 

Pasteur, Louis, 38 

Patent, 57 

Phosphorus 

Pencil, determining density of, 19 

lab 
Pencil sharpener, 171, 171 

Penumbra, 201, 201, 202, 202 

Peoria, Illinois, climate in, 532 

Percentage(s). See also Applying 

Math; Math Skill Handbook; 
calculating, 26 act; calculating 

increase in, 758 act; using, 50 

act, 57 act, 229 act, 241 act, 247 

act, 309 act, 343 act, 500 act, 506 

Aci | SIAC 922 ACL OI Get, O72, 

790 act, 795 act, 800 act, 829 act, 

835 act, 839 act 

Performance testing, 55, 56 

Peridotite, 620 

Period(s), 295, 595; of geologic 

time, 672; of wave, 295 

Periodic table, 588-597, 590-591, 

591 act; and atom, 592, 592-594, 

593, 593 act, 594; of foods, 597 
lab; improving, 589; organizing, 

589 lab; origin of, 588, 588-589; 

and oxidation number, 704, 704; 

regions on, 595, 595; rows on, 

Be), DY 

Permanent magnet, 430, 436, 436, 

437, 439, 44] 

Permeability, 665, 665 

Perpetual-motion machine, 146, 

146 

Persians, 201 

Pesticide, 44, 48 

PET (Positron Emission 

Tomography) scans, 805 

Petroleum (oil), 489. See also 

Energy; Energy sources; decline 
in production of, 493, 493; and 

environment, 48, 48, formation 

of, 488, 489; as lubricant, 165, 

165; pollutants released by, 492; 
uses of, 489, 49 

PH, 773, 773-774, 774; of blood, 

774,774 act; in environment, 

778, 778 

Phases of the Moon. See Moon 
phases 

Phobos (Mars’s moon), 226 

Phosphoric acid, 765. see also 

Acid(s) 

Phosphorus, adding to soil, 650; 
naming in binary compounds, 
706 



Photon 

Photon, 460 

Photosphere, 827, 828 

Photosynthesis, 522 act, 536, 827 

act; color for, 341 act; gases pro- 

duced by, 518, 519 

Photovoltaic (solar) cell, 501-502, 

502, 827 act 

PH scale, 773, 773 

Phyllite, 632 

Physical change, 562, 562 lab, 

562-563, 563; weathering as, 
566, 566, 566 act 

Physical properties, 560-561; 

appearance, 560, 560; and atom 

arrangement, 610; behavior, 561; 

cleavage, 610, 610; color, 609; 

crystal shape, 611, 612 lab; of 

Earth, 187; fracture, 610; hard- 

ness, 611; luster, 611, 611; mag- 

netism, 561, 561. see also 

Magnetism; of minerals, 

609-612, 610, 611, 612 lab, 612; 

and recycling, 561 act; streak, 

611; using to separate, 561, 561 

Physical science, 6 

Physicist, research, 592 

Physics, Integrate. See Integrate 

Physics 

Pigment, 342-343, 343 

Pilot(s), use of computer simula- 

tions by, 11, 11 

Pilot plant, 56 

Pinatubo, Mount (Philippines), 

376 act, 376. See also 

Volcano(es) 

Piston, 275, 275 

Pitch, 323, 323-324, 324 
Pitchblende, 790 

Plagioclase feldspars, 615, 618, 

620, 633 
Plague, 38, 38, 39, 120 

Plan(s), following, 477 lab, 599 lab, 

711 lab, 743 lab; making, 476 
lab, 598 lab, 710-711 lab, 742 lab 

Plane mirror, 331, 331-332, 332. 

See also Mirror 

Planet(s), 244; classifying, 221; 

comparing Earth to other plan- 

ets, 189 act; Earth as, 189, 189; 

extrasolar, 222; finding, 105, 105 

act; gravity on, 105 act; inferior, 

221; inner. see Inner planets; jov- 

ian, 221; models of, 218, 218 act, 

218=219; 219 emotion of 219; 

219 lab, 219, 220, 220 act; orbits 

of, 220, 220 act, 236; outer. see 

Outer planets; superior, 221; ter- 

restrial, 221; visible from Earth, 

244; weight on, 107 

Planetoid, 237, 237 

Plant(s); carbon dating of, 795; 

color for photosynthesis in, 342 

act; and energy from Sun, 827 

act; genetic alteration of, 45; in 

global water cycle, 522; growth 

of, 9; loss of, 522, 537; matching 
fossils on different continents, 

355, 355; oxygen from, 522 act; 

photosynthesis in, 518, 519, 522 

act, 536; recycling of, 650; and 

transpiration, 522 act, 662; use 

of infiltrated water by, 663; and 
water in atmosphere, 522, 522 

act; in water cycle, 662; and 

weathering, 648 

Plasma, 260, 261, 261 act 

Plastic, hydrocarbons in, 489 
Plastic deformation, 363 

Plate(s), 358 

Plate boundaries, 358—360; conver- 

gent, 359, 359, 376; divergent, 

358, 358, 376; setting of, 376, 
376; transform, 360, 360 

Plate tectonics, 358, 358-361, 359, 
360 

Pleiades star cluster, 826 

Plunkett, Roy, 60, 60 

Pluto, 231, 236, 236; classifying, 

221; orbit of, 220 

Pluto (Greek God), 617 

Polar ice caps, 656 

Polaris (star), 818 act; 193 

Polar molecules, 699, 700, 700 

Polar wandering, 188 

Pole(s), magnetic. See Magnetic pole 

Pollution, air, 518; and fossil fuels, 

492, 492; by light, 842 act; noise, 

344-345 lab; and water 

resources, 668 

Polonium, 792, 794 

Polyatomic ion(s), 707; com- 

pounds with, 707, 707 

Porosity, 625, 664, 665 act 

Porphyritic texture, 622 

Porphyry, 622 

Position, change of, 70, 70 

“Index. 
Pressure 

Positive acceleration, 78, 79, 79. see 

also Acceleration 

Positive charge, 392, 392-394, 393, 
394 

Positron Emission Tomography 
(PET) scans, 805 

Potassium, adding to soil, 650; in 

compounds, 695, 695; in Earth’s 

crust, 608; in radioactive dating, 

673 

Potassium bromide, 761 

Potassium chloride, 761 

Potassium feldspar, 620 

Potassium iodide, 695, 695 

Potassium nitrate, 732, 732, 761 

Potassium sulfate, 707 

Potential energy, 131—133, 134 lab; 

calculate, 149 act; chemical, 131, 

132; elastic, 131; energy conver- 

sions involving, 136-139, 137, 
138; gravitational, 132 act, 

NS FMNBS), His), NSIS (act, 137, ISG 

and thermal energy, 256, 256 

Power, 157-159; calculating, 157 
lab, 158, 158 act; 181 act; elec- 

tric, 410-413, 411 act, 413 act, 

419 act; and energy, 159, 159; 

hydroelectric, 503, 503-504, 504; 

nuclear, 49, 49 

Power lines, 486, 486, 491, 491 

Power outage, 442 

Power plant, 44, 440, 440, 442, 444; 

efficiency of, 492, 497; geother- 

mal, 505, 505; hydroelectric, 503, 

503; nuclear, 49, 49, 487, 494, 

494, 497, 497, 498, 498; solar, 

502; tidal, 504, 504 

Power plant operator, 440 

Power rating, 410, 410 

Precipitation, acid, 663, 778, 778; 

in chemical sedimentary rocks, 

628; and climate, 532, 532; and 

cloud formation, 521, 521; and 

global water cycle, 522, 522, 663; 

and sedimentary rock, 628; 

thunderstorms, 527, 527 and 

weather fronts, 526 

Precision, 14 

Prediction, 7 act 

Prefixes, in naming compounds, 

7095 ime SI) 15 

Pressure, atmospheric. See 

Atmospheric pressure; and rate 

INDEX 945 
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Index 
Pressure gradient 

of reaction, 739; and solubility, 

763, 763; water under, 667 

Pressure gradient, 525 

Prevailing winds, 532 

Primary colors, 342, 342. See also 

Color(s) 

Primary wave (P-wave), 365, 365, 

oval 

Prime Meridian, 191 

Principle of cross cutting relation- 

ships, 670 

Principle of faunal succession, 

671 

Principle of original horizontality, 

670 

Principle of superposition, 670, 670 

Printing, 41 

Prism 21059295329 

Private foundations, and technol- 

ogy, 47 

Private industries, and technology, 

47,48 

Problem, constraints on solving, 

55, identifying, 54; proposing 

solutions to, 54; stating, 8 
Problems, math. See Applying 

Math; Extra Math Problems; 

Math Skill Handbook 

Problem solving, 54, 54-57 

Product, 720; new, 58-59 

Projectile motion, 108—109, 109 

Prominence, on Sun, 828 

Properties, 560-567; of acids, 764, 

764; of bases, 766; chemical. see 
Chemical properties; of com- 

pounds, 688, 688-689, 689, 700, 

700-702, 701, 702; of covalent 

compounds, 701; of different 

types of mixtures, 558; of electro- 

magnetic waves, 459, 459-460, 

460; of electromagnets, 432; of 

groups of elements, 592, 594; of 
ionic compounds, 701, 702; phys- 

ical. see Physical properties; of 

waves, 294, 294-299, 295 lab, 296, 

2982993055 30l act 

Proportion(s), 573, 781 act. see also 

Applying Math; Math Skill 

Handbook; using, 733 act 
Proton(s), 392, 392, 579, 579; in 

atomic nucleus, 786, 786; identi- 

fying elements by, 585; mass of, 

583 act, 584, 786; positive charge 

STUDENT RESOURCES 

of, 786; and strong force, 787, 
787-788, 788, 789 lab 

Protostar, 823, 824. See also Star(s) 

Prototype, 56 

Proxima Centauri (star), 824 

Ptolemy, 218 

Pulley, 153 lab, 160, 169-170. See 
also Simple machine; block and 

tackle, 170, 170; as first-class 

lever, 169, 169; fixed, 169, 169; 

ideal mechanical advantage of, 

170; movable, 170, 170 

Pumice, 623 

Pupil, of eye, 335, 335 

Pure substance, 552-554, 554 
Pyroclasts, 374, 375 

Pyroxene group minerals, 614, 

618, 620, 626 

Quark, 579, 579-580, 580 

Quartz, 610, 614; as cement mate- 

rial, 625; clasts in, 627, in Earth’s 

crust, 614, 619; fracture in, 610; in 

granite, 620; in igneous rock, 618; 

hardness of, 611; in sedimentary 

rock, 625; and weathering, 626 

Quartz group silicates, 614 

Radar, 463 

Radiant energy, 129, 459. See also 

Energy; Energy sources; Solar 

energy; converting to solar 
energy, 502, 502 

Radiation, 269, 269, 270 act; and 
alpha particles, 791-792, 792; 

background, 799-800, 800; and 

beta particles, 793, 793; of cos- 

mic microwave background, 

837; and gamma rays, 793, 806; 

in heating of atmosphere, 520; 

in human body, 800; measuring, 

798 act, 798-799, 799; solar. see 

Solar energy 

Radiation detectors, 796-797; 

bubble chambers, 797, 797; 

cloud chambers, 796, 796; elec- 

troscopes, 797, 797 

Radiation layer, of Sun, 827, 827 

Radiation therapy, 467 

Rarefaction 

Radiation zone, of Sun, 827 

Radiator heating system, 273 

Radio, 442, 442, 469-475; AM and 

FM, 470, 470, 471; broadcasting, 

469-471, 470, 471; frequencies 

used for, 470, 476-477 lab 

Radioactive atoms, half-life of, 586 

act, 664, 664 

Radioactive dating, 672, 672-673, 

673, 794-795 

Radioactive decay, 672, 672-673, 
673 

Radioactive decay equations, 804 

act 

Radioactivity, 788—790; detecting, 

796, 796-797, 797; discovery of, 
790, 790, 790 act; and environ- 

ment, 49, 49; and half-life, 664, 

664, 794, 794, 813 act; reclaim- 

ing contaminated site, 499 act; 

release of, by nuclear power 

plants, 498; treating cancer with, 

806, 506 

Radiometric dating, 673 

Radio telescope, 821, 821, 821 act 

Radio wave, 463; calculating wave- 

length of, 299 act; diffraction of, 

305; in electromagnetic spec- 

trum, 462, 463, 463 lab, 

463-464, 464, 469; in microwave 

oven, 463, 463; and radio tele- 

scope, 821; receiving from space, 

454; and technology, 469-475, 
473 act; transmission by, 469, 

469 

Radium, 499, 790 

Rain, acid, 663; amount of, 532, 

533 and clouds, 521, 521; cold, 

521; and El Nino, 539, 539; near 

equator, 532; factors creating, 

521; and La Nina, 539; and sea 

breeze, 533; thunderstorms, 527, 

527; warm, 521; and weather 
fronts, 526 

Rainbow, 822 

Rain forests, 535, 652; and conven- 

tion currents, 268, 269 

Rainmaking, artificial, 799 act 

Rain shadow, lee, 533, 533 

Range, calculating, 534 act; of grav- 
ity, 105 

Rarefaction, 294, 294, 321, 321, 
Sy) 3, Hs 



Rate of reaction 

Rate of reaction, 738-740, 739, 740 

act 

Ratio(s). See also Applying Math; 
Math Skill Handbook; calculat- 

ing, 475 act, 790 act; using, 133 

act, 437, 444, 451, 813 act 

Rayon, 744 

Reactant, 720 

Reaction. See Chemical reaction 

Reaction force, 113, 113—114 

Reactor, nuclear, 494, 494—498, 495, 

496, 497, 498 

Reading Check, 7, 9, 10, 12, 15, 19, 

DOD 25) 5940 Ae Aye 5853. 
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161, 164, 170, 187, 188, 189, 190, 
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260; 26752705274. 289,2919295; 

296,902; 30453225324, 325, 328, 

SWS), S333), DIS), SVS, Bye, S55) SiS), 

377, 393, 394, 400, 404, 407, 410, 

424, 426, 433, 434, 439, 443, 458, 

460, 463, 466, 472, 473, 489, 496, 

A499; 503; 505}; 51/8, 521, 526, 554, 

DSioy DAA, Soils Stas, sler5, SIC, ows 

5615-984, 585; 586,589,593, 594, 

595, 613, 614, 617, 627, 631, 646, 

648, 650, 656, 659, 664, 668, 670, 

671, 674, 689, 691, 695, 698, 700, 

AW, LOTS TMS SOA TOD Soe TON 

VS, Hy Ske WAWS Taio), J oy Josh 

FOL, 1625/6595 // 05/74, 18/5789, 

791, 796, 799, 801, 804, 819, 821, 

822, 824, 827, 828, 831, 832, 834, 

837, 838 

Real image, 332, 334 

Real-World Problem, 27, 28, 51, 

Diop, to, tevor, Wie il Mtoe Weayal I aae 

LS UAC IO Os 205-23 One Ay 7,7 1 

278, 300, 31105 338, 344, 379; 380, 

406, 414, 445, 446, 468, 476, 507, 

508,929) 540, 5597568, 9975 598; 

616, 636, 653, 676, 693, 710, 741, 

742, 775, 776, 807, 808, 830, 840 

Recycling, and physical properties, 

561 act; of plant matter, 650 

Red dwarf star, 824. see also Star(s) 

Redox, 733 

Red shift, 324 act, 837, 838 

Reduction, 733 

Recycling, of matter, 646 

Reflected beam, 302 

Reflecting telescope, 820, 820, 821 
Reflection, angle of, 302, 302; dif- 

fuse, 328, 328; law of, 302, 328, 

328; of light, 327, 327, 328, 328, 
338 lab; of waves, 301, 301-302, 
302 

Refracting telescope, 819, 819 

Refraction, 302, 302-303, 303; 

index of, 329; of light, 329, 

329-330, 330 

Refrigerator, 276, 276 

Regional climates, 533. See also 

Climate 

Regional metamorphism, 631 
Regolith, 203 

Regular matter, 838 

Relative dating, 669, 670, 670-672, 

671; correlation in, 671, 671; and 

faunal succession, 671; of fossils, 

671, 671-672; original horizon- 
tality in, 670; overlapping fea- 

tures in, 670; principle of 

superposition in, 670, 670; of 
rocks, 670, 670-671, 671; uncon- 

formities in, 671, 671 

Relativity, general theory of, 120, 

120; special theory of, 478 

Renewable resources, 501-507; 

biomass, 506; geothermal, 505, 
505, 505 act; solar energy, 485 

lab, 501, 501-502, 502, 507 lab; 

tidal energy, 504, 504; water, 

503, 503-504, 504; wind, 504, 

504 

Replacement, 671 

Research, 8; on subatomic parti- 

cles, 579 act, 579-580, 580 

Research physicist, 592 

Resistance, 403—404, 405 act, 442; 

air, 85, 85-86, 86, 112 lab 

Resonance, 309, 309 lab 

Resources, conserving, 139, 522; 

nonrenewable, 493, 493; renew- 

able, 501, 501—507, 502, 503, 

504, 505, 507 lab 

Respiration, cellular, 518 

Retina, 335, 335, 340-341, 341 

Retrograde motion, 219, 219 lab, 219 

Review, Chapter. See Chapter 

Review; Section. See Section 

Review 

Index 

Rock record 

Reviewing Main Ideas, 31, 61, 91, 

Ve, L792 24S eo Ce sila. 

347, 383, 417, 449, 479, 511, 543, 

D/L OONS 6595679507 IBie/ 45,1079: 

811, 843 

Revolution(s), 192; of Earth 

around Sun, 192, 192; of 

Moon around Earth, 197, 197; 

of solar system around Sun, 

221 

Rhyolite, 621, 622 

Richter Magnitude Scale, 366 
Ridging, 650, 650 

Rift valley, 356, 358, 358, 376 
Rigel (star), 818 

Ring of Fire, 376, 376 
Ripples, 288, 292 

Risk and benefit analysis, 564 

River(s), 655, 655; changes in, 654, 

654; pollution of, 668; and ero- 

sion, 655; suspensions in, 558, 

558 

Robot, 56 

Rock(s), 617; age of, 357; as 

aquifers, 664; calculating age of, 

675 act; cleavage in, 632; correla- 

tion of, 671, 671; dating, 670, 

670-671, 671; dating minerals in, 
672; folds of, 675, 675; foliated, 
632; identifying, 636-637 lab; 

igneous, 617-623, 622 act, 672; 

illegible, 648 act; as insulator, 

622; and intrusion, 670, 670; 

magnetic polarity of, 357; match- 

ing on different continents, 356; 
measuring age of, 798 act; meta- 

morphic, 630, 630-634, 631, 631 

act, 632 act, 633; nonfoliated, 

632; parent, 634; porosity of, 625; 
radioactive dating of, 795; sedi- 

mentary, 624-629, 627 act, 628 

lab; texture of. see Texture; 

unconformities in, 671, 671; vol- 
canic, 622, 622, 634. see also 

Magma; weathering of, 566, 566, 

566 act, 624, 624, 625, 626, 635, 

646, 646, 647, 647 

Rock cycle, 634, 634-635 

Rocket(s), 737 

Rocket propulsion, 114, 114, 115 

Rock-forming minerals, 613 

Rock gypsum, 628 

Rock record, gaps in, 671 

INDEX 947 
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Rock salt 

Rock salt, 628 

Rockslide, 662 

Rocky Mountains, 533, 655 

Rod(s), 341, 341 

Rolling friction, 84. See also 

Friction 

Rotation(s), 192; of coil in electric 

motor, 436, 436,439; of Earth, 

190, 192, 524; of electromagnet, 

434, 434, 435, 435; of Moon, 

U7, WL 

Row, on periodic table, 593, 593 

Rubidium-—87, 673 

Ruby, 609 
Ruler, metric, 17; sound of, 319 lab 

Running water, 654-656, 655, 656; 

changes in, 654, 654; erosion by, 

654-656, 658; modeling, 645, 

655 

Runoff, in global water cycle, 663; 

modeling, 656 lab 

Russell, Henry, 823 

Rust, 564, 648, 648, 719 lab, 730, 

PM 

Rutherford, Ernest, 810; atomic 

model of, 582 

Se 
Safety belts, 101, 101 

Sagittarius dwarf galaxy, 832, 834. 

See also Galaxies 

Sahara, 535, 538 

Saint Helens, Mount, 376 

Salt(s). See also Sodium chloride; 

common, 769; as compound, 

554, 554; crystal system of, 612 

lab, formation of, 769; identify- 
ing crystal system of, 609 lab; as 

ionic compound, 700; on Mars, 

228 act; melting point of, 701, 

702; mining of, 614 act; as pre- 

servative, 614 act; properties of, 

689, 689, 700; rock, 628; shape of 

particles in, 260; solubility in 

Satellite(s), communications, 474, 

474, 474 act; imagery from, 464, 

464; television, 474; weather, 256 

act 

Satellite dish, 464, 468 lab 

Saturated solution, 761, 776-777 

lab 

Saturated zone, 663 

Saturn, 234, 234, 234 act; atmos- 

phere of, 234; classifying, 221; 

exploration of, 234, 234, 234 act; 

heliocentric longitude for, 244; 

moons of, 234, 241, 241; ring 

system of, 234 

Schist, 632 
Science, Applying. see Applying 

Science; defined, 6, 40; explain- 

ing nature, 7; limitations of, 12, 

12; as literature, 837 act; major 

categories of, 6; moral and ethi- 

cal issues in, 50, 50 act; and tech- 

nology, 13, 13; v. technology, 40 

Science and History, Body Art, 448, 

448; A Chilling Story, 600; The 

Impossible Dream, 146; Making 

Waves, 312; Newton and the 

Plague, 120; The Nuclear 

Alchemists, 810; Riding a Beam of 

Light, 478; Volcano Weather, 382 

Science and Language Arts, “A 

Brave and Startling Truth,” 90; 
The Grapes of Wrath, 542; A 

Haiku Garden, The Four Seasons 

in Poems and Print, 346; Invisible 

Man, 416; “Stars”, 842; Thinking 

in Pictures, and Other Reports 

from My Life with Autism, 30 

Science and Society, Acid Rain, 

778; Earth Materials at Work, 
638; Reacting to Nuclear Energy, 

510; The Science of Very, Very 

Small, 178; Tapping into the 

Underground, 678 
Science fair, 10 

Science Journal, 4, 36, 68, 96, 126, 

Scientific insight 

Atomic Energy Level Structure, 

593; Balancing Chemical 

Equations, 727; Bayou, 657; 

Biotech Foods, 45; Caves, 566; 

Cleaner Chemistry, 770; 

Clementine and Lunar Prospector 

Missions, 204; Color Blindness, 

340; Comparing Earth to Other 

Planets, 189; Crystallization, 

762; Marie Curie, 790; 

Diffraction, 305; Discoveries of 

Cassini-Huygens, 234; Dot 

Diagrams, 691; Economic 

Minerals, 615; Electric Motors, 

437; Energy, 412; Fusion 

Reactors, 803; Geothermal 

Energy, 505; Glacier Flow, 130; 

Gravity on Other Planets, 105; 

Hard v. Soft Water, 667; Huge 

Eruptions, 374; Hurricane 

Tracking, 528; Igneous Rock, 

622; International System of 

Units, 18; Ionic Bonds, 696; 

Isostatic Rebound, 658; Antoine 

Lavoisier, 722; Lightning, 396; 

Metamorphic Rock, 632; The 

Milky Way Galaxy, 834; Morals 

and Ethics in Science, 50; 

Motion in Sports, 102; Mt. 

Pinatubo, 376; Nanobots, 172; 

NASA Missions to Mars, 227; 

New Elements, 595; New 

Telescope Design, 821; Nuclear 

Fusion, 141; Olympic Swimming 

Speeds, 75; Particle Research, 

579; Periodic Table, 591; 

Prediction, 7; Radio Wave 

Technology, 473; Risk and 

Benefit Analysis, 564; Running 

Speeds, 72; Satellite 

Communication, 474; Seafloor 

Spreading, 358; Seismic Waves, 

293; Solar Heating, 273; Sonar, 

325; States of Matter, 261; 

Storing Nuclear Wastes, 498; 
[SZ SA ON ov eS Owe lo mona. 

390, 422, 454, 484, 516, 550, 576, 

606, 645, 686, 718, 750, 784, 816 

Science Online, 5, 37, 69, 97, 127, 

1555185521075 :203,.287 101 95.5535 

39154235455, 4835517, 55) 5775 

607, 645, 687, 719, 751, 778, 785, 

817; Archimedes’ Principle, 12; 

water, 760 

San Andreas fault, 360 

San Francisco, climate, 532, 533 

Sand, 561, 561, 626, 627, 689 

Sandbar, 660 

Sand dunes, 660, 660 

Sandstone, 627, 664, 667 

Sapphire, 609 

Transformers, 442; John Tyndall, 
557; Weather Satellites, 256; 

World Climates, 530 

Science Stats, Intriguing Elements, 

570; Night Sky Wonders, 244; 

Surprising Thermal Energy, 280 

Scientific discovery, 38 

Scientific insight, 39 
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Scientific law 

Scientific law, 12 

Scientific methods, 7-13, 8, 9 act, 

10, 11 act, 12, 27, 28-29, 51, 54, 

94-57, 58-59, 87, 88-89, 112, 

118-119, 134, 144-145, 175, 

176-177, 196, 208-209, 230, 

242-243, 271, 278-279, 

310-311, 338, 344-345, 379, 

380-381, 406, 414-415, 445, 

446-447, 468, 476-477, 507, 

508-509, 523, 540-541, 559, 

568-569, 597, 598-599, 616, 

636-637, 651, 676-677, 693, 

710-711, 741, 742-743, 775, 

776-777, 807, 808-809, 830, 

840-841; Analyze Your Data, 10, 

29, 515 59,89 N19" 145) 177,209, 

243552795311, 345,381;415, 447, 

ETT OO9, Oe 5 O9 99% 6876 OTs 

711, 743, 777, 809, 841; commu- 

nicating, 10, 10; Conclude and 

Apply, 29, 59, 87, 89, 112, 119, 

IS Ale oseleo alan OG, 0923.0; 

PAD; 22795 S15 898304550795 

381, 406, 415, 445, 447, 468, 477, 

D075 S095 25, 5415 269,15975599, 

GIG 637s053) 677,698, Jey I, 

743, 775, 777, 807, 809, 830, 841; 

drawing conclusions, 10; Follow 

Your Plan, 477, 509, 599, 711, 

743; Form a Hypothesis, 8, 28, 

88, 144, 242, 344, 414, 446, 540, 

568, 710; gathering and organiz- 

ing information, 8; Make a 

Model, 808-809, 840; Make a 

Plan, 476, 508, 598, 710-711, 

742; Make the Model, 58, 176; 

and objectivity, 10; stating a 

problem, 8; Test the Model, 59, 

177; Test Your Hypothesis, 8, 28, 

29, 88-89, 145, 242-243, 

344-345, 415, 447, 568-569, 

710-711; Test Your Model, 541, 

809, 841 

Scientific notation, using, 459 act, 

461 act, 467 act, 481 act 

Scientific theory, 12 

Scientist, 52; v. engineer, 52—53; 

working with engineer, 54 

Screw, 173, 173. See also Simple 

machine 

Screwdriver, 160, 167, 167 

Sea arch, 659 

Sea breeze, 533 

Seafloor spreading hypothesis, 
356, 356-357, 358 act 

Seashells, weathering of, 648 
Season(s), 193-194; angle of sun- 

light during, 193, 193, 194, 196 
lab; hours of daylight during, 
194; on Mars, 225 

Seasonal climate change, 535 
Sea stack, 659 

Second, 19 

Secondary wave (S-wave), 365, 
0), Sy) Il 

Second-class lever, 166, 167, 167, 

168. See also Lever 

Second law of motion, 101—103, 

102, 102 act, 103, 106 

Second law of thermodynamics, 274 

Section Review, 13, 21, 26, 45, 50, 

Dy Ty SO, CO, IOS, Wil, WA, 133}, 

143, 159, 165, 174, 189, 195, 207, 

Mii, DIS), DI, PMs BS), HOS, ZI, 

DWI, 3, DIS), SVD, BAG; SAO), BB, 

361, 369, 373, 378, 399, 405, 413, 

430, 437, 444, 461, 467, 475, 522, 

SR, Dav, DIE, Doe NOs eos SINs 

596, O15 0205029) OSDNODLs O62, 

668, 675, 692, 702, 709, 725, 729, 

HI, HAW, 1 Ne) HOS JID, HAs JW: 

795, 800, 806, 822, 829, 835, 839 

Sediment(s), age of, 357; horizon- 

tal layers of, 670 
Sedimentary rock, 624-629, 627 

actm, 628 lab; biochemical, 

628-629, 629; cementation of, 

625, 625; chemical, 628, 628 lab; 

clasts in, 624—625, 625, 626; coal, 

629, 629; compaction of, 625, 

625; detrital, 626, 626-627; for- 

mation of, 625, 625; minerals in, 

625; particles size in, 626, 626; 

porosity of, 625; from surface 

materials, 624m, 624—625m, 625 

Sedimentation rate, calculating, 

629 act 

Sediment transport, 654 

Sedna (planetoid), 237, 237 

Seismic wave(s), 293, 293, 293 act, 

364-366, 365, 366, 369 act, 370. 

See also Wave(s) 

Seismograph, 367, 367 

Semi-arid climate, 534, 534. See 

also Climate 

Silver 

Semimetal(s). See Metalloid(s) 

Separating, by chemical changes, 

565; by physical changes, 562 lab; 

by physical properties, 561, 561 

Series circuit, 407, 407—408, 

414-415 lab 

Severe weather, 527—528; down- 

bursts, 527; hurricanes, 528, 528 

act; and maritime tropical air, 

526; thunderstorms, 527, 527; 

tornadoes, 528, 528 

Shadow zone, 371 

Shale, 627, 664, 667 

Shear stress, 363, 364 lab 

Shear wave, 365 

Sheet silicates, 632 

Shield volcano, 377, 378. See also 

Volcano(es) 

Shock, electric, 394, 395, 405 act 

Shock metamorphic rocks, 633 

Shooting stars, 236 

Shoreline(s). See Coastline(s) 

SI (International System of Units), 

15, 15-21, 18 act, 781 act; con- 

verting units in, 16, 16 act, 21 

Wet, SE) elCt, DO'S) (ate, SYD) (et, OS 

act, 545 act; derived units in, 19; 

dimensions, 20; measuring den- 
sity in, 19, 19 lab, 20; measuring 

distance in, 17, 17, 20; measur- 

ing length in, 16, 16 act, 16-17, 
17, 20; measuring mass in, 15, 

15, 19, 20; measuring speed in, 

20; measuring time in, 19; meas- 

uring volume in, 18, 18, 20; pre- 
fixes in, 15; unit for 

temperature, 255 

Side-scan sonar, 312, 312 

Sidereal, 192; day, 192; month, 197; 

year, 192 4 

Sierra Nevada, 533 4 

Silica, 621, 648 

Silicates, 613, 613-614; sheet, 632 

Silicon, in Earth’s crust, 608, 609; 

in silicates, 613, 614 

Silicon dioxide, 689 

Silicon-oxygen tetrahedrons, 613, 

614 

Silk, artificial, 744 

Silt, 626, 627 

Siltstone, 627 

Silver, activity of, 732, 732; chemi- 
cal symbol for, 578, 598; group 

xapu] 
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Silver nitrate 

properties of, 592; reaction to 

sulfur compounds, 565; in solu- 

tion, 753; tarnishing of, 565; 

veins 1n, 612 

Silver nitrate, 731, 731 

Silver sulfide, 565 

Simple machine, 166-177. See also 

Machine; bicycle as, 152, 152; 
doing work with, 152, 152, 153 

lab, 162, 162-163, 163; inclined 

planes 721 7/31 75; lever, 166; 

166-169, 167, 168, 175 lab; pul- 

ley, 153 lab, 160, 169, 169-170, 

170; screw, 173, 173; using, 

176-177 lab; wedge, 173, 173; 

wheel and axle, 171, 171-172, 

IZ 

Simulation, computer, 11, 11, 55, 

55) 

Single covalent bond, 697, 697 

Single-displacement reaction, 731, 

731-732. See also Chemical reac- 

tion 

Sinkhole, 666, 666 

Sirius (star), 818 

Sisyphus, 132 act 

Skills technology, 41 

Skin cancer, 455 lab 

Slate, 632 

Sliding friction, 84, 84, 86 act, 123 

act. See also Friction 

Slingshot, 131 act 

Slump, 662 

Smith, William, 671 

Smog, 278, formation of, 521 

Smoke, 556 

Smoke detector, 553, 792, 792 

Snow, and atmospheric heating, 

520, 530 

Social Studies, Integrate. See 

Integrate Social Studies 

Society, 46. See Culture; Science 
and Society 

Soddy, Frederick, 810 

Sodium, in compound, 554, 554, 

689, 689; in Earth’s crust, 608; 

electron dot diagram for, 691; 

mass number of, 585 

Sodium acetate, 762, 762 

Sodium bicarbonate, 769 

Sodium chlorate, 761 

Sodium chloride. See also Salt(s); 

chemical formula for, 689; 

STUDENT RESOURCES 

chemical reaction forming, 723, 

723; as compound, 554, 554; 

electron dot diagram of, 594, 

594; formation of, 769; neutral- 

ity of, 704; properties of, 689, 

689; solubility of, 761; stability 

of, 692; uses of, 769 

Sodium hydrogen carbonate, 769 

Sodium hydroxide, 767, 768, 772 

Sodium ion, oxidation number of, 

703 

Soft drinks, 556, 556, 560, 561 

Soft water, 667 act 

Soil, 650-652; adding nutrients to, 

652; depletion of, 652; deposits 

of, 654, 656, 656; erosion of, 652; 

going fallow, 652; graphing tex- 

tures of, 653 lab; parent material 

of, 651; preventing loss of, 652; 

subsoil, 650, 650; topsoil, 650, 

650, 651; transport of, 651, 654, 

656; types of, 651, 651; and 

weathering, 650 

Soil erosion, 653; calculating time 

for, 650 act; and landforms, 654; 

preventing, 650, 650 

Soil horizons, 650, 650 

Soil order, 649 

Soil profile, 649, 649 

Sojourner (Mars rover), 228 

Sojourner Rover (space vehicle), 

553) 

Solar cell, 501—502, 502, 827 act 

Solar day, 192 

Solar eclipse, 201, 201 

Solar energy, 269, 269, 270 act, 

S01 501-502, 902. See Enerey 

sources. See also Energy; aver- 

age amount hitting Earth, 280; 

and climate, 530, 530, 536; 

heating with, 485 lab, 507 lab; 

and life, 784, 784, 827 act; and 

matter, 269, 269; and photo- 

voltaic (solar) cells, 501—502, 

502, 827 act; and transfer of 

energy, 269, 269; and water 

cycle, 663 

Solar flare, 828, 828 

Solar heating, 273 act 

Solar mass, 827 

Solar radiation, in heating of 

atmosphere, 520; and mean 

temperature, 530 

Sound wave(s) 

Solar system, 218-222; asteroids 

in, 236, 236; comets in, 236, 236; 

geocentric model of, 218 act, 

218; heliocentric model of, 219, 

219 lab, 219, 233; life in, 

238-241; meteoroids in, 236; 

origin of, 221, 221; and other 

solar systems, 222; planets in. 

See Planet(s); Sedna planetoid 

in, 2370237; size Ot, 20/7 lav 

Solar wind, 188, 223, 224, 236, 829 

Solenoid, 432, 432 

Solid(s), 260, 260; dissolving, 755, 

755, 759, 759; melting of, 262, 

263; speed of sound in, 321; in 

volcanic eruptions, 374; volume 

of, 18, 20 

Solid solution, 753, 753, 754 

Solstice, 194, 195, 195 lab 

Solubility, 759, 759; comparing, 

759, 760; of compounds, 761; of 

gases, 763, 763; and pressure, 

763, 763; and temperature, 763 

Solubility curve, 761, 761 

Solute, 753 

Solution(s), 556, 556, 558, 752-781; 

ability to conduct electric cur- 

rent, 771, 771; acid-base, 768, 
768-770; aqueous, 753; invisible 

ink, 751 lab; liquid, 752, 752; 

nonliquid, 753, 753; pH of, 773, 
773-774, 774; proposing, 54; sat- 

urated, 761, 776-777 lab; solid, 

753, 753, 754; supersaturated, 

762, 762; types of, 761-762, 762; 

unsaturated, 761 

Solution energy, 762 
Solvent, 753 

Sonar, 312, 312; 325, 325 act, 356, 

358 act 

Sound, 319 Jab, 320-326; and 

Doppleretfect;, 323=324, 324 

837; and electromagnets, 433, 

433; intensity of, 322, 322; loud- 

ness of, 322, 322; noise pollu- 

tion, 344-345 lab; pitch of, 323, 

323-324, 324; speed of, 318, 318, 

320-321; technology using, 325 

act, 325-326, 326; ultrasound, 
I WG, VIS 

Sound barrier, cracking, 318, 318 

Sound wave(s), 290-291, 320, 

320-326. See also Wave(s); 



South America 

amplitude of, 321, 321 caused by 

lightning, 396; in different mate- 

rials, 321; diffraction of, 305; 
and energy, 456; energy of, 321, 

321; frequency of, 323, 323; 
high-frequency, 326; and inter- 

ference, 307; in media, 289, 291, 
296, 456, 456; reflection of, 301; 
and sonar technology, 312, 312; 

speed of, 296, 297 act; and tem- 

perature, 321; wavelength of, 
2955505 

South America, convergent plate 

boundaries in, 359; matching 
Africa’s coastline to, 355 

Southern hemisphere, 193, 194, 

194, 195; weather in, 525, 526 

Southern lights, 188 

Space medicine, 114 act 

Space probe, 203, 204, 206, 223, 

228 224, 226,227, 522752285.032, 

233, 235, 240 

Space program, 4, 4; astronauts in, 
6, 11; and computers, 11, 11 act; 

problem solving in, 8, 9 

Space shuttle, 280, 280, 820; 

designing, 8, 9; powering, 737; 

weight on, 107 

Space vehicles, 553 

Spark plug, 439 

Special theory of relativity, 478 

Specific heat, 257; calculating, 259 

act; measuring, 259, 259; of 
water, 257, 258 act 

Spectroscope, 822 

Spectrum, electromagnetic. See 

Electromagnetic spectrum; of 

light, 822, 822 
Speed(s), 71-72; and acceleration, 

76, 76; at amusement parks, 80; 

average, 71 lab, 72,72 act, 75 act; 

calculate, 149 act, 349 act; calcu- 

lating, 80 act, 93 act, 123 act, 189 

act, 297 act, 315 act; of chang- 

ing, 75; chemical reaction. see 

Rate of reaction; comparing, 69 

lab; of electromagnetic wave, 

460; graphing against time, 77, 

79; instantaneous, 71; of light, 

296, 459 act, 460, 478, 820, 834; 

measuring, 20; of Olympic 

swimmers, 75 act; running, 69, 

72 act; of sound, 296, 297 act, 

318, 318, 320-321; in sports, 75 
act; of wave, 296-297, 297 act, 
315 act 

Sphere, 186 
Spiral galaxies, 816, 831, 831, 834; 

arms of, 835, 835; barred, 831, 

834. See also Galaxies; Milky 
Way galaxy 

Spirit space probe, 226, 227, 228 
Spit (sandbar), 661 

Splosh crater, 240 

Sports, motion in, 102 act; speed 

in, 75 act; speed in running, 69, 

72 act; speed of Olympic swim- 
mers, 75 act 

Spring(s), 666, 666 

Spring equinox, 194, 195 

Spring tide, 199, 199 

Squall, 527 

Stability, atomic, 690, 690-692, 

691, 692 

Standardized Test Practice, 34-35, 

64—65, 94-95, 124-125, 

150-151, 182-183, 214-215, 

248-249, 284-285, 316-317, 

350-351, 386-387, 420-421, 

452-453, 482-483, 514-515, 

546-547, 574-575, 604-605, 

642-643, 682-683, 716-717, 

748-749, 782—783, 814-815, 

846-847 

Standards of measurement, 14—21 

Standing wave, 308, 308. See also 

Wave(s) 

Star(s), 816; absolute magnitude of, 

823; apparent magnitude of, 

826; black dwarf, 824; changes 

in, 824-825, 824; constellations 

of, 192, 818, 818, 825,826;. see 

also Constellation(s); counting, 

824 lab; density of, 834; evolu- 

tion of, 823-829, 824, 825, 826, 

828; formation of, 823, 833; 

fusion in, 803, 803; giant, 824, 

824, 827-828, 827, 828; H-R dia- 

grams of, 823, 823, 826, 830 lab; 

movement of, 822, 837; mythol- 

ogy of, 818 act; neutron, 825; 

protostar, 823, 824; red dwarf, 

824; relative sizes of, 824; spec- 

trum of, 822, 822; supergiant, 

824, 824, 825, 525; supernova, 

596, 596; temperature of, 822, 

Index 
Study Guide 

825, 827, 828; visible on Earth, 

817 lab, 818, 818; white dwarf, | 4 

824, 824, 825 

Star clusters, 826; age of, 830 lab; 

H-R diagrams of, 826, 830, lab; 
in spiral arms of galaxy, 835 

“Stars” (Teasdale), 842 

States of matter, 260—265, 261 act. 

See Liquid(s); Plasma; Solid(s); 

Gas(es); changes in, 261-263, 

262, 262 lab, 263; comparing 
states of water, 262, 262 lab, 

262-263, 263 

Static electricity, 392, 393, 396, 397 

Static friction, 84, 84. See also 

Friction 

Steam engine, 13 

Steel, liquid v. solid, 252, 252 

Steinbeck, John, 542 

Steno, Nicholaus, 670 act . 

Step-down transformer, 443, 443, 

444, 444 

Step-up transformer, 443, 443, 

444, 444 

Sterile instruments, and infection, 

39 

Sterling silver, 753 

Stirring, and dissolving, 756 
Stomach acid, 689. See also Acid(s) 

Strassmann, Fritz, 801, 810 

Stratosphere, 519, 520 

Stratus clouds, 521. See also 

Cloud(s) 

Streak, 611 

Streak test, 611 

Stream(s), 655; deposits in, 656, 

656, 656; erosion by, 655, 659 

Stream channel, development of, 

656, 656, 662 

Stream divides, 657 

Stress, compressive, 363, 364 lab; 

shear, 363, 364 lab; tension, 363, 

364 lab;; torsion, 363, 364 lab 

Stroke (of piston), 275, 275 . 

Strong acid, 771, 771, 772, 772. See \4 

also Acid(s) 

Strong base, 772. See also Base(s) 

Strong force, 787, 787-788, 788, 

789 lab 

Strong nuclear force, 104 

Strontium hydroxide, 707 

Study Guide, 31, 61, 91, 121, 147, 

7/2), AIL, PAS), MOM, DID, 3, HIB. 
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Subduction 

417, 449, 479, 511, 543, 571, 601, 

639; 679,713, 745,779, 811, 843 

Subduction, 359, 359, 360, 378 

Subpolar lows, 525 

Subscript, 689 

Subsoil, 650, 650 
Substance, 552; pure, 552-554, 

554 

Subtractive color, 343. See also 

Color(s) 
Subtropical climate, 534, 534. See 

also Climate 
Subtropical highs, 525 

Sucrose. See Sugar 

Sugar, 570; chemical formula for, 

689; as covalent compound, 700; 

dissolving, 647 lab, 755, 755, 756 

lab, 776-777 lab; melting point 

of, 701; as molecule, 554; prop- 

erties of, 700; solubility of, 760, 

Hol - 

Sulfates, 614; on Mars, 228 act 

Sulfides, 614 

Sulfur, naming in binary com- 

pounds, 706 

Sulfuric acid, 689, 765, 765. see also 

Acid(s) 
Summer, 193, 194; hours of day- 

light in, 194 

Sun, 827-828, 828; apparent move- 

ment of, 192; atmosphere of, 

827; as center of solar system, 

219, 219; changes in, 824, 824; 

chromosphere of, 828; convec- 

tion layer of, 827, 827; core of , 

827, 827; coronal mass ejections 

(CMEs) from, 829, 829; distance 

to Earth, 17 act, 220, 280 act; 

Earth’s orbit around, 188-189, 

192; 192; 193 eclipse of, 201, 

201; energy from. see Solar 

energy; energy of. see Solar 

energy; evolution of, 824, 824, 

825; flares from, 828, 828; gravi- 
tational force of, 104; gravita- 

tional force of Earth on, 184, 

199, 199;, interior of, 827; loca- 

tions in galaxy, 834; mass of, 

827; measuring time by, 190; 

motion of, 71; and nearby plan- 

ets, 223; and nuclear fusion, 803, 

803; orbit of, 834; origin of, 221, 
237; photosphere of, 827, 828, 

STUDENT RESOURCES 

828; planets near, 223; plasma 

state of, 261, 261 act; promi- 

nences and solar flares from, 

828, 828; as protostar, 824; radi- 

ation layer of, 827, 827; revolu- 

tions of Earth around, 187, 192; 

revolution of solar system 

around, 221; size of, 185 lab; at 

solstice, 194, 195, 195 lab; struc- 

ture of, 827, 827; and tides, 199; 

and time, 190, 190; ultraviolet 

rays from, 455 lab, 465-466, 466, 

520 

Sunburn, 455 lab, 465 

Sunlight, changing angle of, 193, 

193, 194, 196 lab; intensity of, 

196 lab 

Sunspot, 536, 827, 825 

Supergiant (star), 825, 825. See also 

Star(s) 

Superior planets, 221 

Supernova, 596, 596, 825, 837 

Superposition, principle of, 670, 

670 

Supersaturated solution, 762, 762 

Superscript, 695 

Surface area. See Math Skill 

Handbook. See also Applying 

Math; and air resistance, 85, 85; 

calculating, 757 act, 758 act; and 

dissolving, 756, 756, 756 lab, 757 

act; and rate of reaction, 739; 

and weathering, 647, 647 

Surface-coating chemist, 753 act 

Surface materials, rocks from, 624, 

24 

Surface waves, 365, 365 

Surveyor spacecraft, 203 

Survival needs, 42—45, 44; in devel- 

oping countries, 42, 42; in 
industrialized countries, 43, 43 

Suspension(s), 558, 558 

Swimming speeds, 75 act. See also 

Speed(s) 

Swing, energy transformations in, 

138, 139, 140, 144-145 lab 

Symbols, for acceleration of grav- 

ity, 106; for elements, 578, 

598-599 lab; used in chemical 

equations, 723 

Synodic month, 197, 200 

Synthesis reaction, 730, 731 

Synthetic elements, 595, 788 

Technology 

Synthetic fabrics, hydrocarbons in, 

489, 489 

System(s), closed, 274; open, 274 

System failure, limiting, 56 

Table(s), using, 493 act, 587 act, 

603 act 

Talc, hardness of, 611 

Tambora, Mt. (Indonesia), 536 

Tape measure, |7 

Tarnish, 565 

Taurus constellation, 826 

Teasdale, Sara, 842 

Technological knowledge, 41 

Technological methods or tech- 

niques, 41, 41 

Technological objects, 40 

Technological skill, 41 

Technological systems, 41 
Technology, 13, 40—45; agricultural 

biotechnology, 45; air condi- 
tioner thermostat, 56; aircraft 

carrier, 77 act; alternator, 403, 

439; for basic human needs, 42, 

42-45, 43, 44; batteries, 401-403, 

402, 402 lab, 436, 441; bubble 

chamber, 797, 797; calorimeter, 

259, 259; cathode-ray tubes 

(CRT), 472, 472; cell phones, 

473, 473; changes in, 40 act, 41, 

41; circuit breaker, 409, 410, 410; 

cloud chamber, 796, 796; com- 

munications satellite, 474, 474, 

474 act; commutator, 436, 437; 

compact discs, 57, 57; and con- 

sumers, 46, 46; control system, 

56; CT (computerized tomogra- 

phy) scan, 370, 465 act; defined, 

40; developing, 52, 52-57; 

echolocation, 325; and economic 

forces, 47, 47-48; effects of cul- 

ture on, 46, 46—50, 48, 49, 49 act; 

effects on life, 37 lab; electric 

motor, 435, 435—437, 436, 437 

act, 439, 441; electroscope, 398, 

399, 797, 797; and environment, 

48, 48-49 act, 48-49, 49, 49 act; 

evaluating benefits and conse- 

quences of, 47 lab, 48; fluores- 
cent materials, 465, 465; fuel 



Teflon 

gauge, 435, 435; furnace, 272, 
273; galvanometer, 434—435, 

435; Geiger counter, 798-799, 
799; generator, 438, 438-440, 

439, 440, 441, 491, 491; global 

needs for, 42, 42-45, 43, 44; 

Global Positioning System 

(GPS), 475, 475; and govern- 
ment, 47, 47; graphing calcula- 

tor, 24, 24; heat engine, 275, 275 
act; heating systems, 272, 

272-273; 273, 273 act; hybrid 

engine, 53, 53, 506, 506; as intel- 

lectual property, 57, 57; internal 

combustion engine, 275, 275; 

Internet, 41; light bulb, 127 lab, 

159, 159, 403, 403, 404, 404, 406 

lab, 410, 553; lightning rod, 398, 

398; lunar module, 115, 737; 
micrometer, 17; microwave 

oven, 463, 463, 463 lab; MRI 

(magnetic resonance imaging), 

370, 448, 448, 464, 464; nan- 

otechnology, 36, 172 act, 178, 

178; pagers, 473; parabolic 

trough, 502; patenting, 57; per- 

petual-motion machine, 146, 

146; pH scale, 773, 773; photo- 
voltaic (solar) cell, 501-502, 502, 

827 act; printing, 41; and private 

foundations, 47; and private 

industries, 47, 48; radar, 463; 

radiation therapy, 467; radio, 

442, 442; radio wave, 469-475, 

473 act; refrigerator, 276, 276; 

responsible, 48, 48—50, 49; 

rocket, 114, 114, 115, 737; satel- 

lite dish, 464, 468 lab; and sci- 

ence, 13, 13viscience;/40; 

seismograpg, 367, 367; skills, 41; 

smoke detector, 553, 792, 792; 

and social forces, 46, 46—47; 

solenoid, 432, 432; sonar, 312, 

BIZ 22 99929 Ol, SD, 358 ACh; 

space probes, 203, 204, 206, 223, 

DTA ZZA LO L/L 2s 220, LOD), 

233, 235, 240; space shuttle, 8, 9, 

107, 280, 280, 737, 820; space- 

craft, 203; spectroscope, 822; 
steam engine, 13; Teflon, 60, 60; 

telephones, 473, 473, 474; tele- 

scopes, 210, 233, 819, 819 lab, 

819-821, 820 act, 821, 821 act; 

television, 472, 472, 474; 

Tevatron, 580, 580; tomography, 

371; transceiver, 473; trans- 

former, 442, 442 act, 443, 443, 

444, 444; turbine, 440, 491, 491; 

types of, 40, 40, 42, 42, 43, 43; 

ultrasound, 323, 326, 326, 358 

act, 370; using sound, 325 act, 
325-326, 326; vending 

machines, 754; weather satellites, 

256 act; windmills, 440, 440, 

504, 504; X rays, 467, 467 

Teflon, 60, 60 
Telephone, 473, 473, 474 

Telescope(s), 233, 819-821; build- 

ing, 819 Jab; calculating magni- 
fying power of, 819, 820 act; 
Hubble, 820, 820, 838; lens of, 
210, new design for, 821, 821 act; 

optical, 819, 819; radio, 821, 821, 

821 act; reflecting, 820, 820, 821; 
refracting, 819, 819 

Television, 472, 472, 474 

Temperate climate, 534, 534. See 

also Climate 

Temperature, 254, 255, 280 act. See 

also Body temperature; of air 

surrounding lightning, 396; 
around universe, 837; in atmos- 

phere, 520; calculating average, 

280 act; calculating change in, 

283 act; calculating range of, 534 
act; and changes in states of 

matter, 262-263; and climate, 

530, 530, 532; of cosmic 
microwave background radia- 

tion, 837, 839; and dissolving, 

758, 761; on Earth, 189, 225; and 

fusion of hydrogen and helium, 

221, 823; global increases in, 

537; and global warming, 536, 

538; graphing, 23, 23, 24 act, 25 

lab; and heat, 257; and heating 

curve, 263, 263; on Jupiter, 231; 

and kinetic energy, 255; of light- 

ning, 280; of magma, 622; on 

Mars, 226; mean, 530, 530; 

measuring, 21, 21; on Mercury, 

224; models explaining, 11; for 

nuclear fusion, 500, 803; of pro- 

tostar, 823; and rate of reaction, 

739, 739; and refraction, 329, 
329; and resistance, 404; SI unit 

~ Index 
Thermal energy 

for, 255; of solar flare, 828; and 

solubility, 763; and solution 

energy, 762; and speed of sound, 

321; of stars, 822, 825, 827, 828; 

in stratosphere, 519, 520; and 

thermal energy, 361; and ther- 

mal expansion, 264, 264-265, 

265; in troposphere, 519, 519; on 

Venus, 189, 224; and water, 520 

Temperature gradients, 530 

Temperature inversion, 519, 523 

lab 

Temperature scale, 20, 21, 21, 255, 

255 act 

Tension stress, 363, 364 lab 

Terminal velocity, 86, 86. See also 
Velocity 

Terracing, 650 

Terrestrial planets, 221 

Test Practice, Standardized. See 

Standardized Test Practice 

Test-Taking Tip, 34, 63, 94, 124, 

151, 183, 214, 248, 284, 350, 386, 

452, 482, 515, 546, 575, 604, 642, 

682, 716, 748, 782, 814, 846 

Tetrahedron, 613, 614 

Tevatron, 580, 580 

Texture, 617; of detrital sedimen- 

tary rock, 626; of extrusive 

igneous rocks, 620, 621, 622, 

622; foliated, 631-632; of intru- 

sive igneous rocks, 619, 619; of 
metamorphic rock, 631, 

631-632, 632 act; nonfoliated, 

631; porphyritic, 622; of soil, 

653 lab; vesicular, 623 

Theory, 12 

Thermal(s), 521 

Thermal conductor, 267, 267 lab 

Thermal energy, 129, 140, 256, 

256. See also Energy; Energy 
sources; calculating, 143 act, 

259 act, 283 act; changes in, 

258, 258 act, 277 act; and con- 

duction, 266, 266-267, 267 lab, 

278-279 lab; and convection 

currents, 267, 267—269, 268; 

converting to work, 275, 275; 

and decay of radioactive ele- 

ments, 361; flow of, 269; heat 

as, 257; and heating, 272, 
212-2192 / 9s 2/3 G6k {Om 

infrared waves, 464; moving, 

INDEX 953 
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Thermal expansion 

276, 276; of a moving object, 
256; producing, 440; radiation, 

269, 269, 270 act; statistics on, 

280; 280; of steel, 252; 252; 
transferring, 266, 266-270, 267 

lab, 268, 269, 270; transforming 

electrical energy to, 486, 456; 
using, 272, 272-277, 273, 273 

Oh, 274, 29S, AVG 207 

Thermal expansion, 253 lab, 264, 

264-265, 265 

Thermal insulator, 270, 270 

Thermodynamics, 273-274; first 

law of, 274, 274; second law of, 

274 

Thermometer, 21, 21, 264 

Thermonuclear fusion, 500, 500 

Thermosphere, 519 

Thermostat, air conditioner, 56 

Thinking Critically, 33, 63, 93, 123, 

TAOS Ins 24 7e2 83, 5,349) 

Sey ZEUS, ARShIl, Syl, SS), Da (013), 

641, 681, 715, 747, 813, 845 

Third-class lever, 166, 167, 167, 

168. See also Lever 

Third law of motion, /13, 113-114, 

114, 115 

Thomson, John, atomic model of, 

582 

Thorium-232, 673 

Thread, 173, 173 

Three-body system, 199, 199 

Thunder, 396 

Thunderhead, 521 

Thunderstorm, 526; severe, 527, 

DI 

Thyroid gland, 694, 694, 804 act; 

iodine tracers in, 804 

Tidal energy, 504, 504. See Energy 

sources. See also Energy 

Tide(s), 199; high, 199, 199; low, 

199, 199; Moon and, 184, 198 

act, 198-199, 199; neap, 199, 

199; spring, 199, 1:99 

Tie-ridging method of agriculture, 

D2) 652 

Till, 659 

Time, 669; calculating, 293 act, 326 
act, 461 act; geologic. see 
Geologic time; graphing against 

distance, 74, 74, 75; graphing 

against speed, 77, 79; measuring, 

NONLDOF OOH 1921 Os 192: 

STUDENT RESOURCES 

measuring with isotopes, 586 

act, 672 

TIME, Science and History. See 

Science and History 

TIME, Science and Society. See 

Science and Society 

Time zones, 190, 669, 669 

Titan (Saturn’s moon), 234, 241, 

241 

Titanic (ship), 312 

Titanium, 553 

Titanium oxide, 342 

Tomography, 371 

Topaz, hardness of, 611 

Top quark, 580 

Topsoil, 650, 650, 651 

Tornado, 52, 528, 528 

Torsion stress, 363, 364 lab 

Trace gases, in atmosphere, 518, 

0), DD 

Tracer, 804, 804, 804 act 

Traction, 110 

Trademark laws, 57 

Trade winds, 524, 532, 539 

Transceiver, 473 

Transform boundary, 360, 360 

Transformer, 442, 442 act, 443, 

443, 444, 444 

Translucent materials, 327, 327 

Transmutation, 792, 792, 808-809 

lab 

Transparent materials, 327, 327 

Transpiration, 522, 522 act, 663 

Transport, of soil, 651, 654, 656 

Transportation system, 44 

Transverse wave, 290, 290, 291. See 

also Wave(s); amplitude of, 299, 

299; electromagnetic wave as, 458; 

and interference, 307, 307, 308; 

parts of, 294; wavelength of, 295 
Trewartha, Glenn, 534 

Triangulation, 380 

Tributary, 655 

Tributary glacier, 659. See also 

Glacier(s) 

Tributary valley, 657 

Triton (Neptune’s moon), 235 

Tropical climate, 534, 534. See also 

Climate 

Tropic of Cancer, 194, 195 

Tropic of Capricorn, 194, 195 

Tropopause, 519 

Troposphere, 519, 519 

Ultraviolet (UV) waves 

Trough, 294, 294 
Trunk glacier, 659. See also 

Glacier(s) 

Try at Home MiniLAB, Classifying 

Materials, 555;Comparing 

Friction, 83; Comparing Sizes of 

Outer and Inner Planets, 235; 

Comparing States of Water, 262; 

Counting Stars, 824; Designing a 

Team Equation, 724; Energy 

Transformations in a Paper Clip, 

140; Graphing Temperature 

Change, 25; Identifying Salt’s 

Crystal System, 612; Investigate 

Charged Objects, 398; 

Investigating Electromagnetic 

Waves, 458; Machines 

Multiplying Force, 162; Making 

Your Own Compass, 429; 

Modeling a Method to Count 

Stars, 824; Modeling Lava 

Viscosity, 375; Modeling Phases 

and Eclipses, 200; Modeling the 

Coriolis Effect, 525; Modeling 

the Strong Force, 789; Observing 

a Bond Type, 698; Observing a 

Disappearing Seasoning, 647; 

Observing Centripetal Force, 
110; Observing the Effect of 

Surface Area, 756; Observing 

Wavelength, 295; Organizing a 

Personal Periodic Table, 589; 

Researching the Past, 40 

Tsunami, 297 act 

Tungsten, 404, 553 

Tuning fork, 309 

Turbine, 440, 491, 491 

Tyndall, John, 557 act 

Tyndall effect, 557, 557, 557 act 

Typhoon, 528 

Ukraine, Chernobyl accident in, 

49, 49 act, 497 act, 498, 498 

Ultrasonic waves, 323. See also 

Sound waves 

Ultrasound, 358 act, 370 

Ultraviolet radiation, in ozone 

layer, 520 

Ultraviolet (UV) waves, 455 lab, 

465, 465-466, 466, 472, 520 



Umbra 

Umbra, 201, 201 

Unbalanced forces, 82, 82-83, 99 

Unconformities, 671, 671 

Unitormitarianism, 670 

United States, energy use in, 487, 
487 

United States Department of 

Agriculture, 651 

Unit manager, 724 
Universal gravitation, law of, 105, 

LO5103. act; L075 120 

Universal gravitation constant, 
105 

Universe, 836-839; age of, 837, 

837; beginning of, 836-837; big 

bang theory of, 836, 837; com- 

position of, 838, 839, 840-841 

lab; elements in, 596, 596 act; 
expansion of, 837-838, 838, 

840-841 lab; galaxies in. see 

Galaxies; map of, 836, 837, 839, 

839; origin of, 836, 836-837; 
oscillating model of, 836; size 

of, 324 act; steady state theory 

of, 836; temperatures around, 
837 

Unsaturated solution, 761 

Unsaturated zone, 663 

Upsilon Andromedae (star), 222, 

wae 

Uranium, half-life of, 794; isotopes 

used for dating, 673; measuring 

age of rocks with, 798 act; in 
nuclear fission, 801, 801, 804 act; 

as nuclear fuel, 495, 496, 496; 

nucleus of, 788; in radioactive 

dating, 673 

Uranium-lead dating, 496 act, 795, 

798 act 

Uranium salt, 790, 790 

Uranus, 235, 235; atmosphere of, 

235; classifying, 221; moons of, 

235; motion of, 105 act 

Ursa Major constellation, 818 act, 

818. See also Constellation(s) 

Ursa Minor constellation, 818 act, 

818. See also Constellation(s) 

Use the Internet, Fossil Fuels and 

Greenhouse Gases, 742-743; 

How much does energy really 

cost?, 508—509; Radio 

Frequencies, 476-477; What’s in 

a name?, 598-599 

Using Vocabulary, 32, 62, 92, 122, 
1467 1805212,.246, 282,314,348, 

384, 418, 480, 512, 544, 572, 602, 

640, 680, 714, 746, 812, 844 

UTC (Coordinated Universal 
Time), 191 

Vaccine, 44 

Vacuum, electromagnetic waves in, 

460; speed of light in, 460 

Valles Marineris (Mars), 227, 228 

Valley(s), formation of, 655; hang- 

ing, 657; rift, 356, 358, 358, 377; 

tributary, 657 

Valley glacier, 658, 658, 657. See 
also Glacier(s) 

Values, personal, 47 

Van Allen belts, 188 act 

Vaporization, 262, 262; heat of, 
262, 263 

Variable(s), 9; analyzing, 615 act; 

dependent, 9; independent, 9 
Vector, 71 

Vegetation, loss of, 522, 537. See 

also Plant(s) 

Veins, in minerals, 612 

Velocity, 73, 73; and acceleration, 

76, 76-77; calculating, 93 act; 

changes in, 99; changing, 83; of 

Earth, 77; and inertia, 99; termi- 

nal, 86, 86; and unbalanced 

forces, 83 

Vending machine, 754 

Venera space probe, 224 

Vent, volcanic, 239, 240 

Venus, 224, 224; atmosphere of, 

189, 224; classifying, 221; Earth’s 
similarities to, 189; heliocentric 

longitude for, 244; surface of, 
224, 224; temperature on, 189, 

DIA. 

Vertical distance, 109, 109 

Vertical motion, 109, 109 

Very Large Telescope (Chile), 821 

Vesicular texture, 623 

Vikings, 535 

Viking space probes, 227, 227, 240 

Vine, Matthews, Wilson, et al, 357 

Vinegar, 556; chemical formula for, 

689 

Water 

Violin, 308 

Virgo Cluster, 833 

Virtual image, 332, 334 

Viscosity, 375, 378; of lava, 375 lab 

Visible light, 462, 464, 465 
Vision problems, 336, 336-337, 

Boy, 

VLA (very large array), 821, 821, 

835 

Vocabulary, Using. See Using 
Vocabulary 

Void, 837 act 

Volcanic, ash, 374; blocks, 374; 

bomb, 374, 622; glass, 620; 
islands, 359; porphyry, 622; 
rock. See Magma 

Volcano(es), 373-379; cinder cone, 

377, 378; and climate change, 

536; composite, 378, 378; erup- 

tion of, 374, 374 act, 374, 

375-376, 377 act, 622; eruptive 

products of, 374-375, 375 lab; 

eruptive styles of, 375-376, 376; 
on Jupiter’s moons, 232; loca- 

tions of, 377; on Mars, 227; 

shield, 377, 378; types of, 

377-378, 378; on Venus, 224 

Volt, 400 

Voltage, increasing and decreasing, 

442-443, 443 

Voltage difference, 400, 400-401, 

401; in batteries, 401, 402, 403; 

calculate, 405 act; in household 

circuits, 409 

Volume, 18; of granite, 623 act; of 

liquid, 18, 18, 20; porosity, 665 
act; of solid, 18, 20 

Voyager space probes, 232, 235 

Vugs, 228 act 

Waning phases of Moon, 200, 200 
Warm front, 526 

Warming, global, 537 

Warm rain, 521 

Warm sector, 526 

Washing soda, 760 

Waste, hazardous, 667 act; nuclear, 

498 act, 498-499, 499 

Water. See Energy sources; 

Groundwater. See also Energy; 

Freshwater; adding to ionic 
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Water cycle 

compounds, 708, 708, 708 lab; in 

atmosphere, 518, 519, 521, 

521-522, 522 act, 522; and 

atmospheric heating, 520; boil- 

ing point of, 20, 21, 21; bonds 
in, 697, 697; calculate use of, 668 

act; chemical formula for, 689; 
chemical symbol for, 578; and 

climate, 533, 533; comparing 

states of, 262, 262 lab, 262-263, 

263; conservation of, 678; con- 

vection currents in, 267, 267; 

decomposition of, 731, 731; den- 

sity of, 19; on Moon, 205, 207 

act; distillation of, 551 lab, 

562-563, 563; energy from, 503, 

503-504, 504; erosion by, 655, 

655-657, 656 lab, 656, 657; 

expansion during freezing, 647; 

and extraterrestrial life, 238; 
freezing point of, 20, 21, 21, 618; 
hard v. soft, 667 act; heating 

curve of, 263, 263; hot, minerals 

from, 612, 612; on Jupiter’s 

moons, 232, 233, 240, 240; and 

lite; 238; on Mars, 225, 226, 226, 
228, 228 act; in metamorphic 

rock, 631; polarity of, 700, 700; 

under pressure, 667; refraction 

of light in, 303, 303; running, 

654, 654-656, 655, 655 lab, 656; 

specific heat of, 257, 258 act; 

speed of light in, 459 act, 460; 

speed of sound in, 320; stability 

of, 692, 692; and temperature 

change, 520. 

Water cycle, 663, 663; effect of peo- 

ple on, 522; global, 522, 522; and 

human factor, 536 

Water pollution, 59 

Water quality, 48 act 

Water resources; 667—668; and pol- 

lution, 668; preserving, 522; pro- 

tecting, 668 

Watershed, 49 

Water table, 664, 665 

Water treatment, 44 

Water vapor, absorption of ultravi- 

olet rays by, 520; in atmosphere, 

518, 521; and clouds, 663; in 

volcanic eruptions, 375 

Water wave, 286, 286. See also 

Wave(s); amplitude of, 299, 299; 
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deadly, 297 act; diffraction of, 

304, 304; formation of, 288, 291, 

291, 292; in media, 456, 456; 

movement Of, 289,239,291) 297, 

292; observing wavelength of, 

295 lab 

Watt, 158 

Wave(s), 286, 286-215, 288; ampli- 

tude of, 298, 298-299, 299; 

behavior of, 301, 301-309, 305, 

305 act; body, 364, 365, 365; car- 

rier, 469, 470, 470, 471; com- 

pressional, 320; 321; 321, 323. see 

Compressional wave; crest of, 

294, 294; diffraction of, 304, 

304-305, 305, 305 act; earth- 

quake, 364-366, 365, 366, 369 

act, 369; electromagnetic. see 

Electromagnetic waves; and 

energy, 286, 287 lab, 288, 
288-289, 289, 456; frequency of. 

see Frequency; infrared, 462, 

464, 464; infrasonic, 323; and 

interference, 306, 306-307, 307, 

308; light. see Light; making, 
288, 289, 289, 312; and matter, 

289; mechanical, 320. see 

Mechanical wave; in media, 289, 

291, 296, 302, 456, 456, 460; as 

particles, 460; particles as, 461, 

461; parts of, 294, 294; period of, 

295; primary (P-wave), 365, 365, 

371; properties of, 294, 294-299, 

295 lab, 296, 2985299, 305, 310 

act; radio, 299 act, 305, 821. see 

Radio wave; reflection of, 301, 

301-302, 302; refraction of, 302, 

302-303, 303; resonance and, 

309, 309 act; secondary 

(S-wave), 365, 365, 371; seismic, 

293, 293, 293, 364-366, 365, 366, 

369 act, 370; shear, 365; sound. 

see Sound waves; speed of, 

296-297, 297 act, 315 act; stand- 

ing, 308, 308; surface, 364, 365; 

transverse. see Transverse wave; 

trough of, 294, 294; ultrasonic, 
323; ultraviolet (UV), 455 lab, 

465, 465-466, 466, 472, 520; 

water. see Water wave 

Wave action, 660—661; currents 

from, 660, 661; deposition by, 

661; erosion by, 661 

Wheel and axle 

Wavelength, 295, 295 lab, 295-296; 
calculating, 299 act, 315 act, 349 

act, 481 act; and diffraction, 305, 

305; of electromagnetic wave, 

460, 460; and frequency, 296, 
296; of sound, 295, 305 

Waxing phases of Moon, 200, 200 

Weak acid, 771, 771, 772, 772. See 

also Acid(s) 

Weak base, 772. See also Base(s) 

Weak force, 793 

Weak nuclear force, 104 

Weather, 524-528; and atmos- 

pheric pressure, 524, 524-525; 

and climate, 529-530; and high 

and low pressure systems, 525, 

525, 528; hurricane, 39; and jet 

streams, 525; severe, 39, 39, 52, 

275 act. see Severe weather; tor- 

nado, 52; and weather fronts, 

526, 526 

Weather forecasting, 11 act, 39, 39, 

42, 528; technology for, 52 

Weather front(s), 526, 526 

Weathering, 646, 646-649; chemi- 

cal, 648, 648-649, 649; as chem1- 

cal change, 566, 566, 566 act; 

differential, 649, 649, 661; every- 

day, 647; of feldspar, 649, 649; of 

granite, 648 act; mechanical, 

647, 647; as physical change, 

566, 566, 566 act; of rock, 566, 

566, 566 act, 646, 646, 647, 647; 

and soil, 650; and time, 646, 647 

Weather satellites, 256 act 

Weddel Sea, 355 

Wedge, 173, 173. See also Simple 

machine 

Wegener, Alfred, 353 lab, 354, 355 
356 

Weight, 106; calculating, 106, 111 

act; v. mass, 107; on other plan- 

Sts 07 

Weightlessness, 107-108, 108 

Well, artesian, 667; water, 49, 667, 

678 

Westerlies, 524-525, 532 

Wet-cell battery, 402, 402, 403. See 
also Battery 

Wheel and axle, 171, 171-172. See 

also Simple machine; gears, 172, 

172; ideal mechanical advantage 
O71 



Wheelbarrow 

Wheelbarrow, 167, 167 
White Cliffs of Dover (England), 

566, 566 

White dwarf star, 824, 824, 825. See 
also Star(s) 

White light, 329, 329, 342, 342, 343 

Wilkinson Microwave Anisotropy 

Probe (WMAP), 836, 837, 839 

Wilson, J. T., 357, 358 

Wind, 658-659; and atmospheric 

pressure, 524, 524-525; deposits 
of, 660, 660; and deserts, 658, 
659; easterlies, 524; erosion by, 
660; global, 524, 524-525, 525; 

in hurricanes, 528, 528 act; jet 

stream, 525; on Mars, 225; pre- 

vailing, 532; sea breeze, 533; 
solar, 188, 829; in tornado, 528, 
528; trade, 524, 532, 539; wester- 

lies, 524-525, 532 

Wind deposits, 659 

Wind energy, 504, 504. See also 

Energy; Energy sources 

Wind erosion, 658 

Windmills, 440, 440, 504, 504 

Wind shear, 527 

Winter, 193, 194 

Winter solstice, 194, 195 

Wire, and resistance, 404 

WMAP (Wilkinson Microwave 
Anisotropy Probe), 837, 839, 
839 

Wood, specific heat of, 257 

Work, 154-157; calculating, 156, 

156 act, 157 lab, 159 act, 181 act; 

calculating change in, 277 act; 

converting thermal energy to, 

2/9, 2/7); doing, 154, 154,157, 

157; done by machine, 152, 152, 
153 lab, 162, 162-163, 163; and 

energy, 128; 1238, 155, 155—157; 

and force, 155, 155, 156, 156 act, 
NOI, UD, WSs. MOD ene: 

X rays, 462, 467, 467, 553 

Zodiac 

Yamamoto, Akira, 346 

Yamamoto, Fumiko, 346 

Year(s), measuring, 192; sidereal, 

192 

Yellowstone region (North 
America), 376 

Yersin, Alexandre, 38 

Yucatan peninsula (Mexico), 536 
act 

Zero acceleration, 78, 79, 79. See 

also Acceleration 

Zinc, 552, 570 

Zinc acetate, 570 

Zodiac, 192, 192 
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Magnification Key: Magnifications listed are the magnifica- 
tions at which images were originally photographed. 

LM-Light Microscope 
SEM-Scanning Electron Microscope 
TEM-Transmission Electron Microscope 
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Unlimited, (b)CORBIS; 639 (tl) Lawrence Lawry/Photo 

Researchers, (tr)Larry Stepanowicz/Visuals Unlimited, 
(b)Brad Lewis/Visuals Unlimited; 640 John R. Foster/Photo 

Researchers; 641 Breck P. Kent/Earth Scenes; 642 Marli 
Miller/Visuals Unlimited; 643 Breck P. Kent/Earth Scenes; 
644-645 Tom Bean/CORBIS; 646 Robert Gill/CORBIS; 
648 Owen Franken/CORBIS; 649 (tl tr) Doug Martin, 
(b)Adam Woolfitt/CORBIS; 652 Yann Arthus-Bertrand/ 
CORBIS; 655 NASA/Goddard Space Flight Center/LaRC/JPL; 
656 (t)Francois Gohier/Photo Researchers, (b)Martin Bond/ 

Science Photo Library/Photo Researchers; 657 (t c)NASA/ 
Goddard Space Flight Center Scientific Visualization Studio, 
(b) NASA/GSFC/METI/ERSDAC/JAROS, and U.S./Japan 
ASTER Science Team; 662 Yann Arthus-Bertrand/CORBIS; 
666 (t)Gary Hincks/Photo Researchers, (cl)Carl & Ann 
Purcell/CORBIS, (cr)Stephen Alvarez/Getty Images, (b)Mark 
Gormus/AP/Wide World Photos; 678 (t)Peter Cade/Getty 
Images, (b)Ron Thomas/Getty Images; 679 (1) Barry Runk 
from Grant Heilman Photography, (r)Jon Turk/Visuals 
Unlimited; 684-685 Norbert Wu; 685 Spencer Collection, 
New York Public Library, Astor, Lenox & Tilden Foundation; 
686-687 Tom Sanders/CORBIS; 687 Amanita Pictures; 

688 (1)CORBIS, (r)John Evans; 689 (1 c)Richard Megna/ 

Fundamental Photographs, (r)Syndicated Features Limited/ 
The Image Works; 693 First Image; 694 John Paul Kay/Peter 
Arnold; 696 Paul Silverman/Fundamental Photographs; 

698 John Evans; 699 Patricia Lanza; 700 Amanita Pictures; 

STUDENT RESOURCES 

701 (1)Richard Megna/Fundamental Photographs, (r)Matt 

Meadows; 702 Mark Burnett; 703 Bettmann/CORBIS; 

708 Amanita Pictures; 710 711 Matt Meadows; 712 Daniel 

Belknap; 713 Syndicated Features Limited/The Image Works; 
718-719 Transglobe/Index Stock; 722 Mansell Collection/ 
TimePix; 723 726 Richard Megna/Fundamental Photographs; 

727 Doug Martin/Photo Researchers; 729 Richard Megna/ 
Fundamental Photographs; 730 Emory Kristof/National 

Geographic Image Collection; 731 (t)Charles D. Winters/ 
Photo Researchers, (b)Stephen Frisch/Stock Boston/ 
PictureQuest; 732 Richard Megna/Fundamental 

Photographs; 733 Royalty-Free/CORBIS; 734 Tim Matsui/ 
Liaison Agency; 735 736 Matt Meadows; 737 (t)Roger 

Ressmeyer/NASA/CORBIS, (1 c)Bettmann/CORBIS, 

(r)NASA/CORBIS; 739 SuperStock; 741 Timothy Fuller; 
742 743 Matt Meadows; 744 (t) Bibliotheque du Museum 

D’Histoire Naturelle, (b)Brad Maushart/Graphistock; 
745 (1)Charles D. Winters/Photo Researchers, (r)Joseph P. 
Sinnot/Fundamental Photographs; 748 Charles D. Winters/ 
Photo Researchers; 749 (1)Richard Megna/Fundamental 
Photographs, (r)Firefly Productions/The Stock Market; 
750-751 Stephen Frink/Index Stock Imagery; 752 Annie 
Griffiths Belt/CORBIS; 753 (1)Christie’s Images, (r)Flip 
Schulke/Black Star; 754 (t)Bettmann/CORBIS, (c)Brian 

Gordon Green, (b)Michael Newman/PhotoEdit/ 
PictureQuest; 760 Mark Thayer; 762 Richard Megna/ 
Fundamental Photographs; 764 765 Matt Meadows; 
766 Geoff Butler; 767 Rick Poley/Index Stock; 769 Charles D. 
Winters/Photo Researchers; 771 Matt Meadows; 773 (from 
top left) CORBIS, Elaine Shay, CORBIS, Brent Turner/BLT 
Productions, Icon Images, Matt Meadows, Elaine Shay, 
StudiOhio, (c)Dominic Oldershaw, (bl)Matt Meadows, 

(br)Mark Burnett/Stock Boston/PictureQuest; 775 Matt 

Meadows; 776 Tim Courlas/Horizons; 777 Matt Meadows; 
778 TIME; 779 (1)Icon Images, (r)KS Studios; 783 Matt 
Meadows; 784-785 Paul Souders/Getty Images; 785 Aaron 
Haupt; 786 (t)First Image, (b)David Frazier/The Image 
Works; 790 American Institute of Physics/Emilio Segré Visual 
Archives; 792 Amanita Pictures; 796 (1)courtesy 
Supersaturated Environments; 796 (r)Science Photo Library/ 
Photo Researchers; 797 (t)CERN, P. Loiez/Science Photo 

Library/Photo Researchers, (bl bel ber br)Richard Megna/ 
Fundamental Photographs; 799 Hank Morgan/Photo 

Researchers; 804 Oliver Meckes/Nicole Ottawa/Photo 
Researchers; 805 UCLA School of Medicine; 806 J.L. Carson/ 
Custom Medical Stock Photo; 807 Tim Courlas/Horizons 
Companies; 808 (1) Fermilab/Visuals Unlimited, (1r)Matt 
Meadows; 809 Matt Meadows; 810 (t)C. Powell, P. Fowler & 
D. Perkins/Science Photo Library/Photo Researchers, Inc., 
(bl br) CORBIS; 811 (1)Martha Cooper/Peter Arnold, Inc., 
r)Oliver Meckes/Nicole Ottawa/Photo Researchers: 

848 PhotoDisc; 849 Hickson-Bender; 850 Tom Pantages; 
854 Michell D. Bridwell/PhotoEdit; 855 (t)Mark Burnett, 
b)Dominic Oldershaw; 856 StudiOhio; 857 Timothy Fuller; 
858 Aaron Haupt Photography; 860 KS Studios; 861 Matt 
Meadows 









PERIODIC TABLE OF THE ELEMENTS 

Columns of elements are called groups. Elements in 

the same group have similar chemical properties. 

State of (0) Synthetic 

matter 

The first three symbols tell you the state 

of matter of the element at room 

temperature. The fourth symbol 

Atomic mass 

Lithium Beryllium 

2 identifies elements that are not present 

in significant amounts on Earth. Useful 

amounts are made synthetically. 

Sodium Magnesium 

11 12 

22.990 24.305 

Potassium Calcium Scandium Titanium Vanadium Chromium 

19 20 21 722) 23 24 
7 ; @ 2 slug i= 8 

39.098 47.867 50.942 51.996 

Rubidium Strontium Zirconium Niobium Molybdenum | Technetium Ruthenium Rhodium 

37 38 40 CJ 4] 42 43 (0) dd CJ 45 ‘im 

> Rb Sr CJ Zr Nb Mo Tc Ru Rh 
85.468 87.62 91.224 92.906 95.94 (98) 101.07 102.906 

Cesium Barium Lanthanum Hafnium Tantalum Tungsten Rhenium Osmium Iridium 

55 56 ah 1 73% 74 75 76 6 OO O a) =) 
Cs LJ Ba UJ La LJ Hf Ta Ww Re CI Os 

132.905 N372327 138.906 178.49 180.948 183.84 186.207 ASZE2 Ay 

Francium Radium Actinium Rutherfordium| Dubnium Seaborgium Bohrium Hassium Meitnerium 

7 87 88 89 104 105 106 107 108 109 

Fr a) Ra a) Ac a) Rf Db Sg Bh Hs © Mt © 

(223) (227) (261) (262) (266) (264) 27h) 

Rows of elements are called 

periods. Atomic number 

increases across a period. Cen : ; 
erium Promethium Samarium 

58 59 61 62 

Lanthanide Ce a) Pr Pm © Sm U 
TRO Gn ha eerretn ee series ff 140.116 140.908 (145) 150.36 

elements would fit into the 

periodic table. They are moved 

to the bottom of the table to 

Save space. 

Thorium Protactinium Uranium Neptunium Plutonium 

site 90 91 sp) 93 94 Acti OO CJ nide Th Pa y Np o 6° 
series 232.038 231.036 238.029 (237) (244) 



Metal Science)" l"\0 
Visit fl.gpescience.com for 

updates to the periodic table. 

Metalloid 
18 

Nonmetal 

The color of an element’s block 

tells you if the element is a 

metal, nonmetal, or metalloid. 

Cadmium 

48 

Cd a 

112.411 

Thallium 

81 

Tl 

204.383 

Platinum 

78 

Pt [J 

195.078 

112 

Uub 

(285) 

Terbium Dysprosium Holmium Erbium Thulium Ytterbium Lutetium 

65 66 67 68 69 71 J 
Tb Dy LJ Ho UJ Er CJ Tm UI Lu 

158.925 162.500 164.930 167.259 168.934 174.967 

Americium Curium Berkelium Californium Einsteinium Fermium Mendelevium Nobelium Lawrencium 

95 96 99 100 101 102 103 

Am ©) cm © Es © Fm © Md © No Lr © 

(243) (257) (258) (259) (262) 
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