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Causing Motion

Did you know that you use the
principles of physics whenever you
play a sport? To control the motion
of an object, you have to apply
force. Force allows you to change
the speed or direction of an object,
like this soccer ball, so that it goes
where you need it to go.
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chapter of the program.
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Interact with your textbook. Interact with inquiry.
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Chapter Preview

Check Your Understanding

Vocabulary Skill




INTERACT

ONLOC,

| Explore the
Key Concepts.

Each lesson begins
' with a series of Key

DLANET DidRY

At the start of each lesson, My
Planet Diary will introduce you to

| 'Concept questions. The amazing events, significant people, =4
{ I o T o Pt and important discoveries in science B
. esertification Ifthe soil i
? will help you understand or. il ey e SULSING SQUlL B e Fiye it
b e tions about &% i advance of desertlike conditions int
P cience concepts. fertile is called desertification (dih

these concepts and Unlock
I One cause of desertification is cl

the Big Question
! is a period when less rain than norr
droughts, crops fail. Without plant «

blows away. Overgrazing of grasslar
cutting down trees for firewood car

Desertification is a serious probl
and graze livestock where desertific
people may face famine and starvat
central Africa. Millions of rural peo
cities because they can no longer su

ARY b HOTIEN

Skills
® Rending: Identify Supporting Evidence
. tnquiry: Oosign Experments

| Vocabulary
- friction » sfiding frict » static friction
« Buid friicvon  * ralting (riction * gravity

| mass - weight
e ———

“ ) Friction and Gravity
What Factors Affect Friction?

ey B
What Factors Affect Friction?
When ytt ride a bike o the road. {he surface of the tires rubs
What Factors Affect Gravity? against the surface of the road. The force that two surfaces exert on
each other when they b against cach ather is called frictwn.
€2 Twa factors that affect the force of friction are the
types of surfaces Invalved and how hard the surfaces ure pushed
together. The biker in Fignee | would have an essicr time pedal-
CAREEF& ing on 3 newly paved road than ana rugged gravel roud In gencral.
«moath surfaces produce less friction than rough surfoces. [t may

my pLaner DidRY
“ surprise you t know that even the smovthest objeets- 1ch

‘ apply./ /

Desertification affects many
areas around the world.

@ Name Which continent
has the most existing desert?

of ice or 3 countertop= have irregulan, bumpy surfaces. W

Communicate Discuss these quostions with { the irregularitics of one surface come intocontact with thase of’

a partner and then ansver them below. another surface. friction occurs.

1.Sports can be more \Whit wonuld Iiappen if you switchead 10.3 mich heavier bike?

fun in reduced . You would find he heavier bike harder to pedal because the tires
gravity. Whot jobs : push down harder against the road Similarly, If you rubbed your
could be harder or less . hands together forccfully. there would be more friction thanif
fun 10 do In spaca? Wihy?

10 burn
Dwnb
o malt

you rubbed your hands togcther lightly. Feiction increascs
when surfaces push harder agaunst each other.
Friction acts in 3 direction uppusite b th
The ubjects mation, Withont (riction, a mving abject will
C ; not stop until it stelkes another ubject.

@ Interpret Maps Where in
the United States is the greatest
risk of desertification?

2, What kinds of sports do you think could
bo more fun in space? Why?

9 .-ﬁfar Is desertification a threat
is existing desert? Explain. Circle an
your answer.

improves,
e buit in space for
2 whole new generation of athletes. | o)
| JsrorUi#iiLid Go to Planet Diary to leam
mote about everyday forces.

(4] I CHALLERGE |f an area is facing d-

things people could do to possibly |

132 Land, Al aod Water Resource

Explain what 7
o Ef =+ L you know. Elaborate further with
L .o' gr t‘v e p.enql, When you see the Apply It activities
it, it's time to interact with your This is your op ortun'.
Il:pql_(laqd demonstrate what you to take what yzu’ve e
< v Y ’ = - ¢
‘have learned. SRt SEaE o learned and apply those .

=

AR : N : . skills to new situations.




SCIENCE
Interact with your world.

ze-fertile area becomes depleted
:an become a desert. The

2 areas that previously were
zurt uh fih kAY shun).

mate. For example, a drought
1al falls in an area. During
over, the exposed soil easily
ds by cattle and sheep and
cuse descrtification, too.

em. People cannot grow crops
ation has occurred. As a result,
on. Desertification is severe in
ple there are moving to the
aport themselves on the land.

snly in areas where there
area on the map to support

1sertification, what are some
mit its effects?

Lab Zone

Look for the Lab zone triangle. This means

it's time to do a hands-on inquiry lab. In every
lesson, you'll have the opportunity to do a
_hands-on inquiry activity that will help reinforce
your understanding of the lesson topic.

Land Reclamation Fortunately, it is possible to replace
land damaged by erosion or mining. The process of restoring an
arca of land to a more productive state is called land reclamation.
In addition to restoring land for agriculture, land reclamation can
restore habitats for wildlife. Many different types of land reclama-
tion projects are currently underway all over the world. But it is
generally more difficult and expensive to restore damaged land and
soil than it is to protect those resources in the first place. In some
cases, the land may not return to its original state.

FIGURE 4

Land Reclamation

These pictures show land before
and after it was mined.

\. Communicate Below the
pictures, write a story about
what happened to the land.

Do the Quick Lab

15}

l;dl.n :‘_.\,_", = Modelin:
S K“) &= Assess Your Understanding =
> 1a. Review Subsoil has (less/more) plant and c. Apply Concepts 3 \‘;_ . B
Key animal matter than topsoil. that could pre;

B Existing desert land reclam

B vigh-risk area

| Moderate-risk area

b. Explain What can happen to soil if plants are
removed?

QO I getit! Now | know that soil management is i

O I need extra help with

Go to MY science @ COACH online for help with this subject

Evaluate Your Progress.

After answering the Got It question,
think about how you're doing. Did you g
get it or do you need a little help? it LT
Remember, my science( | His e g
there for you if you need extra help.




| INTERACT

Explore the Big Question.

At one point in the chapter, you'll
have the opportunity to take all that
you've learned to further explore
the Big Question.

La ° Dothe
one Gettin

| =7

Dallnntian and PPRITEEPR . o ey ST - e
i % FEN 7 o g Y = Assess Your Underst
3 1a. Define What are sediments?

¢€ What can people do to use
GE  resources wisely?

FIGURE & eeoersrssssssssms st st s e e ;

ST B ORITIET] Al living things depend on land, > P 4

air, and water. Conserving these resources for the future 2 — . ¥ b. Explain How can bacteria help

is important. Part of resource conservation is identifying 3 Fog . o A spill in the ocean?

and limiting sources of pollution. e oA 2 -

i : e Ar
- Describe at least one thing your community

8 could do to reduce air pollution.

\In(erpre! Photos On the photograph, write
the letter from the key into the circle that best
identifies the source of pollution.

Land 3
resources wisely?

Describe at least one thing your community
could do to reduce poliution on land.

e v‘" What can people do to

d. [CHALLERGE  Why might a com}
to recyde the waste they prod
wouid reduce wy Hiubon?

Water v
Describe at least one thing your community

could do to reduce water pollution.

Pollution Sources = NG A 7/ i} . .
A Sediments . A0 ]
O iget it! Now | know that wa

B. Municipal solid waste
C. Runoff fro

can be reduced by

O | need extra help with

Go tomy science @ coacH
with this subject

- Answer the Big Question.
Now its time to show what you know .
‘and answer the Big Question. 255




Interact with your world.

SCIE

Quick Lab
) Clean. |

anding

Jean an oil

any not want
uce even if it

Review What You’'ve Learned.

Use the Chapter Study Guide to review the
Big Question and prepare for the test.

4 Study Guide

wra
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Review and Assessment
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Practice Taking Tests.

Sk et oy Apply the Big Question and take
s a practice test in standardized
test format.




INTERACT

Go to MvScienceOnline.com and immerse yourself
in amazing virtual environments.

“~THE BIG QUESTION

Each online chapter starts
with a Big Question.
Your mission is to unlock
the meaning of this Big
Question as each science
lesson unfolds.

* VOCAB FLASH CARDS

Practice chapter vocabulary with interactive flash
cards. Each card has an image, definitions in English
and Spanish, and space for your own notes.

Unit 4 > Chapter 1 > Lesson 1

Unit 4 > Chapter 1 > Lesson 1

- Engage & Explore
Planet Diary

Vocabulary Flashcards
Card List ==

together in

iition: All the different populations thatlive = Unit 6 > Chapter 1 > Lesson 1
a particular area. |

At MyScienceOnline.com, many of
the beautiful visuals in your book
become interactive so you can
extend your learning.

Bald Eagles are 80-95 an tall with
a wrgpan of 180-230 on. These
beds are born with a8 brown
feathers bt gow white festhen
on their head, neck, and ail.

Layers List e =




interactive

onuine o

[ + ] @ http:/ /www.myscienceonline.com/

- PLANET DIARY
My Planet Diary online is the place to find Find Your Chapter

more information and activities related to
the topic in the lesson. n Go to www.myscienceonline.com.

g Log in with username and password.

B Click on your program and select
your chapter.
unt Everest

Still Growing! Mount Everest in the Himalayas x
is the highest mountain on Earth. Climbers who
reach the peak stand 8,850 meters above sea

level. You might think that mountains never : 3
change. But forces inside Earth push Mount Soad g Log in with username and password,
Everest at least several millimeters higher each ;

ear. Over time, Earth’s forces slowly but .
Zonstantly i, stretch, bend, and braak Earth’s B Click on your program and select

crust in dramatic ways! Search.

Keyword Search

n Go to www.myscienceonline.com.

i1 Go to Planet Diary to learn more

Enter the keyword (from your book) in
about forces in the Earth's crust.

the search box.

Evaluate

Other Content Available Online

ST AUDIEEETER Follow these young scientists
through their amazing online video blogs as they travel
the globe in search of answers to the Big Questions

of Science.

PV B8 (3 [ W)\ Need extra help? My

Science Coach is your personal online study partner.
My Science Coach is a chance for you to get more
practice on key science concepts. There you can
choose from a variety of tools that will help guide you
through each science lesson.

@35/130 o

- VIRTUAL _LAB

Get more practice with realistic virtual Need extra reading help on
labs. Manipulate the variables on-screen a particular science topic? At My Reading Web you
and test your hypothesis. will find a choice of reading selections targeted to
your specific reading level.

xxi



7IBIG IDEAS OF SCIENCE

Have you ever worked on a jigsaw puzzle? Usually a puzzle has a theme
that leads you to group the pieces by what they have in common. But

until you put all the pieces together you can’t solve the puzzle. Studying
science is similar to solving a puzzle. The big ideas of science are like puzzle
themes. To understand big ideas, scientists ask questions. The answers to
those questions are like pieces of a puzzle. Each chapter in this book asks

a big question to help you think about a big idea of science. By answering
the big questions, you will get closer to understanding the big idea.

’:::; Before you read each chapter, write about what you
know and what more you'd like to know.

BIGIDEA

n

What do you already know about how the force
of one object can affect the movement of another
object? &, What more would you like to know?

By hitting the soccer
ball with her head,
this athlete changes
the direction of the

—— soccer ball.

Big Questions

@ How do you describe the motion
of an object? Chapter 1

@ How do objects react to
forces? Chapter 2

‘*} After reading the chapters, write
what you have learned about the Big Idea.




BIGIDEA
Energy can take
different forms but is
always conserved.

What do you already know about what happens g df‘_.#.. -
to the mass and energy of a candle as it burns? fnie,
%What more would you like to know? ,3:

. qm‘_'
Il ’

Big Question:

@ How do machines make it easier to do
work? Chapter 3

@ How is energy conserved in a
transformation? Chapter 4

@ How does heat flow from one object to
another? Chapter 5

@ How does an electric circuit work? Chapter 6
@ How are electricity and magnetism

related? Chapter 7

\ After reading the chapters, write what you
have learned about the Big Idea.

L+
g
.

“As these skydivers fall,
they don‘t lose any |
energy—the energy just
takes different forms.




| How do you describe the
motion of an object?

First there is the long, slow climb up the
hill. Then the big plunge down. Your

body momentarily leaves the seat. The > [N} | | Watch the
coaster enters a loop the loop and you Untamed Science video to learn
are upside down! Up and down faster, more about motion.

slower until you finally stop—PHEW!
Classify What kinds of motion happen
during a roller coaster ride?

— F'q
Al s
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Check Your Understanding

1. Background Read the paragraph below and then answer
the question.

Jenny is watching television. Suddenly, a warning from

the National Weather Service appears on the screen.

A thunderstorm is heading in her d | At that a
tant, Jenny sees a bolt of llghtnmg in the distant sky. short space in time.

Ienny hopes the storm will be over in |

ime for her

soccer game.

Getting Started

\

duration between two events.

e What might happen if the storm were to change direction?

EIUAENTRTED If you had trouble completing the question above,
visit My Reading Web and type in Motion.

Vocabulary Skill

High-Use Academic Words Knowing these academic words will help you
become a better reader in all subject areas. Look for these words as you
read this chapter.

Word Definition Example

system n. an established way of doing something | People have different systems for keeping
their music collections organized.

equation | n. a statement of equality between two The equation for the area of a circle is

quantities, as shown by the equal sign (=). | A=mx r2

conclude | v. to decide by reasoning After investigating the evidence, they
concluded that everyone should wear a
bicycle helmet.

2. Quick Check Choose the word from the table that best completes
the sentence.

e After waiting for 20 minutes, he

friend was not coming.

2 Motion

that his

/



VOCAB FLASH CARDS

Chapter Preview

LESSON 1
° motion
* reference point
* International System of Units
* distance

¥ Compare and Contrast
£\ Measure

LESSON 2
speed
* average speed
* instantaneous speed
* velocity
* slope
@ Identify Supporting Evidence
4\ Calculate

LESSON 3
* acceleration
@ Identify the Main Idea
&\ Graph

ALY YRR For extra help

with vocabulary, visit Vocab Flash
Cards and type in Motion.

acceleration

S
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%8 Describing Motion

When Is an Object in Motion?

Write your answer to the question below.

hy would anyone think that Earth moves For thousands of years, many people
faround the sun? After all, on a clear day you thought Earth was the center of the
B¢an see the sun move across the sky. But Polish universe. Name one possible reason why
- astronomer Nicolaus Copernicus realized that an they thought this.
" object revolving around you from left to right
looks the same as an object standing still while
you rotate from right to left. In On the Reualitit

Every apparent c/mqge " respect af
position is due to motion af the ab ect
observed, or af the observer, or mdeed

1 to an um:qua/ c/mnge of both.

L] uiad Go to Planet Diary to
learn more about motion.

This#®Bk was publisfied in 1543. It was—
—a.summary of more than 30 years of __ == ape— - ey

Copernicus’s studies on the solar system? = ; o
Lab’

zZone
When Is an Object in Motion?

Deciding if an object is in motion isn't as easy as you might think.
For example, you are probably sitting in a chair as you read this
book. Are you moving? Parts of you are. Your eyes blink and your
chest moves up and down. But you would probably say that you are
not moving. An object is in motion if its position changes relative
to another object. Because your position relative to your chair does
not change, you could say that you are not in motion.

Do the Inquiry Warm-Up
What Is Motion?

4 Motion




= > ART IN MOTION

Vocabulary Skills

* motion ¢ reference point @ Reading: Compare and Contrast

¢ International System of Units ¢ distance A\ Inquiry: Measure
Reference Points To decide if you are moving, you use did you
your chair as a reference point. A reference point is a place or know --------------------------
object used for comparison to determine if something is in motion. Because of Earth’s spin, the stars
An object is in motion if it changes position relative to a appear to move in circular arcs
reference point. Objects that are fixed relative to Earth—such as a across the night sky. Only the
building, a tree, or a sign—make good reference points. North Star remains in a fixed

position. Historically, sailors
have used the North Star to help
them navigate.

You may already know what happens if your reference point
is moving relative to Earth. Have you ever been in a school bus
parked next to another bus? Suddenly, you think that your bus is
moving backward. When you look out the window again for a fixed
point, you find that your bus isn't moving at all—the other bus is
moving forward! Your bus seemed to be moving backward because
you had used the other bus as a reference point.

il Reference Point
The top photo was taken shortly before the
bottom photo.

% Answer the following questions.
1. Interpret Photos Did the car that the

boy is in move, or did the car in the back-
ground move? Explain your answer.

2. Identify What objects in this photo make
good reference points?




Relative Motion Ifyou use your chair as your reference

point as you sit and read, you are not moving. If you choose

another object as a reference point, you may be moving.
_________________ & L Suppose you use the sun as a reference point instead of your
chair. If you compare your position to the sun, you are moving

@) Compare and Contrast
quite rapidly because you and your chair are on Earth, which

A tree is (stationary/in motion)

relative to Earth. A tree is revolves around the sun. Earth moves around the sun at a speed of
(stationary/in motion) relative to about 30 kilometers every second. So you and everything else on
the sun. Earth are moving that quickly as well. Going that fast, you could

travel from New York City to Los Angeles in about two minutes!
Relative to the sun, both you and your chair are in motion. But
because you are moving with Earth, you do not seem to be moving.

-apply:

The people in the photo are riding on a spinning carousel.

|
@ Interpret Photos Are the people moving relative to each other? Are they
moving relative to objects on the ground? Explain.

@ Explain How is your choice of refer-
ence point important when describing the

motion of the people?

6 Motion



Measuring Distance
To describe motion completely, you
need to use units of measurement.
Scientists use a system of measurement
called the International System of Units
or, in French, Systéme International (SI).
Distance is the length of the path between
two points. The SI unit for length is the
meter (m). The distance from the floor to a
doorknob is about 1 meter.

Scientists use other units to measure
distances much smaller or much larger
than a meter. For example, the width of
the spider shown in Figure 2 can be
measured in centimeters (cm). The prefix
centi- means “one hundredth.” A centimeter
is one hundredth of a meter, so there are
100 centimeters in a meter. For lengths
smaller than a centimeter, the millimeter
(mm) is used. The prefix milli- means “one
thousandth,” so there are 1,000 millimeters in
a meter. Distances much longer than a meter
can be measured in kilometers (km). The
prefix kilo- means “one thousand,” so there
are 1,000 meters in a kilometer. A straight
line between San Francisco and Boston would
measure about 4,300 kilometers.

&= Assess Your Understanding

1a. Review A - B

is a place or object used for comparison to

determine if something is in motion.

b. Explain Why is it important to know if your
reference point is moving?

.
.

FIGURE 2 v+ svmvessavssansassnmsasassnssassdetogssiibunnsssions s iitenions

Measuring Distance
The unit of length that you use to measure distance
depends on the size of the distance.

%5‘ Answer the following questions.

1. Review Fill in the following common
conversions for length.

Tm-= mm
Tm-= cm
1 km = m

2. .-.Lﬂ!easure What is the distance in centimeters

from points A to B on the spider?

3. [M How many of these spiders would
fit side by side in the length of 1 meter?

e

Do the Quick Lab l
20ne

o Bl L ey i) BERSRERSRETE ,_JLab®
Identifying Motion.

gotjt?

O I get it! Now | know that an object is in

motion if

O | need extra help with

Go to MY science @ cOaCH online for help with
this subject.



Speed and Velocity

How Do You Calculate Speed?

How Do You Describe Velocity?

How Do You Graph Motion?

BLOG

C?mmunicate Answer the questions
_ Discuss your answers with a partner..
X WS 1 1. Do all the skaters in the rink move at
AN the same speed? Explain.
Location: Fountain Valley,
California

Once my sister talked me into

going to the roller-skating rink

with her. | hate skating, but
against my better judgment, | agreed to go.
| can skate, but | don’t go very fast. At the rink,
there were these speed skaters, or, as | like to
call them, “assassin skaters.” The assassin skaters
went ridiculously fast. They were probably going
approximately 20 miles per hour in the same
direction as me. They zipped past me, just barely
missing me. ‘
The worst part abdut going skating was getting ’:m Go to Planet Diary to |
stuck behind a group of skaters or a couple. They more about speed and velocity. .
went so slowly that you had to spied up to get

2, Descril?e a sport or activity in which '
speed is important.

® Do the Inquiry Warm-Up
How Fast and How Far?

La




Vocabulary Skills

speed * average speed @ Reading: Identify Supporting Evidence

instantaneous speed 4\ Inquiry: Calculate
velocity * slope

How Do You Calculate Speed?

You might describe the motion of an airplane as fast or the motion
of a snail as slow. By using these words, you are describing the
object’s speed. The speed of an object is the distance the object
moves per unit of time. Speed is a type of rate. A rate tells you the
amount of something that occurs or changes in one unit of time.

The Speed Equation To calculate the speed of an
object, divide the distance the object travels by the amount of
time it takes to travel that distance. This relationship can be
written as an equation.

Speed = _DI.IS::::;ce
The speed equation contains a unit of distance divided by a unit =~ ................. & .................
of time. If you measure distance in meters and time in seconds, the Vocabulary High-Use Academic
SI unit for speed is meters per second, or m/s. (The slash is read as Words Complete the following
“per.’) For example, at its cruising altitude, an airplane might travel sentence. The relationship
at a constant speed of 260 m/s. This means that the airplane will between speed, distance, and

travel a distance of 260 meters in 1 second. The speed of a snail is o e, EAEIEET

about 1 mm/s. This means that the snail will travel a distance of - — — —
1 millimeter in 1 second. The speed of the airplane is much greater

than the speed of the snail because the airplane travels much

farther than the snail in the same amount of time.

-apply -

The cyclist shown in the diagram is moving at a constant speed of 10 m/s during her ride.
(1] Identify Draw arrows on the scale to mark how far the cyclist travels after 1, 2, 3, 3.5, and 4 seconds.

(2) llCHALLFE—N'GE How long will it take the cyclist to travel 400 meters?

Distance (m)




FIGURE 1 «reecencencesemsemsensmnnmnneniences Average Speed When a plane is at its cruising altitude,
A‘_’efage Speed it can travel at a constant speed for many hours. But the speed of
Triathletes A and B are 3 . .
o : most moving objects is not constant. In a race known as the
competing in a triathlon. } i ) ) i
triathlon, the competitors (or triathletes) first swim, then bike,

The first two legs of the race
are swimming and biking. and finally run. The speeds of the triathletes change throughout the

%, Galculate Use the data in race. They travel slowest when they swim, a little faster when they
the boxes below to calculate run, and fastest when they bike.

each triathlete’s average speed Although the triathletes do not travel at a constant speed,
during the swimming and they do have an average speed throughout the race. To calcu-
biking legs of the race. late average speed, divide the total distance traveled by the

total time. For example, suppose a triathlete swims a distance

of 3 kilometers in 1 hour. Then the triathlete bikes a distance of
50 kilometers in 3 hours. Finally, the triathlete runs a distance

of 12 kilometers in 1 hour. The average speed of the triathlete

is the total distance divided by the total time.

Total distance = 3 km + 50 km + 12 km = 65 km
Totaltme=1h+3h+1h=5h

Average speed = —6-;’_% = 13 km/h

A A The triathlete’s average speed is 13 kilometers per hour.
s | Leg1 Swimming
Total distance: 3.0 km

Triathlete A's total time: 0.8 h

~
Triathlete B's total time: 1.0 h (Leg 2 Biking
Triathlete A's average speed = ] - | Total distance: 50.0 km 3
i Triathlete A's total time: 3.0 h 3
Triathlete B's total time: 2.5 h E

Triathlete A's average speed =

Triathlete B's average speed =

Triathlete B’s average speed =




Instantaneous Speed Suppose Triathlete B passes Tri-
athlete A during the biking leg. At that moment, Triathlete B has a
greater instantaneous speed than Triathlete A. Instantaneous speed
is the speed at which an object is moving at a given instant in time.
It is important not to confuse instantaneous speed with average
speed. The triathlete with the greatest average speed, not the
greatest instantaneous speed, wins the race.

apply::

The triathletes run in the third
and final leg of the triathlon.

Leg 3 Running
Total distance: 12.0 km

@ Galculate Use the data Triathlete A's total time: 1.2 h
from all three legs to solve for Triathlete B's total time: 1.0 h

each triathlete’s average speed.

Total distance =

Triathlete A's
total time =

Triathlete A's
average speed =

Triathlete B's
total time =

\ ) Triathlete B's
\ average speed =

@ |dentify Which triathlete finishes first?

P}
» BN v

Assess Your Understanding

4 La ¢ Do the Lab investigation
Stopping on a Dime.
1\ Zone . PPINg

1a. Identify The (instantaneous/average) speed 90t1t?
is the speed of the object at a given instantin
time. The (instantaneous/average) speed is : )
the speed of the object over a longer period an object, | need to —

( ) of time.

b. Apply Concepts The speedometer in a car

O I get it! Now | know to calculate the speed of

O I need extra help with ______ =

Go to my science @A.COaCH online for help with

gives the car's _ speed. this subject.

11



How Do You Describe Velocity?

Knowing the speed at which something travels does not tell you
everything about its motion. To describe an object’s motion, you
also need to know its direction. For example, suppose you hear
that a thunderstorm is traveling at a speed of 25 km/h. Should you
prepare for the storm? That depends on the direction of the storm’s
motion. Because storms usually travel from west to east in the
United States, you probably need not worry if you live west of the
storm. You probably should take cover if you live east of the storm.
When you know both the speed and direction of an
object’s motion, you know the velocity of the object. Speed in
a given direction is called velocity. You know the velocity of the

................. & P storm when you know that it is moving 25 km/h eastward.

@ Identify Supporting At times, describing the velocity of moving objects can be very
Evidence Underline the reason important. For example, air traffic controllers must keep close track
why velocity is important to air of the velocities of the aircraft under their control. These velocities
traffic controllers. change as airplanes move overhead and on the runways. An error

in determining a velocity, either in speed or in direction, could lead
to a collision.

Velocity is also important to airplane pilots. For example, the
stunt pilots in Figure 2 make spectacular use of their control over
the velocity of their aircraft. Stunt pilots use this control to stay in
close formation while flying graceful maneuvers at high speeds.

FIG U RE D cereceresiseiiaiitiiitaicteisieisienes
Velocity

These stunt pilots are perform-
ing at an air show.

{‘-‘;_‘{‘ Explain Why is velocity and
not just speed important to
these pilots?

12 Motion
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Velocity B aePiYynm 00

How do you describe the motion of an object?

FIBLIRE ) Feaeas e saens sansssans oamasts sgean RTRSe i, & sl e et e
Mario is planning on riding his bike from his home to the base-
ball park. He looks up the route online. The map shows the route
that he will follow. On the map, 1 cm = 100 m.

1. Measure Use a metric ruler to determine how far west and
how far south Mario has to travel to get to the park.

2. {Galculate Suppose Mario is meeting a friend at the park at
noon. If he leaves his house at 11:55 a.m., at what average
speed does he have to travel to make it there on time? Write
your answer in m/s.

o RIS AT WU 3

= F . . = ry

Wﬁ ¢ Do the Quick Lab ik 4
'Lab

Velocity.
ZOne .

G Assess Your Understanding

2. W%, How do you describe the motion of an gOt ?
object? : ; .
O | get it! Now | know that the velocity of an

object is the

O Ineed extrahelp with

Go to MY science &8 C0aCH online for help with
this subject.

13



How Do You Graph Motion? )

The graphs you see in Figure 4 and Figure 5 are distance-versus-
time motion graphs. You can show the motion of an object
on a line graph in which you plot distance versus time. By tradi-
tion, time is shown on the horizontal axis, or x-axis. Distance is
shown on the vertical axis, or y-axis. A point on the line represents
the distance an object has traveled during a particular time. The x
value of the point is time, and the y value is distance.

The steepness of a line on a graph is called slope. The slope tells
you how fast one variable changes in relation to the other variable
in the graph. In other words, slope tells you the rate of change.
Since speed is the rate that distance changes in relation to time, the
slope of a distance-versus-time graph represents speed. The steeper
the slope is, the greater the speed. A constant slope represents
motion at constant speed.

EIGURE A ittt
Constant Calculating Slope You can calculate the slope of a line
Speed by dividing the rise by the run. The rise is the vertical difference

llae Giapnishiows the motonjof between any two points on the line. The run is the horizontal

jogger. : :
2 l8dech difference between the same two points.
Q\ié. Use the graph to answer ¢ e
the questions. Slope = :'59 :
un

1. Read Graphs What is the

X ; =
i9ggelisspead! In Figure 4, using the points shown, the rise is 400 meters and

e the run is 2 minutes. To find the slope, you divide 400 meters by

* 2 minutes. The slope is 200 meters per minute.
2. Predict On the same graph,

draw a line that represents
the motion of a jogger who
moves at a constant speed

of 100 m/min. Motion on Day 1

1,400

Rise=400m ©

800 (4, 800)

Run = 2 min

Distance (m)

il = Rise _
A - Slope Run
- W 220 _ 500 m/min

2 min

0 P et S b e
Time (min)

= maa o

14 Motion



Graphing Motion > INTERACTIVE ART >

RIGURIERGS ; Tront .o o v N SR
Changing Speed
The graph shows how the speed

Different Slopes Most moving objects do not travel at a
constant speed. For example, the graph in Figure 5 shows a jogger’s

motion on the second day of training. The line is divided into three : . i

g of a jogger varies during her
segments. The slope of each segment is different. From the steep- L s
i of the slopes you e tell that t.he jogger ran fastest during the S Red GrapBalEi el T
third segment. The horizontal line in the second segment shows the run, and the slope for each
that the jogger’s distance did not change at all. The jogger was segment of the graph. Write

resting during the second segment. the answers in the boxes below.

Motion on Day 2

1,200 _ e
Rise =
1,000 Run =
E i
< 800 Slope =
[¥)
{
% 600
(@]
400 Rise =
Rise = Run =
200 .
Run = Slope =
Slope = e
. 07 O RAS E CEL s L G R Oe |
Time (min) L
- = Sl
e 1 SRS Al | B SIS L b@ Do the Quick Lab 1___ i
| a Motion Graphs.
e . . Zone.
G Assess Your Understanding
3a.Ildentify The  of adistance- ¢. Apply Concepts Is it possible for a distance-
: X I RO
versus-time graph shows you the speed of a \éerslu§ time graph to be a vertical line?
xplain.

moving object.

b. Calculate The rise of a line on a distance- .
versus-time graph is 900 m and the run is
3 min. What is the slope of the line?

O | get it! Now | know to show the motion of an object on a line graph, you

O | need extra help with o z
Go to MY sc1ence @A COaCH online for help with this subject.
15



8 Acceleration

NLOC, _
\xa a, €= What Is Acceleration?

How Do You Graph Acceleration?

my)pLaneT Diary  FUN FACT

Jumping Spider

A small spider, less than 2 centimeters long,
spots an insect. The spider crouches and
crawls forward. Then it lifts its front legs and Think of a sport or activity in which the
leaps, landing right on its victim! goal is to hit a target from far away.

- What are some of the challenges?
s
/’“w\%\
7 = “1',.,' ; .

Write your answer to the question
below.

A <

Amazingly, a jumping spider can jump
10 to 40 times its body length. To capture

prey from that far away, it must accurately

estimate its initial velocity. Once the spider

jumps, the force of gravity controls its :
motion, causing it to follow a curved & i
path. Its velocity changes at every poifit ##

along the path until it lands on its prey. ~

Go to Planet Diary to
learn more about acceleration.

Do the Inquiry Warm-Up
Will You Hurry Up?

What Is Acceleration?

Suppose you are a passenger in a car stopped at a red light. When
the light changes to green, the driver steps on the accelerator. As
a result, the car speeds up, or accelerates. In everyday language,
acceleration means “the process of speeding up.”

Acceleration has a more precise definition in science. Scientists
define acceleration as the rate at which velocity changes. Recall
that velocity describes both the speed and direction of an object.
A change in velocity can involve a change in either speed or
direction—or both. £ In science, acceleration refers to
increasing speed, decreasing speed, or changing direction.

16 Motion




> Acceleration 7 LANET DIARY 'D'E_""a,:_..

Vocabulary Skills
* acceleration 5@ Reading: Identify the Main Idea
4\ Inquiry: Graph

Changing Speed Whenever an object’s speed changes, ... ... & .................
the object accelerates. A car that begins to move from a stopped @ Identify the Main Idea
position or speeds up to pass another car is accelerating. People can Underline the main idea in the
accelerate too. For example, you accelerate when you coast down a section called Changing Speed.
hill on your bike.

Just as objects can speed up, they can also slow down. This
change in speed is sometimes called deceleration, or negative
acceleration. A car decelerates as it comes to a stop at a red light. A
water skier decelerates as the boat slows down.

Changing Direction Even an object that is traveling at a
constant speed can be accelerating. Recall that acceleration can be
a change in direction as well as a change in speed. Therefore, a car
accelerates as it follows a gentle curve in the road or changes lanes.
Runners accelerate as they round the curve in a track. A softball
accelerates when it changes direction as it is hit.

Many objects continuously change direction without chang-
ing speed. The simplest example of this type of motion is cir-
cular motion, or motion along a circular path. For example, the
seats on a Ferris wheel accelerate because they move in a circle.

o (R e T T U — [

Acceleration

During the game of soccer, a soccer ball
can show three types of acceleration—
increasing speed, decreasing speed,
and changing direction.

@, Interpret Photos Label the type

of acceleration that is occurring in
each of the photos.




FIGIIRE 25 s rese shate s tnoesonianetnss

Acceleration
The airplane is accelerating at a
rate of 8 m/s?.

% Predict Determine the
speed of the airplane at 4.0 s
and 5.0 s. Write your answers
in the boxes next to each
airplane.

EIGHRES e sy
Deceleration

An airplane touches down

on the runway with a speed
of 70 m/s. It decelerates at a
rate of -5 m/s?%.

%i Predict Determine the
speed of the airplane after
each second of its decelera-
tion. Write your answers in
the table to the right.

18 Motion
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Speed

(m/s)

Calculating Acceleration Acceleration describes the
rate at which velocity changes. If an object is not changing
direction, you can describe its acceleration as the rate at which its
speed changes. To determine the acceleration of an object moving
in a straight line, you calculate the change in speed per unit of time.
This is summarized by the following equation.

Final Speed — Initial Speed
Time

Acceleration =

If speed is measured in meters per second (m/s) and time is mea-
sured in seconds, the SI unit of acceleration is meters per second
per second, or m/s’. Suppose speed is measured in kilometers per
hour and time is measured in hours. Then the unit for acceleration
is kilometers per hour per hour, or km/h?.

To understand acceleration, imagine a small airplane mov-
ing down a runway. Figure 2 shows the airplane’s speed after each
second of the first three seconds of its acceleration. To calculate the
acceleration of the airplane, you must first subtract the initial speed
of 0 m/s from its final speed of 24 m/s. Then divide the change in
speed by the time, 3 seconds.

24 m/s — 0 m/s
3s

Acceleration =

Acceleration = 8 m/s?

The airplane accelerates at a rate of 8 m/s”. This means that the
airplane’s speed increases by 8 m/s every second. Notice in Figure 2
that after each second of travel, the airplane’s speed is 8 m/s greater
than its speed in the previous second.




do the

math!'

Large accelerations are part of the thrill in many amusement park rides. The
problems below are based on actual amusement park rides.

@ Calculate One type of ride falls straight down for 3 seconds. During this
time, the ride accelerates from a speed of 0 m/s to a speed of 30 m/s. What is
the average acceleration of the ride?

Initial speed = _ Final speed = Time =
Average acceleration =

@ Calculate A roller coaster accelerates from a speed of 4 m/s to
22 m/s in 3 seconds. What is the average acceleration of the ride?

Initial speed = Final speed = Time =

Average acceleration =

| La ® Do the Quick Lab i
| zone Describing Acceleration. |

Assess Your Understanding

anaes

1a. Define The rate at which velocity changes is : gotss?

e

called _ = : O lgetit! Now | know that in science

acceleration refers to

b. Infer A softball has a (positive/negative)
acceleration when it is thrown. A softball hasa  : —_— ——
(positive/negative) acceleration when it is
caught. :

¢. Explain A girl skates around the perimeter of -- —_—
a circular ice rink at a constant speed of 2 m/s.

O | need extra help with b
Is the girl accelerating? Explain.

Go tomY science @ COACH online for help with
this subject.

19



How Do You Graph Acceleration? )

Suppose you bike down a long, steep hill. At the top of the hill, your
speed is 0 m/s. As you start down the hill, your speed increases.
Each second, you move at a greater speed and travel a greater
distance than the second before. During the five seconds it takes
you to reach the bottom of the hill, you are an accelerating object.
(2= You can use both a speed-versus-time graph and a
distance-versus-time graph to analyze the motion of an
accelerating object.

BHGURES <« vvnvcstsscummassosinisminsismmainmnnnnven sarnnnnonssns it
Speed-Versus-Time Graph
The data in the table show how your speed
changes during each second of your bike ride. [ ]

@, Use the data to answer the questions.

Time (s) Speed (m/s) Q
S
B O
2 4 =
3 6 | o
e O |
5 10 ' ;‘,
i - = ’ — A - = J ‘L!
1. 2Graph Use this data to
. plot a line graph. Plot time f
on the horizontal axis. Plot -

speed on the vertical axis.
Give the graph a title.

» 2. Calculate What is the
slope of the graph?

[

?GGG?D

AT i 5
A B RN 2 ) N

Y

Analyzing a Speed-Versus-Time Graph
Look at the speed-versus-time graph that you made in
Figure 4. What can you learn about your motion by ana-
lyzing this graph? First, since the line slants upward, the
graph shows that your speed was increasing. Next, since
the line is straight, you can tell that your acceleration
was constant. A slanted, straight line on a speed-versus-

time graph means that the object is accelerating at a
constant rate. Your acceleration is the slope of the line.

20 Motion



VIRTUAL LAB  Jb> INTERACTIVE ART |

l FIGURE § w-ssssuisnutinsisionsiasasedsossntsoaverartonmssieos (pemeens fhatroye
Distance-Versus-Time Graph

The data in the table show how your
distance changes during each second of
your bike ride.

% Use the data to answer the questions.

Time (s) Distance (m)
0 0
1 1
2 4
3 9
4 16
5 25

1. ﬁraph Use this data to create a line
graph. Plot time on the horizontal axis.
Plot distance on the vertical axis. Give
the graph a title.

2. lCHALLENGiE How does the

distance change with time?

Analyzing a Distance-Versus-Time Graph

Look at the distance-versus-time graph that you made in

Figure 5. The curved line tells you that during each second,

you traveled a greater distance than the second before. For
example, you traveled a greater distance during the third second
than you did during the first second.

The curved line in Figure 5 also tells you that during each
second your speed was greater than the second before. Recall
that the slope of a distance-versus-time graph is the speed of an
object. From second to second, the slope of the line in Figure 5
gets steeper. Since the slope is increasing, you can conclude that
your speed was also increasing. You-were accelerating.

—

”.a ® Dothe Quicklab |
'___zone

Graphing Acceleration.

O I get it! Now | know that the two types of graphs that you can use to analyze the motion of an

accelerating object are _

) O | need extra help with _

Go to MY sc1ence @A COACH online for help with this subject.
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L5501 Describing Motion

relative to a reference point.

E Vocabulary

| reference point

- distance the object travels by the amount of time it

[\ FeF Acceleration

. decreasing speed, or changing direction.

Study Guide

EeVIE ; . ; : ; - .
P g Which term, speed or velocity, gives you more information about an object’s motion? Why?

An object is in motion if it changes position

® motion

e International System of Units
e distance

L3\~ Speed and Velocity
To calculate the speed of an object, divide the

takes to travel the distance.

When you know both the speed and direction of an
object’s motion, you know the velocity of the object.

You can show the motion of an object on a line
graph in which you plot distance versus time.

Vocabulary
® speed °© average speed
* instantaneous speed e velocity e slope

In science, acceleration refers to increasing speed,

You can use both a speed-versus-time graph and a
distance-versus-time graph to analyze the motion of an
accelerating object.

Vocabulary

* acceleration

22 Motion
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1. What is the Sl unit of distance?

a. foot

b. meter

c. mile d. kilometer

2. A change in position with respect to a

reference point is

3. Classify Suppose you are in a train. List some
objects that make good reference points to
determine whether or not the train is moving.

Use the illustration to answer Questions 4 and 5.

4, Compare and Contrast Suppose you are
standing on the sidewalk. Describe the
direction of your motion relative to the car
and the plane.

5. Compare and Contrast Suppose you are
riding in the plane. Describe the direction of
your motion relative to the person standing on
the sidewalk and the car.

Speed and Velocity

6. What quantity can you calculate if you know

that a car travels 30 kilometers in 20 minutes?
a. average speed b. direction

¢. velocity d. instantaneous speed

7. On a graph of distance versus time, the slope
of the line indicates the of an
object.

The graph shows the motion of a remote-control
car. Use the graph to answer Questions 8 and 9.

= N W p N O

Distance (m)

o

NE2a 3 AR sh e 8 RS0 2
Time (s)

8. Read Graphs During which time period was
the car moving the fastest?

9. Calculate What was the speed of the car
during the first four seconds?

10. Apply Concepts A family takes a car trip.
They travel for an hour at 80 km/h and then
2 hours at 40 km/h. Find their average speed
during the trip.

23



CHAPTER

I8l Review and Assessment

o0 - Acceleration

11. The rate at which velocity changes is
a. acceleration. b. direction.

C. speed. d. velocity.

12. You can calculate the acceleration of an object
moving in a straight line by dividing the
by the time.

The graph below shows the speed of a downhill
skier during a period of several seconds. Use the
graph to answer Question 13.

16

12

Speed (m/s)
oo

0 1 2 3 4
Time (s)

13. Read Graphs What is the skier’s acceleration?

14. math' A ballis dropped from a window and
takes 2 seconds to reach the ground. It starts
from rest and reaches a final speed of 20 m/s.
What is the ball's acceleration?

15. QRIS Describe how a baseball player
. accelerates as he runs around the bases after

/" hitting a home run.

24 Motion

% How do you describe the

16. The distance-versus-time graph is for two
runners in a 50-meter race. Describe the
motion of the runners in as much detail as
you can. Which runner won the race? How do
you know? Suppose the graph showed the
runners’ motion until they came to a stop.
Describe how the graph would change.

50

_ 40

£

= 30

£ 20

2 = Jen
2 19

(a) = Ann

(=]

Jesdoi 3= dreh 67819
Time (s)




Standardized Test Prep

Multiple Choice
Circle the letter of the best answer.
1. The graph below shows the motion of a runner.

800

(o3
(=)
(=]

Distance (m)
D
(=)
(>)

N
(=)
o

0 TR e
Time (min)

What could the runner do to make the slope of
the line rise?

A stop running

B decrease speed

C maintain the same speed

D increase speed

2. Members of the Fairview Track Running Club
are running a 5-kilometer race. What is the
distance of the race in meters?

A 05m
B 50m

C 500m
D 5000 m

3. What condition is necessary for an object to
make a good reference point?
A The object is moving at a constant speed.
B The object is accelerating.

C The object is fixed relative to the motion
you are trying to describe.
D The object is large.

Distance (m)

4. Two objects traveling at the same speed have

different velocities if they

A start at different times.

B travel different distances.

C have different masses.

D move in different directions.

. Your family is driving to the beach. You travel

200 kilometers in the first two hours. During the
next hour, you stop for lunch and only travel 25
kilometers. What was your average speed?

A 60 km/h
B 75km/h
C 100 km/h
D 225km/h

Constructed Response

Use the graph to answer Question 6. Write your
answer on a separate sheet of paper.

25

20

15

10

0 5 10 15 20
Time (s)

6. The graph above shows the motion of a person.

Describe the motion.

25
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As soon as people started driving automobiles,
someone started racing them. We've been
trying to go faster ever since.
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So how fast can we go? The official
top land speed record was set

by a man named Andy Green in
Blackrock, Nevada, in 1997. Green
and his vehicle, named the Thrust
SSC, reached a speed of 1,288 km/h.
That'’s faster than the speed of
sound! In fact, the Thrust SSC
produced a sonic boom. A sonic
boom sounds a lot like an explosion.
Thunder is a natural sonic boom.

How did the Thrust SSC go so fast?
It used two turbo jet engines. So
Green'’s previous experience as a
fighter pilot came in handy when he
was learning to drive this car.

r}%\

{GrAphiIE There are lots of other speed records.
Research the wheel-driven land speed record
and the rail speed record, to start. Make a
graph or chart that compares all of the speed
records you can find. Share your results with
your class.

Sl e B e AR
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Everyday Bcience

If you've ever watched a movie about jet
pilots or race car drivers, you've probably
heard someone talk about “pulling Gs.”
But what does that mean? A G-force is

an informal unit of measurement used

in aeronautics and space engineering.
One G-force is the average acceleration
due to gravity at Earth’s surface. You
experience one G-force all the time.

In the 1940s and 1950s, Colonel John
Paul Stapp experienced a lot more
than one G-force. At what is now
Edwards Air Force Base, Colonel
Stapp strapped himself into a
device that scientists called the
Gee Whiz. This was a rocket sled
that hurled volunteers forward
before bringing them to a sudden
stop along the track. In one of

his runs, Colonel Stapp was

subjected to 46 Gs! His work ‘ .
had an impact on everything . o,
from seat belts to the restraints — [f

fa o TR L 0
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worn by astronauts.

SHafeli Research what
happens when people
experience extreme
G-forces. Find out what
physical symptoms they
are likely to experience
and how those symptoms
can be prevented.
Design a safety
pamphlet describing
your findings.




/"’/ trapeze. These stunts often appear P T R ey

WHY WON’T
THIS ACROBAT

LAND

e | Sty A

- How do objects react to
~ forces?

This teen is part of a traveling youth
“ . circus that performs in New England.
# As a circus trouper, she may do stunts ; Watch the
such as tumbling and swinging on a Untamed Science video to learn

all

to be gravity-defying and dangerous,

but the troupers know how to perform

in a way that lets them land safely.
Develop Hypotheses How does this athlete land on her feet?




1__71 -

Forces




Getting Started

Check Your Understanding

1. Background Read the paragraph below and then answer
the question.

The dashboard of a car displays your speed so that you
know how fast you're going. Since this reading doesn't
change when you turn, you don’t know the car’s
velocity. If the car did show you your change in

velocity, you could calculate the car’s jacceleration.

R

| is the distance an
object travels per unit of
time.

Velocity is speed in a given

direction.

Acceleration is the rate at
which velocity changes with

time.

e What are three ways to accelerate (change velocity)?

If you had trouble completing the question above, visit
My Reading Web and type in Forces.

Vocabulary Skill

Latin Word Origins Many science words in English come from Latin. For
example, the word solar, which means "of the sun,” comes from the Latin
sol, which means “sun.”

Latin Word Meaning of Latin Word Example
fortis strong force, n. a push or pull exerted on an object
iners inactivity inertia, n. the tendency of an object to resist

any change in its motion

centrum center centripetal force, n. a force that causes an
object to move in a circle

2. Quick Check Choose the word that best completes the sentence.

°* A , always points toward the
center of a circle.
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Chapter Preview

LESSON 1

* force
* newton
net force

‘W@ Relate Text and Visuals
£\ Make Models

LESSON 2
* friction
¢ sliding friction
* static friction
¢ fluid friction
¢ rolling friction
° gravity
° mass
* weight
@ Identify Supporting Evidence
£\ Design Experiments

LESSON 3
° inertia
@ Ask Questions
£\ Infer

LESSON 4
°momentum
* law of conservation of momentum

@ Identify the Main Idea
£\ Calculate

LESSON 5
« free fall
* satellite
* centripetal force

@ Relate Cause and Effect
£\ Create Data Tables

ALLRIVENIGLY For extra help

with vocabulary, visit Vocab Flash
Cards and type in Forces.
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‘: The Nature of Force

How Are Forces Described?

How Do Forces Affect Motion?

Forced to Change

Misconception: Any object that is set in motion will slow down
on its own.

Fact: A force is needed to change an object’s state of motion.

A soccer ball sits at rest. You come along and kick it, sending it flying
across the field. It eventually slows to a stop. You applied a force to
start it moving, and then it stopped all on its own, right?

No! Forces cause all changes in motion. Just as you applied a force
to the ball to speed it up from rest, the ground applied a force to
slow it down to a stop. If the

ground didn’t apply a force Answer the questions below.
to the ball, it would keep
rolling forever without
-slowing down or stopping.

1. Give an example of a force you
apply to slow something down.

2. Where might it be possible to kick
a soccer ball and have it never slow
down?

> P 11137 Go to Planet Diary
to learn more about forces.

Do the Inquiry Warm-Up
Is the Force With You?
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Describing Forces

Vocabulary Skills
 force © newton @ Reading: Relate Text and Visuals
net force 4\ Inquiry: Make Models

How Are Forces Described?

In science, the word force has a simple and specific meaning.

A force is a push or a pull. When one object pushes or pulls

another object, the first object exerts a force on the second object. \
You exert a force on a computer key when you push it. You exert a

force on a chair when you pull it away from a table.

Like velocity and acceleration, a force is described by its
strength and by the direction in which it acts. Pushing to the left
is a different force from pushing to the right. The direction and
strength of a force can be represented by an arrow. The arrow points
in the direction of the force, as shown in Figure 1. The léngth of the
arrow tells you the strength of the force—the longer the arrow, the
greater the force. The strength of a force is measured in the SI unit
called the newton (N), after scientist Sir Isaac Newton.

FIGUIRIE Ty s atnt <o foee Saael s EE oi o s i s leossio it el el T

Describing Forces
Forces act on you whenever
your motion changes. In the
photos at the right, two men
are celebrating an Olympic
victory. Forces cause them
to pull each other in for a
hug, lean over, and fall into
the pool.

%x Identify In the box
within each photo, draw an
arrow that represents the
force acting on the person
on the right. The first one
is done as an example.

o= — === __ - Lab® Do the Quick Lab
?
" Zzone What Is Force?

O | need extra help with ___
Go to MY science aCOBCH online for help with this subject.
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St @Es Net Force

The change in motion of an object is determined by

the net force acting on the object.

& &ake Models Calculate and draw an arrow for the
net force for each situation in the boxes below.

@ Relate Text and Visuals Use
the information in the text to
determine the net force of these
two force arrows. p

3N 5N
ﬁ_’.

Circle the net force below.

<=2 N

34 Forces

How Do Forces Affect Motion?

Often more than one force acts on an object at the same time. The
combination of all the forces on an object is called the net force.
The net force determines if and how an object will accelerate.

You can find the net force on an object by adding together the
strengths of all the individual forces acting on the object. Look at
Figure 2a. The big dog pushes on the box with a force of 16 N to
the right. The small dog pushes on the box with a force of 10 N to
the right. The net force on the box is the sum of these forces. The
box will accelerate to the right. In this situation, there is a nonzero
net force. A nonzero net force causes a change in the object’s
motion.

What if the forces on an object aren’t acting in the same
direction? In Figure 2b, the big dog pushes with a force of 20 N.
The small dog still pushes with a force of 10 N, but now they’re
pushing against each other. When forces on an object act in
opposite directions, the strength of the net force is found by
subtracting the strength of the smaller force from the strength
of the larger force. You can still think of this as adding the forces
together if you think of all forces that act to the right as positive
forces and all forces that act to the left as negative forces. The box
will accelerate to the right. When forces act in opposite directions,
the net force is in the same direction as the larger force.



Use what you know about net force to describe the motion of

the box in Figure 2¢c. Assume that the box starts at rest.

&> INTERACTIVE ART

L APPLY IT

——applyi——
@ You pull on your dog's leash

to the right with a 12 N force.

Your dog pulls to the left with a

6 N force. Sketch this situation,

including labeled force arrows,
below.

4

Lo,

:g*.t-.

™

f‘

o

™

e

e

e«

.f\.

o

=—— @ What is the net force on the
leash? Calculate it. Draw and
label it in the space above.
& ) V.

®

Do the Quick Lab

Assess Your Understanding

1a. Calculate You push on a desk with a force of
120 N to the right. Your friend pushes on the
same desk with a force of 90 N to the left.
What is the net force on the desk?

O I get it Now | know that changes in motion are caused by _

,jv Modeling Unbalanced Forces.

b. Predict Your friend increases her force on
the desk by 30 N. She doesn’t change the
direction of her push. What happens to the net
force on the desk? Will the desk accelerate?

O Ineed extrahelp with

l Go to MY Science ‘COGCH online for help with this subject.
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Friction and Gravity

WLOC
“E a, i What Factors Affect Friction?

£~ What Factors Affect Gravity?

CAREERS

puaner Diary

|

Communicate Discuss these questions with
a partner and then answer them below.

1. Sports can be more fun in reduced
gravity. What jobs could be harder or
less fun to do in space? Why?

ine what professabnal qurrts would be like in
reduced gravity!

You may not have to imagine much longer. At
least one company specializes in airplane flights
that simulate a reduced gravity environment.
Similar to NASA training flights that astronauts
use when preparing to go into space, these
flights allow passengers to fly around the cabin. — o S
In environments with reduced gravity, athletes
can perform jumps and stunts that would be
impossible on Earth. As technology € -
improves, permanent stadiums could Q"

be built in space for a whole new S HEANLAE Go to Planet Diary to learn I
generation of athletes. P . more about everyday forces.

2. What kinds of sports do you think could
be more fun in space? Why?

Do the Inquiry Warm-Up
Observing Friction.
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© Friction

Vocabulary Skills

e friction ¢ sliding friction ¢ static friction @ Reading: Identify Supporting Evidence
¢ fluid friction * rolling friction « gravity 4\ Inquiry: Design Experiments

° mass ° weight

What Factors Affect Friction?

If you slide a book across a table, the surface of the book rubs
against the surface of the table. The force that two surfaces exert on
each other when they rub against each other is called friction.
Two factors that affect the force of friction are the
types of surfaces involved and how hard the surfaces are pushed
together. The football player in Figure 1 is pushing on a blocking
sled. If his coach wanted to make it harder to move the sled, the
coach could change the surface of the sled. Covering the bottom
of the sled with rubber would increase friction and make the sled
harder to move. In general, smooth surfaces produce less friction
than rough surfaces.

What would happen if the football player switched to a much
heavier sled? He would find the heavier sled harder to push because
it pushes down harder against the ground. Similarly, if you rubbed
your hands together forcefully, there would be more friction than if
you rubbed your hands together lightly. Friction increases when
surfaces push harderagainst each other.

Friction acts in a direction opposite to the direction of
the object’s motion. Without friction, a moving object will
not stop until it strikes another object.

FIGURE 1

Friction and Different Surfaces

The strength of friction depends on the types of surfaces
involved. & Sequence Rank the surfaces above by how
hard it would be to push a sled over them, from easiest (1)
to hardest (3). (Each surface is flat.) What does this ranking
tell you about the amount of friction over these surfaces?

Vocabulary Latin Word Origins
Friction comes from the Latin
word fricare. Based on the
definition of friction, what do
you think fricare means?
] to burn
to rub

to melt




Sliding Friction

,“Sﬁding friction occurs when two
solid surfaces slide over each

other. Sliding friction is what
makes moving objects slow down
and stop. Without sliding friction,
a penguin that slid down a hill
wouldn't stop until he hit a wall!
Classify Label five examples
of sliding friction and compare

Friction acts
opposite the
direction of motion.

Direction
of motion

%
— -

—_—

_ Friction

with a classmate.

&
5
v

/
y
J

Static Friction

Static friction acts between objects
that aren’t moving. Think about trying
to push a couch across the room. If
you don't push hard enough, it won‘t
move. The force that’s keeping you
from moving it is static friction. Once
you push hard enough to overcome
static friction, the couch starts moving
and there is no more static friction.
However, there is sliding friction.
Classify Label five examples of
static friction and compare
with a classmate.

Draw an arrow
representing
the frictional
force at work.




Fluid Friction

Fluids, such as water and air,
are materials that flow easily.
Fluid friction occurs when a
solid object moves through a
fluid. Fluid friction is easier to
overcome than sliding friction.
This is why sidewalks become
slippery when they get wet.
%X Classify Label five
examples of fluid friction and
compare with a classmate.

Rolling Friction

When an object rolls across a
surface, rolling friction occurs. Roll-
ing friction is much easier to over-
come than sliding friction for similar
materials. That's why it's easy to push
a bike along the sidewalk when the
wheels can turn, but much harder to
push the bike if you're applying the
brakes and the tires slide, not roll.
4, Classify Label five examples of
rolling friction and compare with a
classmate.

Draw an arrow
representing
the frictional
force at work.

Draw an arrow
representing
the frictional
force at work.




-apply::

Your family is moving and isn’t sure how to best overcome friction
while moving furniture. You have a spring scale, wood blocks to
represent your furniture, and sandpaper, aluminum foil, marbles,
and olive oil as possible surfaces to slide your furniture over.
~Design Experiments Design an experiment that will help you
determine which material will reduce friction the most.

You know that friction occurs between surfaces when they slide
against each other. If you measure the applied force required
to push something across a surface, you know that your applied

force would (increase/decrease) as friction increased.

@i Measure How would you determine your
applied force in this experiment?

@GiE2) Control Variables What variables would
you have to control to keep your results accurate?

GiZ3) Create Data Tables Draw the data table
you would use when performing this experiment.

Assess Your Understanding

1a. List Name four types of friction and give an
example of each.

b. Classify What types of friction occur between
your bike tires and the ground when you ride
over cement, ride through a puddle, and apply
your brakes?

40 Forces

Do the Lab Investigatio
Sticky Sneakers.

‘Lab’

~ zone

T

gotit?
O | get it! Now | know that friction is affected by

O I need extra help with _

Go tomy science @A COaCH online for help with
this subject.



' Gravity LM

What Factors Affect Gravity?

A skydiver would be surprised if she jumped out of a plane and
did not fall. We are so used to objects falling that we may not have
thought about why they fall. One person who thought about it was
Sir Isaac Newton. He concluded that a force acts to pull objects
straight down toward the center of Earth. Gravity is a force that
pulls objects toward each other.

Universal Gravitation Newton realized that
gravity acts everywhere in the universe, not just on Earth. It is
the force that makes the skydivers in Figure 2 fall to the ground.
It is the force that keeps the moon orbiting around Earth. It is
the force that keeps all the planets in our solar system orbiting
around the sun.

What Newton realized is now called the law of universal
gravitation. The law of universal gravitation states that the force
of gravity acts between all objects in the universe that have mass.
This means that any two objects in the universe that have mass
attract each other. You are attracted not only to Earth but also to
the moon, the other planets in the solar system, and all the

objects around you. Earth and the objects around you are

attracted to you as well. However, you do not notice the

attraction among small objects because these forces are
extremely small compared to the force of Earth’s attraction.

—

\J

HGURE Vel B Bt - ~——

0bserving Gravi y

NeWtOn ubli %
in 1687, "o his work on grayiy

ravity?
Write down your ideas below e
\ —
\
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Factors Affecting Gravity A gravitational force
exists between any two objects in the universe. However, you don't
see your pencil fly toward the wall the way you see it fall toward
Earth. That’s because the gravitational force between some objects
is stronger than the force between others. You observe only the
effects of the strongest gravitational forces. Two factors
affect the gravitational attraction between objects: mass and
distance. Mass is a measure of the amount of matter in an object.
The SI unit of mass is the kilogram.
_________________ & L The more mass an object has, the greater the gravitational force
between it and other objects. Earth’s gravitational force on nearby
Evidence Underline Hherfasiars objects is strong because the mass of Earth is so large. The more
that determine how strong the massive planets in Figure 3 interact with a greater gravitational
gravitational force is between force than the less massive planets. Gravitational force also depends
two objects. on the distance between the objects’ centers. As distance increases,
gravitational force decreases. That's why Earth can exert a visible
gravitational force on a pencil in your room and not on a pencil on
the moon.
FIGUREDS icots oo s cohlee aumas e sas saloalosls s sss Ao eae s oo o S5 TS S v Sowowowsamen ot

Gravitational Attraction

Gravitational attraction depends on two factors: mass and distance.
Suppose there was a solar system that looked like this.

Q”Q\ Interpret Diagrams Use the diagram below to compare

the gravitational force between different planets and their sun.
Assume all planets are made of the same material, so bigger
planets have more mass.

@ Identify Supporting

Planet B's force arrow from the
sun’s gravitational pull should
be (longer/shorter) than the
arrow from Planet A.

Circle the object in
the outermost orbit
that experiences the
greatest gravitational
pull from the sun.

Gravitational

Draw what a planet would look
y force ‘ like if it was the same distance
from the sun as Planet C but
experienced a smaller
gravitational pull from the sun.
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Weight and Mass Mass is sometimes

confused with weight. Mass is a measure of the
amount of matter in an object. Weight is a
measure of the force of gravity on an object.
When you stand on a bathroom scale, it displays
the gravitational force Earth is exerting on you.
At any given time, your mass is the same on
Earth as it would be on any other planet. But
weight varies with the strength of the
gravitational force. The dog in Figure 4 has a
different weight at different places
in the solar
system. On the moon, he

Weight and Mas

The Mars Phoenix Lander weighs about
3,400 N on Earth. It weighs about 1,300 N
on Mars. N, The first scale shows
the dog’s weight on Earth.

Predict its weight on the

moon and on Mars. Enter

those weights in the boxes on

the other two scales.

would weigh about one sixth of

what he does on Earth. On Mars, he would weigh

just over a third of what he does on Earth.

Assess Your Understanding

2a. Describe What happens to the gravitational

force between two objects when their masses

are increased? What happens when the
distance between the objects increases?

La ® Do the Quick Lab
" zone Calculating.

b. Relate Cause and Effect If the mass of Earth

increased, what would happen to your weight?
What about your mass?

O I get it! Now | know that the factors that affect the gravitational force between objects are

O | need extra help with

Go to MY Sci1ence &COBCH online for help with this subject.
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What Is Newton’s First Law of Motion?

What Is Newton’s Third Law of Motion?

pLaneT DidRY

Answer the question below.

What current scientific discoveries

might be taught in scho
ols h
of years from now? F e

Horse Force
"If a horse draws a stone tied to a rope, the
horse (if | may so say) will be equally drawn

back towards the stone....”
—Sir Isaac Newton

Scientists have used everyday examples

to explain their ideas for hundreds of

years. The quotation is from Newton'’s

Mathematical Principles of Natural

Philosophy, which was first published :

in the 1680s. Newton used this book y CLE Ty
to set down his laws of motion. These [‘\$

three simple laws describe much F £

of the motion around you, and

- 2 PLANET DIARY Jerg
Planet Diary to learn
= More about Newton,
La- " Do the Inquiry Warm-Up
ion?
zone What Changes Motion’

What Is Newton’s First Law
of Motion?

You would be surprised if a rock started rolling on its own
or a raindrop paused in midair. If an object is not moving,

it will not start moving until a force acts on it. If an object is
moving, it will continue at a constant velocity until a force
acts to change its speed or its direction. Newton’s first
law of motion states that an object at rest will remain at
rest unless acted upon by a nonzero net force. An object
moving at a constant velocity will continue moving at a
constant velocity unless acted upon by a nonzero net force.

44 Forces

What Is Newton’s Second Law of Motion? 4
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| Newton's First Law

Vocabulary Skills
inertia @ Reading: Ask Questions
4\ Inquiry: Infer

aiff
wF

Al
o ?-q't,al'r»h’ﬁ".! ey
Tl

Inertia All objects, moving or not, resist changes in motion. ) B
Resistance to change in motion is called inertia (in ur shuh). '
Newtonss first law of motion is also called the law of inertia. Inertia
explains many common events, including why you move forward in
your seat when the car you are in stops suddenly. You keep moving
forward because of inertia. A force, such as the pull of a seat belt,

is needed to pull you back. Roller coasters like the one in Figure 1
have safety bars for the same reason.

Inertia Depends on Mass Some objects have more

inertia than others. Suppose you need to move an empty backpack -
and a full backpack. The greater the mass of an object, the greater E By
its inertia, and the greater the force required to change its motion. ]
The full backpack is harder to move than the empty one because it !

has more mass and therefore more inertia.

FIGURE 1+ ---chonsae cor proasen s s sy S
Inertia ;

A roller coaster is hard to stop because it has ® $
alot of inertia. 4, Infer Use Newton's fs.*’ f:

first law of motion to explain why you feel "
tossed around whenever a roller coaster _ 157 4
goes over a hill or through a loop.

3 ® RS ST
R Do the Quick Lab
- La :

zone . Around and Around.

¥ O I getit! Now | know that Newton'’s first law of motion states that
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What Is Newton’s Second Law )

of Motion?

Which is harder to push, a full shopping cart or an empty one?
Who can cause a greater acceleration on a shopping cart, a small
child or a grown adult?

Changes in Force and Mass Suppose you increase the
force on a cart without changing its mass. The acceleration of the
cart will also increase. Your cart will also accelerate faster if
something falls out. This reduces the mass of the cart, and you keep
pushing just as hard. The acceleration of the sled in Figure 2 will
change depending on the mass of the people on it and the force the
sled dogs apply. Newton realized these relationships and found a
way to represent them mathematically.

Determining Acceleration Newton’s second law
of motion states that an object’s acceleration depends on its mass
and on the net force acting on it. This relationship can be written

as follows.
Net force
Mass

This formula can be rearranged to show how much force must be
applied to an object to get it to accelerate at a certain rate.

Acceleration =

Net force = Mass X Acceleration

ST o Psichooka i boo BRI B i ey

Newton’s Second Law
Suppose that four dogs pull

a sled carrying two people.
“,_Explain Use words and fill
in the pictures to show how you e
can change the dog/person
arrangement to change the
sled’s acceleration.

coww il  TunLiHSSLS
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How could you increase How could you decrease
the sled’s acceleration? ' - the sled’s acceleration? .




< Newton's Second Law . > DO THE MATH

Acceleration is measured in meters per second per second
(m/s?). Mass is measured in kilograms (kg). Newton’s second law
shows that force is measured in kilograms times meters per second
per second (kg'm/s?). This unit is also called the newton (N), which
is the SI unit of force. One newton is the force required to give a
1-kg mass an acceleration of 1 m/s?.

r do thethl

Every year in cities around the world, teams create cars, push them
across platforms, and hope they will fly. Unfortunately, the
cars always end up accelerating down into the water.

o Calculate If a 100-N net force acts on a 50-kg car, what
9
will the acceleration of the car be?

@ After that same car leaves the platform,
gravity causes it to accelerate downward at
a rate of 9.8 m/s2. What is the gravitational force on the car?

&2 3 ey : AL R o
"h. = e -.:»:» — LN%;Z . : e =4 Ty - '- |

T e

e i

{

La ® Do the Quick Lab
Zone Newton's Second Law.

Assess Your Understanding

1a. Review What equation allows you to calculate ¢. Predict If the mass of the skateboard doubled
the force acting on an object? but the net force on it remained constant,
what would happen to the acceleration of the
- - skateboard?

b. Calculate What is the net force on a 2-kg
skateboard accelerating at a rate of 2 m/s??

O | get it! Now | know that Newton'’s second law of motion describes the relationship

O | need extra help with
Go to MY sc1ence @R COaCH online for help with this subject.
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Action-Reaction Pairs ™
A swimmer moves because the water pushes @
her forward when she pushes back on it. *
@\, Interpret Diagrams Draw arrows *®
to show the action and reaction forces e
between the gymnast and the balance -
beam. Draw your own example in the

space provided.

What Is Newton'’s Third‘
Law of Motion?

If you leaned against a wall and it didn’t push back on you,

youd fall through. The force exerted by the wall is equal in
strength and opposite in direction to the force you exert on the
wall. Newton’s third law of motion states that if one object
exerts a force on another object, then the second object exerts

................. § g s il D a force of equal strength in the opposite direction on the first
@ Ask Questions Action object. Another way to state Newton’s third law is that for every
and reaction force pairs are action there is an equal but opposite reaction.

all around you, but they aren‘t

always obvious. Write down a Action-Reaction Pairs Pairs of action and reaction forces

question about a situation in are all around you. When you walk, you push backward on the
which you can't identify what ground with your feet. Think of this as an action force. (It doesn’t
force pairs are at work. matter which force is called the “action” force and which is called

the “reaction” force.) The ground pushes forward on your feet with
an equal and opposite force. This is the reaction force. You can only
walk because the ground pushes you forward! In a similar way, the
swimmer in Figure 3 moves forward by exerting an action force on

- the water with her hands. The water pushes on her hands with an
— — equal reaction force that propels her body forward.
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¥ Newton's Third Law

Detecting Motion Ifyou drop your pen, gravity pulls the
pen downward. According to Newton’s third law, the pen pulls
Earth upward with an equal and opposite reaction force. You see
the pen fall. You don't see Earth accelerate toward the pen.
Remember Newton’s second law. If mass increases and force stays
the same, acceleration decreases. The same force acts on both Earth
and your pen. Since Earth has such a large mass, its acceleration is
so small that you don’t notice it.

Do Action-Reaction Forces Cancel? You have
learned that two equal forces acting in opposite directions on an
object cancel each other out and produce no change in motion. So
why don't the action and reaction forces in Newton’s third law of
motion cancel out as well?

Action and reaction forces do not cancel out because they act
on different objects. The swimmer in Figure 3 exerts a backward
action force on the water. The water exerts an equal but opposite
forward reaction force on her hands. The action and reaction forces
act on different objects—the action force acts on the water and the
reaction force acts on her hands.

Unlike the swimmer and the water, the volleyball players in
Figure 4 both exert a force on the same object—the volleyball.
Each player exerts a force on the ball equal in strength but opposite
in direction. The forces on the volleyball are balanced. The ball
does not move toward one player or the other.

Forces
on hands

Force
on ball

Force

on ball j

--

FIGURE 4

Action-Reaction Forces
All the horizontal forces on the volleyball

Newton'’s N
third law of motion explains
why rockets accelerate in
space, even though there is

no water or air to push off of.
Inside rockets, gas is produced.
When the rockets push that gas
backward out of the rocket,

a reaction force occurs that
pushes the rocket forward.

.........................................................

cancel out.
%A Apply Concepts In the dog illustration
above, use Newton's third law of motion

to draw and label any missing force arrows
for all the objects.
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How do objects react to forces?

FIG L RE 6t s s e Ay R o T A s L i e e e
UMY Splat! A bug has just flown into the windshield of an
oncoming car. The car must have hit the bug much harder than the
bug hit the car, right? ‘?‘% Apply Concepts Use Newton's laws of
motion to make sense of the situation and answer the questions.

Buzz!

In order for the bug to fly through the air, a force has

to push the bug forward. Identify this force. How does
the bug produce it? (Hint: Think back to how a swimmer
moves through the water.)

The bug was at rest on a tree when it saw the car and decided to fly
toward it. If the bug has a mass of 0.05 kg and accelerates at 2 m/s?,
what'’s the net force on the bug?
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Vroom!

| Lab® Do the Quick Lab

' N zone Interpreting lllustrations.
The driver hates killing bugs.
When she saw one coming
toward the windshield, she

braked suddenly and hoped it would get L . :
gt o The i (Sacky, tadidunet:) When 2a. |dentify A dog pulls on his leash with a

. 10-N force to the left, but doesn't move.
. she hit the brakes, she felt that she was | A 1
- \ | Identify the reaction force.
thrown forward. Use one of Newton's laws
| to explain why.

G Assess Your Understanding

explain how objects react to forces.

NSW, . g
b. Using all three of Newton'’s laws,

Splat!
The unfortunate bug hits the windshield with a
force of 1 N. If you call this the action force, what =k

is the reaction force? Does the car hit the bug any
harder than the bug hits the car? Use one of

Newton's laws to explain why or why not.

O I get it! Now | know that Newton’s third

law of motion states that

Compare the forces on the bug and the car SE =
again. Use another one of Newton's laws to
explain why the bug goes splat and the car
keeps going, without noticeably slowing down.
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=N Momentum

What Is an Object’'s Momentum?

Answer the questions below.
1. Why might it be better to try to bounce

Air Hockey Science a puck off the wall rather than shoot it

L . ”
Whoosh—you've just scored a goal! The puck strelightinte reur oppomentss gaal

is about to go back into play. How can you -
keep the puck out of your goal and get it back
into your opponent’s? One of the factors you
have to consider is momentum. Momentum is a
physical quantity that all moving objects have. . - —
If you know about momentum, you can predict

how an object will act when it collides with other 2. Where else could it be helpful to know
objects. With some quick scientific thinking, you how objects act after colliding?

can get the puck to bounce all over the table
and back into your opponent’s goal!

Lab’

zone

Do the Inquiry Warm-Up
How Pushy Is a Straw?

Planet Diary to learn more
about momentum.
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Skills

Vocabulary

' momentum
* law of conservation of momentum

4\ Inquiry: Calculate

@ Reading: Identify the Main Idea

What Is an Object’s Momentum?

Is it harder to stop a rolling bowling ball or a rolling marble? Does
your answer depend on the velocities of the objects? All moving
objects have what Newton called a “quantity of motion.” Today it’s
called momentum. Momentum (moh MEN tum) is a characteristic
of a moving object that is related to the mass and the velocity of
the object. The momentum of a moving object can be deter-
mined by multiplying the object’s mass by its velocity.

Momentum = Mass X Velocity

Since mass is measured in kilograms and velocity is measured
in meters per second, the unit for momentum is kilograms times
meters per second (kg-m/s). Like velocity, acceleration, and force,
momentum is described by both a direction and a strength. The
momentum of an object is in the same direction as its velocity.

The more momentum a moving object has, the harder it is
to stop. For example, a 0.1-kg baseball moving-at 40 m/s has a
momentum of 4 kg-m/s in the direction it's moving.

Momentum = 0.1 kg X 40 m/s
Momentum = 4 kg-m/s

But a 1,200-kg car moving at the same speed as the baseball
has a much greater momentum: 48,000 kg-m/s. The velocity
of an object also affects the amount of momentum it has. For

_example, a tennis ball served by a professional tennis player

has a large momentum. Although_the ball has a sm.';lll mass, ...

Word Origins Momentum
comes from the Latin word
movere. Based on the definition
of momentum, which of these is
the definition of movere?

QO to spin
O to move

O tosit

apply;:

ABalculate In each question
below, calculate the desired
quantity.

@ The lioness has a mass of
180 kg and a velocity of

16 m/s to the right. What is her
momentum?

@ The warthog has a mass of

100 kg. What does the warthog’s
speed have to be for it to have
the same momentum as the lion-
ess?



----------------- N, Conservation of Momentum Imagine you're driving

@ Identify the Main Idea a go-cart. If you ran into another go-cart that was at rest and got
Circle a sentence that relates the stuck to it, what do you think would happen to your momentum?
main idea of this section to two Before you hit the other go-cart, your momentum was just your

colliding cars. Then underline

, mass times your velocity. How has the additional mass changed that
two supporting examples.

momentum? It actually hasn’t changed it at all!

A quantity that is conserved is the same after an event as it was
before. The law of conservation of momentum states that, in the
absence of outside forces like friction, the total momentum of
objects that interact does not change. The amount of momentum
two cars have is the same before and after they interact.

@, /Galculate Complete the The total momentum of any group of objects remains
equations describing the the same, or is conserved, unless outside forces act
momentum of each collision. on the objects.

Identify the direction in
each case.

FIGURE ¢ eoeeesitses et in s Sawmaees susiigonss

pStaLmiuayas Conservation

of Momentum

/4

e m/s e VA m/S
‘ "Non-Sticky” Collisions

P ) Look at this example of a collision.
@ == @ When two objects of the same
100 kg

100 kg mass don't stick together and
Momentum = 400 kg-m/s to the right  Momentum = outside forces (such as friction) are
Total momentum = 200 kg'm/s to the right negligible, the objects just trade

velocities. The car that is going
faster before the collision will end
up slowing down, and the car that
is going slower before the collision
will end up speeding up.

_kgm/s

After —» 2 m/s

Momentum =___ kg-m/s to the right Momentum =____ kg-m/s to theright

L_-_---_-

’ Total momentum = kg-m/s

, 54 Forces \
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"Sticky"” Collisions

Sometimes objects end up

M sticking together during a » . (
collision. These two cars, 100 kg
which have the same mass,
got tangled together after Momentum=____ kgm/s to the right Momentum=____

/ they collided. Since the Total momentum = kg-m/s

green car was at rest and
had a momentum of zero,
only the blue car had any M
momentum before the
collision. After they collided
and stuck together, the cars
. shared that momentum. The Totalmass=
total momentum of the two  Total momentum =

g cais stayed the same. What must the velocity be?
V]

L----——-——-:—---—-—-

‘, e by Y &5 La o D:;he‘Quick l:éb

zone Colliding Cars.
Assess Your Understanding
la. Explain How can a heavy moving van have the c. Infer The total momentum of two marbles
same momentum as a small motorcycle? before a collision is 0.06 kg-m/s. No outside

forces act on the marbles. What is the total
momentum of the marbles after the collision?

O | get it! Now | know that momentum is

conserved unless

b. :Calculate What is the momentum of a

750-kg car traveling at a velocity of 25 m/s? Chinesditr RelmARE

Go to MY Sc1ence &) COAaCH online for help with
this subject.
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 B=J Free Fall and Circular Motion

SBLOCs

A What Is Free Fall?

What Keeps a Satellite in Orbit?

» ) @ b

Interpret Data Use the data in the
The GPS (Global Positioning System) is a “constellation” table to answer the questions below.
of satellites that orbit 10,600 miles above Earth.

The GPS makes it possible for people with ground receivers

to pinpoint their geographic location. The first GPS satellites

were placed in orbit in 1978. These early satellites were
expected to operate for approximately five years. Newer
satellites have an expected lifespan of seven to eight years.

Finding Yourself

1. What is the total number of
satellites launched from 1978
to 20077 How many were still A
operating as of 20077

GPS Satellites in Orbit

Years Number of GPS Number of Operating
Satellites Launched GPS Satellites

6
8
21
27
28

2. How many satellites stopped oper-
ating between 2003 and 20077?

1978-1982 6
1983-1987
19881992

1 1993-1997

4
17

12
5
11

| 1998-2002

: : Go to Planet Diary
to learn more about the GPS.

La ® Do the Inquiry Warm-Up What
’ : -y
~zone Makes an Object Move in a Circle:




Skills

Vocabulary
free fall « satellite
centripetal force

@ Reading: Relate Cause and Effect
£\ Inquiry: Create Data Tables

What Is Free Fall?

When the only force acting on an object is gravity, the object is
said to be in free fall. The force of gravity causes the object to
accelerate. Free fall is motion where the acceleration is
caused by gravity. When something falls on Earth, there is fluid
friction from the air around it. This friction acts against gravity,
reducing the acceleration of falling objects. Air friction increases as
an object falls. If an object falls for long enough, increased air fric-
tion will reduce its acceleration to zero. The object will continue to
fall, but it will fall at a constant velocity.

Near the surface of Earth, the acceleration due to gravity is
9.8 m/s?. If there were no air friction, a falling object would have a
velocity of 9.8 m/s after one second and 19.6 m/s after two seconds.
Since air friction reduces acceleration, an object falling on Earth for
one second will actually have a velocity that is less than 9.8 m/s.

FIGUREN e el s e S oh ke s e oo st s e o el i S5l STt
Free Fall .

The photo shows a tennis ball
and a crumpled piece of paper
of different masses as they fall
during a fraction of a second. If
the only force acting on them
were gravity, they would fall at
exactly the same rate and line up
perfectly. However, air friction

is also present. Air friction has

a greater effect on the paper’s
acceleration than on the tennis
ball's acceleration. This causes the
tennis ball to fall faster.

Assess Your Understanding

O | getit! Now | know that free fall is

O I need extra help with
Go tomY science @ CoacCH online for help with this subject.

do the
math! ...

& &reate Data Tables
Suppose you had a chamber
with no air, eliminating the
force of air friction. Complete
the table below for an object
that is dropped from rest.
Remember the formula
Velocity = Acceleration x Time.
The acceleration due to gravity
is 9.8 m/s?.

Time Velocity
(s) (m/s)

® Do the Quick Lab
Which Lands First?

-La

zone
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9 Relate Cause and Effect

On the next page, underline
the effect a centripetal force
has on an object’s motion.
Circle the effect of turning off a
centripetal force.

“What Keeps a Satellite in Orbit?

Objects don’t always fall down in straight lines. If you throw a
ball horizontally, the ball will move away from you while gravity
pulls the ball to the ground. The horizontal and vertical motions
act independently, and the ball follows a curved path toward the
ground. If you throw the ball faster, it will land even farther in
front of you. The faster you throw an object, the farther it travels
before it lands.

This explains how which are .‘

objects that orbit around other objects in space, follow a curved
path around Earth. What would happen if you were on a high
mountain and could throw a ball as fast as you wanted? The faster
you threw it, the farther away it would land. But, at a certain
speed, the curved path of the ball would match the curved sur-
face of Earth. Although the ball would keep falling due to gravity,
Earth’s surface would curve away from the ball at the same rate.
The ball would fall around Earth in a circle,_as shown in Figure 2.

0v000000000000000000000C0000G0680¢

FIGURE 2
Satellite Motion
A satellite launched from Earth enters orbit because the curve of
its path matches the curved surface of Earth.

Make Models On the picture at the right, draw arrows
representing the gravitational force on the ball at each point.

EEATL*E‘NGE Explain why Earth’s atmosphere would prevent this
baseball from ever actually being thrown into orbit. Why is this

not a problem for satellites?
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Clrcular Motioh f>ApeLY IT | S MY SCIENCE COACH

(= Satellites in orbit around Earth continuously fall toward {/— apply e
Earth, but because Earth is curved they travel around it. In other

words, a satellite is a falling object that keeps missing the ground! It Identify What is creating the

falls around Earth rather than onto it. Once it has entered a stable centripetal force in each

orbit, a satellite does not need fuel. It continues to move ahead due situation below?

to its inertia. At the same time, gravity continuously changes the
satellite’s direction. Most satellites are launched at a speed of about
7,900 m/s. Thats more than 17,000 miles per hour!

o A tetherball swinging around
ging
a pole

Centripetal Force Many manufactured
satellites orbit Earth in an almost circular path.
Recall that an object traveling in a circle is
accelerating because it constantly changes
direction. If an object is accelerating, a force
must be acting on it. A force that causes

an object to move in a circular path is

a centripetal force (sen TRiP ih tul). The
word centripetal means “center-seeking.”
Centripetal forces always point toward the
center of the circle an object is moving
in. If you could turn off a centripetal
force, inertia would cause the object to
fly off in a straight line. For example,

@ Mars orbiting around the sun

© A child standing on a merry-
go-round

4

the string of a yo-yo being swung
in a circle provides a centripetal
force. Cutting the string would
cut off the centripetal force, and
the yo-yo would fly off in a
straight line.

® Do the Quick Lab
Orbiting Earth.

La

zone

&= Assess Your Understanding

1a. Identify What is the force that causes objects @ gOt ?

to move in circles? . . . .
O 1 get it! Now | know that satellites stay in orbit

because

b. Predict If Earth’s gravity could be turned off,
what would happen to satellites that are
currently in orbit? Explain your reasoning.

O I need extra help with

Go to MY science COAQACH online for help with
this subject.
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Changes in motion are caused by

laws describe

these changes in motion.

(@ The Nature of Force

i Like velocity and acceleration, a force is
described by its strength and by the direction in
which it acts.

A nonzero net force causes a change in the

- object’s motion.

Vocabulary

e force ® newton
* net force

125510 <) Newton's Laws of Motion

at a constant velocity unless they are acted upon
by nonzero net forces.

The acceleration of an object depends on its
mass and on the net force acting on it.

, If one object exerts a force on another

- object, then the second object exerts a force of
equal strength in the opposite direction on the
first object.

Momentum
l
' The momentum of a moving object can be
determined by multiplying the object’s mass by

its velocity.

| The total momentum of any group of objects
' remains the same, or is conserved, unless outside
forces act on the objects.

Vocabulary

* momentum
e law of conservation of momentum

60 Forces

Objects at rest will remain at rest and objects
moving at a constant velocity will continue moving

a0\l Friction and Gravity

. Two factors that affect the force of friction
are the types of surfaces involved and how hard
the surfaces are pushed together.

| Two factors affect the gravitational attraction

| 3 .
between objects: their
masses and distance.

Vocabulary

e friction e sliding friction

e static friction e fluid friction
e rolling friction e gravity

| ®*mass © weight

Vocabulary

e inertia

and Circular Motion

Free fall is motion
where the acceleration is
caused by gravity.

Satellites in orbit
around Earth continuously
fall toward Earth, but because Earth is curved D
| they travel around it.

Vocabulary

o free fall o satellite e centripetal force
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Review and Assessment

120 | The Nature of Force

=] Newton's Laws of Motion

1. When a nonzero net force acts on an object, 8. Which of Newton's laws of motion is also
the force called the law of inertia?
a. changes the motion of the object. a. First b. Second
b. must be greater than the reaction force. ¢. Third d. Fourth
€. does not change the motion of the object.
d. is equal to the weight of the object. 9. Newton’s second law states that force is equal
to

2. The Sl unit of force is the

10. Interpret Diagrams Look at the diagram
3. Calculate What is the net force on the box? below of wo students'pl'JIIing a bag of volley-
Be sure to specify direction. ball equipment. Tl?e friction for‘ce between the
bag and the floor is 4 N. What is the net force
15 No==> acting on the bag? What is the acceleration of
the bag?

.- | B

=) 10 N

4m10N

20 Friction and Gravity

4. Friction always acts

4N @

a. in the same direction as motion.
b. opposite the direction of motion.

c. perpendicular to the direction of motion.

d. at a 30° angle to the direction of motion.

5. The factors that affect the gravitational force 19, finply Gonsepts Sippoes §EUETEED

— astronaut making a space walk outside your
space station and your jet pack runs out of
fuel. How can you use your empty jet pack to
get you back to the station?

between two objects are

6. List What are two ways you can increase the
frictional force between two objects?

7. LGS Design a ride for an amusement
.. park. Describe the ride and explain how fric-
"~ tion and gravity will affect the ride’s design.
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Review and Assessment )

1250007 Momentum

12. Momentum is calculated by multiplying

a. mass times velocity. b. weight times mass.

c. force times speed. d. inertia times force.

13. The Sl unit of momentum is

14. Explain How can two objects of different
masses have the same momentum?

15. Design Experiments Design an experiment in
which you could show that momentum is not
conserved in a collision between two marbles
when friction is present.

16. LEICHLT®E Pick two sports. Explain how

knowing about momentum could help you
- predict what will happen in the game when
you watch these sports on TV.

62 Forces

@E Free Fall and Circular

Motion

17. Satellites remain in orbit around Earth because

a. the moon's gravitational pull on them is equal
to Earth’s pull.

b. no forces act on them.
C. their motors keep them moving in circles.

d. the curve of their paths as they fall matches
the curve of Earth.

18. Centripetal forces always point

19. Calculate Determine the velocity of an object
that started from rest and has been in free
fall for 10 seconds. Assume there is no air
resistance.

pPPL)

How do objects react
@ to forces?

20. Forces are all around you. Describe an exam-
ple of each of Newton's laws of motion that
you experience before you get to school in the
morning.




Standardized Test Prep

Multiple Choice

Circle the letter of the best answer.

._Force Force

Motion
i

1. In the balloon diagram above, why don't the
two forces cancel each other out?
A They are not equal.
B They both act on the air.
C They both act on the balloon.
D They act on different objects.

2. What force makes it less likely for a person to
slip on a dry sidewalk than on an icy sidewalk?

A gravity
B friction
C inertia
D momentum

3. A 5-kg cat accelerates at a rate of 2 m/s?. What
is the net force acting on the cat?
A 10N
B 7N
C 3N
D 25N

4. According to Newton's first law, what will plates
at rest on a tablecloth do when the tablecloth
is pulled out from under them? (Ignore outside
forces such as friction.)

A fly off the table and hit the ground

B accelerate with the tablecloth

C resist the change in motion and stay at rest
D

accelerate in the opposite direction from
the tablecloth

5. In a game of tug-of-war, you pull on the rope
with a force of 100 N to the right and your
friend pulls on the rope with a force of 100 N to
the left. What is the net force on the rope?

A 200 N to the right

B 200 N to the left
C ON

D 100 N to the right

Constructed Response

Use your knowledge of science to help you
answer Question 6. Write your answer on a
separate sheet of paper.

6. Use all three of Newton'’s laws of motion to
describe what happens when a car starts off
at rest, is pushed across a platform, and then
accelerates downward.
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- Race car drivers travel at

. higher speeds than most
drivers experience. A five-
point harness provides
extra security at these
high speeds. ¥

64 Forces

Did you wear ydur seat belt the last time you rode

: in a car? Seat belts are safety restraints designed
to protect you from injury while you travel in a

moving vehicle, whether you stop suddenly to
avoid a crash or are stopped suddenly by a crash.

o WithoU‘E a seat belt, inertia would cause the driver
- and passengers in a car that suddenly stopped to

continue traveling forward. Without a restraint,

a 75-kilogram driver driving at 50 km/h would
experience 12,000 newtons of force in a crash! A
safety restraint prevents that forward motion and
keeps the driver and passengers safe.

Safety harnesses and seat belts are available in

many different designs. Most seat belts are three-
point harnesses. Five- and seven-point harnesses
are used in vehicles like race cars and fighter jets.

fl Most states have laws that require
drivers and passengers to wear seat belts.
Research the seat belt laws in your state, and
participate in a class debate about whether the
seat belts are strong enough.
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| How do machines make
it easier to do work?

This Formula 1 race car is waved into the

pit, where a group of mechanics is ready

to replace the tires. Formula 1 race cars

are heavy—they must have a mass of at Untamed Science video to learn
least 605 kg, including the driver. The pit more about work and machines.
crew can't lift the car or replace the tires —

by hand, so they use many tools to help

get the job done. With the right tools, the pit crew can quickly

get their car back into the race. -Develop Hypotheses How

does a mechanic lift up a heavy race car?
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CHAPTER

Charles wants to move his bed across the room, but the
weight! of the bed is too great for him to lift it. However,

he can generate enough foFee to push the bed.

LY Getting Started

Check Your Understanding

1. Background Read the paragraph below and then answer
the question.

force is a push or pull
exerted on an object.

Weight is a measure of the
force of gravity on an object.

A

® What forces are acting on the bed as Charles pushes it
across the floor?

PSID AT CIMIEY If you had trouble completing the question above, visit

My Reading Web and type in Work and Machines.

Vocabulary Skill

Identify Multiple Meanings Some familiar words have more than one
meaning. Words you use every day may have different meanings in science.
Look at the different meanings of the words below.

Word Everyday Meaning Scientific Meaning
work n. A job or responsibility n. The product of a force and the distance over
Example: She carried her backpack which that force is exerted
to work every day. Example: It takes twice as much work to lift a
suitcase 2 meters as it does to lift it 1 meter.
machine n. A motorized device n. Any device that makes work easier
Example: A washing machine con- Example: A wheelbarrow is a machine that lets
tains a large rotating basin. you lift more weight than you normally could.

2. Quick Check Circle the sentence below that uses the scientific
meaning of the word work.

¢ Jim did work on the bed to move it out of his room.

® Tina had a lot of work to do at the end of the semester.

68 Work and Machines



Chapter Preview

LESSON 1

* work
* joule
° power
° watt

@ Identify Supporting Evidence
Calculate

LESSON 2

* machine

* input force

* output force

* mechanical advantage
* efficiency

\D) Compare and Contrast
Predict

LESSON 3

* simple machine
* inclined plane
* wedge

° screw

* lever

e fulcrum

@ Relate Cause and Effect
&\ Infer

LESSON 4
° pulley
* wheel and axle
* compound machine

"@ Summarize
A\ Classify

[ > VOCAB FLASH CARDS BRI SIr:)

help with vocabulary, visit Vocab
Flash Cards and type in Work and
Machines.
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How Is Work Defined?

What Is Power?

Feats of Strength

You've heard of weight-

lifting, but bus-pulling?
People have made a sport
out of pulling huge objects
using their muscles—some-
times their ears! Talk about
extreme sports!
Manijit Singh used “
his ears to drag this 4"
double-decker bus  ®
for 5 meters. David
Huxley pulled an air-
plane for more than 90 meters,
landing him in the Guinness
World Records book. These
competitors have certainly
worked hard to get to the top.

Answer the questions below.
1. What factors might have
affected how much work these
competitors did?

2. Name an everyday task
that you would consider
to be a lot of work.

I SIINNEEad Go to Planet Diary

| " to learn more about feats of strength.

==y

Do the Inquiry Warm-Up
Pulling at an Angle.

qugj

How Is Work Defined?

If you push a child on a swing, you are doing work on the child. If
you pull your books out of your backpack, you do work on your
books. In scientific terms, you do work any time you exert a force
on an object that causes the object to move some distance.

Work is done on an object when the object moves in the
same direction in which the force is exerted.

70 Work and Machines



© > INTERACTIVE ART

Vocabulary Skills
work © joule @ Reading: Identify Supporting Evidence
power ¢ watt 4\ Inquiry: Calculate

The lifting force is not in the direction of the

No Work Without Motion Suppose you
push on a car that is stuck in the mud. You certainly
exert a force on the car, so it might seem as if you do
work. But if the force you exert does not make the car
move, you are not doing any work on it. To do work
on an object, the object must move some distance as
a result of your force. If the object does not move, no
work is done, no matter how much force is exerted.

Force in the Same Direction Thinkabout gy i
carrying your backpack to school in the morning. You of motion
know that you exert a force on your backpack when
you carry it, but you do not do any work on it. To do
work on an object, the force you exert must be in the
same direction as the object’s motion. When you carry
an object while walking at constant velocity, you exert
an upward force on the object. The motion of the object
is in the horizontal direction. Since the force is vertical
and the motion is horizontal, you don’t do any work.
Figure 1 shows three different ways to move a cello.
You can lift it off the ground and carry it, you can push
it parallel to the ground, or you can pull it at an angle to
the ground. The weight of the cello is the same in each
situation, but the amount of work varies.

motion, so the maximum work is done.

The force acts in the same direction as the J

Direction
of motion

PUGIFRE D sois i oo Swrmssews autee S Ecmmeo S RS A .
Force, Motion, and Work

The amount of work that you do on something
depends on the direction of your force and the
object’s motion. % Describe Suppose you are
moving a rolling suitcase. Describe three ways of
moving it that require different amounts of work.

TELLIALL s | B

of motion

to move the cello case.

SRR RER i

Part that
does no

Part that
does the
work



Two factors affect the amount of work

April does to hand her friend an instrument:
the force she must apply and the distance
she must apply the force through.

FIGURE 2 +veereereessuneerensssunssseessrenesseenanens
Amount of
Work

When April lifts a trumpet or a tuba
up the stairs, she does work.

§x Draw Conclusions If April’s
friend wanted to reduce the
amount of work April needed to do
to hand the trumpet to him, where
could he stand? Circle the step(s). If
the stage were higher, what would
happen to the total amount of work
required to lift the trumpet from
the floor to the stage?

did you ‘?
NOW-. ...
Participants in the Empire
State Building Run-Up race
up the skyscraper’s stairs.
For a 500 N person to climb
1,576 steps (320 m) it takes
160,000 J of work. That's
enough work to lift an
elephant over 3 m!

72 Work and Machines

Calculating Work Look at Figure 2. Which do you
think involves more work: lifting a 40-newton tuba up three
steps (about 0.5 meters), or lifting a 5-newton trumpet up the
same three steps? Your common sense may suggest that lift-
ing a heavier object requires more work than lifting a lighter
object. This is true. But is it more work to lift an instrument
up three steps or up to the top story of a building? As you
might guess, moving an object a greater distance requires
more work than moving the same object a shorter distance.
The amount of work you do depends on both the amount
of force you exert and the distance the object moves.
The amount of work done on an object can be
determined by multiplying force times distance.

Work = Force x Distance

When you lift an object, the upward force you exert must
be at least equal to the object’s weight. So, to lift the trumpet,
you would have to exert a force of 5 newtons. The distance
you lift the trumpet is 0.5 meters. The amount of work you
do on the trumpet can be calculated using the work formula.

Work = Force x Distance
Work = 5N x 0.5 m
Work = 2.5 Nem

To lift the tuba, you would have to exert a force of
40 newtons. So the amount of work you do would be
40 newtons X 0.5 meters, or 20 N-m. You do more work
to lift the heavier object.



When force is measured in
newtons and distance in meters,
the SI unit of work is the
newton-meter (N-m). This unit is also
called a joule (joor) in honor of James
Prescott Joule, a physicist who studied work in
the mid-1800s. One joule (]) is the amount of work
you do when you exert a force of 1 newton to move
an object a distance of 1 meter. It takes 2.5 joules of work
to lift the trumpet up three steps. Lifting the tuba the same
distance requires 20 joules of work.

-apply:

The climber on the right does work on his equip- (3) &alculate Eiaw
ment as he carries it up the mountain.

much work does the climber do
o On a warm day, the climber does 3,000 J of on his pack if his pack weighs 90 N
work to get his pack up the mountain. On a snowy and he climbs to a height of 30 m?
day, he adds equipment to his pack. If he climbs
to the same height, he would do (more/less/
the same amount of) work.

(4] ]CHALﬁEE On a different trip, the climber’s
@ If the climber’s pack stayed the same weight pack weighs twice as much and he climbs twice as
and the climber only climbed halfway up, he would high. How many times more work does

do (more/less/the same amount of) work. he do on this pack than the one in question 3?

~

— = L b® Do the Quick Lab .
| %ﬂﬁ What is Work?
Assess Your Understanding G

1a. Describe A waiter carries a 5-newton tray of b. Explain You're holding your dog'’s leash and
food while he walks a distance of 10 meters. trying to stand still as he pulls on the leash at
Is work done on the tray? Why or why not? an angle. You move forward. (All of/Some of/

None of) his force does work on you.

c. 4§a|cu|ate How much work do you do when
you push a shopping cart with a force of 50 N
for a distance of 5 m?

got e oot o e T e 7o o T S e T B T T o osn o 010 1818 oo 8101 ST e o TS i STTTYe ST e Lottt
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O I get it! Now | know that work is __

O I need extra help with =

Go to my science @ CoacH online for help with this subject.
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What Is Power?

If you carry a backpack up a flight of stairs, the work you do is the
same whether you walk or run. The amount of work you do on an
object is not affected by the time it takes to do the work. But scien-
tists keep track of how fast work is done with a rate called power.

Power is the rate at which work is done. Power equals the
amount of work done on an object in a unit of time. You need
more power to run up the stairs with your backpack than to walk
because it takes you less time to do the same work.

You can think of power in another way. An object that has more

""""""""" & i F el power than another object does more work in the same time. It can
<@ Identify Supporting also mean doing the same amount of work in less time.

Evidence Underline details and

examples that support the main Calculating Power whenever you know how fast work is
idea of this section. done, you can calculate power. Power is calculated by dividing the

amount of work done by the amount of time it takes to do the work.
This can be written as the following formula.

Work
Time

Power =

Since work is equal to force times distance, you can rewrite the
equation for power as follows.

Force x Distance

Power =

Time
FIGIIRENS Soraims sumwsusss s gos swowmion svsrest s  swmempmmmas ey s s ome ke 4 RSE 4557 SR NS s oM 45005 < SOoeioo o oo ¥ hwwore s o s Sw o 9 30 5%
WO.I'k al"ld Power _ ) . % Estimate Suppose April ran instead. Fill in the
Apr|.| carried her moving boxes up a flight of stairs.  ¢.cond panel to show how much time it would
Notice how much time it took her. eile har
April does the same amount of work to lift . ( ..but running takes twice as much power! ]
the boxes whether she walks or runs. .. LY

.
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> DO THE MATH

Power Units You may have heard car advertisements men- ... . ) T
tion horsepower. The term isn't misleading. It's the same kind of Vocabulary Identify Multiple
power you just learned how to calculate. When work is measured Meanings What is the scientific
in joules and time in seconds, the SI unit of power is the joule per meaning of power?

second (J/s). This unit is also known as thewatt (W). One joule of
work done in one second is one watt of power. In other words,
1J/s =1 W. A watt is very small, so power is often measured in
larger units such as kilowatts or horsepower. One kilowatt (kW) ‘ B
equals 1,000 watts. One horsepower equals 746 watts.

~math! -

When a tow truck pulls a car, it applies a force over a distance. Work
is done in a horizontal direction. ZBalculate Complete the table by
calculating the power of the tow truck in each case.

Recall the formula for power is Tow Truck Power
Work Work (J) Time (s) Power (W)
Power = T
s 120,000 60

If a tow truck does 10,000 J of work in

5 seconds, then the power of the truck is

calculated as follows. 67,500 45
_ 10,000 J

Power = —————— = 2,000 W
S5s

69,000 30

-
o
&

» =

.

i ® Do the Quck Lb

Investigating Power.

L B

O I get it! Now | know that power

O I need extra help with
Go to MY science @ COaCH online for help with this subject.
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Understanding Machines

OO/ :
AT What Does a Machine Do?

What Is Mechanical Advantage?

What Is Efficiency?

FUN FACT

Sticks and Stones
Co

When you need to peel an apple or open a with a partner. Wr
can of soup, you reach for the right tool to 1. How does the rock make it easter fOL
dp the job. the chimpanzee in the photo to crac

Some animals use items such as sticks and open nuts?
rocks to make finding or eating their food
easier. For example, woodpecker finches and
capuchin monkeys use sticks to
get food out of places they
can’t reach. Sea otters and
Egyptian vultures both use ———
rocks as tools. Otters use
rocks to pry shellfish away
from other rocks. Egyptian .
vultures use their beaks to
pick up rocks and break
open eggs to eat.

mmunicate Discuss these questions
ite your answers below.

2_What human tools would you use to do

the same job?

BLANET|D Go to Planet Diary to learn

more about tools.

La ® Do the Inquiry Warm-Up
ine?
zone Is It a Machine?
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| MY SCIENCE COACH |

= CHPE‘A RY S ——

Skills
‘@ Reading: Compare and Contrast

Vocabulary

* machine ¢ input force © output force

* mechanical advantage * efficiency

&\ Inquiry: Predict

What Does a Machine Do?

What do you picture when you hear the word machine? You may
think of machines as complex gadgets with motors, but a machine
can be as simple as a ramp. Machines are devices that allow you
to do work in an easier way. Machines do not reduce the amount
of work you do. Instead, they just change the way you do work. In
Figure 1, April does the same amount of work to move her speaker
onto the stage whether or not she uses a ramp. The ramp makes
that work easier. A machine makes work easier by

changing at least one of three factors: the amount of force

you exert, the distance over which you exert your force, or the
direction in which you exert your force.

Input Versus Output When you do work, the force you
exert is called the input force. You exert your input force over the
input distance. In Figure 1B, April’s input force is the force she uses
to pull the speaker up the ramp. The input distance is the length

of the ramp. The machine exerts the output force over the output
distance. The weight of the speaker is the output force. The height
of the ramp is the output distance. Input force times input dis-
tance equals input work. Output force times output distance equals
output work. Since machines do not reduce the work you do, your
output work can never be greater than your input work.

L !
e |

—Q

FIGURE 1 -eeecereerennessereernnneraneecennnnen

Using Machines

Using a ramp makes it easier for
April to move the speaker onto
the stage.

% Interpret Diagrams In
Figure 1B, draw a line that
represents April’s output
distance and an arrow that
represents her output force.

{ ?Withouta machine,
your input force is
the same as your
output force, and
your input distance

is the same as your
| L output distance.

r

| Distance

- —— ——— e e e - & —

>y

" Arampallows you to exert a
smaller input force, but your
input distance increases.

it
g
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Making Work Easier

The devices shown all make work easier in different ways. The

arrows on the photos show how the machines change input work.

Changing Force Insome machines,
the output force is greater than the input force.
How can this happen? Recall the formula

for work: Work = Force x Distance. If the
amount of work stays the same, a decrease in
force means an increase in distance. So if a
machine allows you to use less input force to
do the same amount of work, you must apply
that smaller input force over a greater
distance.

You see machines that work like this every
day. How hard would it be to turn on a faucet
that didn't have a handle? Since the handle is
wider than the shaft of the faucet, your hand
turns a greater distance than it would if you
turned the shaft directly. Turning the handle a
greater distance allows you to use less force.

small large large small

input X input output X output
force distance force distance

78 Work and Machines

Inpu
distance

Output
distance

Changing Distance In some
machines, the output force is less than the
input force. This kind of machine allows you
to exert your input force over a shorter dis-
tance. In order to apply a force over a shorter
distance, you need to apply a greater input
force. When do you use this kind of machine?
Think of a pair of chopsticks. When you use
chopsticks to eat, you move the hand holding
the chopsticks a short distance. The other end
of the chopsticks moves a greater distance,
allowing you to pick up and eat a large piece
of food with a small movement.

Complete the equation below. Be sure to
describe each quantity as large or small.

small
input
distance

i




Input
direction

Output
direction

Changing Direction Some machines
don’t change either force or distance. The photo
above shows a machine called a pulley attached
to a bucket. (You'll learn more about pulleys
soon.) The pulley doesn’t increase input force or
distance. However, by changing the direction of
the input force, the pulley makes it much easier
to move the bucket to the top of a building—you
can just pull down on the rope. Without a pulley,
you would have to carry the bucket up a ladder
or staircase. A flagpole rigging is also a pulley.

Complete the equation below. Be sure to
describe each quantity as large or small.

.

= = i La ® Do the Quick Lab
& ,zon‘e Going Up.

Assess Your Understanding

1a. List Name two examples of machines for
which the output force is greater than the
input force.

b. Apply Concepts Suppose that you use a
pair of chopsticks and apply a force of 1
N over a distance of 0.01 m. How much
work do you do? If the output force of the
chopsticks is only 0.5 N, how far do the tips
of the chopsticks move?

O I get it! Now | know that machines make

work easier by

O | need extra help with

Go tomY science @& C0aCH online for help
with this subject.
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D) Compare and Contrast On
these two pages, underline the
sentences that explain how to
distinguish among machines
based on their mechanical
advantages.

TG R B3] aacsiernommsesosass s Eo s T
Mechanical Advantage
Drums are tuned by tightening
and loosening bolts. Drum keys
make the bolts easier to turn.

€, Identify Draw an arrow for
the key’s output force.

What Is Mechanical Advantage?

You've just learned how to describe machines using words,

but you can also describe machines with numbers. A

machine’s mechanical advantage is the number of times a machine
increases a force exerted on it. The ratio of output force to
input force is the mechanical advantage of a machine.

Output force

Mechanical advantage = =
Increasing Force When the output force is greater than

the input force, the mechanical advantage of a machine is greater
than 1. You exert an input force of 10 newtons on a can opener, and
the opener exerts an output force of 30 newtons. The mechanical
advantage of the can opener is calculated below.

Output force _ 30N

Input force ~ 10N =8

The can opener triples your input force!

Increasing Distance When a machine increases distance,

the output force is less than the input force. The mechanical advan-
tage is less than 1. If input force is 20 newtons and the output force

is 10 newtons, the mechanical advantage is shown below.

Output force _ 10N

Input force 20N 0o

Your input force is cut in half, but your input distance is doubled.

When April provides an input force of 10 N,
the drum key provides an output force of 15 N.

>
Is the output force acting in

the same direction as the

input force?

/ﬂx
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|

"Calculate the mechanical
advantage of the drum key.

Since the drum key increases
April's input forge, is her input
distance greater or smaller
than the key’s output distance?




» Mechanical Advantage

Changing Direction What can you predict about the
mechanical advantage of a machine that changes the direction of
the force? If only the direction changes, input force will be the same
as the output force. The mechanical advantage will always be 1.

festh!—

The graph shows input and output force data for
three different ramps. Use the graph to answer
the questions below. (The actual ramps are not
pictured. Do not confuse the lines in the graph
with the ramps themselves!)

€ Read Graphs If an 80 N input force is exerted
on Ramp 2, what is the output force?

@ Interpret Data Find the slope of the line for
each ramp.

€) Draw Conclusions Why does the slope repre-
sent each ramp’s mechanical advantage?

L_ -

— —
Mechanical Advantages of Ramps

500

Output Force (N)

0 20 40 60 80 100
Input Force (N)

@ Graph On the graph above, plot a line for a
ramp that has a mechanical advantage of 3.

© [CHALLENGE Predict Which ramp is the

steepest? How do you know?

Assess Your Understanding

9°tit? ......................................................

O I get it! Now | know that mechanical advantage

e} L b® Do the Quick Lab .
Ld Mechanical Advantage.
~._zone .- - -

O I need extra help with

Go tomyY sc1ence @& COACH online for help with this subject.
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Vocabulary Identify Multiple
Meanings Underline the scien-
tific definition of efficiency in the
text. Then write a sentence that
uses the everyday meaning of
efficient.

apply

work is 30 J. Show your calculations.

@ Calculate the efficiency of this bicycle if the
input work to turn the pedals is 45 J and the output

What Is Efficiency?

So far you have assumed that the work you put into a machine is
exactly equal to the work done by the machine. In an ideal situ-
ation, this would be true. In real situations, however, the output
work is always less than the input work.

Overcoming Friction Ifyou have ever tried to cut some-
thing with rusty scissors, you know that a large part of your work is
wasted overcoming the friction between the parts of the scissors.

All machines waste some work overcoming the force of friction.
The less friction there is, the closer the output work is to the input
work. The efficiency of a machine compares output work to input
work. Efficiency is expressed as a percentage. The higher the per-
centage, the more efficient the machine is. If you know the input
work and output work for a machine, you can calculate a machine’s
efficiency.

Calculating Efficiency To calculate the efficiency
of a machine, divide the output work by the input work and
multiply the result by 100 percent. This is summarized by the
following formula.

Output work
Input work

Efficiency = X 100%

chain has been oiled?

(2) éﬁ{edict What will happen to the efficiency of
the bike after the gears have been cleaned and the

82 Work and Machines




| Efficiency

> REAL-WORLD INQUIRY [

e e~ e

Real and Ideal Machines A machine with an efficiency
of 100 percent would be an ideal machine. Since all machines lose
work to friction, ideal machines do not exist. All machines have an

efficiency of less than 100 percent.

How does this affect mechanical advantage? Ideal mechanical

advantage is your input distance divided by the machine’s output
distance. It is often related to the measurements of a machine.
What you have calculated so far (output force divided by input
force) is actual mechanical advantage. If machines were ideal and
input work was equal to output work, ideal and actual mechanical
advantages would be equal. Because of friction, actual mechanical
advantage is always less than ideal mechanical advantage.

Assess Your Understanding

2a. Relate Cause and Effect Real machines have

an efficiency of less than 100% because some

work is wasted to overcome

The balls of this Newton's cradle
may swing for a long time, but they
will eventually come to rest.

?\, Communicate With a partner,
discuss where in this machine
work is lost due to friction. Circle
these locations on the photo and
explain your reasoning.

4}&6 Tes bbb

. - La ® Do the Quick Lab
i\,;one Friction a7n<d ?ff’c'e”%

b. Predict What happens to the efficiency of a
bicycle as it gets rusty? What must you do to
maintain the same amount of output work?
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Inclined Planes and Levers

ONLOC/ -
AT How Do Inclined Planes Work?

How Are Levers Classified?

my pLaneT DiarY MISCONCEPTIONS

Is It a Machine?

Which objects in the photo
below are machines? If you guessed
the truck and the motorbike, you're
correct—but not completely! Remem-
ber, a device doesn’t have to be com- =

Communicate Discuss these questions with a partner.
Then write your answers below.

1. What kind of work is made easier by the ramp in
the picture?

plicated or motorized in order to be a
machine. Look between the truck and =

the motorbike. The ramp is a machine. ' —— ===

Look at the person rolling the bike up
the ramp. His hands hold the handle- —=® 2.What are other examples of ramps that you have
bars. His knees bend to help him walk. seen or used?

These are examples of simple machines.
The motorbike and the truck contain

many simple machines. There are doz- — T
ens of machines:in this photo, not just - ’ P
: kit > PLANET DIARY JCR &

R Planet Diary to learn

more about everyday

machines.

® Do the inquiry Warﬁw;Up |

Lab Dothe i |
\\mme _ Inclined Pianes and Levers.

84 Work and Machines




Saice Mg =
! Inclined Planes

Vocabulary Skills
° simple machine ° inclined plane ° Wedge @ Reading: Relate Cause and Effect
°screw ° lever ¢ fulcrum 4\ Inquiry: Infer

How Do Inclined Planes Work?

Machines can be as simple as chopsticks or as complex as motor-
bikes. Any complex machine can be broken down into smaller build-
ing blocks called simple machines. A simple machine is the most
basic device for making work easier. Three closely related simple
machines—the inclined plane, the wedge, and the screw—form the
inclined plane family.

Inclined Plane Lifting a heavy object such as a motorbike is
much easier with a ramp. A ramp is an example of a simple machine
called an inclined plane. An inclined plane is a flat, sloped surface.

How It Works An inclined plane allows you to exert your
input force over a longer distance. As a result, the input force needed
is less than the output force. The input force you use on an inclined
plane is the force with which you push or pull an object along the
slope. The inclined plane’s output force is equal to the object’s weight.

Mechanical Advantage You can determine the ideal mechanical
advantage of an inclined plane by dividing the length of the incline by
its height.

@ Imagine you were pushing a wheelchair up the
ramps in the drawing above. Which would be the
hardest to use? Why?

@ Calculate the ideal mechanical advantage of
each ramp using the following formula.

Length of ramp
Hetghtof ramp

Ideal mechanical advantage =

€ The ramp with the (smallest/greatest)
mechanical advantage is the steepest.




FIGURE 1

Wedges

During a forest fire, select trees are cut down
to prevent the fire from spreading.
%‘Review In the white circle below, draw
and label the input force acting on the
wedge and the output forces it exerts.

Input force

Wedge If you've ever sliced an apple with a knife
or pulled up a zipper, you are familiar with another
simple machine known as a wedge. A wedge is a
device that is thick at one end and tapers to a thin

edge at the other end. [

How It Works Think of a wedge as an inclined plane

(or two back-to-back inclined planes) that moves.
When you use a wedge, instead of moving an
object along the inclined plane, you move the inclined
plane itself. For example, when an ax is used to split
wood, the ax handle exerts a force on the blade of the ax,
which is the wedge. That force pushes the wedge down
into the wood. The wedge in turn exerts an output force
at a 90° angle to its slope, splitting the wood in two.

Mechanical Advantage The ideal mechanical
advantage of a wedge is determined by dividing the
length of the wedge by its width. The longer and thinner
a wedge is, the greater its mechanical advantage. When
you sharpen a knife, you make the wedge thinner. This
increases its mechanical advantage. That is why sharp
knives cut better than dull knives.

86 Work and Machines

Ideal mechanical  Length of wedge \

|

advantage = "Width of wedge

Calculate the ideal mechanical advantage
of the firefighter's wedge if it is 4 cm wide
and 22 cm long.




Screw Like a wedge, a screw is a simple
machine that is related to the inclined plane.
A screw can be thought of as an inclined
plane wrapped around a cylinder.

How It Works When you twist a screw
into a piece of wood, you exert an input
force on the screw. The threads of a
screw act like an inclined plane to increase
the distance over which you exert the input
force. As the threads of the screw turn, they
exert an output force on the wood. Friction
holds the screw in place. Other examples of
screws include bolts, drills, and jar lids.

Mechanical Advantage Think of the
length around the threads of a screw as the
length of an inclined plane and the length of
the screw as the height of an inclined plane.
The ideal mechanical advantage of the screw
is the length around the threads divided by
the length of the screw—just as the ideal
mechanical advantage of an inclined plane

is its length divided by its height. The closer
together the threads of a screw are, the
greater the mechanical advantage.

Assess Your Understanding
1a. List List three closely related simple machines

in the inclined plane family.

b. Explain A simple inclined plane makes work
easier by decreasing the input (force/distance)
required to move the object.

¢. Compare and Contrast Name one way
inclined planes and screws are similar and one
way they are different.

FIGURE 2

Screws

The diagram below shows a screw with ten threads.

\‘ Calculate What is the mechanical advantage of
the screw on the left? [CHALLENGE On the smooth
screw next to it, draw in the threads to make a screw
that is the same length but would be easier to screw
into a piece of wood. There is a hint in the text. Find
it and circle it.

turns.

Input force e |

Length of thread
stretched out = 24 cm

Output force
is down.

Ideal mechanical _ Length around threads

advantage Length of screw

® Do the Lab Investigation
Angl ig for Access.

8

O I getit! Now | know that inclined planes

O I need extra help with

Go to MY Science &4 COACH online for help with
this subject.
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@ Relate Cause and Effect
The How It Works paragraph
describes the use of a spoon.
Underline the cause and the

effect in this paragraph.

How Are Levers Classified?

Have you ever ridden on a seesaw or used a spoon to eat your food?
If so, then you are already familiar with another simple machine
called a lever. A lever is a rigid bar that is free to pivot, or rotate,
on a fixed point. The fixed point that a lever pivots around is called
the fulcrum.

How It Works To understand how levers work, think about
using a spoon. Your wrist acts as the fulcrum. The bowl of the
spoon is placed near your food. When you turn your wrist, you
exert an input force on the handle, and the spoon pivots on the ful-
crum. As a result, the bowl of the spoon digs in, exerting an output
force on your food.

FTIGIIRE3 soeamamtsnss s s s e e raaR sl s s s sv e v enao o ea i S aw e i s asamawav

Levers

A seesaw is a type of lever in which the fulcrum is located
halfway between the input and output forces.

&x Make Models In the space to the left, draw a diagram
of a seesaw. Label the fulcrum, the input force, and the
output force. ICHALLENGE The diagrams below show levers
in which the fulcrum is not centered. Write the name of a
machine that matches each diagram.

Input

Output
Ltpu force

force Output

force

Input
force

E-St‘!:? e ——————————_= 5
Fulcrum

.

Fulcrum
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> ART IN MOTION | > MY SCIENCE COACH | ‘

Mechanical Advantage Using a lever like a spoon
doesn’t increase your input force or change the direction of your
input force. Instead, it increases your input distance. When you use
a spoon, you only have to move the handle a short distance in order
to scoop up food over a longer distance. However, you need to
apply a greater force than you would have without the spoon.

The ideal mechanical advantage of a lever is determined using
the following formula.

Ideal mechanical _
advantage Distance from fulcrum to output force

In the case of the spoon, the distance from the fulcrum to the
input force is less than the distance from the fulcrum to the output
force. This means that the mechanical advantage is less than 1.

Types of Levers When aspoon is used as a lever, the input
force is located between the fulcrum and the output force. But this
is not always the case. Levers are classified according to the
location of the fulcrum relative to the input and output forces.
The three different classes of levers are explained on the next page.

-
; 1.5 m
. 1.0m
=
A B © D

L b} |
20m

APPYe A ==

A hockey stick is an example of a lever. Your shoul-
der acts as the fulcrum of the lever. The output
force is exerted where the stick hits the puck. You
exert the input force where your bottom hand

grips the stick. What is the mechanical advantage

of a hockey stick

€) Infer Would the mechanical advantage of a
hockey stick ever be greater than 1? Explain.

@ that is gripped at point D and hits the puck at
point A?

@ that is gripped at point D and hits the puck at
point B?
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FIGURE 4
Three Classes of Levers

The three classes of levers differ in the positions of the fulcrum,
input force, and output force. %k Interpret Diagrams Draw
and label the fulcrum, input force, and output force on the
second-class and third-class lever photographs.

.........................................................................................

First-Class Levers
First-class levers
change the direction
of the input force.

Input
Output force They also increase
force v force or distance.
= == ! Force increases if
A
Fulerum

the fulcrum is closer to the output force. Distance
increases if the fulcrum is closer to the input force.
Examples of first-class levers include seesaws

and scissors.

Second-Class Levers

Second-class levers increase force. They
do not change the direction of the input
force. Examples include doors, nutcrack-
ers, and bottle openers. The mechani-
cal advantage of second-class levers is
always greater than 1.

Input
force Output

force

l I )

Y

Fulcrum

Output l

Input force

force

'y

Fulerum
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Third-Class Levers
Third-class levers increase
distance, but do not change
the direction of the input force.
Examples include spoons,
shovels, and baseball bats. The
mechanical advantage of third-
class levers is always less than 1.

If you find this one tricky, look
for help on the previous page!
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Levers in the Body

Levers can be found throughout your body. § Classify In the last
two panels of the diagram, draw an arrow representing the output
force. Then identify the class of lever for each part of the body.

Your biceps muscle provides the ~ The muscles in the back of your  Your calf muscle provides an

input force. The output force is neck provide an input force, input force, and the resulting
used to lift your arm. and the resulting output force output force raises your body
tilts your chin back. and moves it slightly forward.

] La ® Do the Quick Lab
| Modeling Levers.

_ Zone
Assess Your Understanding ]
2a. Describe Describe how each class of lever c. Infer What class(es) of lever could the lever
makes work easier. from the previous question be? Explain.

b. Calculate What is the mechanical advantage

of a lever with 2 m between the input force

and the fulcrum and 1 m between the output

force and the fulcrum?

O I get it! Now | know that levers are classified by

O | need extra help with

Go tomy science ‘CO&CH online for help with this subject.
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Putting Machines Together

What Simple Machines Make Use of Turning?

How Does a Compound Machine Do Work?

pLaner DiaRrY

Lidar Alert Answer the questions below.

.One of the oldest fc?rms of transportajcion 1. Why might sailboat makers incorporate
in the world—the sailboat—may benefit - ole machines into their designs?
from new technology: a mobile lidar sta- =L
tion. Lidar (short for light detection and I
ranging) stations sense wind speed and D —
direction using laser beams. The new sta-
tion, developed by Chinese scientists, fits 2. What is another example of pairing
on a bus that can be parked near bodies advanced technology with simple machines?
of water. Sailors need to know about
wind speed and direction to position
their sails. With the information they
gather from these new lidar sta-
tions and the simple machines

they.use to control ti?elr sails, STVIERID Go to Planet
sailors can greatly improve 5 0 loann TOHE

their chances of navigat- ahy ;
about boating.

ing safely and winning
races.

=EN

, La ® Do the Inquiry Warm-
zone Up Machines That Turn.

e e e
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3 Turning Machines

Vocabulary Skills
* pulley @ Reading: Summarize
* wheel and axle A\ Inquiry: Classify

* compound machine

What Simple Machines Make
Use of Turning?

If you have ever pulled a suitcase with wheels that were stuck, you
know that it is easier to move the suitcase when the wheels can
turn. Two simple machines take advantage of turning: the
pulley and the wheel and axle.

How a PuIIey Works when you raise a sail on a sailboat,
you are using a pulley. A pulley is a simple machine made of a
grooved wheel with a rope or cable wrapped around it. You use a
pulley by pulling on one end of the rope. This is the input force.

At the other end of the rope, the output force pulls up on the object
you want to move. The grooved wheel turns. This makes it easier to
move the rope than if it had just been looped over a stick. To move

an object some distance, a pulley can make work easier in two ways.

It can decrease the amount of input force needed to lift the object.
It can also change the direction of your input force. For example,
when you pull down on a flagpole rope, the flag moves up.

EIGURE! 1, - eeememmeem e eem e e ee e oo o o S e o e e i e e A e

Simple Machines in Sailboats

You can find many simple machines on a sailboat. Below are some
diagrams of different parts of a sailboat. &x @_\Iassify Circle the
machines on the diagram that you think are pulleys.

"L INTERACTIVE ART &

@ Summarize In one or two
sentences, summarize what you
have learned on this page.
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FIGURE G I Ty R P R0 T BB CORr G000 00005000 0uAOT boosODUOL IG0B00C
Types of Pulleys

Pulley systems are classified by the number and position of
the wheels they contain. €y, Alassify Go back to Figure 1
and check your answers. Next to each pulley, label its type.

lnput

force
Output \
force Output
force

/e

\ force

Mechanical advantage = 1 Mechanical advantage = 2 Mechanical advantage = 3
Fixed Pulley Movable Pulley Block and Tackle

A fixed pulley changes A movable pulley A block and tackle is
the direction of force decreases the amount a pulley system

but not the amount of input force needed. made up of fixed
applied. It does not change the and movable pulleys.

direction of the force.

Types of PuIIeys A pulley that you attach to a structure
is a fixed pulley. Fixed pulleys are used at the tops of flagpoles.
A movable pulley is attached directly to the object you are
attempting to move. Construction cranes often use movable
pulleys. Combining fixed and movable pulleys makes a

pulley system called a block and tackle. The direction of the
input force of a block and tackle could be either up or down
depending on the arrangement of the rope and pulleys. The
ideal mechanical advantage of a pulley or pulley system is
equal to the number of sections of rope that support the object.
Don't include the rope on which you pull downward though,
because it does not support the object.

_apply:

A A o ¥

V‘&u

/¢

e,

&

e e P A Bl

The pulley system shown here allows the painter (3) [EHRT.LENG‘E What is the
to raise or lower himself. benefit of combining fixed and

. movable pulleys in a system like
@ Label Suppose the painter pulls down on the this ‘ohe?

rope with just enough force to lift himself. Draw
and label arrows to indicate the direction of the
input and output forces. Draw one of the arrows
longer to indicate which force is greater.

@ Interpret Diagrams The mechanical advantage

of this pulley system is
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How a Wheel and Axle Works You use a screw- EIGRE B} tejszieeaiiss sssissabion istissis e gasess
driver to tighten screws because it is much easier to turn the Wheel and Axle
handle instead of turning the screw itself. A simple machine The screwdrivers have the same

. . shaft radius. The blue screw-
made of two connected objects that rotate about a common axis aarihas & lrser Ramdleradi
_ , : . ger handle radius.
is called a wheel and axle. The object with the larger radius is @, Infer Circle the screwdriver
the wheel. In a screwdriver, the handle is the wheel and the shaft with the greater mechanical
is the axle. When you turn the wheel, the axle rotates. The axle advantage.
exerts a larger output force over a shorter distance.

If you apply force to the axle, your output force will be less
than your input force. However, it will be exerted over a greater
distance. This is how a paddle wheel on a boat works. The boat’s
motor turns an axle that turns the boat’s wheel, pushing the boat

forward a greater distance. Wheel
radius

Mechanical Advantage The ideal mechanical advan- el
tage of a wheel and axle is the radius of the wheel divided by the radius
radius of the axle. (A radius is the distance from the outer edge

of a circle to the circle’s center.) The greater the ratio of the wheel

radius to the axle radius, the greater the advantage.

4 : =)
Ideal mechanical advantage = Radufs of wheel
Radius of axle =

Output force

Input force

The blue screwdriver has a handle radius of 1.5 cm and a shaft

radius of 0.25 cm. What is its mechanical advantage?

Q]assify Go back to Figure 1 and recheck your answers. If
\You spot a wheel and axle, draw a box around it.

) =P \ e :
— = _ Do the Quick Lab
1 La Building Pulleys.

~ zZone
Assess Your Understanding
1a. List List two examples of a wheel and axle. b. Apply Concepts You exert a 100-N force
Which of your examples has the greater on a pulley system to lift 300 N. What's the
mechanical advantage? mechanical advantage of this system? How

many sections of rope support the weight?

O I get it! Now | know that pulleys and wheels and axles

O I need extra help with

Go to MY science @A CoaCH online for help with this subject.
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How Does a Compound
Machine Do Work?

Suppose you and your neighbors volunteer to clean up a local park.
Will the job be easier if just a few people help or if everyone in the
neighborhood works together? Getting a job done is usually easier
if many people work on it. Similarly, doing work can be easier if
more than one simple machine is used. A machine that combines
two or more simple machines is called a compound machine.

Within a compound machine, the output force of one
simple machine becomes the input force of another simple
machine. Think about a stapler. The handle is a lever. Each tip of a
staple acts as a wedge. Suppose the lever has a mechanical advan-
tage of 0.8 and the wedge has mechanical advantage of 2. If you
input a force of 10 N on the lever, the output force of the lever will
be 8 N. That 8 N becomes the input force of the wedge, and the
final output force is 8 N times 2, or 16 N.

Recall that mechanical advantage is output force divided by
input force. The mechanical advantage of the stapler is 16 N
divided by 10 N, or 1.6. There is another way to calculate this
value. You can multiply the mechanical advantages of the stapler’s
component machines, the lever (0.8) and the wedge (2). The ideal
mechanical advantage of a compound machine is the product of
the ideal mechanical advantages of the
simple machines that it consists of.

FIGURE4Y -wrome- e s ersa e e Ersssessemservaresane

Compound Machines
A compound machine consists of two or
J more simple machines. @, Identify In

the photo at the left, circle and iden-
tify three simple machines that make
up the apple peeler.

i ki

f the mechanical advantages of the
component machines in the peeler
are 2, 3, and 12, what is the overall
| mechanical advantage of the apple
peeler?

A
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NCE COACH

| Compound Machines 0> APPLY IT

How Can ([ Get That Up There?

How do machines make it easier to do work?

FIGURE 5 ceccecetttesscccennnentttosseornscesnnssterccscssssssconcnssntsacassoscnsses
Piano movers use compound machines to get their
job done.\ Calculate the mechanical advantage
(MA) of each simple machine in the compound machine.
(The simple machine mounted on the truck has an inner
radius of 0.05 m and an outer radius of 0.25 m.) What
is the overall mechanical advantage?

S

Type of Machine:

® Do the Quick Lab
—zone Mach/nes in thsﬁ Kitchen.

| Assess Your Understanding

2a. Calculate What is the mechanical advantage
of a pencil sharpener made from a wheel and
axle with a mechanical advantage of 3 and a
wedge with a mechanical advantage of 4?7

X4
b. Explain how simple and compound gOt i
L4

S srss s E SRR ANES R EER R

machines make it easier to do work. : O lgetit! Now | know that compound machines.

PRamI, A ot 4 SEERRe | e O I need extra helpwith e}

. P20 s e Go to MY Sc1ence @ coaCH online for help with
: this subject.
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. CHAPTER

L} Study Guide

eVIE . 5 + . J 3 d
N2 e Work is done when a is applied in the direction of motion.
‘ make it easier to do work.

Mﬂ_j Work and Power
Work is done on an object when the object moves in the same direction in which
the force is exerted.

The amount of work done on an object can be determined
by multiplying force times distance.

Power equals the amount of work done
on an object in a unit of time.

Vocabulary

ework ejoule epower e watt

| o

(I8 Understanding Machines | [i35i/¢] Inclined Planes and Levers

A machine makes work easier by changing Three closely related simple machines—the
force, distance, or direction. inclined plane, the wedge, and the screw—form
the inclined plane family.

The ratio of output force to input force is the
mechanical advantage of a machine. Levers are classified according to the
location of the fulcrum relative to the input and

To calculate the efficiency of a machine,
output forces.

divide the output work by the input work and

multiply the result by 100 percent. Vocabulary
¢ simple machine ¢ inclined plane
Vocabulary | ewedge escrew elever e fulcrum

e machine e input force e output force
* mechanical advantage e efficiency

[EZ5017 Putting Machines Together

Two simple machines make use of turning: the pulley and the wheel and axle.

Within a compound machine, the output force of one simple
machine becomes the input force of another simple machine.

Vocabulary

e pulley
e wheel and axle
e compound machine
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101, Work and Power

1. The amount of work done on an object is
found by multiplying

a. force times distance.  b. force times time.

c. power times efficiency. d. speed times time.

2. The rate at which work is done is called

3. Calculate You go rock climbing with a pack
that weighs 70 N and you reach a height of
30 m. How much work did you do to lift your
pack? If you finished the climb in 10 minutes
(600 s), what was your power?

4. Apply Concepts What do automobile makers
mean when they say their cars are more pow-
erful than their competitors’ cars?

5. Your friend’s parents tell him
that he needs to do more work around the
house. How can your friend use science to
explain to them that he does plenty of work
just by going through his daily activities?

6‘

10.

Understanding Machines

One way a machine can make work easier
is by
a. increasing force b. decreasing time

c. increasing work d. reducing work

. The actual mechanical advantage of any

divided

machine is its

by its

. Solve Problems You and your friends are

building a treehouse, and you need a machine
to get a heavy load of wood from the ground
to the top of the tree. You set up a pulley sys-
tem that allows you to pull down on a rope to
lift the wood up. You end up able to lift a load
you normally couldn’t. In what way(s) does
your machine make work easier?

. Control Variables You are designing an

experiment to test the efficiency of different
bikes. What variables do you have to control?

Relate Cause and Effect You push onanold
skateboard with a force of 20 N. The output
force is only 10 N. What is the skateboard’s
efficiency? How would the efficiency change if
the old, rusty ball bearings were replaced with
new ones?
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12.

13.

14.

15.

CHAPTER

E¥ Review and Assessment

250 - Inclined Planes and Levers

. Which of these is an example of a simple

machine from the inclined plane family?
a. baseball bat b. jar lid

. bottle opener d. wheelbarrow

The fixed point that a lever pivots around is

called the

Interpret Diagrams Which ramp has the
greater ideal mechanical advantage?
Ramp Y
I
40m—
————— Io.s m

/ 1.0m

T T

Make Judgments Your friend wants to design
a wheelbarrow with an ideal mechanical
advantage of 5,000. Do you think your friend
should consider a different design? Explain.

math! On a separate sheet of paper, draw
one example of each of the three different
classes of levers. For each lever, measure the
distance between the fulcrum and the input
force, the distance between the fulcrum and
the output force, and calculate the ideal
mechanical advantage.

100 Work and Machines

12501 Putting Machines Together

16. Which of these is an example of a wheel and

axle?

a. axe b. seesaw

c. doorknob d. flagpole rigging
17. A is a system

that consists of at least one fixed pulley and

one movable pulley.

18. Apply Concepts A circular faucet handle is an
example of a wheel and axle. How could you
increase the mechanical advantage of a circu-
lar faucet handle?

P [ ] .
How do machines make it

4 easier to do work?

19. This paper cutter is a compound machine.
How does it make cutting paper easier? What
simple machines make up the paper cutter?
Describe how they interact.




Standardized Test Prep

Multiple Choice

Circle the letter of the best answer.

1. The table below shows the input work and
output work for four different pulleys. Which
pulley has the highest efficiency?

Work of Different Pulleys

Pulley Input Work Output Work
Fixed pulley A 20,000 J 8,000 J
Fixed pulley B 20,000 J 10,000 J
Movable pulley 20,000 J 12,000 J
Block and tackle 20,000 J 16,000 J

A Fixed pulley A

B Fixed pulley B

C Movable pulley

D Block and tackle

. Why does it take more work to carry a 22-N bag
of birdseed to the third floor of a house than
it takes to move a 16-N bag of cat food to the
second floor of a house?

A Work equals distance divided by force and
the birdseed requires less force to lift it.

B The force exerted on the birdseed is not
the direction of motion.

C The cat food has less mass than the
birdseed.

D The birdseed has greater mass and has to
be moved farther.

. Which is the best scientific definition of a
machine?

A A machine is a timesaving device that uses
motors and gears.

B A machine changes the amount of input
force.

C A machine makes work easier by changing
force, distance, or direction.

D A machine can either be simple or
compound.

4. Which of the following will increase the ideal
mechanical advantage of a wheel and axle?
A increasing the wheel’s radius
B decreasing the wheel's radius

C increasing the axle’s radius

D

increasing the wheel’s radius and the axle’s
radius equally

5. Which activity describes work being done on an
object?
A walking a dog on a leash
B lifting a bag of groceries
C holding an umbrella still
D pressing a stamp onto an envelope

Constructed Response

Use your knowledge of science to help you
answer Question 6. Write your answer on a
separate sheet of paper.

6. Explain why an engineer would design a road
to wind around a mountain rather than go
straight up the side. Explain how this design
would be better.
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Imagine a tiny machine that works right
inside your cells, delivering medication

to specific sites. Scientists are working to
build just such machines. Nanomachines,

~ or nanites, are machines whose size is
measured in nanometers. One nanometer is
equivalent to one billionth (10-°) of a meter.
That's pretty tiny—smaller than most
people can imagine. In comparison with
these tiny machines, red blood cells, which
have a diameter of about 7 micrometers
(7 x 10°% of a meter), look huge!

Erontiers of llechnology

So how do these tiny machines work?

Most nanomachines are made of gold

This image shows an artist's or platinum. They use cylindriFaI carbon

ideafol oW i s gt molecules or hydrogen peroxide for fuel.
Scientists hope that nanomachines will one

!OOk as it helps fight cancer day use the fuel of a patient'’s cell to do
in the body. ¥ work.

Some tube-shaped nanomachines convert
energy from light into chemical energy and
then into mechanical energy to do work.
These machines are injected into human
cancer cells in the dark. Before they are
injected, the tiny machines are loaded
. with medicine. When scientists expose
- the machines to light, a chemical reaction
s a wagging motion inside the tube,
1 releases the medication in exactly

Research It Scientists are working to
develop a “submarine” nanomachine.
~ How is this new machine different from
other medical nanomachines? Draw the
i submarine and describe its functions.

-
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Students at the Massachusetts
Institute of Technology (MIT) have the chance

to help 20 million people by taking a class called
Wheelchair Design in Developing Countries.

Over the semester, students will learn how to

Analyze It Look at the
wheelchair in the photo.
Create a graphic organizer

in which you identify things
someone would need a
wheelchair to do, and

how a wheelchair feature
could meet that need. For
example, the user might
need to go up or down

a steep hill, so the chair
should have good brakes
and should not be too heavy.
Identify and evaluate the
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scientific knowledge and
concepts students may need
to apply when creating their
wheelchairs.

build a wheelchair. They will also study the needs
of people who use wheelchairs in developing
countries. What's the real test? Designing devices
that will actually improve people’s lives!

Every year, students from all over |
the country compete to be the best =
at everything from chemistry to 3
robot building. What is this scientific =
pageant of skill and achievement? =
It's the Science Olympiad™!

In the Mission Possible event, teams
of students work all year to invent, =
design, and build a Rube Goldberg®
machine. A Rube Goldberg® machine
is a compound machine designed to
accomplish a very simple task—and
makes you laugh in the process.

[Mids Noing Bcience

This Rube Goldberg®
machine takes over
20 steps to perform
three tasks. It
selects, crushes, and
pitches a can into a
recycling bin.



WHAY

MiAES THESE
SNOWB.OARDERS;

How is energy conserved
in a transformation?

. These women are competing in the sport

. of snowboard cross. They “fly” down a
narrow course, filled with jumps, steep (S UNTAMED SCIENCE A CIEURLS
sections, and ramps. Disaster looms at Untamed Science video to leam
every turn. If they don‘t crash into each more about energy.
other or fall, then the first one across the

finish line wins.
_.'Qevelop Hypotheses What do you
. think makes these snowboarders go so fast?




Energy > 1H




|
l
|
J

‘8 Getting Started

Check Your Understanding

1. Background Read the paragraph below and then answer
the question.

Michael pulls his brother in a wagon. Suddenly, Michael’s
dog jumps on his brother’s lap. Michael continues to pull
the wagon, but it is more difficult now. The added mass of
the dog means that Michael has to generate more force to
accelerate the wagon to the same

e Why is it harder to pull the wagon with the dog in it?

Mass is a measure of the
amount of matter in an

object.

TER S

A force is a push or pull.

The speed of an object is the
distance the object travels
per unit of time.

If you had trouble completing the question above, visit

My Reading Web and type in Energy.

Vocabulary Skill

Identify Multiple Meanings Some familiar words may have different
meanings in science. Look at the different meanings of the words below.

Word Everyday Meaning Scientific Meaning

energy n. the ability to be active or take part n. the ability to do work or cause change
in a vigorous activity Example: The wind can move objects
Example: She had enough energy to because it has energy.
run for miles.

power n. the ability to influence others n. the rate at which work is done
Example: The coach has a lot of Example: A truck’s engine has more
power over his young athletes. power than a car’s engine.

2. Quick Check Review the sentences below. Then circle the sentence

that uses the scientific meaning of the word energy.

* A puppy has too much energy to be inside the house all day.
* A wrecking ball has enough energy to knock down a building.

106 Energy




> MY READING WEB

Chapter Preview

LESSON 1

= energy

kinetic energy

potential energy

gravitational potential energy
elastic potential energy

@ Relate Cause and Effect

3 4\ Calculate
p- = e SN T 7Y LESSONhZ -
e o Jravitational potentlal energy | mec| anical energy
g s nuclear energy
@ J ‘ L i thermal energy
: : : : electrical energy

electromagnetic energy
chemical energy

@ Identify the Main Idea
4\ Classify

LESSON 3

energy transformation
law of conservation of energy

@ Identify Supporting Evidence
A\ Infer

: For extra help
with vocabulary, visit Vocab Flash
Cards and type in Energy.
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How Are Energy, Work, and Power Related?
What Are Two Types of Energy?

pLaneT DidRY

o

Write your answer to the question below.

Wind Farms Analyze Costs and Benefits What are some
advantages and disadvantages of using wind
energy to create electricity?

Did you know that wind can be
used to produce electricity? A wind
farm is a group of very large wind-
mills, or turbines, placed in a location
that gets a lot of wind. The energy
of the wind causes the propellers of
the turbines to spin. The turbines are
connected to generators. When the
turbines are spinning, the generators
produce electricity. The amount of
electricity produced depends on the
size of the propellers, the number of

turbines, and the strength of the wind. > PLANET DIARY
about energy.

Go to Planet Diary to learn more

La ® Do the Inquiry Warm-Up
; zone How High Does a Ball Bounce?

How Are Energy, Work, and
Power Related?

Did you put a book in your backpack this morning? If so, then you
did work on the book. Recall that work is done when a force moves
an object. The ability to do work or cause change is called energy.

Work and Energy When you do work on an object, some
of your energy is transferred to that object. You can think of work
as the transfer of energy. When energy is transferred, the object

upon which the work is done gains energy. Energy is measured in
joules—the same units as work.

L Vi




Vocabulary

* energy © kinetic energy < potential energy
* gravitational potential energy © elastic potential energy

Skills

@) Reading: Relate Cause and Effect
4\ Inquiry: Calculate

Power and Energy You may recall that
power is the rate at which work is done. Since
the transfer of energy is work, then power is

the rate at which energy is transferred, or the
amount of energy transferred in a unit of time.

Energy Transferred

Power = -
Time

Different machines have different amounts
of power. For example, you could use either
a hand shovel or a snowblower, like the one in
Figure 1, to remove snow from your driveway.
Each transfers the same amount of energy when it
moves the snow the same distance. However, you
could move the snow faster using a snowblower
than a hand shovel. The snowblower has more
power because it transfers the same amount of
energy to the snow in less time.

FIGURE 1 rervrommseesrrmsenmssnsemommm s
Power

The snowblower has more power than the
person with the hand shovel.

%Apply Concepts You could use an
elevator or the stairs to lift a box to the
tenth floor. Which has greater power?
Why?

Do the Lab Investigation |

Assess Your Understanding

got % P

O I get it! Now | know that since the transfer of energy is work, then power is

Lab’
zone

Can You Feel the Power? /[

O I need extra help with

Go tomy science @ COaCH online for help with this subject.
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FIGURE 2 -veeesreeesueensueesameesinnennneenns
Kinetic
Energy
The kinetic energy of an object
depends on its speed and mass.
\ Use the diagram to answer
the questions.

1. Interpret Diagrams List
~~ _the vehicles in order of

increasing kinetic energy.

2. Explain Describe another
example of two objects
that have different kinetic

energies. Explain why their

kinetic energies are different.

What Are Two Types of Energy?

Moving objects, such as the vehicles shown in Figure 2, have one
type of energy. A rock perched on the edge of a cliff or a stretched
rubber band has another type of energy. The two basic types
of energy are kinetic energy and potential energy. Whether
energy is kinetic or potential depends on the motion, position, and
shape of the object.

Kinetic Energy A moving object can do work when it
strikes another object and moves it. For example, a swinging
hammer does work on a nail as it drives the nail into a piece of
wood. The hammer has energy because it can do work. The energy
an object has due to its motion is called kinetic energy.

Factors Affecting Kinetic Energy The kinetic energy of an
object depends on both its speed and its mass. Suppose you are hit
with a tennis ball that has been lightly tossed at you. It probably
would not hurt much. What if you were hit with the same tennis
ball traveling at a much greater speed? It would hurt! The faster an
object moves, the more kinetic energy it has.

Kinetic energy also increases as mass increases. Suppose a tennis
ball rolls across the ground and hits you in the foot. Compare this
with getting hit in the foot with a bowling ball moving at the same
speed as the tennis ball. The bowling ball is much more noticeable
because it has more kinetic energy than a tennis ball. The bowling
ball has more kinetic energy because it has a greater mass.




Calculating Kinetic Energy You can use the following
equation to solve for the kinetic energy of an object.

Kinetic energy = % X Mass X Speed?

For example, suppose a boy is pulling a 10-kg wagon at a
speed of 1 m/s.

Kinetic energy of wagon = - x 10 kg x (1 m/s)?
=5 kg'm?/s? = 5 joules

Note that 1 kg'm?/s2 = 1 joule

Do changes in speed and mass have the same effect on the
kinetic energy of the wagon? No—changing the speed of the
wagon will have a greater effect on its kinetic energy than
changing its mass by the same factor. This is because speed is
squared in the kinetic energy equation. For example, doubling
the mass of the wagon will double its kinetic energy. Doubling
the speed of the wagon will quadruple its kinetic energy.

do the

math!

A girl and her dog are running. The dog has a mass of 20 kg.
The girl has a mass of 60 kg.

O Qalculate Suppose both the dog and the girl run at a speed of

2 m/s. Calculate both of their kinetic energies.
Kinetic energy of dog =

Kinetic energy of girl =

@ Aalculate Suppose the dog speeds up and is now running at a

speed of 4 m/s. Calculate the dog’s kinetic energy. = *

Kinetic energy of dog =

€ Draw Conclusions Are your answers to Questions 1 and 2
reasonable? Explain. -

@ Relate Cause and Effect
What has a greater effect on

an object’s kinetic energy—
doubling its mass or doubling its
speed? Explain.

el




@, Review Write the SI unit
for each quantity in the table.

Quantity | SI Unit

Force

Height

Work

Mass

Energy

FIGUIREL3 -t noninie ieisioiss eioie S TR RS Ri5o5
Gravitational Potential
Energy

The rock climbers have
gravitational potential energy.
% Use the diagram to
answer the questions.

1. Identify Circle the rock
climber with the greatest
potential energy. Calculate
this potential energy. The
height to be used is at the
rock climber’s lowest foot.

2, [CHALLENGE Where would

the rock climbers at the top
have to be to have half as
much potential energy?

112 Energy

Potential Energy An object does not have to be moving to
have energy. Some objects have energy as a result of their shapes or
positions. When you lift a book up to your desk from the floor or
compress a spring by winding a toy, you transfer energy to it. The
energy you transfer is stored, or held in readiness. It might be used
later if the book falls or the spring unwinds. Energy that results
from the position or shape of an object is called potential energy.
This type of energy has the potential to do work.

Gravitational Potential Energy Potential energy related to an
object’s height is called gravitational potential energy. The
gravitational potential energy of an object is equal to the work
done to lift it to that height. Remember that work is equal to force
multiplied by distance. The force you use to lift the object is equal
to its weight. The distance you move the object is its height above
the ground. You can calculate an object’s gravitational potential
energy using this equation.

Gravitational potential energy = Weight x Height

For example, suppose a book has a weight of 10 newtons (N). If
the book is lifted 2 meters off the ground, the book has 10 newtons
times 2 meters, or 20 joules, of gravitational potential energy.




Elastic Potential Energy An object has a different type of
potential energy due to its shape. Elastic potential energy is the
energy associated with objects that can be compressed or stretched.
For example, when the girl in Figure 4 presses down on the
trampoline, the trampoline changes shape. The trampoline now has
potential energy. When the girl pushes off of the trampoline, the
stored energy sends the girl upward.

Q
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Elastic Potential Energy

The energy stored in a stretched object, such as
the trampoline, is elastic potential energy.

€\, Interpret Diagrams Rank the amount of
elastic potential energy of the trampoline from
greatest to least. A ranking of one is the
greatest. Write your answers in the circles. Then
explain your answers in the space to the right.

SIS, i La Do the Quick Lab Mass,
) ,\}70“3 '_.V_eloc:ty,_ and _Krnet:c Energy.
Assess Your Understanding '

1a. Identify The energy an object has due to its c. Apply Concepts What type of energy does a
motion is called (kinetic/potential) energy. cup sitting on a table have? Why?
Stored energy that results from the position or

shape of an object is called (kinetic/potential)
energy.

b. Summarize What are the two factors that
affect an object’s kinetic energy?

O | need extra help with
Go to MY sc1ence @A COACH online for help with this subject.
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WLO
At 5, How Can You Find an Object’s Mechanical Energy?

What Are Other Forms of Energy?

Write your answer to the question.

What is some evidence that the storm
Lauren described had energy?

weakened by the time
in Massachusetts, but th
was still so powerful it easily
around our lawn chairs. The trees = o
bent and swayed in the wind. When it
was over, branches were scattered across our
lawn. The wind even ripped up a tree, block- -+ =2777717 Go to Planet Diary to learn
ing our road. The storm did a lot of damage, ]
bugt we were lucky to be safe inside whileg more about forms of energy
watching this awesome force of nature. \rm
zone

i

Do the Inquiry Warm-Up
What Makes a Flashlight Shine?

——

How Can You Find an Object’s

Mechanical Energy?

What do a falling basketball, a moving car, and a trophy on a shelf
all have in common? They all have mechanical energy. The form of
energy associated with the motion, position, or shape of an object is
called mechanical energy.

114 Energy
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BN

3 Mechanical Energy
e

_ Skills

| Vocabulary
mechanical energy ¢ nuclear energy - * thermal energy - <@ Reading: Identify the Main Idea

electrical energy ¢ electromagnetic energy Inquiry: Classify
chemical energy

CChrebrduayMechanical Energy An object’s
mechanical energy is a combination of its potential energy and
its kinetic energy. For example, the basketball in Figure 1 has
both potential energy and kinetic energy. The higher the
basketball moves, the greater its potential energy. The faster the
basketball moves, the greater its kinetic energy. #% You can find
an object’s mechanical energy by adding together the object’s
kinetic energy and potential energy.

Potential energy = 20 J

Mechanical energy = Potential energy + Kinetic energy Kinetic energy = 2 J

' Al i o Mechanical energy =
Sometimes an object’s mechanical energy is its <&

kinetic energy or potential energy
only. A car moving along a flat
road has kinetic energy only.

| g A trophy resting on a shelf

L‘\ has gravitational potential

energy only. But both have \*
mechanical energy.

T (1M1 R W 0¥ T - S L SN0 A

Mechanical Energy
i The basketball has mechanical energy
‘#‘ because of its speed and position above
: the ground.

‘a, Solve for the mechanical
0 - energy of the basketball at point A

,;,f% and point B.

Potential energy = 12 J DB ipp
Kinetic energy = 10 J sdiia 5
Mechanical energy = Q, Draw Conclusions Why does the ball’s

gravitational potential energy increase from
points A to B?




Mechanical Energy and Work An object with
mechanical energy can do work on another object. In fact, you
can think of mechanical energy, like all forms of energy, as the
ability to do work. For example, a basketball does work on the net
as it falls through the hoop. The net moves as a result. The more
mechanical energy an object has, the more work it canido.

@ How should you throw the © [CHALLENGE |n the type of

ball to maximize the amount of bowling shown in the photo,

work it does on the pins? the ball has a mass of 7.0 kg. In
candlepin bowling, the ball has a
mass of about 1.0 kg. Does the
ball with the greater mass always
have the greater mechanical
energy? Explain.

The bowling ball does work on
the pins when it hits them.

@ Why is the bowling ball able
to do work?

E=a b® Do the Quick Lab Determining
zone Mechanical Energy.

&= Assess Your Understanding

1a. Define Mechanical energy is the form of c. Infer If an object’s mechanical energy is equal
to its potential energy, how much kinetic

energy associated with the , _
energy does the object have? Explain.

, or of an object.
b. Calculate At a certain point the kinetic energy

of a falling apple is 5.2 J and its potential
energy is 3.5 J. What is its mechanical energy?

O I get it! Now | know you can find an object’s mechanical energy by

O | need extra help with
Go to &2 COACH online for help with this subject. ¢
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"Forms of Energy

What Are Other Forms
of Energy?

So far, you have read about energy that involves the motion, posi-
tion, or shape of an object. But an object can have other forms of
kinetic and potential energy. These other forms are associated with
the particles that make up objects. These particles are far too small
to see with the naked eye. Forms of energy associated with

. the particles of objects include nuclear energy, thermal energy,
electrical energy, electromagnetic energy, and chemical energy.

All objects are made up of particles called
atoms. The region in the center of an atom is called the nucleus.
A type of potential energy called nuclear energy is stored in the
nucleus of an atom. Nuclear energy is released during a nuclear
reaction. One kind of nuclear reaction, known as nuclear fission,
occurs when a nucleus splits. A nuclear power plant, like the one
shown in Figure 2, uses fission reactions to produce electricity.
Another kind of reaction, known as nuclear fusion, occurs when
the nuclei of atoms fuse, or join together. Nuclear fusion reactions
occur constantly in the sun, releasing huge amounts of energy.
Only a tiny portion of this energy reaches Earth as heat and light.

FIGURE 2
Nuclear Energy

Controlled nuclear fission reactions occur at some power
plants. Nuclear fusion reactions occur in the sun.

9, Compare and Contrast Use the Venn diagram to
compare and contrast nuclear fission and nuclear fusion.

Nuclear Fission ] Nuclear Fusion

Pt ey i )




FIGORES Sasedes mrmmmmesmmssovemssnss
Forms of
Energy

Many objects in this restaurant
have more than one form of
energy.

%.* ;’glassify Circle three

objects. Describe two forms of
energy each object has.

Thermal Energy The particles that make up objects are
constantly in motion. This means that they have kinetic energy.
These particles are arranged in specific ways in different objects,
so they also have potential energy. The total kinetic and potential
energy of the particles in an object is called thermal energy.

The higher the temperature of an object, the more thermal
energy the object has. For example, suppose you heat a pot of water.
As heat is applied to the water, the particles in the water move faster
on average. The faster the particles move, the greater their kinetic
energy and the higher the temperature. Therefore, a pot of water at
75°C, for example, has more thermal energy than the same amount
of water at 30°C.

Electrical Energy When you receive a shock from a metal
doorknob, you experience electrical energy. The energy of electric
charges is electrical energy. Depending on whether the charges
are moving or stored, electrical energy can be a form of kinetic or
potential energy. Lightning is a form of electrical energy. You rely
on electrical energy from batteries or electrical lines to run devices
such as computers, handheld games, and digital audio players.

O




Electromagnetic Energy Thelight youseeisonetype — ................ R et i

of electromagnetic energy. Electromagnetic energy is a form of Vocabulary Identify Multiple

energy that travels through space in waves. The source of these Meanings Review the multiple
waves is vibrating electric charges. These waves do not require a meaning words in the Getting
medium, so they can travel through a vacuum, or empty space. Started section and complete
This is why you can see the sun and stars. the sentence. During a lightning

storm, electric charges move
between the clouds and the
ground, releasing stored

The microwaves you use to cook your food and the X-rays
doctors use to examine patients are also types of electromagnetic
energy. Other forms of electromagnetic energy include ultraviolet
rays, infrared (or heat) waves, and radio waves. Cell phones send
and receive messages using microwaves.

Chemical Energy Chemical energy is in the foods

you eat, in the matches you use to light a candle, and 1 La ® Do the Quick Lab
even in the cells of your body. Chemical energy 20

is potential energy stored in chemical bonds.

Chemical bonds are what hold atoms together. Often Assess Your Understanding
when these bonds are broken, this stored energy is
released. For example, bonds are broken in your cells
and release energy for your body to use.

ne Sour<_:e5 of Energy. I

2a. Explain Why do the particles of objects
have both kinetic and potential energy?

b. ,{Q_Iassify The energy you get from eating
a peanut butter and jelly sandwich is in the

form of energy.

O | get it! Now | know the forms of energy
associated with the particles of objects

include

O I need extra help with ___

Go to MY sc1ence @A COaCH online for help
with this subject.
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= Energy Transformations
=3 and Conservation

How Are Different Forms of Energy Related?

What Is the Law of Conservation of Energy?

Write your answer to the question
below.

How do you think energy is
transformed in the Drop Tower?

Science Day at the Amusement Park

During science days at Great America Amusement Park™
in Santa Clara, California, the park becomes a giant
laboratory! Here is how one investigation might work.
You choose a ride like the Drop Tower, which drops you
68 meters in less than four seconds, or the Fire Fall,
which contains a series of vertical twists and turns. You
observe how your speed and height change during the
ride. Then you use your observations to learn about
transformations between potential and kinetic energy. Lab® Do the Inquiry Warm-Up
S SNSRI S s e e s E : zone

»3 Go to Planet Diary
to learn more about energy
transformations.

What Would Make a
Card Jump?

How Are Different Forms of
Energy Related?

What does flowing water have to do with electricity? In a hydro-

electric power plant, the mechanical energy of moving water is

transformed into electrical energy. All forms of energy can be
transformed into other forms of energy. A change from one form ,\J
of energy to another is called an energy transformation. Some

energy changes involve single transformations, while others involve

many transformations.
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Vocabulary Skills

* energy transformation

* law of conservation of energy A\ Inquiry: Infer

@ Reading: Identify Supporting Evidence

"L INTERACTIVE ART |8

Single Transformations Sometimes, one form of energy
needs to be transformed into another to get work done. For
example, a toaster transforms electrical energy to thermal energy
to toast your bread. A cell phone transforms electrical energy to
electromagnetic energy that travels to other phones.

Your body transforms the chemical energy in food to the
mechanical energy you need to move your muscles. Chemical
energy in food is also transformed to the thermal energy your body
uses to maintain its temperature.

Multiple Transformations Often, a series of energy
transformations is needed to do work. For example, the mechani-
cal energy used to strike a match is transformed first to thermal
energy. The thermal energy causes the particles in the match
to release stored chemical energy, which is transformed to more
thermal energy and to the electromagnetic energy you see as light.
In a car engine, another series of energy conversions occurs.
Electrical energy produces a spark. The thermal energy of the spark
releases chemical energy in the fuel. The fuel expands as it is
broken down into smaller particles. The expansion of the fuel
produces pressure on parts of the car. The increased pressure
eventually causes the wheels to turn, transforming chemical energy
into mechanical energy.

@ Identify Supporting
Evidence

Underline the energy
transformation that must
occur for you to talk on your
cell phone.

-apply.

A series of energy transformations must occur for
you to ride your bike. Write the forms of energy
involved in each transformation.

Reactions occur within
the sun to transform Plants transform

energy into

energy into

energy. energy.

£ /

Your body also transforms

energy

into energy

when you ride your bike.

Your body transforms
energy
inte energy

to maintain your body

| temperature.
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Kinetic and Potential Energy The transformation
between potential and kinetic energy is one of the most common
energy transformations. For example, when you stretch a rubber
band, you give it elastic potential energy. If you let it go, the rub-
ber band flies across the room. When the rubber band is moving,
it has kinetic energy. The potential energy of the stretched rubber
has transformed to the kinetic energy of the moving rubber band.
Transformations between kinetic and potential energy can also
occur in any object that rises or falls. A falling object, a pendulum,
and a pole vault are all examples of these transformations.

Falling Object A transformation between potential and kinetic
energy occurs in the ball in Figure 1. As the height of the ball
decreases, it loses potential energy. At the same time, its kinetic
energy increases because its speed increases. Its potential energy is
transformed into kinetic energy.

Pendulum A pendulum like the one in Figure 2 swings back
and forth. At the highest point in its swing, the pendulum has no
movement. As it swings downward, it speeds up. The pendulum
is at its greatest speed at the bottom of its swing. As the pendu-
lum swings to the other side, its height increases and its speed
decreases. At the top of its swing, it comes to a stop again.

FIGURE 1 FIGURE 2! rovssmomomiisssomion sins s sus o s 765 St s oA SR04 S #0000 o To Ao R oW el sl
Falling Ball St wiad Pendulum

The ball was photographed at A continuous transformation between potential and kinetic energy
equal time intervals as it fell. occurs in a pendulum. %, Interpret Diagrams Label the type of
"-’?.*.-_:; Interpret Photos How can energy the pendulum has at positions A, B, and C.

you tell that the ball’s kinetic
energy is increasing?

A

.
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Pole Vault The pole-vaulter in Figure 3 starts out by
running forward. When the pole-vaulter plants the pole to
jump, his speed decreases and the pole bends. As the pole
straightens out, the pole-vaulter is lifted high into the air.
Once he is over the bar, the pole-vaulter’s speed increases as
he falls toward the safety cushion.

BN e bisiniie e A I ot s T o o s B it g 1Y
Pole Vault

Energy transformations enable this athlete
to vault more than 6 meters into the air.

‘s, Identify the main forms of
energy present at points A through D.

Lah® Do the QL:%:I{ Lab

Zonea Soaring Straws.

= Assess Your Understanding

1a. Define A change in one form of energy to c. Apply Concepts Describe the energy
another form of energy is called a(n) transformation that occurs in a waterfall.

b. Relate Cause and Effect When you turn on an
iron, energy is transformed
energy.

O I get it! Now | know that all forms of energy can be transformed into

O | need extra help with

Go to | COACH online for help with this subject.



What Is the Law of Conservation N
of Energy?

Once you set a pendulum in motion, does it swing forever? No, it
does not. Then what happens to its energy? Is the energy destroyed?
Again, the answer is no. The law of conservation of energy states
that when one form of energy is transformed to another, no energy
is lost in the process. According to the law of conservation of
energy, energy cannot be created or destroyed. The total amount
of energy is the same before and after any transformation. If you
add up all of the new forms of energy after a transformation, all of
the original energy will be accounted for. So what happens to the
energy of the pendulum once it stops moving?

Conscrving €ncrgy While You Ride

"How is energy conserved in a transformation?

FL G U R ETA S e e ralirems s oot e oo T o duiie o MOt e o i oo SN L e T e s sl S t »
- PAUAITYHYY] Transformations between potential and kinetic energy

occur during a roller coaster ride. \ Use what you have learned

about energy transformations to answer Questions 1-3.

, // \‘\ { 1. Interpret Diagrams The roller coaster

4 > starts from rest at the top of the first hill.
/ 2 Shade in the bars to show approximately

e e - how much potential and kinetic energy
Bateritis l_::l ; ~ the coaster has at each point. Assume that

Kinetic l:'i 1 none of the coaster’s mechanical energy
- » is transformed to thermal energy. Also

assume that no electrical energy is used to
move the coaster.

| Potential

Kinetic




> [ Conservation of Energy

As the pendulum swings, it encounters friction at the pivot of
the string and from the air through which it moves. Whenever a
moving object experiences friction, some of its kinetic energy is
transformed into thermal energy. So the mechanical energy of the
pendulum is not destroyed. It is transformed to thermal energy.

The fact that friction transforms mechanical energy to thermal did you
energy should not surprise you. After all, you take advantage of k
such thermal energy when you rub your cold hands together to
warm them up. Friction is also the reason why no machine is 100

When ancient animals and plants
died, the chemical energy they

percent efficient. You may recall that the output work of any real had stored was trapped within
machine is always less than the input work. This reduced efficiency their remains. This trapped
occurs because some mechanical energy is always transformed into energy is the chemical energy
thermal energy due to friction. found in coal.

2. Abfer Suppose you had taken thermal energy into account in
Step 1. Would the total length of the shaded portion of the bars
increase, decrease, or stay the same as as result?

O Increase O Decrease O Stay the same

B+ IC_HALLENGE Why is the first hill of a roller coaster 4 2 4° Do the Quick Lab

always the tallest? zone Law of Conservation of Energy.

Assess Your Understanding

oNS
2. 4> How is energy conserved in a

, transformation?

Potential

4| Kinetic

Potential
O I get it! Now | know that according to the

law of conservation of energy, energy

O I need extra help with

Go tomY science @ coacH online for help
with this subject.
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CHAPTER

/% Study Guide

Qg,VlE[;,,

The total amount of is the same before and after any transformation.

What Is Energy?

Since the transfer of energy is work, then power is the
rate at which energy is transferred, or the amount of energy
transferred in a unit of time.

The two basic types of energy are kinetic energy and
. potential energy.

! Vocabulary

° energy

e kinetic energy

* potential energy

e gravitational potential energy
e elastic potential energy

Lm Forms of Energy

| You can find an object’s mechanical energy by adding

' together the object’s kinetic energy and potential energy.
|
Forms of energy associated with the particles of objects

" include nuclear energy, thermal energy, electrical energy,
r electromagnetic energy, and chemical energy.

)|

| Vocabulary

| ® mechanical energy © nuclear energy ¢ thermal energy
| e electrical energy ® electromagnetic energy

. ¢ chemical energy

" and Conservation
|

| All forms of energy can be transformed into
other forms of energy.

According to the law of conservation of
energy, energy cannot be created or destroyed.

Vocabulary

| e energy transformation
¢ law of conservation of energy
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eview and Asse

What Is Energy?
1. When you stretch a rubber band, you give it

a. kinetic energy. b. electrical energy.

€. potential energy.  d. chemical energy.

2. To calculate power, divide the amount of

ssment

energy transferred by

3. Compare and Contrast In the illustration
below, which vehicle has the greatest kinetic
energy? Explain your answer.

b]

[\[) Forms of Energy

6. What is the energy stored in the nucleus of an
atom called?
a. electrical energy  b. chemical energy

c. thermal energy d. nuclear energy

7. An object’s mechanical energy is the sum of its

8. Classify When you heat a pot of water over
a flame, what form of energy is added to the
water?

The graph shows the kinetic energy of a 500-N
diver during a dive from a 10-m platform. Use the
graph to answer Questions 9 and 10.

4. Apply Concepts If a handsaw does the same
amount of work on a log as a chainsaw does,
which has more power? Why?

5. math! A 1,350-kg car travels at 12 m/s. What

is its kinetic energy?

10

Height (m)
N H o [02]

o

1,000 2,000 3,000 4,000 5,000
Kinetic Energy (J)

9. Read Graphs How does the diver's kinetic
energy change as the diver falls? Why?

10. Calculate What is the diver's gravitational

potential energy just before the dive?




Review and Assessment

PPPLP

Energy Transformations How is energy conserved in
and Conservation @ a transformation?

11. As a car skids to a stop, friction transforms _ ' .
kinetic energy to 17. The golfer in the photo is taking a swing. The

golf club starts at point A and ends at point E.

a. thermal energy. b. potential energy. (1) Describe the energy transformations of the
c. chemical energy.  d. electrical energy. club from points A to E. (2) The kinetic energy
of the club at point C is more than the poten-
12. The law of conservation of energy states that tial energy of the club at point B. Does this

mean that the law of conservation of energy is
violated? Why or why not?

13. Classify Describe the energy transformation
that occurs in a digital clock.

14. Apply Concepts Explain why a spinning top
will not remain in motion forever.

15. Infer Why does a bouncing ball rise to a lower
height with each bounce?

" )C An eagle flies from its perch
4 inatree to the ground to capture and eat its
prey. Describe its energy transformations.
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Standardized Test Prep

Multiple Choice

Circle the letter of the best answer.

1. The table gives the kinetic and potential energy
of a 6-kg cat doing various activities.

Activity Kinetic Potential
Energy (J) | Energy (J)

Running 200 0
Leaping 150 100
Climbing a tree 3 300
Slee'aping ona 0 30
chair

During which activity does the cat have the
greatest mechanical energy?

A
C

climbing a tree B leaping

running D sleeping on a chair

2. Why does wind have energy?

A

B
Cc
D

It can change direction.

It can do work.

It moves through space as waves.
It is electrically charged.

3. What is the Sl unit used to express gravitational
potential energy?

A

B
C
D

newton
kilowatt
horsepower
joule

4. What causes a pendulum to eventually slow

down and stop swinging?
A friction

B kinetic energy

C weight

D potential energy

. Which energy transformation takes place when

wood is burned?

A Nuclear energy is transformed to thermal
energy.

B Thermal energy is transformed to electrical
energy.

C Chemical energy is transformed to thermal
energy.

D Mechanical energy is transformed to
thermal energy.

Constructed Response

Use the table below to answer Question 6.
Write your answer on a separate sheet of paper.

Speed at Bottom

of Swing (m/s)

8:00 a.m. 2.2
10:00 a.m. 1.9
12:00 p.m. 1.7

2:00 p.m. e

6. A large pendulum at a science museum is set

in motion at the beginning of the day. The
table shows how its speed at the bottom of the
swing changes during the day. Use this data to
determine how the height of the pendulum’s
swing changes. Explain your answer.
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ESIGN]

Have you ever noticed how many
batteries you use every day? There are
batteries in cars, flashlights, cell phones,
laptop computers, and even bug zappers!
Discarded batteries add up to a lot of
waste. Fortunately, rechargeable batteries
can help keep the energy flowing and
reduce the number of batteries that get
thrown out. Can you imagine how many
nonrechargeable batteries a cell phone
would go through in a month?

el
(T
[ 4%}
[

Batteries transform chemical energy into
electrical energy. To refuel a rechargeable
battery, you plug it into a power source—
such as an outlet in the wall. The electrical
energy reverses the chemical changes,
storing the electrical energy as chemical
energy. The battery is once again
“charged up” and ready to go!

Top Cap

(Positive Terminal)

Cathode Tab

Museum of Bcience

Separator

Steel Can
{Negative Terminal)

L0 Gasoline-powered cars and

Anode hybrid cars have rechargeable batteries.
Research how the batteries in gasoline-
powered cars and hybrid cars are
recharged.

",
|\
A

Anode Tab

The inside of this rechargeable battery
has three long thin layers. A separator
separates a positive electrode from a
negative electrode. Using the battery
causes lithium ions to move from the
positive material to the negative

one. Applying an electrical charge
moves the ions back to the

positive electrode.

of

Museum of Science.

130 Energy




A spider’s web is more than just a sticky net
hanging across an open space. The strong,
elastic nature of spider silk ensures that an
insect cannot leave once it strikes the web.
To make their webs, spiders produce two
kinds of silk—dragline silk and capture-
spiral silk.

Dragline silk makes up the web'’s large
frame. When an insect crashes into a
spider’s web, the dragline silk absorbs the
force of impact and spreads it out over the
entire area of the frame. No matter the
mass or speed of the insect, the dragline
silk is strong enough to absorb the force.

Capture-spiral silk is the sticky silk at the
center of the web. It is more elastic than
dragline silk so it stretches and then returns
to its shape when an insect strikes it. As it
stretches, it transforms the insect’s kinetic
energy into elastic potential energy. As

a result, the insect slows down gradually
and doesn’t immediately bounce off the
web. Once the insect comes to a stop, the
stickiness of the capture-spiral thread keeps
the prey from leaving.

Spider silk is only one-tenth the diameter
of human hair, but it is very strong. In fact,
a thread of spider silk can resist more force
than a piece of steel of the same size. Think
of that next time you get tangled up in a
spider’s web.

Identify an object that could be
made from spider silk instead of steel or
Kevlar. Then write a proposal that includes
a list of spider silk’s advantages and a

request for funding to build a prototype
of the object.
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MIGHT THESE

COLORS

How does heat flow from
one object to another?

The image at the right is called a

thermogram. A special camera measures

the electromagnetic radiation of an :

object and creates a temperature “map.” Untamed Science video to learn
A thermographic camera can be used to more about heat.

find people in a fire, detect when a

racehorse might be injured, and spot

tumors in humans. By noticing excessive

heat in motors, transformers, and pumps, the camera can detect
equipment problems before they fail, saving millions of dollars.
Infer Since a thermogram shows temperature, what might
the colors you see indicate?






Getting Started

Check Your Understanding

1. Background Read the paragraph below and then answer

the question.

Kiera is swimming in the ocean. Since she is moving,

she has kinetic energy. Energy is measured in joules.
Her brother, who swims at the same speed but has more
mass, has more kinetic energy. If he slows down, he will
have the same amount of kinetic energy as Kiera. While
swimming, she notices that it is easier to float in salt

water because it has a higher density than fresh water.

* What are the two ways you can increase kinetic energy?

K ergy is energy an
object has due to its motion.
A jjoule| is a unit of work

equal to one newton-meter.

[Density is the ratio of the

mass of a substance to its
volume.

EANEIEOTMITES If you had trouble completing the question above, visit

My Reading Web and type in Thermal Energy and Heat.

Vocabulary Skill

Identify Multiple Meanings Some words have several meanings. Words

you use every day may have different meanings in science.

Word Everyday Meaning Scientific Meaning
conductor n. the director of an orchestra n. a material that conducts heat well
Example: The conductor signaled Example: Metal is a good conductor.

to the musicians to begin playing.

heat v. to make warm or hot n. thermal energy moving from a warmer object
Example: The fireplace began to to a cooler object
heat the room. Example: When the door was left open, heat
transferred from the warm room to the cool
air outside.

2. Quick Check Circle the sentence below that uses the scientific

meaning of the word conductor.

* The conductor got a standing ovation after the concert.

* |t is easier to cook eggs in a pan that is a good conductor.
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> MY READING WEB 5 VOCAB FLASH CARDS

Chapter Preview

LESSON 1

temperature
Fahrenheit scale
Celsius scale
Kelvin scale
absolute zero
heat

@ Identify Supporting Evidence
£\ Communicate

LESSON 2

convection

- convection current
radiation
conduction

@ Compare and Contrast

&\ Infer

LESSON 3
conductor
insulator
specific heat
thermal expansion

Fo @ Identify the Main Idea
’)A( 4\ Calculate
'

' radiation ' |

e For extra help
with vocabulary, visit Vocab Flash
Cards and type in Thermal Energy
and Heat.

conduction

N
o
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=% Temperature, Thermal
Y Energy, and Heat

=) What Determines the Temperature of an Object?

What Is Thermal Energy?

PN FACT

Answer the question below.

What other daily household .f
could be done without running water

or electricity?

unctions

bathtub-or-running water? This is possible in hot springs =
all over the world. Hot springs occur when underground = -
water heated by Earth bubbles up and collects in pools

on Earth’s surface. The water in a hot spring can reach S ¥
above 50°C (122°F). By contrast, a hot shower is about h . m Go to Planet

43°C (110°F). Visitors use these hot springs to relax. biary to learn more about

geothermal energy.

ey = — e e

=X
—

a ® Do the Inquiry Warm-Up
( 2
- zone How Cold Is the Water?

What Determines the
Temperature of an Object?

You may have used a thermometer to take your temperature when
you were sick. Temperature is a measure of how hot or cold some-
thing is compared to a reference point. (One reference point is the
freezing point of water.) What makes an object hot or cold?
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‘E- — — =
2 * Temperature Scales

onune

Vocabulary
° temperature © Fahrenheit scale @ Reading: Identify Supporting Evidence

 Celsius scale * Kelvin scale A lnquiry; Communicate
* absolute zero * heat

Recall that all moving objects have kinetic energy. Matter is l(did you 7

NOWo ...

When Anders Celsius invented

made up of tiny particles that are always moving, so these particles
have kinetic energy. Temperature is a measure of the average

kinetic energy of the particles in an object. As an object heats up, the Celsius scale, he had 100°C
its particles move faster. As a result, both the average kinetic energy as the freezing point of water
of the particles and the temperature increase. and 0°C as its boiling point.

The United States uses the Fahrenheit scale to measure
temperature. Most countries use the Celsius scale. You can use

an equation to convert between scales, but it's simpler to estimate °F
using thermometers like the one in Figure 1. Temperatures that

line up, like 32°F and 0°C, are equivalent. Many scientists use 120- ; -
the Kelvin scale. Celsius and Fahrenheit scales are divided into 100 _ o :
degrees. The Kelvin scale is divided into kelvins (K). A temperature o8 JE

change of 1 K is the same temperature change as 1°C. Zero kelvins,
or absolute zero, is the lowest temperature possible. At absolute
zero, particles have no kinetic energy. Zero K is equal to —273°C.

FIGUREET s fame s o e iR Si Tt s o s sr e s o s w0 Datiirs lsh Irvedies]
— c gation J=- "mC

(> ART IN MOTION Temperature Scales - L?O?Q Build Your Own Thermometer.
The chart above shows a weather report, but it ‘ =)
d identify th ! .

oes not identi y the temperatl.,lre scale . Assess Your Understandmg
& Interpret Diagrams Explain why this report
would mean Something different in Japan than it gotit? ...............................................

would in the United States. Fill in the thermom-
eter to show one of the temperatures in Celsius.
What is this equivalent to in Fahrenheit? related to

O I get it! Now | know that temperature is

O | need extra help with _

Go tomy science @A CoaCH online for help
with this subject.
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@) Identify Supporting
Evidence Since thermal energy
is the total energy of all the
particles in an object, it depends
on multiple factors. Underline
sentences that support this idea.

What Is Thermal Energy?

Different objects at the same temperature can have different
amounts of energy. To understand this, you need to know about
thermal energy and about heat. Temperature, thermal energy, and
heat are closely related, but they are not the same thing.

Thermal Energy Temperature is a measure of the

average kinetic energy of the individual particles in an object.
However, it is not a measure of the total amount of energy in an
object. Thermal energy is the total energy of all the
particles in an object. It depends on the temperature of an object,
the number of particles in it, and how those particles are arranged.
This lesson will focus on the first two factors.

The more particles an object has at a given temperature, the
more thermal energy it has. For example, a 1-liter pot of tea at 75°C
has more thermal energy than a 0.2-liter mug of tea at 75°C because
the pot contains more tea particles. On the other hand, the higher
the temperature of an object, the more thermal energy the object
has. Therefore, if two 1-liter pots of tea have different temperatures,
the pot with the higher temperature has more thermal energy.

The total amount of
thermal energy an object
has depends on its
temperature and how
many particles it contains.

@ Identify In the top two

pot pie that contains
more thermal energy.

@ Apply Concepts

In the last panel, draw
in and record the
temperature of three
pies that have more
thermal energy than the

panels, circle the chicken

one on the left. 9
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| Thermal Energy

Heat You might say that an object contains heat, but, strictly ~ ................. § .................
speaking, it does not. Objects contain thermal energy. Heat is the Vocabulary Write a sentence
transfer of thermal energy from a warmer object to a cooler object. that uses the scientific meaning
The warmer object will cool down, and the cooler object will warm of heat.

up until they are the same temperature. When this happens, heat
stops transferring. Heat is measured in the units of energy—joules.

FIGURE 2 cesrerereennmeruunrenenreenmnneennns
Heat

When you hold your hand over

a plate of food, you will feel
warmth if heat transfers into

you and cold if heat transfers
out of you.

N Lommunicate In the
photo, draw arrows to show
the direction of heat transfer
for at least two foods. Would
your hand feel warmer over
some foods than over others?
What characteristics of the
food might affect how warm or
cold your hand feels? Discuss
your ideas with a partner.

e S o 1 La ® Do the Quick Lab Temperature

AR o ThermalErergy.

Assess Your Understanding

1a. List What are two factors that determine an : gots#?

S =
Shjecte termalienEt gy O I get it! Now | know that the thermal energy

in an object is defined as

b. [CHALLENGE Object A has less thermal energy —
than Object B, but heat flows from Object A
to Object B. What conditions would make
this possible?

O | need extra help with

Go to MY Science COAQACH online for help with
this subject.
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Wild
Weather

Hurricanes are
intense storms that
can cause billions
of dollars in
damage. These
storms form when
very warm, moist air g
rises quickly, creating
an area of lower air
pressure below. As the
air rises, the water vapor in
the air condenses, releasing a
huge amount of thermal energy.
This energy causes swirling winds,

3 ;¥'

The Transfer of Heat

How Is Heat Transferred?

Answer the question below.

Why do hurricanes tend to form
in warmer climates?

which draw in more warm water, feeding the storm. If a
hurricane’s path takes it over land, the storm:can cause
massive destruction. However, as the storm moves over
land, its energy source—the warm ocean water—is
depleted, and the storm eventually fizzles out.

2144 Go to Planet ’
Diary to learn more about -
hurricanes.
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® Do the Inquiry Warm-Up What
Does It Mean to Heat Up?

La

zone

How Is Heat Transferred?

Heat is transferring around you all the time. If it wasn't, nothing
would ever change temperature. Heat doesn’t transfer randomly.
It travels only in one direction and by three different methods.
Heat is transferred from warmer areas to cooler areas by
conduction, convection, and radiation.



e e e R U S

. > The Transfer of Heat >
TR T e BT PO e T T (Y S T S A e S
ocabula Skills |
convection ® convection current %@ Reading: Compare and Contrast l
radiation ° conduction A\ Inquiry: Infer J
» .
Convection T r 3
Convection is a type of heat transfer that occurs only in Radiation
fluids, such as water and air. When air is heated, its par- Radiation is the transfer of energy by
ticles speed up and move farther apart. This makes the , electromagnetic waves.
heated air less dense. The heated air rises to float on top Radiation is the only form of heat
of the denser, cooler air. Cooler air flows into its place, transfer that does not require
heats up, and rises. Previously heated air cools down, matter. You can feel the radiation
sinks, and the cycle repeats. This flow creates a circular from a fire without touching the
motion known as a convection current. Convection cur- flames. The sun’s energy travels to
rents in air cause wind and weather changes. Earth through 150 million kilometers
\ of empty space. J

Conduction

Conduction transfers heat
from one particle of matter

to another within an object

or between two objects. The
fast-moving particles in the
floor of the oven collide with
the slow-moving particles in the
uncooked pizza. This causes
the pizza's particles to move
faster, making the pizza hotterJ

TN T RO s 1 o £t e, 14 e A TO OOPR SRR St 1 st st s _ &
Heat Transfer @ Compare and Contrast

A wood-fire pizza oven demonstrates three types of heat transfer.

¥, Apply Concepts Describe a heat transfer that occurs after
the pizza comes out of the oven. What kind of transfer is it?
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Where Does Heaf Transfer on Thls Beaeh7

U aiwa 4B Heat transfer goes on of heat transfer. Then, in the illustration,

all around you all the time, even on the label at least one example of each type of
beach. %} Apply Concepts Fill in the heat transfer. Draw arrows to show how

chart below to review the different types  heat is being transferred in each example.

Type of Explanation
Heat Transfer

Cenduction

. Convection

Radiation




apply;

Cooking pots come in a variety
of shapes and sizes, but you're
much more likely to see a wide,
squat pot like this

than a tall, narrow
. pot like this.

ﬂfer Use conduc-
tion to explain why
this is the case.

=

3

> 3.
|
- —_=
=T

La ® Do the Quick Lab Visualizing
. Convection Currents.

< zone

Assess Your Understanding

1a. Classify What type of heat transfer occurs b. F& How does heat flow from one object to
when eggs cook in a hot pan? Before another?
toasters, people toasted bread by holding

it over a fire. What type of heat transfer
occurred then? Name the third type of —
heat transfer and an example of a food

l cooked by it.

got L PP P PP PP PP P PP PP TP P LRI P L PP PP oo

O I get it! Now | know that the three methods of heat transfer are

O I need extra help with

Go tomy science _ﬁcoacu online for help with this subject.
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Thermal Properties

\)NLOQ. . .
ZWE B/ How Do Different Materials Respond to Heat?

s

LaneT DiaRY .y
Wi ﬁ/’/;'
Suiting Up

Comic book superheroes often -y Communicate Answer the
wear special suits that allow 2z question below. Then discuss
them to fly or protect them from your answer with a partner.
enemies. But there are some ‘ You also use o .
everyday heroes who wear suits A - ' = stay warm. What material ng to
that give them similar super- e s G0
N e Y - You use to stay warm?
powers: astronauts! Whenever \ o8 ’

astronauts go outside a space E Ny % > — e

station or ship, they put on suits N = ’ -
that weigh hundreds of pounds. ' T
The suits enable them to survive

in the wide temperature swings ; » { | -_

that occur in space. The suits are
designed with a flexible insulating o - > PLA 113 Go to Planet
material to protect astronauts ——— ~ Diary to learn more about
from extreme temperature swings, Spacesuits.
radiation, and low pressure in space. They

also provide air to breathe, radio communication,

and protection from micrometeoroids. 5.

f La ® Do the Inquiry Warm-Up
' - zone Thermal Properties.

How Do Different Materials
Respond to Heat?

When you bake something in the oven, you use dishes made of
glass, ceramics, or metal instead of plastic. Some materials can
stand up to the heat of an oven better than others. Materials
respond to heat in different ways. The thermal properties of an
object determine how it will respond to heat.

144 Thermal Energy and Heat

e —



Skills
@ Reading: Identify the Main Idea
4\ Inquiry: Calculate

Vocabulary

* conductor © insulator
* specific heat

* thermal expansion

Conductors and Insulators If you walk barefoot from
your living room rug to the tile floor of your kitchen, you will
notice that the tile feels colder than the rug. But the temperature of
the rug and the tile are the same—room temperature! The
difference has to do with how materials conduct heat. Some
materials conduct heat well, while other materials do not.

Conductors A material that conducts heat well is called

a conductor. Metals such as silver are good conductors. Some
materials are good conductors because of the particles they contain
and how those particles are arranged. A good conductor, such as
the tile floor, feels cold to the touch because heat easily transfers out
of your skin and into the tile. However, heat also transfers out of
conductors easily. A metal flagpole feels much hotter on a summer
day than a wooden pole would in the same place because heat
easily transfers out of the metal pole and into your hand.

Insulators A wooden pole and your living room rug are good
insulators. Insulators are materials that do not conduct heat well.
Other good insulators include air and wool. For example, wool
blankets slow the transfer of heat out of your body.

FIGUREET sswemenmemmmsttonamssspmasasanamasssy

Conductors
and Insulators

Both conductors and insulators
are useful in a kitchen.
Conductors easily transfer heat
to cook your food. Insulators
stay cool enough to be handled.
@, Classify Circle the
conductors in the photo.
Below, list objects in a kitchen
that can act as insulators.




@) Identify the Main Idea
SIS TmmB S e ~ thermal energy are required.

sentences that support the

-
s

S this page. Underline the -
“* main idea.

a great change in temperature.

Specific Heat Imagine running across hot sand toward the
ocean. You run to the water’s edge, but you don't go any farther—
the water is too cold. How can the sand be so hot and the water so
cold? After all, the sun heats both of them. The answer is that water
requires more heat to raise its temperature than sand does.

When an object is heated, its temperature rises. But the
temperature does not rise at the same rate for all objects. The amount
. of heat required to raise the temperature of an object depends on the
R ~ object’s chemical makeup. To change the temperature of
; - different objects by the same amount, different amounts of

The amount of energy required to raise the temperature of
1 kilogram of a material by 1 kelvin is called its specific heat. It is
measured in joules per kilogram-kelvin, or J/(kg-K). A material with
a high specific heat can absorb a great deal of thermal energy without

~ T A You can calculate thermal energy changes with a formula.

You can calculate the amount of thermal energy gained by 2 kg of
water as its temperature increases by 3 K.

Energy Change = Mass X Specific Heat x Temp. Change
Energy Change = 2 kg x 4,180 J/(kg-K) x 3 K
Energy Change = 25,080 J

(1] &alculate Use the formula and the table at the right to calculate
how much energy is lost by 0.5 kg of silver that cools off by 2 K.

Material

: Copper
Water

Glass

Silver

Iron

Energy Change = Mass X Specific Heat X Temperature Change

Specific Heat
(J/(kg-K))

385

4,180

837
235
450

@ Interpret Tables How many times more energy must you transfer
into a kilogram of glass than a kilogram of silver to raise their
temperatures by the same amount?

| €) Draw Conclusions The seawater at a beach heats up more slowly
than the sand on the beach does. The specific heat of water must be
(greater than/less than) the specific heat of sand.

- F L T e g
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Thermal Expansion To loosen a jar lid, you can
hold it under a stream of hot water. This works because the
metal lid expands more than the glass does as it gets hotter.
(s As the thermal energy of matter increases, its
_ particles usually spread out, causing the substance to
B expand. Thisis true for almost all matter. The expanding
of matter when it is heated is known as thermal expansion.
When matter is cooled, the opposite happens. Thermal
energy is released. This causes the particles to slow
down and move closer together. As matter cools, it
usually decreases in volume, or contracts.
Different materials expand and contract at
different rates.

Power Lines

FIGUREND Dmistim ot aese s ot s Joesass e sanavs s sl mesasannamnis

Thermal Expansion

Many objects are specifically designed to
allow extra space for thermal expansion, such
as road joints and train tracks.

"%X Predict Pick one of the examples. What
might happen if thermal expansion was not
considered when this object was designed?

D

Tram Track:

- = J,w

— :

— S T R y= | Do the Quick Lab
’ La Frosty Balloons.
__ Zone

&= Assess Your Understanding

1a. Classify Foam picnic coolers keep food cold b. <Calculate The specific heat of foam is about
on a hot day. Is foam a conductor or an 1,200 J/(kg-K). How much heat does it take to
insulator? Explain. raise the temperature of 1 kg of foam by 2 K?

GO 12 e

O | get it! Now | know that the way a material responds to heat depends on

O I need extra help with __
Go to MY science @ COAQACH online for help with this subject.
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CHAPTER °

o8 Study Guide

objects to

eVIE
L Heat flows from

of heat transfer are

£330 ] Temperature, Thermal Energy, and Heat
Temperature is a measure of the average kinetic energy of the particles in

an object.
Thermal energy is the total energy of all the particles in an object.

Vocabulary
e temperature
e Kelvin scale

e Fahrenheit scale e Celsius scale
e absolute zero e heat

(£330 The Transfer of Heat

[ Heat is transferred from warmer areas
| to cooler areas by conduction, convection,

and radiation.

Vocabulary
e convection e convection current
e radiation e conduction

22315 Thermal Properties

=+ Some materials conduct heat well, while other

materials do not.

‘ To change the temperature of different objects by
' the same amount, different amounts of thermal energy

| are required.
|

. As the thermal energy of matter increases, its
particles usually spread out, causing the substance

to expand.
e thermal expansion

Vocabulary

e conductor

e insulator e specific heat

148 Thermal Energy and Heat
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» | Thermal Energy and Heat

Temperature, Thermal
Energy, and Heat

1. What is the total energy of all the particles in
an object called?
a. chemical energy  b. thermal energy

C. potential energy  d. mechanical energy

2. The temperature scale used in most of the

world is the

3. Apply Concepts How does heat flow when
you place an ice cube in your hand?

Use the illustration to answer the questions below.

o& 30°C GE 30°c OH 60°C

|
'

o)

i

- a

100 g 200 g 200 g

i 1]

4. Interpret Data Compare the average motion
of the particles in the three containers. Explain
your answer.

5. Draw Conclusions Compare the total amount
of thermal energy in containers A and B.
Explain your answer.

Review and Assessment

The Transfer of Heat

6. What is the process by which heat transfers
from one particle of matter to another when
the particles collide?

a. conduction b. convection

C. expansion d. radiation

7. A convection current is

8. Classify Identify each example of heat transfer
as conduction, convection, or radiation:
opening the windows in a hot room; a lizard
basking in the sun; putting ice on a sprained
ankle.

9. Infer How can heat be transferred across
empty space? Explain your answer.

10. Make Judgments Suppose you try to heat
your home using a fireplace in one of the
rooms. Would a fan be helpful? Explain.

11, RUAELEINSE Explain why a school might

. ask teachers to keep the windows closed and

>
7

the shades down during a heat wave.
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Review and Assessment

=20 Thermal Properties - How does heat flow from

12. Suppose you want to know the amount of heat one ObjeCt to another?

e tedhs isothe temporforiok g of | T et oA e
copper by 10°C. What property of the copper
do you need to know?

a. the thermal energy of the copper
b. the temperature of the copper

¢. the specific heat of copper

d. the melting point of copper

13. Wool is a good insulator, which means

14. Apply Concepts When they are hung, tele-
phone lines are allowed to sag. Explain why.

17. Suppose you were out camping and the
weather turned cold. How would you keep
warm? Explain each action you would take. Tell
whether conduction, convection, or radiation
is involved with each heat transfer.

15. Interpret Diagrams Why are two panes of
glass used in the window shown below?
(Hint: Air is an insulator.)

16. math! Iron has a specific heat of 450 J/(kg-K).
Design a set of three iron cooking pots.
S " How much heat is required to increase the
temperature of each pot by 100 K?
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Standardized Test Prep

Multiple Choice

Circle the letter of the best answer.

1. The temperature of four pies is shown below.

Which statement is true?

A A and D have the same thermal energy.
B C and D have the same thermal energy.
C B has twice the thermal energy as C.
D D has twice the thermal energy as A.

2. What does a thermometer measure?

A temperature
B thermal energy
C heat

D specific heat

3. Which statement describes the direction of heat
flow?

A Heat flows between two objects at the
same temperature.

B Thermal energy can only be absorbed by
cool objects.

C Heat flows from a warmer object to a
cooler object.

D Heat flows from a cooler object to a warmer
object.

4. The specific heat of iron is 450 J/(kg-K). How
much thermal energy must be transferred to
15 kg of iron to raise its temperature by 4.0 K?

A 450

B 2,700 J
C 5,400J
D 27,000J

5. Which of the following can be classified as a
good conductor of thermal energy?
A air
B wood
C silver
D wool

Constructed Response

Use your knowledge of science to help you
answer Question 6. Write your answer on a
separate sheet of paper.

6. Using the principles of conduction, convection,
and radiation, explain how the water in the pot
gets hot.
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@rontiers of echnology

A Aerogel, the world's
least dense solid, is
nonflammable and
absorbs heat.

Thermal Energy and Heat

Close the Window!

Even when they are shut tight, windows
can let as much as half of a building’s
heat out. Scientists at the National
Aeronautics and Space Administration
(NASA) are working on a new material
that may make glass windows a thing of
the past.

Aerogel is a nearly transparent solid
made from silicon dioxide—the same
ingredient found in sand and glass.

Unlike glass, aerogel is 99.8 percent air.
This makes it the world’s least dense
solid. Yet it insulates 39 times better
than the best fiberglass insulation.

Aerogel absorbs infrared radiation,
stopping most forms of energy transfer,
including heat. This should make it

an amazing material for windows!
Unfortunately, tiny pores scatter some
of the visible light, which gives aerogel
a blue haze.

NASA is researching ways to make
aerogel truly transparent. That could
prove to be the future of windows!

(WHESABGERIE Write an advertisement

for aerogel windows or insulation. Be
creative! Promote the idea that the
government would give homeowners
a rebate for installing a cutting-edge
energy solution.




Problem

metal roof
expansion/contraction

stress
cracking
stress cracking—

Solution

expansion/ expansion/
contraction contraction no
-~ = > «—— - sforce

expansion joint

- When a metal roof expands from the sun’s
heat, the expanding metal pushes against the
concrete wall. An expansion joint adds space
for the metal to expand. :

Make Way for Heat

Design It Do some research about
thermal expansion and expansion
joints. Make sketches of your own
design for a building or bridge. Your
design should use expansion joints to
account for thermal expansion.

o

% < Even concrete cracks

= w under pressure from

thermal expansion.




How does an electric
circuit work?

Lightning strikes Earth more than

100 times every second. Buildings can be

protected from lightning strikes with tall PGS 3 Watch the
metal poles called lightning rods. When Untarmed Scianice video ia lsarn
lightning strikes, it is more likely to hit more about electricity.

the rod than the building. A lightning

strike can flow through the rod and into

metal wires that are connected to the

ground. This prevents the building from being

damaged and anyone inside from being injured.

‘Communicate How is a lightning bolt like the electricity that

runs through power lines? Discuss this with a partner.
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CHAPTER

7)) Getting Started 0

Check Your Understanding

1. Background Read the paragraph below and then answer
the question.

orce is a push or pull

exerted on an object.

When you lift up a basketball, you apply a force to it.

energy you use to lift it gets transferred to the ball Energy is the ability to do
as gravitational jpotential energy. The higher you lift work or cause change.
the ball, the more energy you use and the more Potential energy, is the

stored energy that results
from the position or shape of
an object.

gravitational potential energy the ball gains.

e What happens to the ball's gravitational potential energy if
it is dropped?

If you had trouble completing the question above, visit
My Reading Web and type in Electricity.

Vocabulary Skill

Latin Word Origins Many science words in English come from Latin. For
example, the word solar, which means “of the sun,” comes from the Latin
sol, which means "“sun.”

Latin Word Meaning of Latin Word Example

circuitus going around circuit, n. a complete, unbroken path

currere to run current, n. a continuous flow

insula island insulator, n. a material through which
charges cannot flow

2.Quick Check Choose the word that best completes the sentence. \-)

* An electric is formed by the movement
of electric charges from one place to another.
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electric circuit

i

Resistance =

Voltage

Current

~

Chapter Preview

LESSON 1

* electric force

« electric field

« static electricity

* conservation of charge
* friction

» conduction

 induction

“ polarization

* static discharge

@ Relate Cause and Effect
4\ Draw Conclusions

LESSON 2

° electric current
* electric circuit
« conductor

* insulator

* voltage

° resistance

@ Ask Questions
4\ Classify

LESSON 3
* Ohm's law
° series circuit
* parallel circuit

<@ Compare and Contrast
4\ Make Models

LESSON 4

° power

* short circuit

* third prong

* grounded

* fuse

* circuit breaker

@ Summarize
4\ Calculate

AT CRITSIRILUS For extra help
with vocabulary, visit Vocab Flash
Cards and type in Electricity.
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S

¥ Static Electricity

ORLOC,
AT How Do Charges Interact?

i Electric Charge and

How Does Charge Build Up?

pLaneT DiaRy MISCONCEPTIONS

Force Fields

Misconception: Force fields exist only in
science fiction stories.

Answer the questions below. f'

1. A gravitational field keeps you on Earth. '
What other uses might force fields have? | |

Fact: Force fields are an important part of your |

everyday life. _ |

You're actually sitting in a force field right now!
A force field exists around any object that 2. Describe how a different science fiction |
repels or attracts other objects. A giant invention could be rooted in real scienc .'

gravitational force field surrounds Earth. - f

This field keeps you from floating off into =
space. Earth’s magnetic field makes compass e |
needles point north. You make your own
force field every time you get shocked when PZLLUERDLAT Go to Planet Diary to learn
you reach forlﬁporm! ; more about force fields.

®

Lab Do the Inquiry Warm-Up
zone Can You Move a Can

Without Touching It?




N

| Electric Charges and Fields

Vocabulary Skills

* electric force « electric field ¢ static electricity @ Reading: Relate Cause and Effect
* conservation of charge ¢ friction ¢ conduction

£\ Inquiry: Draw Conclusions
* induction © polarization © static discharge

How Do Charges Interact?

You're already late for school and one of your socks is missing! You
finally find it sticking to the back of your blanket. How did that
happen? The explanation has to do with electric charges.

Types of Cha rge Atoms contain charged particles called
electrons and protons. If two electrons come close together, they
push each other apart. In other words, they repel each other. Two
protons behave the same way. If a proton and an electron come
close together, they attract one another. Protons attract electrons
because the two have opposite electric charges. The charge on a
proton is positive (+). The charge on an electron is negative (-).

The two types of electric charges interact in specific ways, as
you see in Figure 1. Charges that are the same repel each
other. Charges that are different attract each other. The
interaction between electric charges is called electricity. The force
between charged objects is called electric force.

FIBRIREFT  <o'ue drslmeresemaieme S5 B S e TR s BRI i i i
Repel or Attract?

%‘ -;'ﬁraw Conclusions On each sphere, write if it has a positive (+)
or a negative (-) charge. Compare your answers with a group. Can
you tell for sure which spheres are positively charged and which are
negatively charged? What conclusions can you draw?




FIGUIRE £ - somasnsmemnsmindis »isiashs e Sanss
Electric Fields

Field lines show the direction

of the force acting on a positive
charge.

@, Answer the questions.

1. Identify Identify which
charge is positive and which
charge is negative.

2. Interpret Diagrams The
boxes on the electric field
are the same size. How many
field lines are inside the
white box?

3. Interpret Diagrams The
blue box is closer to the
charges. How many field
lines are in this box?

4. MBraw Conclusions What is
the relationship between the
number of field lines in an
area and the strength of the
electric force?

'Electric Fields You may have heard of a gravitational field,

which is the space around an object (such as a planet) where the
object’s gravitational force is exerted. Similarly, an electric field
extends around a charged object. An electric field is a region
around a charged object where the object’s electric force is exerted
on other charged objects. Electric fields and forces get weaker the
farther away they are from the charge.

An electric field is invisible. You can use field lines to represent
it, as shown in Figure 2. A field line shows the force that would be
exerted on a positive charge at any point along that line. Positive
charges are repelled by positive charges and attracted to negative
charges, so field lines point away from positive charges and toward
negative charges. Single charges have straight field lines, since a
positive charge will be repelled away from or attracted to it in a
straight line. When multiple charges are present, each charge exerts
a force. These forces combine to make more complicated field lines.

. La ® Do the Quick Lab
Drawing Conclusions.

O I get it! Now | know that the way electric charges interact depends on

O I need extra help with

Go tomy science @R COACH online for help with this subject.
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How Does Charge Build Up?

Most objects have no overall charge. An atom usually has as many
electrons as it has protons, so each positive charge is balanced by a
negative charge. This leaves the atom uncharged, or neutral.

An uncharged object can become charged by gaining or losing
electrons. If an object loses electrons, it is left with more protons

FIGURE 3 +reercrrencrencennennsennencensenneens
Charge Buildup

than electrons. It has an overall positive charge. If an object gains : .
"y . h Rubbing two objects together
electrons, it will have an overall negative charge. The buildup of . W
o - = i g can produce static electricity.
charges on an object is called static electricity. In static electricity, 4 Interpret Photos Circle the
charges build up on an object, but they do not flow continuously. phrases that best complete the

statements. Follow the direc-
tions to draw how the charges
are arranged in each photo.

= @ The balloon is (positively/

= negatively/not) charged. The
balloon (attracts/repels/neither
attracts nor repels) the girl’s hair.

-

@ Rubbing the balloon allows
more electrons to move onto
the balloon. The balloon is now
(positively/negatively) charged.
Draw what the charges on the
balloon look like now.

€ The (positive/negative) charges in the girl's
hair are now attracted to the negative charges
on the balloon. Draw how the charges on the

balloon are arranged now.
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Charging Objects Charges are neither
created nor destroyed. This is a rule known as
the law of conservation of charge. An object “
can’t become charged by destroying or creating
its own electrons. If one object loses electrons,
another object must pick them up. There
are four methods by which charges can
redistribute themselves to build up static
electricity: by friction, by conduction, by
induction, and by polarization.

Charging by Friction

When two uncharged objects are rubbed together,
some electrons from one object can move onto the
other object. The object that gains electrons becomes
negatively charged. The object that loses electrons
becomes positively charged. Charging by friction is
the transfer of electrons from one uncharged object to
another by rubbing the objects together.

Charging by Conduction

When a charged object touches another object,
electrons can be transferred. Charging by conduction is
the transfer of electrons from one object to another by S s
direct contact. Electrons transfer from the object that e
has more negative charge to the object that has more
positive charge. A positively charged object, like the
| metal ball, gains electrons when an uncharged person S
~ | touches it. The girl starts out neutral, but electrons move | = ™. Ofb}
from her hair, through her arm, to the ball. This leaves her | SRR /i
hair positively charged, and the strands repel each other. | -
S v

= R = i TSR = = T R |
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Charging by Induction and by Polarization

Electrons can react to the electric field of a charged object
without touching the object itself. In some materials, like

metals, electrons can easily leave their atoms. When a metal
object is close to a negatively charged object, electrons are
repelled by the field and move away from it. The close end of the
metal object becomes positively charged, and the far end becomes
negatively charged. The opposite happens if the other object is
positively charged. This process is called induction.

In other materials, like the bits of paper in this photo, electrons
move only within their own atoms. The electrons react to electric
fields, resulting in individual atoms having charged ends that are
attracted to charged objects. This is called polarization. Charges
don’t transfer between objects in polarization or induction, so
neither method changes the overall charge of objects. Parts of

G objects end up charged in opposite ways.

FIGURE 4. -ssssssanmmunsssssssamsmiissnsses grmusvuproneess RN ORI 1L oo
[ABGmeL Moving Electrons
Explain In each image at the left, draw how the
charges are arranged in each step. Use arrows to show
movement.

o When the girl’s sock rubs the carpet, electrons move
from the carpet onto her sock. This causes an overall
negative charge on the sock. What method of charge
redistribution is this? Explain.

o Charges move from the girl’s foot to the rest of her body.
What method of charge redistribution is this? Explain.

o The electrons in the girl’s fingertip produce an electric
field that repels the electrons on the doorknob. The
electrons on the doorknob move away from the finger. One
end of the doorknob becomes positively charged. What
method of charge redistribution is this? Explain.
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did you ? Static Discharge If your hair becomes charged and sticks
kHOW. __________________________ up after you remove a sweater, it doesn't stay that way forever.
Positively charged objects gradually gain electrons from the air.
Negatively charged objects gradually lose electrons to the air. The
objects eventually become neutral again. The loss of static elec-
tricity as electric charges transfer from one object to another is
called static discharge.

Static discharge often produces a spark. Moving electrons can
heat the air around their path until it glows. The glowing air is the
spark you see. The tiny spark you may have felt or seen when near a
doorknob is an example of static discharge. Sparks from discharge
happen more frequently during winter. This is because objects hold
on to charge better in dry air. In humid weather, water collects on
the surfaces of objects. The water picks up charge from the objects,
so they don't stay charged as long as they would in dry weather.

Machines called Van de Graaff
generators can create lightning
bolts indoors!

apply;:

“Draw Conclusions Anyone who works with computers has
to be aware of static discharge. Even small discharges can
damage electrical equipment.

@ What activities should you avoid to
prevent static discharge while working
on a computer?

@ What should the conditions
of the room you are in be like?
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Lightning bolts are an example of static discharge. During
thunderstorms, air swirls violently. Water droplets withinthe %
clouds become charged. Electrons move from areas of negative
charge to areas of positive charge, producing an intense spark.

‘@ Relate Cause and Effect
Pick one example of cause and

That spark is lightning. effect in this section. Underline
Some lightning reaches Earth. Negative charges at the bottoms the cause, and then circle the
of storm clouds create an electric field. This causes Earth’s surface effect that results.

to become positively charged through induction. Electrons jump
between the clouds and Earth’s surface, producing a giant spark of
lightning as they travel through the air.

FIGURE 5 o eaeeais s s et scee s imeiassssss s soimens s sousssmaswaas

Static Discharge
Lightning is just a much bigger version of the
sparks you feel when you shock yourself on

a doorknob. ;

{ ® :
&x Relate Text and Visuals In the white circles, 7‘ Lab ?0 ﬂl’(e SUICFkI Lab
draw how positive and negative charges are 2 LI o R

arranged during a lightning strike.

Assess Your Understanding

1a. Describe What happens to an object’s
atoms when the object becomes positively
charged?

b. ICHALLENGE Explain how you could use
a piece of silk and a glass rod to attract a
stream of tap water.

O I get it! Now | know that the four methods
of building up static electricity are

O | need extra help with

Go to MY science @A COACH online for help
with this subject.

165




Be a Superconductor—of Science!
John Vander Sande wants your city to run more

Electric Current

How Is Electric Current Made?
How Do Conductors Differ From Insulators?

What Affects Current Flow?

Answer the question below.

efficiently. A company he cofounded is working Describe an instance in your

to

166 Electricity

replace old power lines with materials that let life when hearing something by
electric current flow more efficiently. These chance led to a new opportunity.
materials are called superconductors.
Superconductors are often found in lab
equipment, as shown at the left, but —_——
companies like Vander Sande’s are finding -
other uses for them. Vander Sande
didn’t start his career working with
power lines. He began his work in -
materials science as a professor
at the Massachusetts Institute
of Technology (MIT). He got into STTTGEENT2 Go to Planet
superconducting by chance after Diary to learn more about
hearing about discoveries at a superconductors.
lecture by one of his colleagues. He
encourages everyone to stay open to
opportunities in science, because they

. ® |
can pop up anywhere at any time. Lab Do the Inquiry Warm-Up
zone How Can Current Be

- Measured?

How Is Electric Current Made?

Dozens of sushi dishes ride along a conveyor belt in Figure 1. The
conveyer belt carries full dishes past customers and carries empty
plates back to the kitchen. You might be wondering what a
conveyer belt of rice, vegetables, and fish could possibly have

to do with electricity. Like the sushi plates, electric charges can

be made to move in a confined path.



| Electric Current

Vocabulary Skills
* electric current © electric circuit @ Reading: Ask Questions

* conductor ¢ insulator 4\ Inquiry: Classify
* voltage ° resistance

Flow of Electric Charges Lightning releases a large
amount of electrical energy. However, the electric charge from
lightning doesn’t last long enough to power your radio or your TV.
These devices need electric charges that flow continuously. They
require electric current.

Recall that static electric charges do not flow continuously.
When electric charges are made to flow through a material,
they produce an electric current. Electric current is the
continuous flow of electric charges through a material. The amount
of charge that passes through a wire in a given period of time is
the rate of electric current. The unit for the rate of current is the
ampere, named for André Marie Ampeére, an early investigator of
electricity. The name of the unit is often shortened to amp or A.
The number of amps describes the amount of charge flowing past a
given point each second.

FIGURE 1 -eereeeerrennneecosnunsnneereennnes

Electric Current

The conveyor belt represents a
current. If it represented a greater current,
more plates would pass by you in the
same amount of time. One way for this to
occur would be for the belt to go faster.

@, Make Models Suppose the belt
couldn’t go faster. Draw a different way
a greater current could be represented.
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Circuits

Just like charges in a wire,
people can move around in
circuits. One possible jogging
circuit is outlined in this photo.
@, Interpret Photos Trace

another possible circuit. What
could break this circuit?

1a. Review What is the unit of current?

b. Predict What could break the circuit between
your home and an electric power plant?

168 Electricity

Assess Your Understanding : gotit?

Current in a Circuit The electric currents that power your
computer and music player need very specific paths to work. In
order to maintain an electric current, charges must be able to flow
continuously in a loop. A complete, unbroken path that charges can
flow through is called an electric circuit.

Someone jogging along the roads in Figure 2 is moving like a
charge in an electric circuit. If the road forms a complete loop, the
jogger can move in a continuous path. However, the jogger cannot
continue if any section of the road is closed. Similarly, if an electric
circuit is complete, charges can flow continuously. If an electric
circuit is broken, charges will not flow.

Electric circuits are all around you. All electrical devices, from
toasters to televisions, contain electric circuits.

- .
® Do the Quick Lab

O I get it! Now | know that electric current is

made of

O lneedextrahelpwith

Go to MY science @ COACH online for help with
this subject.
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How Do Conductors Differ
From Insulators?

You can safely touch the rubber coating on an appliance cord. If
you touched the wire inside, youd get shocked. That’s because
charges can flow more easily through some materials than others.
A conductor is a material through which charge can flow easily.
Electrons can move freely, allowing conductors to be charged by
induction. Metals, such as copper, are good conductors. This is why

current-carrying wires are usually made out of metal.
Wires are surrounded by insulators. Insulators are materials, oy § """""""""
such as rubber, that do not allow charges to flow. However, @ Ask Questions Current,

conductors, and insulators all

electrons can move around within their own atoms, allowing : o i
show up in your daily life. Write

for polarization. They can also be stripped off when charging dowiria questisnabert wis-of

by friction. these topics that you would like
The difference between conductors and insulators comes from answered.

how strongly electrons are attached to atoms. The atoms in

conductors have loosely bound electrons that can move freely.

Electrons in insulators cannot move freely among atoms.

-apply: -

All objects are made up of conductors or insulators,
not just the ones you usually see in electronic devices.

@ Identify The gloves that electricians wear when
working on power lines should be made out of
(insulating/conducting) materials.

(2) éﬁ,;.lassify Circle the conductors in these
photos. Be careful—only parts of some items
are conductors!

® Do the Quick Lab |
Conductors and Insulators.

— \§ -

Assess Your Understanding
got.'s? ...............................................

L.
O I get it! Now | know that conductors and

insulators are different because of _

O I need extra help with

Go tomY science @ CoacH online for help
with this subject.
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What Affects Current Flow?

Suppose you are on a water slide at an amusement park. You climb
the steps, sit down, and whoosh! The water current carries you
down the slide. Electric charges flow in much the same way water
moves down the slide. Current flow is affected by the energy
of the charges and the properties of the objects that the charges
flow through.

( Electric Currents

Potential energy from an energ

Electric currents flow through wires like water through pipes.
Charges flow because of differences in electric potential energy.

verted into different forms of energy. If a circuit contains a light
bulb, its potential energy is converted into light and heat. The
charges flow back to the energy source and the process restarts.
% Slides convert gravitational potential energy into kinetic
energy. What do circuits convert electric potential energy into?

Water Currents

A completely horizontal water slide wouldn’t be much fun. A water slide
that was only a few centimeters tall wouldn’t be much better. Water slides
are exciting because of gravitational potential energy. (Remember that
gravitational potential energy is the energy an object has because of its
height above the ground.) As the water falls down the slide, its poten-

tial energy is converted into kinetic energy. The water speeds up, since
speed increases as kinetic energy increases. The higher the slide, the
more potential energy the water starts with and the faster it will end up
moving. At the bottom of the slide, the water has no potential energy.

It has all been converted to kinetic energy. The water gains potential
energy as it is pumped back to the top, starting the ride again.

@, How could the current through a water slide be interrupted?

y source (like a battery) gets con-

e o —

FIGURE 3
Currents
Water currents have many things
in common with electric currents.
The table at the right summa-
rizes these similarities.

@, Make Models Complete
the table.
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Water Current

Electric Current

Current is made up of water charges
moving
Potential energy is heat, light

converted into

The energy source for the battery

circuit is a




S 2

6,“_,'""' 2| Current, Voltage, and Resistance | aR QL0 8]I00

Voltage

The V on a battery stands for volts, which is the unit of
voltage. Voltage is the difference in electric potential
energy per charge between two points in a circuit. (Electric
potential energy per charge is also called electric poten-
tial.) This energy difference causes charges to flow. Because
the voltage of a battery is related to energy per charge, it
doesn’t tell you how much total energy the battery sup-
plies. A car battery and eight watch batteries both supply
12 volts, but eight watch batteries can’t run a car. Each
charge has the same amount of energy, but the car battery
can provide that energy to many more charges. This results
in a higher total energy. You can compare voltage to gravi-
< tational potential energy per kilogram. Figure 4 shows the
s .-:.h:\,‘ | difference between total energy and energy per kilogram.

L RE AT odar e R U RN
Voltage

The total electric potential energy a charge has
depends on voltage, just as the gravitational
potential energy a person has depends on his

or her height above the ground. Total gravita-
tional potential energy is the energy per kilogram
times the number of kilograms, and total electric
potential energy is the energy per charge times
the number of charges.

Mass: 50 kg
Height: 20 m

Energy/kg: 200 J/kg
Total Energy:

Mass: 100 kg
Height: 10 m
Energy/kg: 100 J/kg
& Interpret Diagrams Answer the questions. Total Energy:

1.In the boxes, calculate the amount of gravi-
: tational potential energy each person has.

Mass: 50 kg

Height: 10 m
Energy/kg: 100 J/kg
Total Energy:

| 2. Which two people represent batteries with k
| the same voltage?

; 3.Draw boxes around the two people who
represent batteries that supply the same

total amount of energy.

X

4.Gravitational potential energy per
kilogram decreases as you go down
the slide. This is like decreasing
(voltage/total potential energy).



FIGURE 5 »ereeeemsesusnsmmsnsssasnsnsnsesenns Resistance The amount of current in a circuit depends on more

Dimensions and than voltage. Current also depends on the resistance of the
Resistance circuit. Resistance is the measure of how difficult it is for charges
The length and diameter ofa to flow through an object. The greater the resistance, the less cur-
straw determine how difficult it y ek Pl @ . ] o ;
; . 2 (B rent there is for a given voltage. The unit of measure of resistance is
is to drink through it. Similarly, .

the length and diameter of a the ohm (Q2).

wirc.shatEI R i i The four factors that determine the resistance of an object are
for charge to flow through it. diameter, length, material, and temperature. Objects with different
%‘ Interpret Photos Which of characteristics have different resistances. If more than one path
the straws in the photo would is available, more current will flow through the path that has the
be the hardest to drink with? lower resistance.

Explain. Is this straw like a wire
with high or low resistance?

/1
iRl

~
Diameter

Milk flows more easily through a wide
straw than it does through a narrow straw.
Current flows more easily through a wide
wire than through a narrow wire.

§ How does a wire's diameter affect its
electrical resistance? Explain.

Length

You may have noticed that it is easier to drink
milk through a short straw than through a long
straw. Similarly, short wires have less resistance
than long wires.

%\4 How does an object’s length affect its
electrical resistance?




FIGURE 16, e <o 0o S e eSS S EE s 5 S S e e i i il o

Materials and Resistance
When power lines fall down during storms, the workers

repairing them must be careful to avoid electric shocks.

%‘ Solve Problems What should workers wear while
doing the job? What should they avoid wearing?

Word Origins Resistance comes
from the word resist, which comes
from the Latin word resistere. What

do you think resistere means?
O to be opposed to

O to run

O to speed up

Material

Some materials have electrons that are tightly
held to their atoms. They have a high
resistance because it is difficult for charges to
move. Other materials have electrons that are
loosely held to their atoms. They have a low
resistance because charges can move through
them easily.

N Do conductors or insulators have a lower
resistance? Explain.

Temperature

The electrical resistance of most materials
increases as temperature increases. As the
temperature of most materials decreases,

resistance decreases as well.

& Why would it be useful to keep power

lines cool in the summer?

T

Nudae

Potential Difference.
2 ZOl‘le\
& T\

. J ® Do the Quick Lab Modeling

Assess Your Understanding

2a. List List the four factors that determine the

resistance of an object.

|
—

b. lCHALLENEE Battery A supplies 500

charges. Each charge has 2 J of energy.

Battery B supplies 50 charges, each of
which has 4 J of energy. Which battery

supplies more total energy? Which has a

higher voltage?

O I get it! Now | know that current is affected

by

O | need extra help with

Go tomy science @ COACH online for help

with this subject.
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What Did Ohm Discover?

What Is a Circuit Made Of?

2 Lights Out

One winter night, a string of bright lights
adorning a store window catches your eye. As
you look, one bulb suddenly goes out, yet the
others stay on! How can that be?

Normally, when a light bulb burns out, it breaks
the flow of current through a circuit. But many
holiday lights are on circuits that provide more
than one possible path for the electric current
to follow. This type of circuit provides a path for
the current to flow even if one component goes
bad. So if one light bulb burns out, the rest of
the lights remain lit. ik

Communicate Discyss these questions

with a partner and
then answ
ol er them

1. What other devices have you used

that can keep working even if one
part stops working?

2. When could it be useful to have a

device turn off completely if one
part breaks?

PTNERTLR Go to Planet Diary to

learn more about circuits.

® Do the Inquiry Warm-Up
Do the Lights Keep Shining?




T

ontine S

Vocabulary

Ohm's law
' series circuit
« parallel circuit

> Ohm's Law

Skills

@ Reading: Compare and Contrast

A\ Inquiry: Make Models

What Did Ohm Discover?

In the 1800s, Georg Ohm performed many experiments on
electrical resistance. Ohm found that the current, voltage,
and resistance in a circuit are always related in the same way.

Ohm's Observations Ohm set up a circuit with a voltage
between two points on a conductor. He measured the resistance
of the conductor and the current between those points. Then he

changed the voltage and took new measurements.

Ohm found that if the factors that affect resistance are held
constant, the resistance of most conductors does not depend on
the voltage across them. Changing the voltage in a circuit changes
the current but does not change the resistance. Ohm concluded
that conductors and most other devices have a constant resistance
regardless of the applied voltage.

FIGURIE"L, mommemmmn oot S s SR e Sk e e oo sl it i st

EGIYEN Circuit Relationships

The work Ohm did on circuits in the 1800s still applies to
almost all electric circuits today. The mathematical relationship

he found between the components in a circuit holds true for
circuits in everyday devices such as cell phones.

@, Interpret Data Suppose you use various cell phone
parts to perform experiments similar to Ohm’s. You come
up with the following data table. Use the data to predict

the relationship that Ohm found.

6.0
6.0
6.0
4.2
4.2
42

2.0
125
1.0
2.0
0.7
1.4

3.0
4.0
6.0
2
6.0
3.0

= | > VIRTUAL LAB




Ohm’s Law Ohm created a law that describes how voltage,
current, and resistance are related. Ohm’s law says that resistance
in a circuit is equal to voltage divided by current. This relationship
can be represented by an equation.

Voltage

Resistance =
Current

The units are ohms (Q) = volts (V) + amps (A). One ohm is
equal to one volt per amp. You can rearrange Ohm’s law to solve for
voltage when you know current and resistance.

Voltage = Current x Resistance

You can use the formula to see how changes in resistance,
voltage, and current are related. For example, what happens to
current if voltage is doubled without changing the resistance? For a
constant resistance, if voltage is doubled, current doubles as well.

‘math!

@ Calculate A multimeter is a device that
can measure the current in a circuit. Use the
reading on the multimeter and the battery to
find the voltage and current in this circuit.
Calculate the resistance of the bulb.

@ Calculate Batteries gradually lose voltage. A
circuit contains 2 ohms of resistance and an old
9-volt battery. Four amps of current run through
the circuit. What is the actual voltage?

€) Predict Suppose you tripled the voltage in a
circuit but kept the resistance constant. The -
| current in the circuit would be (triple/the same
! as/a third of) the original current.

Multimeter

o
% - e Ay e i La ® Do the Quick Lab
"~ zone Ohm’s Law.

Assess Your Understanding

O I get it! Now | know that Ohm's Law

O I need extra help with
Go to MY science ﬁcoacn online for help with this subject.
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| Electric Circuits > INTERACTIVE ART | >
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What Is a Circuit Made Of?

Objects that use electricity contain circuits. All electric
circuits have these basic features: devices that run on electrical
energy, sources of electrical energy, and conducting wires.

« Batteries and power plants are examples of energy sources.
They supply the voltage that causes current to flow. When the
energy source is a battery, current flows from the positive end
to the negative end.

« Energy is always conserved in a circuit. Electrical energy doesn’t
get used up. It gets transformed into other forms of energy,
such as heat, light, mechanical, and sound energy. Appliances
such as toasters transform electrical energy. These devices resist
current, so they are represented in a circuit as resistors.

o Electric circuits are connected by conducting wires. The

conducting wires complete the path of the current. They allow FIGURE 2 weeeeressemnessnenneinenieniiane
charges to flow from the energy source to the device that runs Circuit Diagrams
on electric current and back to the energy source. A symbol in a circuit diagram
« A switch is often included to control the current. Opening a represents a part of the circuit.
switch breaks the circuit, which shuts off the device. “ 4Make Models Draw the
circuit diagram for a circuit with
All the parts of a circuit are shown in Figure 2. Each part in the two resistors, two batteries,
photograph is represented in the diagram by a simple symbol. and a switch.
F
il Wire
|
Energy
| source
{ Resistor %




_________________ & = Series Circuits If all the parts of an electric circuit are
connected one after another along one path, the circuit is called

@ Compare and Contrast On e T e e
a series circuit. A series circuit has only one path for the current

these two pages, underline

differences between series and to take.
parallel circuits. Below, list their A series circuit is very simple to design and build, but it has
similarities. some disadvantages. What happens if a light bulb in a series circuit

burns out? A burned-out bulb is a break in the circuit, and there is
no other path for the current to take. So if one light goes out, the
other lights go out as well.

Another disadvantage of a series circuit is that the light bulbs in
the circuit become dimmer as more bulbs are added. Think about
what happens to the overall resistance of a series circuit as you add
more bulbs. The resistance increases. Remember that for a constant
voltage, if resistance increases, current decreases. If you add light
bulbs to a series circuit without changing the voltage, the current
decreases. The bulbs burn less brightly.

FIGURE 3 +eevveesseessreersreessuessuesssessnnesnsessseesnensens "
Series Circuits

The number of bulbs in a series circuit

affects each bulb’s brightness. Remember

that voltage = current X resistance.

% Answer the questions below.

1. Aake Models Draw the circuit diagram
for the circuit in the photo.

2. Relate Cause and Effect If the voltage
of the battery were doubled, what would
happen to the current through each of
the bulbs? How would this affect the
brightness of the bulbs?

3. Predict If the voltage of the battery
were doubled and three more bulbs

were added, what would happen to the

current and the brightness of the bulbs?
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Parallel Circuits Ina parallel circuit, different parts of the
circuit are on separate branches. There are several paths for current
to take. Each bulb is connected by a separate path from the battery
and back to the battery.

What happens if a light burns out in a parallel circuit? If there
is a break in one branch, charges can still move through the other
branches. So if one bulb goes out, the others remain lit. Switches
can be added to each branch to turn lights on and off without
affecting the other branches.

What happens to the resistance of a parallel circuit when you
add a branch? The overall resistance actually decreases. As new
branches are added to a parallel circuit, the electric current has
more paths to follow, so the overall resistance decreases. Remember
that for a given voltage, if resistance decreases, current increases.
The additional current travels along each new branch without
affecting the original branches. So as you add branches to a parallel
circuit, the brightness of the light bulbs does not change.

ETGURE %, Fsres o sBuuums b oae s e e e,

Parallel Circuits

A floor lamp with multiple bulbs
can be represented with the
same circuit diagram as the
circuit at the left. You can turn
each bulb on and off individually.

%\@ake Models On the

circuit diagram, draw where
the switches must be for a

lamp like this. If the lamp is
lit as it is in the photo below,
trace the path(s) in the circuit
through which current flows.



How does an electric circuit work?

FEGERECS vcpn har b et e T ks I LR e e T R
SRS Your home is full of electrical devices. When

you turn one device on or off, it does not affect other appliances.
D) This means that your honxlne contains a (series/parallel) circuit.

Since the devices in your home are part of complete circuits, each
device must have a wire‘running into it and one running out of it.

Mpuis)g 081

= & Mark each circuit element with its symbol (resistor, switch,
source). Draw in the appropriate connecting wires.

& ==

Key

Wires
—o \>— Switch

“/VV\*- Resistor

Energy source
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1.The kitchen lights are

L

wired in series.

How could you know this without

seeing the wiring?
=
—— -

2 @ALLENGE Are there any incomilete
circuits in the illustration? If so, where
are they? How do you know there is

g "
an incomplete circuit there?

I . -
[ ——

ERSETE=S

=7

AT SRS 1

RS —

B 250 A5
b XY

YR R R RN T
E NS T g

Assess Your Understanding

1a. Classify A (series/parallel) circuit has only
one path for current to flow through.

b. vo How does an electric circuit work?

T T T

l Lab@ Do the Lab
| & Investigation
. Zone

Build a Flashlight.

—_——

got;t?
O I get it! Now | know that electric circuits

must contain

O | need extra help with

Go tomy science @ COacCH online for help
with this subject.

ol
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LESSON

N Electric Power and Safety

How Do You Calculate Electric Power and Energy?

How Can Electric Shocks Be Prevented?

_ gnv)pLanerT DiaRY

i
Answer the question below,

What other electrical devices could be
made more efficient with LEDs?

" A Bright Idea

Forget about being in the spotlight—
with LED clothing you can be the spot-
light! LEDs, or light-emitting diodes,
are small light bulbs-What's special -
about LEDs is that they can be just
as bright as the regular bulbs in
your home while using much less
energy. Regular bulbs waste a lot
of electrical energy by converting
it into heat. A dress like this one
made out of regular bulbs would
be much too hot to wear! As
scientists work to make LEDs
cheaper, they could go from dresses in
fashion shows to lamps in your house.
This would lower your electric bill and
help the environment.

: L Go to Planet Diary to
learn more about LEDs.

Do the Inquiry Warm-Up
How Can You Make a
Bulb Burn More Brightly?

How Do You Calculate Electric
Power and Energy?

All electrical appliances transform electrical energy into other
forms. Hair dryers transform electrical energy into thermal energy
to dry your hair. An amplifier that a guitar player uses transforms
electrical energy into sound. A washing machine transforms
electrical energy into mechanical energy. The rate at which energy
is transformed from one form to another is known as power.

The unit of power is the watt (W).
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* Electric Power

“1> REAL-WORLD INQUIRY |

Skills

@ Reading: Summarize
4\ Inquiry: Calculate

Vocabulary

* power * short circuit
* third prong * grounded
* fuse ¢ circuit breaker

Power Ratings You are already familiar with different
amounts of electric power. The power rating of a bright light bulb,
for example, might be 100 W. The power rating of a dimmer bulb
might be 60 W. The brighter bulb transforms (or uses) electrical
energy at a faster rate than the dimmer bulb.

Calculating Power The power of a light bulb or
appliance depends on two factors: voltage and current.
Power is calculated by multiplying voltage by current.

Power = Voltage X Current

The units are watts (W) = volts (V) X amperes (A). The
equation can also be rearranged to let you solve for current if you
know power and voltage.

Power

Voltage

Current =

do the

math! s

@ Summarize Summarize what
you have learned from these two

pages.

Many appliances around your home are labeled

with their power ratings. In the United States, Current =
standard wall outlets supply 120 volts.

/Galculate Determine the current running

through each of these appliances. (The toaster 7.08 A=

has been done for you.)

W
T

l

[>T

i

Voltage

850w

Power

120V




Elect
There are devices that let you
measure the energy usage of
electronic devices.

&A Apply Concepts Pick an
appliance from the previous
page. Use the notebook to
answer the questions.

Paying for Electrical Energy The electric bill that
comes to your home charges for the month’s energy use, not power.
Power tells you how much energy an appliance uses in a certain
amount of time. The total amount of energy used is equal to
the power of the appliance multiplied by the amount of time the
appliance is used.

Energy = Power X Time

Electric power is usually measured in thousands of watts, or
kilowatts (kW). To go from watts to kilowatts, you divide by 1,000.
Time is measured in hours. A common unit of electrical energy is
the kilowatt-hour (kWh).

Kilowatt-hours = Kilowatts x Hours

A refrigerator averages a power of 0.075 kW (75 W). Knowing
that, you can calculate how much energy it will use in one month
(about 720 hours).

Energy = 0.075 kW X 720 hours

Energy = 54 kWh

A0 00000

1. What would the monitor display if the appliance you
picked was plugged in for three hours?

2. [c_'iﬁ_'iE_NEE Calculate the power rating for the appliance

that is plugged into the meter at the left. Assume that it
has been running for three hours.

La \® Do the Quick Lab

- - — — = zone Calculating Electric

Assess Your Understanding

1a. Review The power of an appliance can be got ?

found by multiplying

by O I get it! Now | know that electric power and

— energy depend on

|
|
| i

Power and Energy Use. |

b. Calculate How much energy does an 850 W

toaster consume if it is used for 1.5 hours over : O | need extra help with

the course of a month?
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Go to MY science @R COACH online for help with
this subject.
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Electric Safety

How Can Electric Shocks
Be Prevented?

A short circuit is a connection that allows current to take the path
of least resistance. Touching a frayed wire causes a short circuit,
since current can flow through the person rather than through the
wire. Since the new path has less resistance, the current can be very
high. Many bodily functions, such as heartbeat, breathing, and
muscle movement, are controlled by electrical signals. Because of
this, electric shocks can be fatal.

Shocks can be prevented with devices that redirect
current or break circuits. Ground wires connect the circuits in
a building directly to Earth, giving charges an alternate path in
the event of a short circuit. The third prong you may have seen
on electrical plugs connects the metal parts of appliances to the
building’s ground wire. Any circuit connected to Earth in this way
is grounded.

The circuits in your home also contain devices that prevent
circuits from overheating, since overheated circuits can result in
fires. Fuses are devices that melt if they get too hot. This breaks
the circuit. Circuit breakers are switches that will bend away from
circuits as they heat up. Unlike fuses, which break when they are
triggered, circuit breakers can be reset.

FIGURE'2! jotessvnssisissanswests drwe 3 537 sawas 5u s T e o aamisss b soasFas s

Fuses

Fuses are often found in appliances such as coffee
makers. A fuse will melt and break, cutting off the
circuit, before the appliance can get so hot that it
catches fire.

%1 Infer What other electronic devices may

. ” . p :
contain fuses? Explain your reasoning. | La O s Mhenmid e

Electric Shock and
Short Circuit Safety.

— — - zone

S et Assess Your Understanding

| Ol getit! Now | know that electric safety

devices

O I need extra help with

Go tomY science @A COACH online for help
with this subject.
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CHAPTER

3 Study Guide

eVIE

The basic features of an electric circuit are

ZH0V" Electric Charge and Static Electricity

Charges that are the same repel each other. Charges that
are different attract each other.

There are four methods by which charges can redistribute
themselves to build up static electricity: by friction, by
conduction, by induction, and by polarization.

Vocabulary

e electric force e electric field

e static electricity ® conservation of charge

e friction e conduction

e induction e polarization e static discharge

2311~ Electric Current

When electric charges are made to flow through
a material, they produce an electric current.

I

The atoms in conductors have loosely bound electrons 7 k
that can move freely. Electrons in insulators cannot move i

N
freely among atoms. w

Current flow is affected by the energy of the charges and
the properties of the objects that the charges flow through.

o

A8

Vocabulary
e electric current e electric circuit
e conductor e insulator e voltage e resistance

#3015 Electric Circuits #5004 Electric Power and Safety

Ohm found that the current, voltage, and {4 Power is calculated by multiplying voltage

resistance in a circuit are always related in the
same way.

All electric circuits have the same basic
features: devices that are run by electrical
energy, sources of electrical energy, and
conducting wires.

Vocabulary

* Ohm's law e series circuit e parallel circuit

186 Electricity

by current.

The total amount of energy used is equal
to the power of the appliance multiplied by the
amount of time the appliance is used.

Shocks can be prevented with devices that
redirect current or break circuits.

Vocabulary

e power e short circuit e third prong
e grounded ¢ fuse e circuit breaker



myscience:
2 Vonunete

Review and Assessment

Electric Charge and Static

Electricity

1. What type of charge transfer occurs when two

objects are rubbed together?
a. friction b. induction

¢. conduction d. polarization

. The transfer of electrons from a cloud to the
ground during a lightning strike is an example

of

. Apply Concepts Draw the electric field for a
single positive charge. Be sure to show which
way the field lines point.

. Relate Cause and Effect Explain what
happens to the electrons in a metal object
when it is held near a negatively charged
object. What happens to the overall charge
of the metal object?

12400~ Electric Current

6. Which of these objects is an insulator?

b. copper coin
d. steel fork

a. goldring
. glassrod

7. An electric current is

8. Classify The appliances in your home can be

made of several different materials. What kinds
of materials are the wires made of? What kinds
of materials surround the wire for safety?

9. Infer Copper wires carry electric current from

power plants to users. How is the resistance of
these power lines likely to vary during the year
in an area that has very hot summers? Explain.

5. LRI S A park needs a sign to tell

visitors what to do during a thunderstorm.
Write a paragraph that explains why
standing under a tall tree during a
thunderstorm is dangerous.

10. Make Models Water will not flow down a flat

slide because there is no potential energy
difference between the two ends. How could
this situation be represented in an electric
circuit? Explain your reasoning.

187




CHAPTER

¥ Review and Assessment

L2500 Electric Circuits

11. Lisa built an electric circuit. When she added a

second light bulb, the first bulb became

dimmer. What type of circuit did Lisa build?
a. series b. parallel

€. open d. short

12. According to Ohm'’s law, the resistance in a

circuit can be determined by

Use the diagram below to answer Questions
13 and 14.

sl

)

13. Predict Will any of the bulbs light if you open

the switch? Explain.

14. Control Variables Which bulbs would con-

tinue to shine if Bulb 1 broke? Which would
shine if Bulb 2 broke instead? Explain.

15. math! Most homes contain 120-V outlets.

Suppose you have lamps with resistances of
120 Q, 144 Q, and 240 Q. Predict which one
will draw the most current. Check your pre-
diction by calculating the current that runs
through each lamp.

188 Electricity

201~ Electric Power and Safety

16.

17.

18.

19.

What unit is used to measure electric power?
b. volt (V)
d. ohm (Q))

a. ampere (A)
c. watt (W)

An appliance’s total electrical energy

consumption is calculated by

Infer If you touch an electric wire and get a
shock, what can you infer about the resistance
of your body compared to the resistance of
the circuit?

Calculate A device draws 40 A of current and
has a 12-V battery. What is its power?

»?tr How does an electric circuit

20. Identify the parts that make up the circuit in

a laptop computer. Describe what happens
inside the circuit when the computer is on.




Standardized Test Prep

Multiple Choice

Circle the letter of the best answer.

4. How does a fuse prevent electrical fires?

A

by providing a path for excess charges to

Cost of Using Household Appliances

10 +

h)

Cost per Hour ($/
w

2R 3
Appliance

. Which of the following is a valid interpretation
of the graph?
A The voltage is highest in Appliance 1.
B Appliance 1 uses the most power.

C During one month, a family pays more to
run Appliance 1 than Appliance 2.

D Appliance 1 draws the least current.

. Your alarm clock has a voltage of 120 V and a
resistance of 1200 Q). What current does the
alarm clock draw?

A 010A
B 100A
C 120A
D 100 A

. You want to build a device that can conduct
current but will be safe if touched by a person.
Which of the following pairs of materials could
you use?

A glass to conduct and rubber to insulate

B copper to conduct and silver to insulate

C sand to conduct and plastic to insulate

D silver to conduct and plastic to insulate

get to the ground
B by melting if the current gets too high

C by reducing the voltage supplied to
electrical devices

D by storing potential energy for later use

5. What happens when an object is rubbed
against another object to charge by friction?

A Electrons are transferred from one object
to another.
B Electrons in one of the objects disappear.

C Electrons in one object suddenly become
negatively charged.

D Electrons are created by the friction
between the objects.

Constructed Response

Use your knowledge of science to help you
answer Question 6. Write your answer on a
separate sheet of paper.

—

6. A lightning bolt can have a voltage of over
100 million volts. Explain why lightning cannot
power your cell phone but a 6-volt battery
can. Then explain what would happen if a
100-million-volt battery was plugged into a
cell phone. Use Ohm's law in your answer.
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WITHOUT

TOUGHING
THE TRACK?

How are electricity and
magnetism related?

This type of train is called a magley, or
magnetic levitation train, and operates at
speeds of 430 km/h (about twice as fast PNEIESEEd Watch the
as a conventional train). It does not have brtamed-Sciencevideo to learn
a traditional engine, which means it does more about magnetism and

not give off any pollutants. Instead, the electromagnetism.

maglev train uses electricity in the track
to power magnets that propel the train
forward and levitation magnets to keep
the train floating about 10 mm above the track.

‘Draw Conclusions How can this train move without touching
the track?




Magnetism and
Electromagnetism |

W Magnetism & Electromagnetism TAl




Getting Started

Check Your Understanding

1. Background Read the paragraph below and then answer
the question.

While Chung works, his computer shuts down. Both the
street and his house are dark, so he knows there is no
electricity. A fallen tree has snapped an electric wire.
The wire was the conductor that brought him power.
Chung reaches for the light switch, but then remembers

that no electric current will flow when he turns it on.

* How can electricity be restored to Chung’s house?

If you had trouble completing the question above,
visit My Reading Web and type in Magnetism and Electromagnetism.

Vocabulary Skill

Use Context to Determine Meaning Science books often use unfamiliar
words. Look for context clues in surrounding words and phrases to figure
out the meaning of a new word. In the paragraph below, look for clues to
the meaning of magnetic force.

\.\

Electricity is a form of
energy sometimes created
by the movement of charged
particles.

A material through which
charges can easily flow is
a

Electric current is the
continuous flow of electric
charges through a material. )

The attraction or repulsion between
magnetic poles is magnetic force. A force

Example Magnetic force

is a push or pull that can cause an object
to change its motion. A magnetic force is
produced when magnetic poles interact.

Definition n. attraction or repulsion
between magnetic poles

Explanation Force is a push or pull.
Other Magnetic force is produced
Information when magnetic poles interact.

2. Quick Check In the paragraph above, circle the explanation
of the word force.
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~  Magnetism & Electromagnetism Tl » MY READING WEB | VOCAB FLASH CARDS

Chapter Preview

LESSON 1

° magnet
magnetism
magnetic pole

* magnetic force

@ Summarize

A\ Infer
_J  LESSON 2
N

* magnetic field

* magnetic field lines
° compass

° magnetic declination

%@ Identify the Main Idea
4\ Observe

k"

LESSON 3
* electromagnetism
* solenoid
* electromagnet

( ——— .
magnetic field lines ,

U e — J @ Relate Cause and Effect

\ . X

&\ Predict

LESSON 4

* galvanometer
* electric motor

|| n R R o
el LU =S

T

LESSON 5

* electromagnetic induction
, — * direct current
eleCtromagnet * alternating current

X L SRR * generator

* transformer

@ Ask Questions
4\ Make Models

with vocabulary, visit Vocab Flash
Cards and type in Magnetism and
Electromagnetism.
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What Is Magnetism?

DLANeT DidRy. FUN FACTS

Communicate Discuss the following

questions with a partner. Wri
- Write yo
answers below, i

Why do you think it js important
torelocate crocodiles?

i tried 1 OV | re eople. Bus

L was a problem. codiles use Earth’s mag ic field to T
~ help them naviga heneve ted a crocodile S am —— T T ECe T B U R
it eventually _'__xwriﬂu'}:f.u he way ba BT N s

L ~ Buttl ?:'J.;Tg.‘#_ biologists heard

- — e Ty M W7 o - L
NS (O [D EGL i‘.d’. J)net to each side of a crocodil ’s head betor
- ¥ A"_.,»"h t. Thev tho l - l"‘i'f‘ the mas Ir ste would —. r.
rel ating It. | Ne oug (Nat the m 1€1S 1a 11 = \\
Tz e RS g M T
-~ tere with the Ff. -f;tgﬂl-f' o use E x‘r'{ agnetic fiel —— e e

—_ B J £ g %
[? - .\‘.‘tO_ d 53'1'7‘4’4,‘ JEi[u]‘).., st
g S e | o i =
L T e = NS PLANET NTap
R | 'IEIBENTY Go to Planet Diary r
SUSEE R ETSRraa 5 to learn more about magnetism.

Do the Inquiry Warm-Up |
~ Natural Magnets.

of Magnets?

Imagine that you're in Shanghai, China, zooming along in a maglev
train propelled by magnets. Your 30-kilometer trip from the airport
to the city station takes less than eight minutes. The same trip in a

taxi would take about an hour.
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Vocabulary

magnet © magnetism @ Reading: Summarize
magnetic pole ¢ magnetic force 4\ Inquiry: Infer

When you think of
magnets, you might think about the
objects that hold notes to your refrigerator.
But magnets can be large, like the one in MostpeBple wolldi Bexe
Figure 1. They can be small like those on the powerful magnet used at a
your refrigerator, in your wallet, on your metal scrap yard to be able to
kitchen cabinets, or on security tags at a pick up wood.

store. A is any material that attracts 1 @, Explain Use what you
iron and materials that contain iron. ‘ know about magnets to explain
‘ why this scene is impossible.

EIGUIRERT ! w1 fuonssnasisenssniss MEmr it
What's Wrong With
This Picture?

Magnets
have many modern uses, but they are not :
new. The ancient Greeks discovered that ' o
a rock called magnetite attracted
materials containing iron. The
rocks also attracted or repelled

- other magnetic rocks. The
attraction or repulsion
of magnetic materials
FP 8 magnetism. ' e S e
Magnets have the same properties
as magnetite rocks. #= Magnets
attract iron and materials that contain
iron. Magnets attract or repel other magnets

@ Summarize Summarize the
properties of magnetite.

. - "ﬁ -
Do the Lab Investigation | 3

“Zone Detect:ng Fake Coins.

O I getit! Now | know that three properties of magnets are that magnets

O | need extra help with
Go to MY science &M COaCH online for help with this subject.
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FIGURE 2 +-+eeeeeeerennnnnnrnnnnnnnonaaenens
Attraction and Repulsion

These pairs of magnets show how magnetic

poles interact.

How Do Magnetic

Poles Interact?

Any magnet, no matter what its size

or shape, has two ends. Each one is called
a magnetic pole. The magnetic effect of a
magnet is strongest at the poles. The pole of a
magnet that points north is labeled the north pole.
The other pole is labeled the south pole. A magnet
always has both a north pole and a south pole.

Magnetic Interactions What happens if you bring
two magnets together? The answer depends on how you hold
the poles of the magnets. If you bring the north pole of one

magnet near the south pole of another, the two unlike
poles attract one another. However, if you bring two
north poles together, the like poles move away from
each other. Magnetic poles that are unlike
attract each other, and magnetic poles that
are alike repel each other. You can see
how bar magnets interact in Figure 2.

/ North pole

-

\ Relate Text and Visuals Draw and label
what happens when two south poles are near

each other.

L N

Unlike poles attract.

( Like poles repel.
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Magnetic Poles

The attraction or repulsion between
magnetic poles is A force is a push or a pull that
can cause an object to move. A magnetic force is produced when
magnetic poles come near each other and interact. Any material
that exerts a magnetic force is a magnet.

Train car

S

vy

,’t t 1 'PRepulsive
force
apply Train car ey
The maglev train you read about earlier depends on magnetic ‘ l . ‘
———————

force to float above the guideway, or track. The magnetic
force is produced by magnets in the bottom of the train and
in the guideway.

L =
i) bemm Magnets

@ -Ihfer For the train to float, which pole of the guideway's
| magnet should face the north pole of the train car's magnet? Guideway

(2] i CHALLENGE List some advantages of the fact that the train does
not touch the guideway.

Do the Quic

I l o k Lab
' L%bﬁ Magnetic Poles.
(= Assess Your Understanding

1a. Identify What areas of a magnet have b. Relate Cause and Effect How can two
the strongest magnetic effect? magnets demonstrate magnetic force?

O I get it! Now | know that magnetic poles that are unlike
and magnetic poles that are alike

O I need extra help with
Go toMY Science COQACH online for help with this subject.
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74 Magnetic Fields

WNEOCA
WE B/o
Shape?

©=2 What Is a Magnetic Field’s

What Is Earth’'s Magnetic

Field Like?

pLaneT DiarY

Cow Magnets

You probably know that cows eat grass.
Did you know that they also eat metal?
When cows graze, they may ingest metal objects
that contain iron such as nails, wires, and old cans.
If the metal is sharp, it could pierce the cow’s
stomach, causing infection, illness, or even death.

To ensure that their cows are safe, farmers have
their cows swallow a magnet. Once inside the
cow's stomach, the magnet attracts the iron in

the metal that the cow eats. This keeps the metal
from moving around and possibly puncturing other
organs. One magnet can

protect a cow for life.

—¥ >

200 Magnetism and Electromagnetism

FUN FACTS

Read the following questions. Write your
answers below.

5
1.Why is it dangerous for a cow to eat metal?

2. As a farmer, what else could you do tg keep
metal objects from harming the cows?

® Do the Inquiry Warm-Up
Predict the Field.




- Describing Magnetic Fields | > PLANET DIARY = > INTERACTIVE ART |

Vocabulary Skills

* magnetic field ¢ magnetic field lines @ Reading: Identify the Main Idea
° compass * magnetic declination 4\ Inquiry: Observe

What Is a Magnetic Field’'s Shape?

You know that a magnetic force is strongest at the poles of a
magnet. But magnetic force is not limited to the poles. It is exerted
all around a magnet. The area of magnetic force around a magnet
is known as its magnetic field. Because of magnetic fields, magnets
can interact without even touching.

Representing Magnetic Field Lines Figure1
shows the magnetic field of a bar magnet. The magnetic field lines
are shown in purple. Magnetic field lines are lines that map out

the invisible magnetic field around a magnet. Magnetic field
lines spread out from one pole, curve around the magnet, and
return to the other pole. The lines form complete loops from pole
to poleand never cross. Arrowheads indicate the direction of the
magnetic field lines. They always leave the north pole and enter the
south pole. The closer together the lines are, the stronger the field.

Magnetic field lines are closest together at the poles. \
/ — N

FIGUREM 5555t an nusionsn souiss sisssisss swwsnssssas aamassion s masme s34
Magnetic Field Lines

Magnetic fields are invisible, but you can
represent a field using magnetic field lines.

% Complete the tasks below.

1. Relate Text and Visuals In the boxes,
identify where the magnetic field is strong
and where it is weak.

2. ] CHALLENGE Forces that affect objects
without touching them are called field
forces. Is gravity a field force? Explain.

e
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() Single Magnetic Field () Combined Magnetic Field, North-North
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SETIETWI Magnetic Fields

Different magnetic pole arrangements will produce different
magnetic fields.

Make Models In the box below each diagram, draw
the corresponding magnetic field lines with arrowheads to
show direction.

A Single Magnetic Field Although you cannot see

a magnetic field, you can see its effects. Figure 2A shows iron
filings sprinkled on a sheet of clear plastic that covers one magnet.
The magnetic forces of the magnet act on the iron filings and align
them along the invisible magnetic field lines. The result is that the
iron filings form a pattern similar to magnetic field lines.

Combined Magnetic Fields when the magnetic

fields of two or more magnets overlap, the result is a combined
field. Figures 2B and 2C show the effects of magnetic force on iron
filings when the poles of two bar magnets are brought near each
other. Compare the pattern of a north-north pole arrangement and
a north-south pole arrangement. The fields from two like poles
repel each other. But the fields from unlike poles attract each other,
forming a strong field between the magnets.
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( Combined Magnetic Field, North-South

#,ﬁ',‘”

/"/ s

Assess Your Understanding

la. Define What is a magnetic field?

O I need extra help with

apply

When magnets come together,
you can feel magnetic forces.

€@ 4Observe You hold two
refrigerator magnets and push
them toward each other. What
will you observe that lets you
know that the fields of the
magnets are interacting?

@ Develop Hypotheses Why
might a magnet that sticks to
your refrigerator be unable to
pick up a faraway paper clip?

] AT
& -

i 4 —
‘ La ® Do the Quick Lab
_ Spinning in Circles.

___zo0ne,

b. Describe Describe the magnetic field
of a south-south pole arrangement.

Go tomy science @& C0acCH online for help with this subject.
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What Is Earth’s Magnetic
Field Like?

People have used compasses as tools for navigation for centuries.
A compass is a device that has a magnet on a needle that spins
freely. It is used for navigation because its needle usually points
north. But why does that happen? In the late 1500s an Englishman,
Sir William Gilbert, proved that a compass behaves as it does
because Earth acts as a giant magnet. Just like a bar magnet,
§_ Earth has a magnetic field around it and two magnetic poles.
"""""""" So, the poles of a magnetized compass needle align themselves
with Earth’s magnetic field. See Earth’s magnetic field in Figure 3.

<@ Identify the Main Idea
What is the main idea in

the Earth's Core section? Earth’s Core Earths core is a large sphere of metal that
occupies Earth’s center. The core is divided into two parts—the
outer core and the inner core. The outer core is made of hot
swirling liquid iron. The motion of this iron creates a magnetic
field similar to the magnetic field of a bar magnet.

Magnetic pole Geographic North Pole

EIGURESD e ismsnc e e o st s gt
Earth’s Magnetic Field
Magnetized compass needles usually
align with Earth’s magnetic field and
point north. This allows hikers and
travelers to orient their maps correctly.
®,, Explain Why might a compass
not work correctly when it is near

a strong magnet? did you
_ Know?.....

The magnetic pole in the
Northern Hemisphere is
actually a magnetic south pole!
Compasses point north because
the magnetic north pole of a
compass needle is attracted to
the magnetic south pole in the
Northern Hemisphere.

Geographic South’Pole Magnetic pole
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= D0 THE MATH

= | Earth's Magnetic Field

Earth’s Magnetic Poles You know that Earth Key = 1,20 57

has geographic poles. But Earth also has magnetic poles ® Magnetic Pole
g : | Locations
that are located on Earth’s surface where the magnetic force Predicted Magnetic
3 g g . : |  Pole Locations
is strongest. As you just saw in Figure 3, the magnetic poles
are not in the same place as the geographic poles. Suppose
you could draw a line between you and the geographic
North Pole. Then imagine a second line drawn between
you and the magnetic pole in the Northern Hemisphere.
The angle between these two lines is the angle between
geographic north and the north to which a compass needle
points. This angle is known as magnetic declination.

The magnetic declination of a location changes. Earth’s
magnetic poles do not stay in one place as the geographic
poles do.

‘math! |

The last expedition to directly observe the pole's
location was in May 2001. The map shows estimated
positions after 2001.

@ Calculate What is the total distance the Magnetic North'Fole Mavement _'

]

pole traveled from 1948 to 20017 Year of Distance Moved Since :

Reading  Previous Reading (km) LI

o 1948 420 :

1962 150 J

1972 120 *'

@ Interpret Data What was the average speed of the —_ s i

pole’s movement from 1948 to 2001? :
1994 180

2001 287

\ >
( ) T .
; Do the Quick Lab
1%&?& Earth’s Magnetic Field. |

Assess Your Understanding
got“_? .....................................................................................................................

O I get it! Now | know that Earth has a magnetic field

O | need extra help with
Go tomy science @& COaCH online for help with this subject.
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library card, work? The black stripe on the back answer below.
of the card is made up of tiny magnetic particles. List types of cards that —
Information can be recorded on the stripe. When a magnetic stripe.
card is swiped through a card-reading machine, the

Electromagnetic Force

How Are Electric Currents and
Magnetic Fields Related?

What Is a Magnetic Field Produced
by a Current Like?

What Are the Characteristics of
Solenoids and Electromagnets?

pLaneT DidRY

More Th:im Just .PlaS‘l.:IC _ C?t:\municate Discuss the question
How do plastic cards with stripes, such as your WIth a partner. Then write your

cardholder’s information is relayed from the card to
a computer or sent to a place for verification.

If the card is placed near magnetic material, the
arrangement of the magnetic particles on the stripe
can get rearranged. Once this happens, the card
becomes useless because it no longer holds the
cardholder’s information. If you are ever given

a credit card to use, make sure you keep it away

from magnets or else you may leave the store AN ,
empty-handed! A to learn more 3

Go to Planet Diary

bout electro 3
force. LI

Do the Inquiry Warm-Up
Electromagnetism.

La' Y

zone

‘and Electromagnetism



Vocabulary Skills
* electromagnetism * solenoid ‘@ Reading: Relate Cause and Effect
* electromagnet 4\ Inquiry: Predict

How Are Electric Currents
and Magnetic Fields Related?

You know that a magnet has a magnetic field. But did you know
that an electric current produces a magnetic field? In 1820, the
Danish scientist Hans Christian Oersted (UR sTED) accidentally
discovered this fact. He was teaching a class at the University of
Copenhagen. During his lecture he produced a current in a wire
just like the current in a battery-powered flashlight. When he
brought a compass near the wire, he observed that the compass
needle changed direction.

Oersted’'s Experiment Oersted could have assumed that
something was wrong with his equipment, but instead he decided
to investigate further. So he set up several compasses around
a wire. With no current in the wire, all of the compass
needles pointed north. When he produced a current

in the wire, he observed that the compass needles
pointed in different directions to form a circle.
Oersted concluded that the current had produced

a magnetic field around the wire. Oersted’s

results showed that magnetism and electricity

are related.

Cause Effect

There is no current in the wire.

@ Relate Cause and Effect
Use the information about
Oersted’s experiment to

The compass needles pointed in complete the chart.
different directions to form a circle.




Electric Current and Magnetism Oersteds
experiment showed that wherever there is electricity, there

is magnetism. An electric current produces a magnetic
field. This relationship between electricity and magnetism

is called electromagnetism. Although you cannot see
electromagnetism directly, you can see its effect. That is,
Moving Compass Needles a compass needle moves when it is in a magnetic field

These photographs show you prOduced by an eleCtriC current,
how an electric current produces as you can see in Figure 1. T
a magnetic field. g :

%‘ Interpret Photos In the
boxes, explain what
is happening to the
compass needles
when the current in
the wire is turned
on or off.

EIGUREXL co.sisesoinisoisis 56 Shis s i S50

( With current J

( B

[ Without current }

-

® Do the Quick Lab Electric )‘ =
Current and Magnetism.

e
__zone _
Assess Your Understanding )

1a. Explain What did Oersted conclude? b. @ Relate Cause and Effect How does a
current affect a compass?

O | get it! Now | know that an electric current produces a

O | need extra help with
Go to MY science &COE\CH online for help with this subject.
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Magnetic Field Characteristics

What Is a Magnetic Field
Produced by a Current Like?

The magnetic field produced by a current has a strength and
a direction. The field can be turned on or off, have its direction
reversed, or have its strength changed. To turn a magnetic field
produced by a current on or off, you turn the current on or off. To
change the direction of the magnetic field, you reverse the direction
of the current.

There are two ways to change the strength of a magnetic field.
First, you can increase the amount of current in the wire. Second,
you can make a loop or coil in the wire. The magnetic field around
the wire forms a circle. When you make a loop in a wire, the
magnetic field lines bunch close together inside the loop. This
strengthens the magnetic field. Every additional loop strengthens
the magnetic field even more. Figure 2 shows three different ways

to change the characteristics of a magnetic field. Q\L J

PIGLIRIE 12, o s s o e v S i S B
Change Magnetic Field Characteristics Q Q @ @
% Interpret Diagrams Write the ways used to / o
change the magnetic fields in diagrams A and B. In Wire Current
diagram C, draw a picture to show a third way to Wit

- change magnetic fields and describe it. m /&W /,(\) ﬂ N\
r ) I IV

&) J
@ VA f\ f"\

Bunched ——=—

@ . }_ o ;:'\eéignetlc OQ{D

- - B_a g Do the Quick Lab Magnet;c ‘
‘ Z0on

Fields From Electric Current.

O | get it! Now | know that the magnetic field produced by a current can be changed by

O | need extra help with
Go to MY science ‘COBCH online for help with this subject.
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What Are the Characteristics of
Solenoids and Electromagnets?

You know that you can strengthen the magnetic field around a wire
with a current by coiling the wire. Both solenoids and
electromagnets use electric current and coiled wires to produce
strong magnetic fields.

Solenoids By running current through a wire which is wound
into many loops, you strengthen the magnetic field in the center

of the coil as shown in Figure 3. A coil of wire with a current is
called a solenoid. The two ends of a solenoid act like the poles of
a magnet. However, the north and south poles change when the
direction of the current changes.

Electromagnets If you place a material with strong
magnetic properties inside a solenoid, the strength of the magnetic
field increases. This is because the material, called a ferromagnetic
material, becomes a magnet. A solenoid with a ferromagnetic core
is called an electromagnet. Both the current in the wire and the
magnetized core produce the magnetic field of an electromagnet.
Therefore, the overall magnetic field of an electromagnet is much
stronger than that of a solenoid. An electromagnet is turned on and
off by turning the current on and off.

FIGUREL D) somee s oeisaar dom e e foAE oo o8 s e e e oo S e e e e oessae T s s awisassses
SR TOBGPHGY A Solenoid and an Electromagnet
An electromagnet is a solenoid with a ferromagnetic core.

% Interpret Diagrams Explain how the diagram shows you
that the magnetic field of the electromagnet is stronger
than that of the solenoid on its own.

Solenoid Electromagnet
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»| Solenoids and Electromagnets | 3 REAL-WORLD INQUIRY [ => APPLY IT 1

onLine &

Regulating Strength You can increase the strength of an

electromagnet in four ways. First, you can increase the currentin =~ ---ooooeieionns § -----------------
the solenoid. Second, you can add more loops of wire to the Vocabulary Use Context to
solenoid. Third, you can wind the coils of the solenoid closer Determine Meaning

together. Finally, you can use a material that is more magnetic than Underline clues in the text that

help you determine the meaning

iron for the core. Alnico is such a material. _
of alnico.

Using Electromagnets Electromagnets are very common. They

are used in electric motors, earphones, and many other everyday

objects. Electromagnets are even used in junkyards -

to lift old cars and other heavy steel objects. ! 7 Electromagnet

-apply. e

An electromagnet makes a doorbell ring.

A pushed button closes the circuit and turns on
the electromagnet. Current flows through the
electromagnet, producing a strong magnetic field.

|
|
i

Energy
source

Button

@) Predict What effect will the magnetic field R ——
have on the steel bar? The clapper?

(2] I'CHAL‘LENGE What turns off the electromagnet?

La ® Do the Quick Lab
<" zone Flecromagnet. |
Assess Your Understanding :

2a. Define What is a solenoid? go‘t;’t?
O I get it! Now | know that both solenoids and

electromagnets

b. Apply Concepts What are four ways to make
an electromagnet stronger?

O | need extra help with

Go tomy science @ coacH online for help with
this subject.
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= Electricity, Magnetism,
/8 and Motion

How Is Electrical Energy Transformed
Into Mechanical Energy?

How Does a Galvanometer Work?

What Does an Electric Motor Do?

pLANeT DidRY

Miniature Motor — -

In 1960, scientist and California Institute of Technology Communicate Work with 4
(Caltech) professor Richard Feynman publicly offered partner to answer the question.
a prize of $1,000 to the first person to build an electric What might be some other uses
motor no larger than 0.3969 cubic millimeters. A Caltech of tiny motors?
graduate named William McLellan accepted the challenge.
He used a toothpick, microscope slides, fine hairs from
a paintbrush, and wires only 1/80th of a millimeter
wide to build the world’s smallest motor. McLellan
showed his tiny motor to Feynman and collected
the $1,000 prize. Scientists today have found
many uses for tiny motors in products such
as high-definition televisions, cars, and ink-
jet printers.

Planet Diary to Jearn more
about electric motors,

La ® Do the Inquiry Warm-Up How Are
! ZOllQ Electricity, Magnets, and Motion Related?

How Is Electrical Energy
Transformed Into
Mechanical Energy?

What do trains, fans, microwave ovens, and clocks have in
common? The answer is that these objects, along with many other
everyday objects, use electricity. In addition, all these objects
move or have moving parts. How does electricity produce motion?
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» Electrical to Mechanical Energy

Vocabulary Skills
* galvanometer * electric motor @ Reading: Sequence
A\ Inquiry: Graph

Energy and Motion As you know, magnetic force can FIGURE 1 -+sseeessensnssernasannsennesasarerone
produce motion. For example, magnets move together or apart Producing Motion
when they are close. You also know that an electric current in a A wire with a current can be
wire produces a magnetic field. So, a magnet can move a wire with moved by a magnet.
a current, just as it would move another magnet. The direction of %, Complete the tasks.
movement depends on the direction of the current. See Figure 1. 1. Identify What affects

The ability to move an object over a distance is called energy. the direction of the wire’s

; 3 . : . ?
The energy associated with electric currents is called electrical TSH SIS

energy. The energy an object has due to its movement or position is
called mechanical energy.

Energy Transformation Energy can be transformed 2. Classify In each box, write
from one form into another. When a wire with a current down the type of energy that
is placed in a magnetic field, electrical energy is transformed is being pointed out.

into mechanical energy. This transformation happens when the

magnetic field produced by the current causes the wire to move.

/

Wire moves down Wire moves up

akh® bo the Quick Lab

| Can a Magnet Move a Wire?
&izone °"° P9 :

O I getit! Now | know that when a wire with a current is placed in a magnetic field, electrical energy

O | need extra help with
Go to MY SC]E“CEQCOGCH online for help with this subject.
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How Does a Galvanometer Work?

You have learned that a straight wire with a current moves when
it is placed in a magnetic field. But what happens if you place a
loop of wire with a current in a magnetic field? Look at Figure 2.
The current in one side of the loop flows in the opposite direction
than the current in the other side of the loop. The direction of the
current determines the direction in which the wire moves. There-
fore, the sides of the loop move in opposite directions. Once each
................. § — side has moved as far up or down as it can go, it will stop moving.

® sequence In the second As a result, the loop can rotate only a half turn.

HETEREt am #ils Py Inside a Galvanometer The rotation of a wire loop in
underline and number the

steps that explain how a a magnetic field is the basis of a galvanometer. A galvanometer
galvanometer works. is a device that measures small currents. An electric current
turns the pointer of a galvanometer. In a galvanometer, an
electromagnet is suspended between opposite poles of two
permanent magnets. The electromagnet’s coil is

FIGURE 2 evevrreeereerereremseesssssssesessenesssassensssessssnsnsssraee attached to a pointer, as you can see in Figure 2.
How a Galvanometer Works When a current is in the electromagnet’s coil, it e
% Answer the questions about a galvanometer. produces a magnetic field. This field interacts
1. Predict What would happen if the current with the permanent magnetss field, causing “"‘.".'.
flowed in the opposite direction? - the coil and the pointer to rotate. The distance Warerstseendd
the loops and the pointer rotate depends on the
) amount of current in the wire. gt

2. Interpret Diagrams Where does the needle
point when there is no current?

n electromagnet turns
the pointer to indicate the
amount of current present.

Because the current on each side of the
wire loop flows in different directions,
one side of the loop moves down as the
other side moves up. This causes the
loop to rotate.

To energy
source
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Galvanometers

Uses of Galvanometers A galvanometer has a scale

that is marked to show how much the pointer turns for a known

current. You can use the galvanometer to measure an unknown D
current. Galvanometers are useful in everyday life. For example, =
electricians use them in their work. Some cars use them as fuel e
gauges. Galvanometers are also used in lie detectors to measure

how much current a person’s skin conducts. People who e ;
are stressed sweat more. Water conducts electricity. ’
Therefore, their moist skin conducts more
electric current.

i~ Z
s &
I [ l atl l ' | | ‘: \ >> ; R
This data from a galvanometer show the current Minutes olalsli2l16!20
conducted by a person’s skin. The current is ———
measured in microsiemens, a unit used to measure Microsiemens | 5 (7 |3 (1|8 |10}

small amounts of electricity.
to plot points on the graph. -

@ [CHALLENGE What would a point at (24, 12) tell 12
you about the person? 10

Current (Microsiemens)
N E=) o (o]

0 o ENeg . Th =20l T2
Time (Minutes)

Sua il | = i i La ® Do the Quick Lab
Zone How Galvanometers Work.

Assess Your Understanding o
1a. Review What does a galvanometer measure? ’
: Ol getit! Now | know that a galvanometer

works by using

b. Relate Cause and Effect What causes the :

pointer to move in a galvanometer? : O I need extra help with
; Go to MY science & COACH online for help with
. : this subject.
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What Does an Electric Motor Do?

Have you ever wondered how a remote-controlled car moves?

A remote-controlled car’s wheels are turned by a rod, or axle,
which is connected to an electric motor. An electric motor is a
device that uses an electric current to turn an axle. An electric
motor transforms electrical energy into mechanical energy.

Look at Figure 3 to read about the parts of a motor.

If current only flowed in one direction through the armature,
the armature could only rotate a half a turn. However, the brushes
and commutator enable the current in the armature to change
direction. Current always flows from the positive to the negative
terminal of a battery. The current in the armature is reversed each
time the commutator moves to a different brush. This causes the
side of the armature that just moved up to move down. The side
that just moved down will move up. The armature rotates
continuously. See Figure 4.

" &\ EIGURENS s ot momm et ms oeew e e seeississionisissinbiosissimnes

~_ Parts of a Motor

A simple electric motor contains four parts.

ﬂ% Observe Which part of an electric motor
must be attached directly to the energy source?

Permanent magnets
produce a magnetic
field. This causes the
armature to turn.

The commutator consists
of two semicircular pieces
of metal. It conducts
current from the brushes
to the armature.

Brushes conduct
current to the rest
of the commutator.
They do not move.

The armature

is a loop of wire
that current flows
through.
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FIGUIRE % v 5 saisiie o aite oo o5 e el Saewa e e Soiee s e s s A
How a Motor Works

The magnetic field around the armature interacts with the
field of the permanent magnet, allowing the armature to
turn continuously. The direction of the current determines
which way the armature turns.

@, Infer Based on the direction the armature is turning
in each diagram, draw arrows showing the direction of
the current.

The commutator rotates with the armature.
The direction of current reverses with each
half turn so the armature spins continuously.

The current is in opposite directions on each
side of the armature causing one side to
move up while the other side moves down.

.. 4 L I = I 1 l._a ® Do the Quick Lab Parts
- zone . of_arl Electric {Wotor.

Assess Your Understanding

2a. Define What is an electric motor? : gOt ?

O I get it Now | know that an electric motor

o | o - 2 - : transforms

wsasnans

b. Summarize What makes the armature

turn continuously? O I need extra help with _

Go tomY science @ coacH online for help with
this subject.
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[ESSON

s} Electricity From Magnetism

)

= How Can an Electric Current Be Produced
in a Conductor?

What Does a Transformer Do?

|/ MRITechnologist s
~ Does working in the medical field interest you? Are you good

at operating devices? Do you have a knack for soothing anxious
people? If you answered yes, you should think about becoming
an Magnetic Resonance Imaging (MRI) technologist.

When a patient is put into an MRI machine, radio waves and
magnetic fields are used to create images of the patient'’s
internal structures. The doctors use these detailed pictures
to determine what is wrong with the patient. The MRI
technologist’s responsibilities include operating the MR
machine, comforting nervous
patients, and maintaining
patient confidentiality.

You can become an

MRI technologist by
completing a bachelor’s
degree program, an
associate’s degree
program, or a certificate
program.

Read the following question.
Write your answer below.

i ight happen to
What do you think might happen
the MRI image if you wore metal jewelry
while in the MRI machine? Why?

i out
Gsa719@ Go to Planet Diary to learn more ab

electricity from magnetism.

S
: Lab® Do the Inquiry Warm-Up
: Electric Current Without a Battery.

zone

Magnetism and Electromagnetism




Vocabulary Skills

* electromagnetic induction © direct current @ Reading: Ask Questions
. alternating current © generator =« transformer Q Inquiry: Make Models

How Can an Electric Current
Be Produced in a Conductor?

An electric motor uses electrical energy to produce motion. Can
motion produce electrical energy? In 1831, scientists discovered
that moving a wire in a magnetic field can cause an electric
current. This current allows electrical energy to be supplied to
homes, schools, and businesses all over the world.
To understand how electrical energy is supplied by your
electric company, you need to know how current is produced.
A magnet can make, or induce, current in a conductor, such as
a wire, as long as there is motion. = An electric @ Ask Questions Read the
current is induced in a conductor when the paragraph. Then write two
conductor moves through a magnetic field. questions that you still have
Generating electric current from the motion about producing electric current.
of a conductor through a magnetic field is
called Current
that is generated in this way is called
induced current.




FIGUIRERL seiieic » ine o it St in o S o TS
Motion Produces a Current

Electric current is induced in a 1

wire whenever the magnetic
field around it is changing. The
field changes when either the
magnet or the wire moves.

% Complete the tasks.

1. Describe Under each
diagram, label the
direction of the current
using clockwise or
counterclockwise.

2. (EEAFILLENE;E Make a general

statement that relates the

motion of the circuit (up or \_( J_J

down) to the direction of
the current (clockwise or
counterclockwise).

220 Magnetism and Electromagnetism

Magnet moves up'l

Induction of Electric Current Michael Faraday and
Joseph Henry each found that motion in a magnetic field will
induce a current. Either the conductor can move through the
magnetic field, or the magnet can move. In Figure 1, a conductor,
the coil of wire, is connected to a galvanometer, forming a closed
circuit. If the coil and the magnet do not move, the galvanometer’s
pointer does not move. However, when either the wire coil or the
magnet moves, the galvanometer registers a current. Moving the
coil or the magnet induces the current without any voltage source.
The direction of an induced current depends on the direction
that the coil or magnet moves. When the motion is reversed,

the direction of the current also reverses.

Moving Coil

- Coil moves up 2 §

Coil moves down #

Galvanometer

4 Magnetic field

Moving Magnet

Magnetic field

| Magnet moves down & e

9



Alternating and Direct Current A
current with charges that flow in one direction is called
direct current, or DC. A battery produces direct current
when a battery is placed in a circuit and charges flow in
one direction. They move from one end of the battery,
around the circuit, and into the other end of the battery.
If a wire in a magnetic field changes direction
repeatedly, the induced current also keeps changing
direction. A constantly reversing current is called
alternating current, or AC. You could induce
alternating current by moving either the coil or the
magnet up and down repeatedly in the Figure 1 circuit.
Alternating current has a major advantage over
direct current. An AC voltage can be easily raised
or lowered. This means that a high voltage can be
used to send electrical energy over great distances.
Then the voltage can be reduced to a safer level for
everyday use. The electric current in the circuits in
homes, schools, and other buildings is alternating
current. Look at Figure 2 to learn about how
electricity has changed over time.

FIGURIE 127 rousos st s ssiosisssss s Ssais 530S R et oo b weoatis

The History of Electricity
The work of several scientists brought electricity from
the laboratory into everyday use.

% Draw Conclusions Why do you think we use alternating

current today?

Direct Current

Thomas Edison opens a generating
plant in New York City. It serves an
area of about 2.6 square kilometers.

1888
Alternating Current

Nikola Tesla receives patents
for a system of distributing
alternating current.

Today
Direct and Alternating Current

An electric car runs on direct current
from its battery. However, alternating
current is needed to charge the battery.

............

Assess Your Understanding

1a. Describe What is one way to induce
an electric current?

O I get it! Now | know that electric current is induced when

B—— n—
S Lab® Do the Quick Lab Inducing
" Zzone . an Electnc Current:

b. Classify Give an example of an electronic

appliance that runs on AC and one that runs
on DC.

O I need extra help with

Go tomY science @l C0aCH online for help with this subject.
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Generator Works

In a generator, an armature
rotates in a magnetic field to
induce a current.

‘% Describe Write what each

part of the generator does in
the boxes.

-~

Slip Ring

How Does a Generator Work?

An electric generator is a device that transforms mechanical
energy into electrical energy. A generator uses motion in
a magnetic field to produce current.

In Figure 3, you can see how an AC generator works. Turn
the crank, and the armature rotates in the magnetic field. As the
armature rotates, one side of it moves up as the other moves down.
This motion induces a current in the armature. Slip rings turn with
the armature. The turning slip rings allow current to flow into the
brushes. When the brushes are connected to a circuit, the generator
can be used as an energy source.

The electric company uses giant generators to produce most
of the electrical energy you use each day. Huge turbines turn
the armatures of the generators. Turbines are circular devices
with many blades. They spin when water, steam, or hot gas flows
through them. This turns the armatures, which generates electric
current.

-
Armature

_Asomagnetism

S

S




How are electricity and
magnetism related?

FIOLREN T S B L P e U
Wind-up cell phone chargers are small generators
that let you charge your cell phone anywhere.

9%3; Analyze Models and Systems Complete the
tasks below.

i you connect the output wires of the )
charger to a battery,
: ' g : will flow through the armature, producing
When | turn the crank of the wind-up cell 8 a . The
phone charger, or generator, | turn an permanent magnet in the charger will then
armature in a(n) " cause the armature to
This generates a(n) Draw what you will observe that lets you
in the wire, which powers the phone. know this is happening. )
v, \

5 T =i i [a ® Do the Quick Lab
‘] How Generators Work.

. zone rerators Work
Assess Your Understanding )
2R iew What Kreiisy e T Ve b. *Sarés How are electricity and magnetism
an electric current? y related?
" '
got_ B sty .5's's o 5. olo s oo I R atla s s o565 76 s T aln e s aisle s o Sy e ¥ e oissds o

O I get it! Now | know an electric current is induced when

O I need extra help with
Go to MY science aCOBCH online for help with this subject.
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What Does a Transformer Do?

The electrical energy generated by electric companies is transmitted
over long distances at very high voltages. However, in your home,
electrical energy is used at much lower voltages. Transformers
change the voltage so you can use electricity.

A transformer is a device that increases or decreases
voltage. A transformer consists of two separate coils of insulated
wire wrapped around an iron core. The primary coil is connected
to a circuit with a voltage source and alternating current. The
secondary coil is connected to a separate circuit that does not
contain a voltage source. The changing current in the primary coil
produces a changing magnetic field. This changing magnetic field
induces a current in the secondary coil.

The change in voltage from the primary coil to the secondary
coil depends on the number of loops in each coil. In step-up
transformers, as shown in Figure 5, the primary coil has fewer
loops than the secondary coil. Step-up transformers increase
voltage. In step-down transformers, the primary coil has more
loops. Voltage is reduced. The greater the difference between the
number of loops in the primary and secondary coils in a trans-
former, the more the voltage will change. The relationship is a ratio.

FIGURE 5§ «eeeerereeessarenereeserausenssnsanes
Transformers VOH:age primary - coils primary
A step-up transformer, like the voltage secondary ROUS secoiuiang

one shown below, is used to

help transmit electricity from 120 v — 20

generating plants. Step-down év

transformers are used in power In this transformer, the voltage in the primary coil is twenty
BTG SHUSONTE Sl EIECHORIS. times higher than the voltage in the secondary coil. This means
N £ifake Models Draw wire there are twenty times as many loops in the primary coil as there

loops to show both the primary
and secondary coils of this
step-down transformer.

are in the secondary coil. If the primary coil has forty loops, then
the secondary coil has two.

This kind of plug contains
a step-down transformer.

( Step-Up Transformerj ( Step-Down Transformer J

Primary coil Secondary coil
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do the

math!

Transforming Electricity

The illustration shows how transformers change voltage
between the generating plant and your home. For each
transformer in the illustration below, state whether it is a
step-up or step-down transformer.

In the boxes, calculate the ratio of loops in the primary coil
to loops in the secondary coil.

7 ™\ ( N R

3 7 A J/ X P,
[ ) ( o i 3
\Transformer ) kTransformer ) \Transformer i

Generating
plant
11,000V 240,000V

transmissio

' Lab® Do the Quick Lab
1 How Transformers Work.

~ zone "

Assess Your Understanding

3a. Identify Which coil has more loops
in a step-down transformer?

b. Infer Why do some appliances have
step-down transformers built in?

O I get it! Now | know a transformer is a device used to

O I need extra help with

Go tomy science @ cOaCH online for help with this subject.
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CHAPTER

JAl Study Guide

QS;VIE W

and movement of a wire through a

in a wire produces a

produces

i What Is Magnetism?

Magnets attract iron and materials that contain iron. Magnets attract or repel other magnets.
In addition, one end of a magnet will always point north when allowed to swing freely.

Magnetic poles that are unlike attract each other, and magnetic poles

that are alike repel each other.

Vocabulary

* magnet

® magnetism

* magnetic pole
* magnetic force

L2\ 4 Magnetic Fields

| Magnetic field lines spread out from one

|
|

|
|
|

e galvanometer

pole, curve around the magnet, and return to the
other pole.

Like a bar magnet, Earth has a magnetic
field around it and two magnetic poles.

Vocabulary 2 St
* magnetic field “ Q% =
* magnetic field lines g /}'m. /\ y
® compass 4 » g
e magnetic declination
<
V7

L33\l 4 Electricity, Magnetism,
and Motion

By placing a wire with a current in a magnetic
field, electrical energy can be transformed into
mechanical energy.

An electric current turns the pointer of
a galvanometer.

An electric motor transforms electrical
energy into mechanical energy.

Vocabulary

e electric motor

226 Magnetism and Electromagnetism

L2350\ <) Electromagnetic Force

An electric current produces
a magnetic field.

The magnetic field produced by
a current can be turned on or off, reverse
direction, or change its strength.

Both solenoids and electromagnets
use electric current and coiled wires to
produce strong magnetic fields.

Vocabulary

e electromagnetism ¢ solenoid e electromagnet

1350\ ) Electricity From Magnetism

An electric current is induced in a
conductor when the conductor moves through
a magnetic field.

A generator uses motion in a magnetic
field to produce current.

A transformer is a device that increases
or decreases voltage.

Vocabulary
e electromagnetic induction
* alternating current e generator

e direct current
e transformer



What Is Magnetism?

1. A magnet is attracted to a soup can
because the can has

a. asouth pole. b. a north pole.

c. amagnetic field.  d. ironin it.

2. Any magnet, no matter its shape,
has two ends, and each one is called

a

3. Predict What will happen to a bar magnet
suspended from a string when it swings freely?

MY SCIENCE COMCH rRActicETEST

Review and Assessment

4, Interpret Diagrams In the diagram, what do
the arrows represent? Explain your answer.

Train Car

s // \l

| 7ttttt

GuildeWay

5. Design Experiments If two magnets’ poles
are not labeled, how can you tell which poles
are the same and which are different?

(02 Magnetic Fields
6. A compass works because its magnetic needle

a. points east. b. spins freely.

C. points west. d. repels magnets.

7. map out

the magnetic field around a magnet.

8. Make Models How is Earth like a magnet?

9. Draw Conclusions Look at the diagram below.
Is the left magnetic pole a north or south
pole? Explain your answer.

10. QUASREITRE Imagine that you are the early

. inventor of the compass. Write an advertise-

" ment for your product that tells explorers how
a compass works.
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CHAPTER

7

£ Electromagnetic Force

11. The relationship between electricity
and magnetism is called

a. electrical energy.  b. induced current.

c. electromagnetism. d. ferromagnetism.

12. A coil of wire with a current is called

a

13. Relate Cause and Effect You have a magnetic
field produced by a current. What would you
do to change the direction and increase the
strength of the field?

L2500 Electricity, Magnetism,
and Motion

14, Electrical energy is transformed into
mechanical energy in a
a. motor. b. solenoid.

c. transformer. d. electromagnet.

15. A galvanometer is a device that

measures

16. Compare and Contrast How is a motor similar
to a galvanometer? How is it different?

228 Magnetism and Electromagnetism

Review and Assessment )

(U207 Electricity From Magnetism

17.

18.

A device that changes the voltage

of alternating current is a
a. transformer. b. motor.

€. generator. d. galvanometer.

Generating a current by moving a conductor

in a magnetic field is

19. WA ELLENS You are a television news

%,
N

pPPLy

reporter covering the opening of a new dam
that will help to generate electrical energy.
Write a short news story describing how the
dam transforms mechanical energy from the
motion of the water into electrical energy.

How are electricity and

---------------------------------------------------

20. A crane in a junkyard may have an electro-

magnet to lift heavy metal objects. Explain
how electricity and magnetism work in an
electromagnet so that a crane can lift heavy
metal objects.




Standardized Test Prep

Multiple Choice

Circle the letter of the best answer.

The graph below shows how a solenoid’s loops
affect its magnetic field strength. Use the graph

to answer Question 1.

Strength of a Solenoid

£ 600

[

€ 500

& 400 ==
T4 |~

5 & 300

o 3

LS 200 W

g~ | L~

B 100 —]

g 0

= 1 2 3 45 6 7 8 9

Number of loops

10

1. Predict the strength of a 12-loop solenoid.

A 300 gauss B 600 gauss
C 700 gauss D 1200 gauss

2. You can increase a step-up transformer’s
voltage with

A a power source connected to
the primary coil.

B a source connected to the secondary cail.

C increasing the number of loops in the
primary coil.

D increasing the number of loops in the
secondary coil.

3. To measure the current induced by moving

a wire through a magnetic field, which piece

of equipment would a scientist need?

A a galvanometer
B atransformer

C aninsulated wire
D anlLED

4. What happens when a magnet moves
through a coil of wire?
A The magnet loses magnetism.
B A current is induced in the wire.
C A current is induced in the magnet.
D

Electrical energy is transformed into
mechanical energy.

5. How could you modify a solenoid to produce
a stronger magnetic field?
A Remove loops from the solenoid.

B Convert the solenoid to an electromagnet
by adding a ferromagnetic core.

C Wind the loops farther apart.
D Decrease the current in the solenoid.

Constructed Response

Use the diagram below and your knowledge
of science to help you answer Question 6.
Write your answer on a separate sheet of paper.

6. Three electromagnets are illustrated in the
diagram above. Will the electromagnet labeled
A or B produce a stronger magnetic field? Will
the electromagnet B or C produce a stronger
field? Explain your answers.

229



ty

ﬁs‘ide your body to detect
ing, or tumors in the brain—

ocie

bBechnology and B

safety cong
write a safety br

A This MRI of a healthy brain
"™« _shows both hemispheres
in'bright pink and the
cerebellum in green.




A SHOCKING

MESSAGE!

In the 1830s, before the telephone had
been invented, people were experimenting
with ways to communicate across long
distances. Samuel Morse and Alfred Vail
discovered that it was possible to use an
electromagnet to send a signal through
cheap wire.

The electromagnet is part of an electric
circuit. On one end of the wire is a
telegraph switch. Closing the switch
completes the circuit, sending an electric
current through the wire. Opening the
switch stops the current. On the other

end of the wire is a telegraph with an
electromagnet, a metal key, and a metal
plate. As the electric current flows through
the electromagnet, a magnetic field forms.

GIERD Work with a partner to find
resources that will help you construct your
own electromagnetic telegraph machine!
Predict which materials will best conduct
a signal, and then verify your predictions
by building a model.

The metal key is then attracted to the
metal plate. The sender can close and
open the switch quickly, making a short
clicking sound called a “dot” on the other
end. Or, the sender can hold the switch
closed and create a longer sound, called
a "dash.” Leaving the switch open for a
moment comes across as a “space,” or a
break in the sounds.

This pattern of dots, dashes, and spaces
became a new tool for communicating
without using voices—Morse code.
Telegraph operators could spell out words
and phrases. Three dots, followed by
three dashes, followed by three dots, for
example, is the Morse code signal for
SOS, or help!
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APPENDIX A

Safety Symbols

These symbols warn of possible dangers in the laboratory and
remind you to work carefully.

N
kS
0
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Safety Goggles Wear safety goggles to
protect your eyes in any activity involving
chemicals, flames or heating, or glassware.

Lab ApI‘OI‘I Wear a laboratory apron to
protect your skin and clothing from damage.

Breakage Handle breakable materials, such
as glassware, with care. Do not touch broken
glassware.

Heat-Resistant Gloves Use an oven mitt
or other hand protection when handling hot
materials such as hot plates or hot glassware.

Plastic Gloves Wear disposable plastic
gloves when working with harmful chemicals
and organisms. Keep your hands away from
your face, and dispose of the gloves
according to your teacher’s instructions.

Heating Use a clamp or tongs to pick up
hot glassware. Do not touch hot objects with
your bare hands.

Flames Before you work with flames,
tie back loose hair and clothing. Follow
instructions from your teacher about
lighting and extinguishing flames.

No Flames When using flammable materi-
als, make sure there are no flames, sparks, or
other exposed heat sources present.

Corrosive Chemical Avoid getting acid
or other corrosive chemicals on your skin or
clothing or in your eyes. Do not inhale the
vapors. Wash your hands after the activity.

Poison Do not let any poisonous chemical

come into contact with your skin, and do not
inhale its vapors. Wash your hands when you
are finished with the activity.

b A BRAE 2

> W) C

Fumes Work in a well-ventilated area when
harmful vapors may be involved. Avoid
inhaling vapors directly. Only test an odor
when directed to do so by your teacher, and
use a wafting motion to direct the vapor
toward your nose.

Sharp Object Scissors, scalpels, knives,
needles, pins, and tacks can cut your skin.
Always direct a sharp edge or point away
from yourself and others.

Animal Safety Treat live or preserved
animals or animal parts with care to avoid
harming the animals or yourself. Wash your
hands when you are finished with the activity.

Plant Safety Handle plants only as
directed by your teacher. If you are allergic to
certain plants, tell your teacher; do not do an
activity involving those plants. Avoid touching
harmful plants such as poison ivy. Wash your
hands when you are finished with the activity.

Electric Shock To avoid electric shock,
never use electrical equipment around water,
or when the equipment is wet or your hands
are wet. Be sure cords are untangled and can-
not trip anyone. Unplug equipment not in use.

Physical Safety When an experiment
involves physical activity, avoid injuring your-
self or others. Alert your teacher if there is any
reason you should not participate.

Disposal Dispose of chemicals and other
laboratory materials safely. Follow the
instructions from your teacher.

Hand Washing Wash your hands
thoroughly when finished with an activity.
Use soap and warm water. Rinse well.

General Safety Awareness When this
symbol appears, follow the instructions pro-
vided. When you are asked to develop your
own procedure in a lab, have your teacher
approve your plan before you go further.



APPENDIX B

Using a Laboratory Balance

The laboratory balance is an important tool in scientific investiga-
tions. You can use a balance to determine the masses of materials
that you study or experiment with in the laboratory.

Different kinds of balances are used in the laboratory. One kind of
balance is the triple-beam balance. The balance that you may use
in your science class is probably similar to the balance illustrated in
this Appendix. To use the balance properly, you should learn the
name, location, and function of each part of the balance you are
using. What kind of balance do you have in your science class?

The Triple-Beam Balance

The triple-beam balance is a single-pan balance The following procedure can be used to find the
with three beams calibrated in grams. The back, mass of an object with a triple-beam balance:

or 100-gram, beam is divided into ten units of 1. Place the object on the pan.

10 grams each. The middle, or 500-gram, beam 2. Move the rider on the middle beam notch by
is divided into five units of 100 grams each. The notch until the horizontal pointer on the right
front, or 10-gram, beam is divided into ten units of drops below zero. Move the rider back one

1 gram each. Each of the units on the front beam notch.

is further divided into units of 0.1 gram. What is 3. Move the rider on the back beam notch by

the largest mass you could find with a triple-beam notch until the pointer again drops below zero.
balance? Move the rider back one notch.

4. Slowly slide the rider along the front beam
until the pointer stops at the zero point.

5. The mass of the object is equal to the sum of
the readings on the three beams.

Pointer

Riders (at zero)
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GLOSSARY

A

absolute zero The temperature at which no more
energy can be removed from matter. (137)
cero absoluto Temperatura a cuyo punto ya no se
puede extraer energia de la materia.

acceleration The rate at which velocity changes. (16)
aceleracion Ritmo al que cambia la velocidad.

alternating current Current consisting of charges that
move back and forth in a circuit. (221)
corriente alterna Corriente de cargas eléctricas que
se mueven hacia delante y hacia atras en un circuito.

average speed The overall rate of speed at which
an object moves; calculated by dividing the total
distance an object travels by the total time. (10)
velocidad media Indice de velocidad general de
un objeto en movimiento; se calcula dividiendo
la distancia total recorrida por el tiempo total
empleado.

C

Celsius scale The temperature scale on which water
freezes at 0°C and boils at 100°C. (137)
escala Celsius Escala de temperatura en la que el
punto de congelacién del agua es 0°C y el punto de
ebullicion es 100°C.

centripetal force A force that causes an object to move
in a circle. (59)
fuerza centripeta Fuerza que hace que un objeto se
mueva circularmente.

chemical energy A form of potential energy that is
stored in chemical bonds between atoms. (119)
energia quimica Forma de energia potencial
almacenada en los enlaces quimicos de los dtomos.

circuit breaker A reusable safety switch that breaks the
circuit when the current becomes too high. (185)
interruptor de circuito Interruptor de seguridad
reutilizable que corta un circuito cuando la corriente
es demasiado alta.

compass A device with a magnetized needle that can
spin freely; a compass needle always points north.
(204)
brijula Instrumento con una aguja imantada que
puede girar libremente; la aguja siempre apunta
hacia el norte.

234

compound machine A device that combines two or
more simple machines. (96)
maquina compuesta Dispositivo que combina dos o
mas maquinas simples.

conduction 1. The transfer of thermal energy from one
particle of matter to another. (141) 2. A method of
charging an object by allowing electrons to flow from
one object to another object through direct contact.
(162)
conduccion 1. Transferencia de energia térmica
de una particula de materia a otra. 2. Método de
transferencia de electricidad que consiste en permitir
que los electrones fluyan por contacto directo de un
cuerpo a otro.

conductor 1. A material that conducts heat well. (145)
2. A material that allows electric charges to flow.
(169)
conductor 1. Material que puede conducir bien
el calor. 2. Material que permite que las cargas
eléctricas fluyan.

conservation of charge The law that states that charges
are neither created nor destroyed. (162)
conservacion de carga eléctrica Ley que establece
que las cargas no se crean ni se destruyen.

convection The transfer of thermal energy by the
movement of a fluid. (141)
conveccion Transferencia de energia térmica por el
movimiento de un liquido.

convection current The movement of a fluid, caused by
differences in temperature, that transfers heat from
one part of the fluid to another. (141)
corriente de conveccion Movimiento de un liquido
ocasionado por diferencias de temperatura y que
transfiere calor de un area del liquido a otra.

D

direct current Current consisting of charges that flow in
only one direction in a circuit. (221)
corriente directa Corriente de cargas eléctricas que
fluyen en una sola direccién en un circuito.

distance The length of the path between two points. (7)
distancia Medida del espacio entre dos puntos.



E

efficiency The percentage of the input work that is
converted to output work. (82)
eficiencia Porcentaje del trabajo aportado que se
convierte en trabajo producido.

elastic potential energy The energy of stretched or
compressed objects. (113)
energia elastica potencial Energia de los cuerpos
estirados o comprimidos.

electric circuit A complete, unbroken path through
which electric charges can flow. (168)
circuito eléctrico Trayecto completo y continuo a
través del cual pueden fluir las cargas eléctricas.

electric current The continuous flow of electric charges
through a material. (167)
corriente eléctrica Flujo continuo de cargas
eléctricas a través de un material.

electric field The region around a charged object
where the object’s electric force is exerted on other
charged objects. (160)
campo eléctrico Regién alrededor de un objeto
cargado, donde su fuerza eléctrica interactdia con
otros objetos cargados eléctricamente.

electric force The force between charged objects. (159)
fuerza eléctrica Fuerza entre cuerpos cargados
eléctricamente.

electric motor A device that transforms electrical
energy to mechanical energy. (216)
motor eléctrico Instrumento que convierte la
energia eléctrica en energia mecanica.

electrical energy The energy of electric charges.
(118, 213)
energia eléctrica Energia de las cargas eléctricas.

electromagnet A magnet created by wrapping a coil of
wire with a current running through it around a core
of material that is easily magnetised. (210)
electroiman Iman creado al enrollar una espiral de
alambre, por la cual fluye una corriente eléctrica,
alrededor de un nucleo de material que se
magnetiza facilmente.

electromagnetic energy The energy of light and other
forms of radiation, which travels through space as
waves. (119)
energia electromagnética Energia de la luzy otras

formas de radiacion, que viaja a través del espacio en

forma de ondas.

electromagnetic induction The process of generating
an electric current from the motion of a conductor
through a magnetic field. (219)

induccion electromagnética Proceso por el

cual se genera una corriente eléctrica a partir del
movimiento de un conductor a través de un campo
magnético.

electromagnetism The relationship between electricity

and magnetism. (208)
electromagnetismo Relacion entre la electricidad y
el magnetismo.

energy The ability to do work or cause change.

(108, 213)
energia Capacidad para realizar un trabajo o
producir cambios.

energy transformation A change from one form of

energy to another; also called an energy conversion.
(120)

transformacion de la energia Cambio de una forma
de energia a otra; también se le llama conversién de
energia.

F

Fahrenheit scale The temperature scale on which water

freezes at 32°F and boils at 212°F. (137)
escala Fahrenheit Escala de temperatura en la que

el punto de congelacion del agua es 32°F y el punto
de ebullicién es 212°F.

fluid friction Friction that occurs as an object moves

through a fluid. (39)
friccion de fluido Friccion que ocurre cuando un
cuerpo se mueve a través de un fluido.

force A push or pull exerted on an object. (33)

fuerza Empuje o atraccién que se ejerce sobre un
cuerpo.

free fall The motion of a falling object when the only

force acting on it is gravity. (57)

caida libre Movimiento de un objeto que cae
cuando la Unica fuerza que actla sobre éste es la
gravedad.
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GLOSSARY

friction 1. The force that two surfaces exert on each
other when they rub against each other. (37) 2. The
transfer of electrons from one uncharged object to
another uncharged object by rubbing. (162)
friccion 1. Fuerza que dos superficies ejercen
una sobre la otra al frotarse. 2. Transferencia de
electrones al frotarse un cuerpo no cargado con otro
cuerpo no cargado.

fulcrum The fixed point around which a lever pivots. (88)

fulcro Punto fijo en torno al cual gira una palanca.

fuse A safety device with a thin metal strip that will melt
if too much current passes through a circuit. (185)
fusible Elemento de seguridad que tiene una tira
metalica delgada que se derrite si una corriente
demasiado fuerte pasa por un circuito.

G

galvanometer A device that uses an electromagnet to
detect small amounts of current. (214)
galvanometro Instrumento que usa un electroiman
para detectar la intensidad de una pequefia
corriente.

generator A device that transforms mechanical energy
into electrical energy. (222)
"\ _generador eléctrico Instrumento que convierte la
energia mecanica en energia eléctrica.

gravitational potential energy Potential energy that
depends on the height of an object. (112)
energia gravitatoria potencial Energia potencial
que depende de la altura de un cuerpo.

gravity The attractive force between objects; the force
that moves objects downhill. (41)
gravedad Fuerza que atrae a los cuerpos entre si;
fuerza que mueve un cuerpo cuesta abajo.

grounded Allowing charges to flow directly from the
circuit into the building's ground wire and then into
Earth in the event of a short circuit. (185)
conectado a tierra Permitir que las cargas eléctricas
fluyan directamente del circuito al cable a tierra
del edificio y luego a la Tierra en caso de un
cortocircuito.
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H

heat The transfer of thermal energy from a warmer
object to a cooler object. (139)
calor Transferencia de energia térmica de un cuerpo
mas célido a uno menos célido.

I

inclined plane A simple machine that is a flat, sloped
surface. (85)
plano inclinado Maquina simple que consiste en
una superficie plana con pendiente.

induction A method of redistributing the charge on
an object by means of the electric field of another
object; the objects have no direct contact. (163)
induccion Método de redistribuir la carga de un
cuerpo haciendo uso del campo eléctrico de otro;
los cuerpos no estan en contacto directo.

inertia The tendency of an object to resist a change in
motion. (45)
inercia Tendencia de un objeto a resistir un cambio
en su movimiento.

input force The force exerted on a machine. (77)
fuerza aplicada Fuerza que se ejerce sobre una
maquina.

instantaneous speed The speed of an object at one
instant of time. (11)
velocidad instantanea Velocidad de un objeto en
un instante del tiempo.

insulator 1. A material that does not conduct heat well.
(145) 2. A material that does not easily allow electric
charges to flow. (169)
aislante 1. Material que no conduce bien el calor.
2. Material que no permite facilmente que las cargas
eléctricas fluyan.

International System of Units (SI) A system of
measurement based on multiples of ten and on
established measures of mass, length, and time. (7)
Sistema Internacional de Unidades Sistema de
medidas basado en los mdltiplos de diez y en las
medidas establecidas de masa, longitud y tiempo.



J

joule The amount of work you'do when you exert a
force of 1 newton to move an object a distance of
1 meter. (73)
julio Cantidad de trabajo que se produce al aplicar
una fuerza de 1 newton para mover un objeto una
distancia de 1 metro.

K

Kelvin scale The temperature scale on which zero is
the temperature at which no more energy can be
removed from matter. (137)
escala Kelvin Escala de temperatura en la cual el
cero es la temperatura a cuyo punto no se puede
extraer mas energia de la materia.

kinetic energy Energy that an object has due to its
motion. (110)
energia cinética Energia que tiene un cuerpo
debido a su movimiento.

L

law of conservation of energy The rule that energy
cannot be created or destroyed. (124)
ley de conservacion de la energia Regla que dice
que la energia no se puede crear ni destruir.

law of conservation of momentum The rule that in the
absence of outside forces the total momentum of
objects that interact does not change. (54)
principio de la conservacion del momento Regla
que establece que, en ausencia de fuerzas externas,
la cantidad de movimiento total de los cuerpos que
se relacionan no cambia.

lever A simple machine that consists of a rigid bar that
pivots about a fixed point. (88)
palanca Méquina simple que consiste en una barra
rigida que gira en torno a un punto fijo.

M

machine A device that changes the amount of force
exerted, the distance over which a force is exerted,
or the direction in which force is exerted. (77)
maquina Dispositivo que altera la cantidad de fuerza
ejercida, la distancia sobre que se ejerce la fuerza, o
la direccién en la que se ejerce la fuerza.

magnet Any material that attracts iron and materials that
contain iron. (197)
iman Material que atrae hierro o materiales que
contienen el hierro.

magnetic declination The angle between geographic
north and the north to which a compass needle
points. (205)
declinacién magnética Angulo (en una ubicacion
particular) entre el norte geogréfico y el polo
magnético ubicado en el hemisferio norte de la
Tierra.

magnetic field The region around a magnet where the
magneticforce is exerted. (201)
campo magnético Area alrededor de un iman donde
actla la fuerza magnética.

magnetic field lines Lines that map out the magnetic
field around a magnet. (201)
lineas del campo magnético Lineas que representan
el campo magnético alrededor de un iman.

magnetic force A force produced when magnetic poles
interact. (199)
fuerza magnética Fuerza que se produce cuando
hay actividad entre los polos magnéticos.

magnetic pole The ends of a magnetic object, where
the magnetic force is strongest. (198)
polo magnético Extremo de un cuerpo magnético,
donde la fuerza magnética es mayor.

magnetism The force of attraction or repulsion of
magnetic materials. (197)
magnetismo Poder de atraccion o repulsion de los
materiales magnéticos.

mass The amount of matter in an object. (42)
masa Cantidad de materia que hay en un cuerpo.

mechanical advantage The number of times a machine
increases a force exerted on it. (80)
ventaja mecanica Numero de veces que una
méaquina amplifica la fuerza que se ejerce sobre ella.

mechanical energy Kinetic or potential energy
associated with the motion or position of an object.
(114)
energia mecanica Energia cinética o potencial
asociada con el movimiento o la posicién de un
cuerpo.

momentum The product of an object’s mass and
velocity. (53)
momento Producto de la masa de un cuerpo
multiplicada por su velocidad.
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motion The state in which one object’s distance from
another is changing. (4)
movimiento Estado en el que la distancia entre un
cuerpo y otro va cambiando.

N

net force The overall force on an object when all the
individual forces acting on it are added together. (34)
fuerza neta Fuerza total que se ejerce sobre un
cuerpo cuando se suman las fuerzas individuales que
actdan sobre él.

newton A unit of measure that equals the force required
to accelerate 1 kilogram of mass at 1 meter per
second per second. (33)
newton Unidad de medida equivalente a la fuerza
necesaria para acelerar 1 kilogramo de masa a
1 metro por segundo cada segundo.

nuclear energy The potential energy stored in the
nucleus of an atom. (117)
energia nuclear Energia potencial almacenada en el
nucleo de un atomo.

0

Ohm'’s law The law that states that resistance in a circuit
is equal to voltage divided by current. (176)
ley de Ohm Regla que establece que la resistencia
en un circuito es equivalente al voltaje dividido por la
corriente.

output force The force exerted on an object by a
machine. (77)
fuerza desarrollada Fuerza que una maquina ejerce
sobre un cuerpo.

P

parallel circuit An electric circuit in which different
parts of the circuit are on separate branches. (179)
circuito paralelo Circuito eléctrico en el que las
distintas partes del circuito se encuentran en ramas
separadas.

polarization The process through which electrons
are attracted to or repelled by an external electric
field, causing the electrons to move within their own
atoms. (163)
polarizacién Proceso por el cual un campo eléctrico
externo atrae o repele a los electrones y hace que
éstos se muevan dentro de su dtomo.
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potential energy The energy an object has because
of its position; also the internal stored energy of an
object, such as energy stored in chemical bonds.
(112
energia potencial Energia que tiene un cuerpo
por su posicion; también es la energia interna
almacenada de un cuerpo, como la energia
almacenada en los enlaces quimicos.

power The rate at which one form of energy is
transformed into another. (74, 182)
potencia Rapidez de la conversidn de una forma de
energia en otra.

pulley A simple machine that consists of a grooved
wheel with a rope or cable wrapped around it. (93)
polea Maquina simple que consiste en una rueda
con un surco en el que yace una cuerda o cable.

R

radiation The transfer of energy through space by
electromagnetic waves. (141)
radiacion Transferencia de energia a través del
espacio por ondas electromagnéticas.

reference point A place or object used for comparison
to determine if an object is in motion. (5)
punto de referencia Lugar u objeto usado como
medio de comparacién para determinar si un objeto
estd en movimiento.

resistance The measurement of how difficult it is for
charges to flow through an object. (172)
resistencia Medida de la dificultad de una carga
eléctrica para fluir por un cuerpo.

rolling friction Friction that occurs when an object rolls
over a surface. (39)
friccion de rodamiento Friccién que ocurre cuando
un cuerpo rueda sobre una superficie.

S

satellite Any object that orbits around another object in
space. (58)
satélite Cualquier cuerpo que orbita alrededor de
otro cuerpo en el espacio.

screw A simple machine that is an inclined plane
wrapped around a central cylinder to form a spiral.
87)
tornillo Maquina simple que consiste en un plano
inclinado enrollado alrededor de un cilindro central
para formar una espiral.
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series circuit An electric circuit in which all parts are
connected one after another along one path. (178)
circuito en serie Circuito eléctrico en el que
todas las partes se conectan una tras otra en una
trayectoria.

short circuit A connection that allows current to take
the path of least resistance. (185)
cortocircuito Conexidon que permite que la corriente
siga el camino de menor resistencia.

simple machine The most basic device for making
work easier, these are the smaller building blocks for
complex machines. (85)
maquina simple Aparatos sencillos que facilitan
el trabajo; son los componentes de las maquinas
compuestas.

sliding friction Friction that occurs when one solid
surface slides over another. (38)
friccion de deslizamiento Friccidon que ocurre
cuando una superficie sélida se desliza sobre otra.

slope The steepness of a graph line; the ratio of the
vertical change (the rise) to the horizontal change
(the run). (14)
pendiente Inclinacion de una gréfica lineal; la razén
del cambio vertical (el ascenso) al cambio horizontal
(el avance).

solenoid A coil of wire with a current. (210)
solenoide Bobina de alambre con una corriente.

specific heat The amount of heat required to raise the
temperature of 1 kilogram of a material by 1 kelvin,
which is equivalent to 1°C. (146)
calor especifico Cantidad de calor que se requiere
para elevar la temperatura de 1 kilogramo de un
material en 1°C.

speed The distance an object travels per unit of time. (9)
rapidez Distancia que viaja un objeto por unidad de
tiempo.

static discharge The loss of static electricity as electric
charges transfer from one object to another. (164)
descarga estatica Pérdida de la electricidad estética
cuando las cargas eléctricas se transfieren de un
cuerpo a otro.

static electricity A buildup of charges on an object.
(161)
electricidad estatica Acumulacion de cargas
eléctricas en un cuerpo.

static friction Friction that acts between objects that
are not moving. (38)
friccion estatica Friccién que actia sobre los
cuerpos que no estan en movimiento.

T

temperature The measure of the average kinetic energy
of the particles of a substance. (136)
temperatura Medida de la energia cinética
promedio de las particulas de una sustancia.

thermal energy The total kinetic and potential energy of
all the particles of an object. (118)
energia térmica Energia cinética y potencial total de
las particulas de un cuerpo.

thermal expansion The expansion of matter when it is
heated. (147)
expansion térmica Expansion de la materia cuando
se calienta.

third prong The round prong of a plug that connects
any metal pieces in an appliance to the safety
grounding wire of a building. (185)
tercera terminal Terminal redondeado de un
enchufe que conecta cualquier pieza de metal de un
artefacto con el cable a tierra de un edificio.

transformer A device that increases or decreases
voltage, which often consists of two separate coils of
insulated wire wrapped around an iron core. (224)
transformador Aparato que aumenta o disminuye
el voltaje, que consiste de dos bobinas de alambre
aislado y devanado sobre un ntcleo de hierro.

vV

velocity Speed in a given direction. (12)
velocidad Rapidez en una direccién dada.

voltage The difference in electrical potential energy per
charge between two places in a circuit. (171)
voltaje Diferencia en el potencial eléctrico que hay
entre dos areas de un circuito.

W

watt The unit of power when one joule of work is done
in one second. (75)
vatio Unidad de potencia equivalente a un julio por
segundo.

wedge A simple machine that is an inclined plane that
moves. (86)
cuna Maquina simple que consiste de un plano
inclinado que se mueve.
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weight A measure of the force of gravity acting on an
object. (43)
peso Medida de la fuerza de gravedad que actua
sobre un cuerpo.

wheel and axle A simple machine that consists of two
attached circular or cylindrical objects that rotate
about a common axis, each one with a different
radius. (95)
rueda y eje Maquina simple que consiste en dos
objetos circulares o cilindricos unidos, de diferente
radio, que giran en torno a un eje comun.

work Force exerted on an object that causes it to move.
(70)
trabajo Fuerza que se ejerce sobre un cuerpo para
moverlo.
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A

Absolute zero, 137
Acceleration, 16-22
due to gravity, 57
and force and mass, 46-47
graphing, 20-21
Action-reaction forces, 48-49
Alternating current (AC), 221
Ampere (A), 176, 183
Application of skills
Apply It!, 6, 9, 11, 35, 40, 53, 59,
73, 82, 85, 89, 94, 116, 121, 138,
143, 164, 169, 199, 203, 211
Do the Math!, 19, 24, 47, 75, 81,
100513 15127 %1 4651508176,
183, 188, 205, 215, 225
calculate, 19, 47, 75, 111,
146, 176, 183, 205, 225
create data tables, 57
draw conclusions, 81, 111,
146
graph, 81, 215
interpret data, 81
interpret tables, 146, 205
measure, 205
predict, 81, 176
read graphs, 81
Interactivities, 9, 14, 19, 33, 34,
35, 37, 38, 39, 48, 49, 58,72,77,
80, 83, 86, 90, 91, 93, 94, 95, 96,
112,113, 118, 122, 123, 124,
138, 139, 141, 142, 145, 159,
161, 163, 165, 167, 168, 177,
178, 179, 180, 198, 202, 209,
213, 217, 224
Science Matters
Aerogel Windows, 152
Catch and No Release, 131
Charge It!, 130
Going Green, 191
Good Things Come in Small
Packages, 102
Magnetic Pictures, 230
New Set of Wheels, 103
Race for Speed, 26
Safety Restraints, 64
Science Athletes Let the
Games Begin, 103
Shocking Message!, 231
Something for Nothing, 190
Stop Sign, 27
Superlubricity, 65
Thermal Expansion, 153
Apply It! See Application of skills
Assessment
Assess Your Understanding, 7,
11, 13, 15, 19, 21, 33, 35, 40, 43,
45 475515 1555585 A3 WiSi7S,
81, 83, 87, 91, 95, 97, 109, 113,

I N D EX Page numbers for key terms are printed in boldface type.

116, 119, 123, 125, 137, 139,
143, 147, 160, 165, 168, 169,
173, 176, 181, 184, 185, 197,
199, 203, 205, 208, 209, 211,
213, 215, 217, 221, 223, 225
Review and Assessment, 23-24,
61-62, 99-100, 127-128,
149-150, 228-229
Standardized Test Prep, 25, 63,
101, 129, 151, 189, 229
Study Guide, 22, 60, 98, 126,
148, 186, 226

Average speed, 10

Balanced and unbalanced forces,
34-35, 57

Big Idea, xx—xxi

Big Question
Answer the Big Question, 13, 51,
97, 125, 143, 181, 223
Apply the Big Question, 24, 62,
100, 128, 150, 188, 228
chapter opener, 1, 29, 67, 105,
1S3K1.55%1.93
Explore the Big Question, 13,
50, 97, 124, 142, 180, 223
Review the Big Question, 22, 60,
98, 126, 148, 186, 226
Unlock the Big Question, 4, 8,
16, 32, 36, 44, 52, 56, 70, 76, 84,
92,108, 114, 120, 136, 140, 144,
158, 166, 174, 182, 196, 200,
206, 212, 218

IESI e o M B

Calculating
acceleration, 18, 46-47
current, voltage, and resistance,
176
efficiency, 82
electric energy, 184
electric power, 182-183
energy change, 146
kinetic energy, 111, 115
mechanical advantage, 80, 85,
86, 87, 89, 95, 96, 97
mechanical energy, 115
momentum, 53-55
potential energy, 112, 115, 171
power, 74-75, 109
slope, 14
speed, 9-11
work, 72-73, 78-79

Celsius scale, 137

Centripetal force, 59
Charge. See Electric charge
Chemical energy, 119, 130
Circuit. See Electric circuit
Circuit breakers, 185
Circular motion, 56-59
Compass, 204
Compound machines, 96, 103
Conduction, 141-143, 162
Conductors, 145, 169
and magnetic fields, 219-221
superconductors, 166
Conservation of charge, 162
Conservation of energy, 124-125
Conservation of momentum,
54-55
Convection, 141-143
Convection current, 141
Copernicus, Nicolaus, 4
Current. See Electric current

) [

Did You Know?, 5, 49, 72, 125,
137, 164, 204

Digital Learning
Apply It!, 9, 13, 35, 41, 85, 97,
115, 139, 161, 169, 211
Art in Motion, 5, 37, 89, 90, 110,
111,187, 145,,161,168.:.197,
198, 199
Big |dea, xx—xxi
Do the Math!, 17, 47, 57, 75, 81,
111, 185, 205, 215, 225
Interactive Art, 14, 15, 21, 34,
35, 153054R 75102898894 K117/
118, 121, 122, 141, 142, 170,
AURIZ7881 80 R20,1820 282178
222,223
My Reading Web, 2, 3, 30, 31,
68, 69, 106, 107, 134, 135, 156,
157, 194, 195
My Science Coach, 7, 11, 13, 15,
19, 21, 23, 33, 35, 40, 41, 43, 45,
475 49..51;, 55 15759261, 73,75,
77,79, 81, 83, 87, 89, 91, 95, 97,
99, 109, 113, 116, 119, 123, 125,
127, 137, 139, 143, 147, 149,
159, 160, 165, 167, 168, 169,
17 0178 76 sl 77181 51185}
187, 197, 199, 203, 205, 207,
208, 209, 211, 213, 215, 217,
219, 221, 223, 225, 227
Planet Diary, 4,5, 8, 9, 16, 17,
32, 33, 36, 37, 44, 45, 52, 53, 56,
57,70,71,76,77, 84, 85, 92, 93,
108, 109, 114, 115, 120, 121,
136, 137, 140, 141, 144, 145,
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158, 159, 166, 167, 174, 175,
182, 183, 184, 196, 197, 200,
201, 206, 207, 212, 213, 218,
219
Real-World Inquiry, 83, 183, 184,
210, 211
Untamed Science, xxii, 1, 28, 29,
66, 67, 104, 105, 132, 133, 154,
iS558k 926198
Virtual Lab, 20, 21, 49, 50, 124,
125, 139, 175
Vocab Flash Cards, 3, 31, 69,
107::135 0571195
Direct current (DC), 221
Direction, changing, 17, 79, 81
Discharge, static, 164
Distance, 7
and gravity, 42
and speed, 9
and work, 72-73, 78, 80
Do the Math! See Application of
skills

E

Earth's magnetic field, 204-205
Efficiency of machines, 82-83
Elastic potential energy, 113
Electric charge, 158-165
buildup, 161-163
by friction and conduction,
162
by induction and
polarization, 163
conservation of, 162
discharge, 164-165
and electric fields, 160
positive and negative, 159-160
Electric circuit, 168, 174-181
current, voltage, and resistance,
175-176
parts of, 177
series and parallel, 178, 179,
180-181
Electric current, 167-173
alternating (AC) and direct (DC),
221
in circuits, 168
and electric power, 183
flow, 170-173
and generators, 222-223
induced, 219-221
and magnetic fields, 207-209,
219-221
and Ohm’s law, 175-176
Electric fields, 160
Electric force, 159
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Electric motors, 212, 216-217
Electric power, 182-184
Electrical energy, 118, 213
and mechanical energy,
212=218%222=223
and motion, 213-217, 219-220,
222
Electricity
charge, 158-165
circuits, 168, 174-181
cost of, 182, 184, 190
current, 166, 167-173
delivering, 224-225
and magnetic fields, 207-211
and mechanical energy, 212-217
power, 182-184
producing, 219-223
safety, 185
static, 161
Electromagnetic energy, 119
electromagnetic induction,
219-221
electromagnetism, 208
electromagnets, 210-211
and radiation, 141
Energy, 108-131, 213
chemical, 119, 130
conservation of, 124-125
electrical, 118, 184, 213-223
electromagnetic, 119
and heat transfer, 140-147
kinetic, 110-111
mechanical, 114-116, 212-213,
222-223
nuclear, 117
potential, 112-113
and power, 109
renewable, 108, 130
thermal, 118, 136-139
transformation, 120-123,
130-131
from wind, 108
and work, 108, 116
See also Kinetic energy;
Potential energy
Environmental issues
free energy, 190
green energy, 191
heat loss, 152
rechargeable batteries, 130
wind-generated energy, 108
Equations. See Calculating

F

Fahrenheit scale, 137
Faraday, Michael, 220
Ferromagnetic core, 210

Fission, nuclear, 117

Fluid friction, 39

Force, 33-65
and acceleration, 46-47
action-reaction, 48-49
balanced and unbalanced,
34-35, 57
centripetal, 59
electric, 159
free fall, 56-59
friction, 37-40, 65
gravity, 36, 41-43
inertia, 44-45, 64
inputand output, 77-81
and momentum, 52-55
and motion, 34-35
net, 34
strength and direction, 33
weight and mass, 43
and work, 70-73, 78, 80
See also Machines

Force fields, 158

Free fall, 56-59

Friction, 37-40, 65, 162
fluid and rolling, 39
overcoming, 82
sliding and static, 38
and surfaces, 37, 40, 65

Fulcrum, 88

Fuses, 185

Fusion, nuclear, 117

G

Galvanometer, 214-215
Generators, 222-223
Graphing
acceleration, 20-21
current, 215
motion, 14-15
speed, 15
Gravitational fields, 158
Gravitational potential
energy, 112
Gravity, 36, 41
acceleration due to, 57
mass and weight, 42-43
Grounded circuits, 185

H
Heat, 139

Heat transfer, 139-147
conductors and insulators, 145
convection, conduction, and
radiation, 141-143
impact of, 144-147, 153
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and specific heat, 146
and thermal expansion, 147, 153
and weather, 140, 141

Henry, Joseph, 220

I

Ideal machine, 83, 89

Inclined planes, 85-87

Induction, 163

Inertia, 45, 64
law of, 44-45

Input forces, 77-81

Inquiry Skills See Science Inquiry
Skills; Science Literacy Skills

Instantaneous speed, 11

Insulators, 145, 169

Interactivities. See Application
of skills

International System of Units
(sn, 7

J

Joule, 73, 139

K

Kelvin scale, 137

Kilowatt (kW), 184

Kinetic energy, 110-111
and mechanical energy, 115
and thermal energy, 118, 137
transformation of, 122, 130

Lab Zone
Inquiry Warm-Up, 4, 8, 16, 32,
36, 44, 52, 56, 70, 76, 84, 92,
108, 114, 120, 136, 140, 144,
158, 166, 174, 182, 196, 200,
206, 212, 218
Lab Investigation, 11, 40, 87,
109, 137, 181, 197
Quick liab, 7, 13515, 19;,:21,.33,
35,748,45,74%.,:51, 55,157, 59..73,
75,79, 81, 83, 91, 95, 97, 113,
116, 119, 123, 125, 139, 143,
147, 160, 165, 168, 169, 173,
176, 184, 185, 199, 203, 205,
208, 209, 211, 213, 215, 217,
221, 223, 225

Law of conservation of energy,
124-125
Law of conservation of
momentum, 54-55
Law of universal gravitation, 41
Laws of motion
first (inertia), 44-45
second (acceleration), 46-47
third (action-reaction), 48-49
Levers, 88-91
classes of, 90
Lightning, 165

M

Machines, 77-103
compound, 96, 103
efficiency, 82-83
input and output forces, 77-81
mechanical advantage, 80-81,
89, 95597
nanomachines, 102
simple, 76, 84, 85-95
inclined plane, 85-87
lever, 88-91
pulley, 79, 93-94
screw, 87
wedge, 86
wheel and axle, 95
Magnetic declination, 205
Magnetic field, 158, 196, 201
of Earth, 204-205
and electric current, 207-209,
219-221
single and combined, 202-203
See also Electromagnetic energy
Magnetic field lines, 201
Magnetic force, 199
Magnetic poles, 198
of Earth, 205
Magnetic Resonance Imaging
(MRI), 218, 230
Magnetic stripes, 206
Magnetism, 197-199
Magnets, 197
Mass, 42
and acceleration, 46-47
and energy, 110
and gravity, 41-42
and inertia, 45
and momentum, 53
Math. See Application of skills
Measuring
acceleration, 18, 46-47
distance, 7
electrical energy, 184

electrical power, 183
force, 33, 47
heat, 139
power, 75
temperature, 137
work, 73
Mechanical advantage, 80-81, 97
and efficiency, 83
of simple machines, 85-87, 89
Mechanical energy, 114-116, 213
and electric motors, 216-217
and electrical energy, 212-213,
222-223
and work, 116
Momentum, 52, 53
conservation of, 54-55
Morse, Samuel, 231
Motion, 4-27
and acceleration, 16-22
circular, 56-59
and electrical energy, 213-217,
219-220, 222
and energy, 118
and forces. See Forces
graphing, 14-15
measuring distance, 7
and momentum, 52-55
Newton's Laws, 44-51
and power, 74-75
relative, 6
speed of, 8-11
velocity of, 12
and work, 70-73
My Planet Diary
Blog, 8, 114
Careers, 36, 144, 166, 218
Disaster, 140
Discovery, 92, 182, 212
Field Trip, 120
Fun Facts, 16, 52, 70, 76, 108,
136, 174, 196, 200, 206
Misconceptions, 32, 84, 158
Science Stats, 56
Voices From History, 4, 44

Net force, 34
Newton (N), 33, 47, 64
Newton'’s laws
of motion
first (inertia), 44-45
second (acceleration), 46-47
third (action-reaction), 48-49
universal gravity, 41
Nuclear energy, 117
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0

Oersted, Hans Christian, 207
Ohm, George, 175

Ohm's law, 176

Output forces, 77-81

P

Parallel circuits, 179
Planes, inclined, 85-87
Polarization, 163
Potential energy, 112-113
in mechanical energy, 115
in thermal energy, 118
transformation to kinetic energy,
122
Power, 74-75, 109
electric, 182-184
Process Skills. See Science Inquiry
Skills; Science Literacy Skills
Pulleys, 79, 93-94

R

Radiation, 141-143
Reading Skills

graphic organizers
Venn diagram, 117

reading/thinking support

strategies
apply concepts, 11, 15, 23,
49, 50, 61, 79, 95, 99, 100,
109, 113, 123, 127, 128, 138,
141, 142, 149, 150, 184, 187,
211
define, 19, 116, 123, 203,
211, 217
describe, 43, 71,73, 91, 165,
203, 220, 221, 222
estimate, 74
explain, 6, 7, 12,19, 46, 55,
62,73,87, 110, 119, 163,
197, 204, 208
identify, 5, 11, 15, 33, 51, 59,
80, 96, 112,113, 138, 160,
169, 199, 213, 225
interpret data, 56, 81, 149,
175, 205
interpret diagrams, 42, 48,
61,77, 90, 100, 110, 113,
122,124,137, 150, 160, 171,
209, 210, 214
interpret graphs, 14, 15
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interpret photos, 5, 6, 17,
122, 161, 168, 172, 208
interpret tables, 146
list, 40, 61, 79, 87, 95, 139,
173
make judgments, 100, 149
mark text, 12, 17, 42, 54, 55,
59,74, 80, 81, 82, 87, 88,
117,121, 138, 140, 141, 146,
165, 178, 179, 211, 214
read graphs, 14, 15, 23, 24,
81, 127
review, 7, 47, 86, 112, 168,
184, 215, 223
use graphic organizers, 11,
18,57,75,78,112,117, 142,
170, 207
target reading skills

ask questions, 48, 169, 219
compare and contrast, 6, 23,
80, 87, 117,127, 141, 178,
228
identify supporting evidence,
12,42,74,121,138
identify the main idea, 17,
54,117, 146, 204
relate cause and effect, 43,
58, 83, 88, 99, 111, 123, 165,
178, 187, 199, 207, 208, 215,
228
relate text and visuals, 34,
43, 165, 198, 201
sequence, 37, 214
summarize, 93, 113, 183,
197, 217

Reference points, 5

Relative motion, 6

Resistance, 172-173

and Ohm's law, 175-176
Rolling friction, 39

S

Satellites, 56, 58-59
Science Inquiry Skills
basic process skills

calculate, 10, 11, 13, 15, 19,
20, 23, 35, 47, 53, 54, 55, 61,
62,73,75,87,91,97, 99,
115,116, 127, 146, 147,176,
183, 184, 188, 205
classify, xxii, 23, 38, 39, 40,
91, 93, 94, 95, 118, 119, 127,
128, 143, 145, 147, 149, 169,
181, 187, 213, 221

communicate, 8, 36, 76, 83,
84, 139, 144, 154, 174, 196,
206, 212
create data tables, 40, 57
graph, 20, 21, 215
infer, 19, 45, 55, 89, 91, 95,
116, 125, 128, 132, 143, 149,
185, 187, 188, 199, 217, 225
measure, 7, 13, 40
observe, 41, 203, 216
predict, 14, 18, 35, 43, 47,
59, 81, 82,83, 147,168, 176,
178, 188, 211, 214, 227
Science Literacy Skills
analyze costs and benefits, 108
analyze models and systems, 223
integrated process skills
control variables, 40, 99, 188
design experiments, 40, 62,
227
develop hypotheses, 28, 66,
104, 203
draw conclusions, 72, 81,
115, 146, 149, 159, 160, 164,
192, 221, 227
make models, 34, 58, 167,
170,177,178, 179, 187, 202,
224, 227
solve problems, 99
Science Matters. See Application
of skills
Screw, 87
Series circuit, 178
Short circuit, 185
Sl (International System of
Units), 7
Simple machines, 76, 84, 85-95
inclined plane, 85-87
lever, 88-91
pulley, 79, 93-94
screw, 87
wedge, 86
wheel and axle, 95
Sliding friction, 38
Slope, 14-15
Solenoids, 210-211
Specific heat, 146
Speed, 9-11, 26
average, 10
calculating, 9-11
changing, 17
and energy, 110
instantaneous, 11
Static discharge, 164
Static electricity, 161
Static friction, 38
Strength, 70
Superconductors, 166



T

Telegraph machines, 231
Temperature, 136-137
and electric current, 172-173
and thermal energy, 118,
138-139
Thermal energy, 118, 138-139
and heat transfer, 140-147
Thermal expansion, 147, 153
Third prong, 185
Transformation of energy,
120-123, 213
and conservation of energy,
124-125
Transformers, 224-225
Turbines, 222

U

Universal gravity, 41

vV

Vail, Alfred, 231

Velocity, 12, 53

Vocabulary Skills
high-use academic words, 2, 9
identify multiple meanings, 68,
75, 106, 119, 134, 139
use context to determine
meaning, 194, 211
word origins (Greek or Latin), 30,
37, 53,156, 173

Volt (V), 176

Voltage, 171
and electric power, 183
and Ohm's law, 175-176
and transformers, 224-225

T | Y RO

Water current, 170
Watt (W), 75, 183
Weather
and heat transfer, 140, 141
and static discharge, 165
Wedge, 86
Weight, 43
and potential energy, 112
Wheel and axle, 95

Work, 70-73
and energy, 108, 116
and power, 74-75
See also Machines
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