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About the

Speed skaters are fast. In fact, some shaters
can skate at a rate of 12 m/s! That's equal to a
speed of 27 mi/h. To reach such a speed, skat-
ers must exert large forces. They must also use
friction to turn comners on the slippery surface
of the ice.

2 Chapter 1

PRE-READING
=l
FOLONOTES| Fo orner Fold



&
&
-
=]

STARTURY. 2411114
The Domino Derby 5. Repeat steps 2 and 3 several times using dis
Speed is the distance traveled by an object in a cer- '1”;?5 he“;'rrfﬂn lTlhE gﬂlm:nes ::jaT ae 5?1?"?
tain amount of time. In this activity, you will observe :Etu arﬁ.;re |}:=1n5m1-ﬁe 'r'fu;égr"él d-:;?ni}:?nis rirr?
one factor that affects the speed of falling dominoes, Eacthn’al i
Pr :
:cedured . : i : Analysis
1. Set up 25 dominoes in a siraight line. Try to keep ; ; ; —_
equal spacing between the dominoes. 1. Calcuilate the average speed for eadh trial by divid

ing the total distance (the length of the doming
row) by the time the dominoes take to fall.
2. How did the spacing between dominoes affect the

average speed? Is this result what you expected? If
not, explain.

. Use 3 meterstick to measure the total length of
your row of dominoes, and record the length,

3. Use a stopwatch 1o time how long it takes tor the
dominoes to fall. Record this measurement.

4. Predict what would happen to that amount of
time if you changed the distance between the
dominoes. Write your predictions.
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Measuring Motion

Look around you—yon are likely to see something in
maotion. Your teacher may be walking across the room, or
perhaps your friend is writing with a pencil.

READING WARM-UP Even if you don't see anything moving, motion is still cccurring

Objectives all around vou, Air particles are moving, the Earth is circling

@ Describe the motion of an object by the sun, and blood is traveling through vour blood vessels!
thie position of the object in relation
o a reference poinl,

@ it o s ar i Observing Motion by Using a Reference Point

ming speed. You might think that the motion of an object is easy to
@ Explain the difference between speed detect—you just watch the object. But you are actually watch-
and veloity. ing the object in relation to another object that appears to
@ Analyze the relationship between stay in place. The object that appears Lo stay in place is a
ylocky and acelerabon, _ ) reference point. When an object changes position over time
® g:“gmm fr‘;"ﬁ;gmm;““ relative to a reference point, the object is in metion, You can

on a graph. describe the direction of the object’s motion with a reference

direction, such as north, south, east, west, up, or down,
Tarms to Learn

motion velocity
speed acceleration

REHNE STRATEGY Common Reference Points

% FPR— The Earth’s surface is a commaon reference point for determin-
Discussion Read this sechion silently.

F LR Tl What (s a reference poinl? (See the Appendix for
ity to Readivg Clecks,)

it dowm questions that you have ing motion, as shown in Figure 1. Nonmoving objects, such as
about this section, Discuss your ques- treées and buildings, are also useful reference points,
tions in a small group. A moving object can also be used as a reference point. For
o

example, il you were on the hot-air balloon shown in Flgure 1,
vou could watch a bird fly by and see that the bird was chang-
ing position in relation to vour moving balloon,

Figure 1 During the interval
between the times that these
pictures were taken, the hot-air
balloon changed position relative to
o reference point—the mountain,

4 Chapter 1 Matter in Motion
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Speed Depends on Distance and Time

Speed is the distance traveled by an object divided by the time
taken to travel that distance. Look again at Figure 1. Suppose
the time interval between the pictures was 10 s and that the
balloon traveled 50 m in that time. The speed of the balloon
is (S0 m)/(10 s5), or 5 m/s.

The SI unit for speed is meters per second (m/s). Kilometers
per hour (km/h}, feet per second (ft/s), and miles per hour
{mi/h) are other units commonly used to express speed.

Determining Average Speed

Most of the time, objects do not travel at a constant speed.
For example, you probably do not walk at a constant speed
from one class to the next. 5o, it is very useful to calculate
average speed using the following equation:

total distance

averag speed = total time

Recognizing Speed on a Graph

Suppose a person drives from one city to another. The blue
line in the graph in Figure 2 shows the total distance trav-
eled during a 4 h period. Notice that the distance traveled
during cach hour is different. The distance varies because the
speed is not constant. The driver may change speed because
of weather, traffic, or varying speed limits. The average speed
for the entire trip can be calculated as follows:

360 km

ah =90 km/h

average speed =

The red line on the graph shows how far the driver must
travel each hour to reach the same city if he or she moved at
a constant speed. The slope of this line is the average speed.

A Graph Showing Speed
400 Actisal Average s

Em

motion an object’s change in posi-
tion relative to a reference point

speed the distance traveled divided
by the time interval during which the
motion occurred

ScHoOL, to Hope,

What's Your Speed?

Measure a distance of 5 m
or a distance of 25 ft inside
or outside. Ask an adult at
home to use a stopwatch or
a watch with a second hand
to time you as you travel the
distance you measured. Then,
find your average speed. Find
the average speed of other
members of your family in

the same way. h(,rivrr/

Figure 2 Speed can be shown

on a graph of distance
200 VErsus time,
& 100
0 1 2 3 3
Time (h)
Section 1 Measuring Motion 5
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MATE Eocos,

Calculating Average Speed An athlele swims
a distance from one end of a 50 m pool 1o
the other end in a time of 25 5. What is the

athlete’s average speed?

Now It's Your Turn

1. Kira jogs to a store 72 m away in a time
of 36 5, What is Kira's average speed?

2, If vou travel 7.5 km and walk for 1.5 h,

Step 1: Write the equation for average speed. what is your average speed?

averiage speed =

total distance
fotal tine

3. An airplane traveling from San Francisco
to Chicago travels 1,260 km in 3.5 h.

Step 2: Replace the total distance and total time What is the airplane’s average speed?
with the values given, and solve,

averge speed = 2o 2mys

25%

Figure 3 The speeds of these
cars may be similar, but the
velocities of the cars differ
because the cars are going in
different directions.

Velocity: Direction Matters

Imagine that two birds leave the same tree at the
sarme Lime. They both fly at 10 kmi/h for 5 miin,
12 km/h for B min, and 5 kmy/h for 10 min. Why
don’t they end up at the same place?

Have you figured oul the answer? The birds went in differ-
ent directions, Their speeds were the same, but they had
different velocities. Velacity (vuh LAHS uh tee) is the speed
of an object in a particular direction.

Be careful not to confuse the terms speed and velocity.
They do not have the same meaning, Velocity must include
a reference direction. If you say that an airplane’s velocity
is 600 km/h, vou would not be correct. But vou could say
the plane’s velocity is 600 km/h south. Figure 3 shows an
example of the difference between speed and velocity.

Changing Velocity

You can think of velocity as the rate of change of an object’s
position. An object's velocity is constant only if its speed and
direction don't change. Therefore, constant velocily is always
motion along a straight line. An object’s velocity changes
if either its speed or direction changes. For example, as a
bus traveling at 15 m/s south speeds up to 20 m/s south,
its velocity changes. If the bus continues to travel at the
same speed but changes direction to travel east, its velocity
changes again. And if the bus slows down at the same time
that it swerves north to avoid a cat, the velocity of the bus
changes, too.

FALTTITEEEEE What are the two ways that velocity can
change?

6 Chapter 1 Matter in Motion
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Finding Resultant Velocity

Person’s resultant velocity
15 m/fs east + 1 m/s east = 16 m/s east

B Ak

1 m/s west =

Person’s resultant velocity
15 m/s east — 1 m/s west = 14 m/s east

Combining Velocities

Imagine that vou are riding in a bus that is traveling east at
15 myfs, You and the other passengers are also traveling al a
velocity of 15 m/s east. But suppose vou stand up and walk
down the bus's aisle while the bus is moving., Are you still
moving at the same velocity as the bus? No! Figure 4 shows
how you can combine velocities to find the resultant velocity

Acceleration

Although the word acceterate is commonly used to mean “speed
up,” the word means something else in science, Acceleration
{ak siL uhr AY shuhn) is the rate at which velocity changes,
Velocity changes iF speed changes, if direction changes, or if
both change. S0, an cbject accelerates it its speed, its direc-
tion, or both change.

An increase in velocity is commonly called positive
acceleration. A decrease in velocity is commonly called negative
acceleration, or deceleration. Keep in mind that acceleration is
not only how much velocity changes but also how fast veloc-
ity changes. The faster the velocity changes, the greater the
acceleration is,

When you combine two veloc-
ties that are in the same direc-
tion, add them together 1o find
the resultant velocity,

When you combine two
velocities that are in opposite
directions, subtract the smaller
velodity from the larger veloc-
ity to find the resultant velocity,
The resultant velocity is in the
direction of the larger velocity.

velocity the speed of an object in a
particular direction

acceleration the rate at which
welocity changes over time; an object
accelerates if its speed, direction, or
both change

Section | Measuring Motion T
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Figure 5 This cyclist is
geceferating ot 1 my/s” south,

Calculating Acceleration
Lise the eguation for average
acceleration to do the follow-
ing prablem,

A plane passes over point A
at a velodty of 240 m/s
north. Forty seconds later,
it passes over point B at a
velocity of 260 my/s north,
What is the plane's average
acceleration?

Figure 6 Acceleration can be shown
on o graph of velocity versus lime,

8 Chapter 1

ATy Bianiic

4 m/s 5 m/s

Calculating Average Acceleration
You can find average acceleration by using the equation:

fimal welovity = starting velocity
e it tokes fo-change velogity

meerige acceferation =

Velocity is expressed in meters per second (m/s), and time
is expressed in seconds (5). 50 acceleration is expressed in
meters per second per second, or (m/s)fs, which equals
m/s’. For example, look at Figure 5. Every second, the cvclist's
southward velocity increases by 1 mJ/s. His average acceleration
can be calculated as follows:
Smfs—1m/s

average acceleration = ~ 1s - = 1 m/s’ south

W LITTITEEE wWhat are the units of acceleration?

Recognizing Acceleration on a Graph

Suppose that vou are riding a roller coaster. The roller-coaster
car moves up a hill until It stops at the top. Then, you are
oft! The graph in Figure 6 shows vour acceleration for the next
10 s, During the first 8 5, you move down the hill. You can tell
from the graph that your acceleration s positive for the first
5 5 because your velocity increases as time passes, During the
last 2 s, vour car starts climbing the next hill. Your acceleration
is negative because vour velocity decreases as time passes.

A Graph Showing Acceleration

5 BB

=
=

Velacity (m/s)

= W

Time (s)

Matter in Motion
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Circular Motion: Continuous Acceleration

You may be surprised to know that even when you
arg completely still, you are expériencing acceleration.
You may not seem to be changing speed or direc-
tion, but vou are! You are traveling in a circle as the
Earth rotates. An object traveling in a circular motion
is always changing its direction. Therefore, its velocity
is always changing, so it is accelerating. The acceleration
that occurs in circular motion is known as centripetal
acceleration (sen TRIP uht uhi ak see uhr AY shuhn), Cen-
tripetal acceleration occurs on a Ferris wheel at an amuse-
ment park or as the moon orbits Earth. Another example
of centripetal acceleration is shown in Figure 7.

SECTION
Review

Using Key Terms

terms: mefion and acceleration,

@ An object is in motion if
it changes position over
bme in relation to a ref-
erence point.

® Speed is the distance
traveled by an object
divided by the time the
ohject takes to travel
thiat distance.

@ velocity is speed in a
given direction,

@ Acceleration is the
rate at which velocity

velocity.
Understanding Key Ideas

an example of acceleration?

a. & person jopeing at 3 m/s
along a winding path

d. a plane taking off

be a good reference point to
describe the motion of a dog?

changes. a. the ground
® An object can acceler- b, another dog running
ate by changing speed, 8 ee
direction, or both. d. All of the above
® Speed can be repre- 5. Explain the difference between

sented on a graph of
distance versus time,
@ Acceleration can be rep-
resented by graphing
velocity versus time. 7

speed and velocity.

6. What two things must you
know to determine speed?

tion related?

Comavigitl © by Mol Pinshan aed Wermston | AT fipes s

1. In your own words, write defini-
tions for each of the following

2. Use each of the following terms
in a separate sentence: specd and

3. Which of the following s NOT

b. a car stopping at a stop sign
€. acheetah nunning 27 m/s east

4. Which of the following would

Howe are velocity and acoelera-

Figure T The blades of these windmills
are constantly changing direction, Thus,
centripetal acceleration is occurring,

Math Skills

9,

Find the average speed of a per-
son who swims 105 min 70 s.

What is the average acceleration
of a subway train that speeds up
From 2.6 m/sto 12 m/sin 0.8 s
o1 a straight section of tack?

Critical Thinking

10. Applying Concepts Why is

It more helpful to know a tor-
nado’s velocity rather than its
speed?

11. Evaluating Data A wolf is chas-

SC[ INKS.

ing a rabbit. Graph the wolf's
mation using the (ollowing data:
15 mfs at 0s, 10 m/s at 1 s,
Smisat 25 25mfsat3 s 1mls
at 45, and 0 m/s at 5 5. What
does the praph tell you?

For a variely of links related 1o this
chapter, go to woann.scilinks.org

Topic; Maasuring Masion
SoLinks code; HSMO92T



READING WARM-UP

Objectives

@ Describe forces, and explain how
forces act on objects.

@ Determine the net force when more
thian one force 1S acting on an object

@ Compare balanced and unbalanced
forces,

@ Describe ways that unbalanced
forces cause changes in motion.

Terms to Learn
force

newlton

net force

READING STRATEGY

Reading Organizer As you read this
section, make 3 table comparing bal-
anced forces and unbalanced forces.

What Is a Force?

You have probably heard the word force in everyday
conversation. People say things such as “That storm had a
lot of force” or "Our football team is a force to be reckoned
with.” But what, exactly, is a force?

In science, a force is simply a push or a pull. All forces have
both size and direction. A force can change the acceleration
of an object. This acceleration can be a change in the speed
or direction of the object. In fact, any time vou see a change
in an object’s motion, you can be sure that the change in
motion was created by a lorce. Scientists express force using
a unit called the newtan (M),

Forces Acting on Objects

All forces act on objects, For any push to occur, something has
to receive the push. You can't push nothing! The same is true
for any pull. When doing schoolwork, vou use your fingers
to pull open books or to push the buttons on a computer
kevboard. In these examples, vour fingers are exerting forces
on the books and the keys. So, the lorces act on the books
and keys. Another example of a force acting on an object is
shown in Figure 1.

However, just because a force acts on an object doesn’t mean
that motion will occur. For example, vou are probably sitting
on @ chair. But the force you are exerting on the chair does
not cause the chair to move. The chair doesn't move because
the floor is also exerting a force on the chair

Figure 1 The bulldozer is exerting
| a force on the pile of soil. But the
By pile of soil also exerts a force by
. just sitting on the ground!




Unseen Sources and Receivers of Forces

It is not always easy to tell what is exerting a force
or what is receiving a force, as shown in Figure 2.
You cannol see whal exerls the lorce that pulls
magnets to refrigerators. And vou cannot see thal
the air around you is held near Earth’s surface by a
force called gravity.

Determining Net Force

Usually, more than one force is acling on an objecl,
The netforce is the combination all of the forces
acting on an object, 50, how do you determine the
net force? The answer depends on the directions of
the forces.

Figure 2 Something that you
Forcas i the Same: Direclion cannot see exerts a force that

makes this cal’s fur stand up.
Suppose the music teacher asks you and a friend to move a
piano. You pull on one end and your friend pushes on the
other end, as shown in Figure 3. The forces vou and wvour
friend exert on the piano act in the same direction. The two force a push or a pull exerted on
forces are added to determine the net force because the forces an object in order to change the
act in the same direction. In this case, the net force is 45 N, maotion of the abject; force has size

: : ; Celi and directhion
This net force is large enough to move the piano—il it is on
wheels, that is! newton the 5i unit tor force
* = (symbal, M)
F LELL I RE el How do you determine the net force on an
object if all forces act in the same direction? {Sce the Appendix for net force the combination of all
answers e Reading Cliecks.) of the farces adting on an object

Figure 3 When forces act in
the same direction, you add
the forces to determine the
net force. The net force will be
in the same direction as the
indiviidual forces.

Met force
25N + 20N = 45 N
to the right

—r

Copyrghd & by Holt, Ainchiei ahd Winston, Al nohls imssoved.
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Figure 4 When two farces
act in oppasite directions,
you subtract the smaller
force from the larger force
to delermine the net
force. The net force
will be in the same
direction as the
larger force.

10N Net force
e o000
to the right

Figure 5 Because all the
forces an this fiouse of cards

4

Forces in Different Directions

Look at the two dogs playing tug of war in Figure 4. Fach dog
is exerting a force on the rope. But the forces are in opposite
directions. Which dog will win the tug of war?

Because the forces are in opposite directions, the net force
on the rope s found by subtracting the smaller force from the
larger one, In this case, the net force is 2 N in the direction
of the dog on the righl., Give that dog a dog biscuit!

E el el Tl ) What is the net force on an ohject when you
comhine a force of 7 W north with a force of 53 N south?

Balanced and Unbalanced Forces

If vou know the net force on an object, vou can determine
the effect of the net force on the object's motion. Why? The
net force tells vou whether the forces on the object are bal-
anced or unbalanced.

Balanced Forces

When the forces on an object produce a net force of O N, the
torces are balanced. Balanced forces will not cause a change in
the motion of a moving object. And balanced forces do not
cause a nonmoving object to start moving.

Marny objects around you have only balanced forces acting
on them, For example, a light hanging from the ceiling does
not move because the force of gravity pulling down on the
light is balanced by the force of the cord pulling upward. A

nredbaianre-:i. none of the bird's nest in a tree and a hat resting on your head are also
£aras mave. examples of objects that have only balanced forces acting on
them. Figure 5 shows another example of balanced forces.
12 Chapter 1 Matter in Motion
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Unbalanced Forces

When the net force on an object is not 0 N, the forces
on the object are unbalanced. Unbalanced forces pro-
duce a change in motion, such as a change in speed or
a change in direction. Unbalanced forces are necessary
to cause a nonmoving object to start moving,

Linbalanced forces are also necessary to change
the motion of moving objects. For example, consider
the soccer game shown in Flgure 6. The soccer ball is
already moving when it is passed from one plaver to
ancther, When the ball reaches another plaver, that
plaver exerts an unbalanced lorce—a Kick—on Lhe ball,
After the kick, the ball moves in a new direction and
has a new speed.

An object can continue to move when the unbal-
anced forces are removed. For example, when it is

kicked, a soccer ball receives an unbalanced force, ' '
The ball continues 1o roll on the ground long after Figure 6 The soccer ball moves because
the force of the kick has ended, the players exert an unbolanced force on

the ball each time they kick it.

SECTION
Review

Using Key Terms Math Skills

1. In vour own words, write a defi- 7. A boy pulls a wagon with a
nition for each of the tollowing force of 6 N east a5 another boy
terms: force and met force, pushes it with a force of 4 N

gast. What is the net force?
Understanding Key ldeas

2. Which of the following may

Critical Thinking

Summary,

@ Aforceis a push or a happen when an object recefves 8. Making Inferences When find-
pull. Forces Eaue size unbalanced forces? ing net force, why must you
and direction and are a. The object changes dlrection. know the direct Ilr;lns? of the forces
expressed in newtons. b. The object changes speed. acting on an object?

® Force is always exerted €. The object starts to move, 9. Applying Concepts List thr_ee
by one object on d. All of the above :hrces:_hat j'g.-'-uu exert when rid-

i ng-d DICyCle.

i ”F”“‘i . 3. Explain the difference between B .

® :Et [m‘:lf - d‘it”m’”‘?d halanced and unbalanced forces, .
combining forces.

Fgﬂ;eg in thegsame direr 4. Give an example of an unbal- SC[

tion are added. Forces in anced force causing a change n !NKS.

opposite directions are motion.

sublracted. 5. Give an example of an object For  variety of links refated to this

@ Balanced forces produce that has balanced forces acting
no change in motion, on it
Unbalanced forces
produce a change in
mtian.

chapter, go to W sc]links.org
i i
Topic: Forces

6. Explain the meaning of the Seilinks ende: HSMADEDA

phrase “Forces acl an objects.”

Ecgmyigni © oy HOR Rinahant ana Womion . B0 ngres s



READING WARM-UP

Dbjectives

@ Explain why fricbon occurs.

@ List the two types of friction, and
give examples of sach type.

@ Explain how frction can be both
harmful and helpful.

Terms to Learn
friction

Brainstorming The key idea of this
section 15 friction. Brainstorm words
and phrases related 1o friction,

friction a force that opposes
motion between hwo surfaces that
are in contact

14 Chapter 1

Friction: A Force That
Opposes Motion

While playing ball, your friend throws the ball out of your
reach. Rather than runring for te ball, you walk after it,
You know that the ball will stop. But do you know wihy?

You know that the ball is slowing down, An unbalanced force
is needed to change the speed of a moving object. S0, what
force is stopping the ball? The force is called friction. Friction
is a force that opposes motion between two surfaces that are
in contact. Friction can cause a moving object, such as a ball,
tor slow down and eventually stop,

The Source of Friction

Friclion occurs Decause (he surface ol any object is rough. Even
surfaces that feel smooth are covered with microscopic hills
and vallevs. When two surfaces are in contact, the hills and
valleys of one surface stick to the hills and valleyvs of the other
surface, as shown in Figure 1. This contact causes friction.

The amount of friction between two surfaces depends on
many factors. Two factors include the force pushing the sur-
faces together and the roughness of the surfaces.

The Effect of Force on Friction

The amount of friction depends on the force pushing the sur-
faces together. It this force increases, the hills and valleys of
the surfaces can come into closer contacl. The close contact
increases Lthe friction between the surfaces. Objects thal weigh
less exert less downward force than objects that weigh more do,
as shown in Figure 2. But changing how much of the surfaces
come in contact does not change the amount of friction,

Figure 1 When the hills
and valleys of one surface
stick to the hills and /
valleys of another surfacs, |
friction is creoted. |

Matter in Motion
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@2 Force and Friction

) There is more friction between the book with 0 Tuming a boaok on its edge
more weight and the table than there is between does not change the amount
the book with less weight and the table, A harder of friction between the table
push is needed to move the heavier boolk and the book
A ) Force acling
Force acting Force ol Force acting Force of an the book | Force ol
on the book friction on the book  friction ~ friction

Ay

The Effect of Rougher Surfaces on Friction

Rough surfaces have more mictoscopic hills and valleys than
smooth surfaces do, 5o, the rougher the surface is, the greater
the friction is. For example, a ball rolling on the ground slows
down because of the friction between the ball and the ground.
A large amount of friction is produced because the ground
has a rough surface. Bul imagine thal you were plaving ice
hockey. Il the puck passed oul of your reach, it would slide
across the e for a long while before stopping. The reason
the puck would continue to slide is that the ice is a smooth
surface that has very little friction,

WLTTIPREE why is Iriction greater between surfaces that
are rough? (Sev the Apperadi for answers e Beaing Clecks, )

A. Repeat step 3 two more times, and calculate

1. Make a short ramp out of a piece of cardboard the average for your results.

and one or two books on a table. 5. Change the surface of the table by covering the
2. Put a toy car at the top of the ramp, and let go table with sandpaper. Repeat steps 3 and 4.

of the car. Il necessary, adjust the ramp height 6. Change the surface of the table one more time

50 that your car does nat roll off the table, by covering the table with cloth. Repeat steps 3
3. Put the car at the top of the ramp again, and let and 4 again.

go of the car. Record the distance the car travels 7. Which surface had the most friction? Why? What

after leaving the ramp. do you predict would happen if the car were

heavier?
Section 3 Friction: A Force That Cpposes Motion 15
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‘ScH00L to Hop,

Comparing Friction

Ask an adult at home to sit
on the floor. Try to push the
adult across the room. Next,
ask the adult to sit on a chair
that has wheels and o keep
his ar her feet off the floor
Try pushing the adult and the
chair across the room. If you
do not have a chair that has
wheels, try pushing the adult
on different kinds of Hooring.
Explain why there was a dil-
ference between the two tri-
als in your science journal.

peTViTy

Types of Friction

There are two types of friction. The friction you observe when
sliding books across a tabletop is called Kinetic friction. The ather
type of friction is static friction. You observe static friction when
you push on a piece of furniture and it does not move.
Kinetic Friction

The word Kimetic means "moving.” So, kinetic friction is frie-
tion between moving surfaces, The amount of kinetic friction
between two surfaces depends in part on how the surfaces
mave. Surfaces can slide past each other. Or a surface can roll
over another surface, Usually, the force of sliding kinetic Iric-
tion is greater than the force of rolling kinetic friction. Thus,
it is usually easier to move objects on wheels than to slide the
objects along the Moor, as shown in Figuree 3.

Kinetic friction is very vseful in everyday life, You use slid-
ing Kinetic friction when you apply the brakes on a bicycle
and when you write with a pencil or a piece of chalk. You
also use sliding kinetic friction when vou scratch a part of
vour body that is ilchy!

Rolling kinetic friction is an important parl of almost all
means of transportation. Anything that has wheels—bicvcles,
in-line skates, cars, trains, and planes—uses rolling Kinetic
friction.

Comparing Kinetic Friction

€) Moving a heavy piece of furniture in your (D Moving a heavy piece of furniture is
room can be hard work because the easier if you put it on wheels. The force
force of sliding kinetic friction is large. of rolling kinetic friction is smaller and

easier 10 overcome,

16 Chapter 1 Matter in Motion
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Static Friction

; Force Static
i applied  friction

© There is no friction 0 1f a small force (purple (]
between the block arrow) is exerted on the
and the table when block, the block does not
no farce is applied move. The force of static
to the block. friction {green arrow) bal-

ances the force applied.

Static Friction

When a force is applied 1o an object but does not cause the
object to move, static friction occurs, The word static means
“not moving." The objecl does not move because the force
of static friction balances the force applied. Static friction can
be overcome by applying a large enough force. Static friction
disappears as soon as an object starts moving, and then kinetic
friction immediately occurs. Look #l Figure 8 (o understand
under what conditions static friction affects an object.

FLTTIPEETEA What does the word staric mean?

Friction: Harmful and Helpful
Think about how friction affects a car. Without friction, the
tires could not push against the ground to move the car for-
ward, and the brakes could not stop the car. Without friction,
a car is useless. However, friction can also cause problems in a
car. Friction bebween moving engine parts increases their tem-
perature and causes the parts to wear down, A liguid coolant
is added to the engine to keep the engine from overhealing,
And engine parts need to be changed as they wear out,
Friction is bolth harmlul and helpful to vou and the world
around vou, Friction can cause holes in vour socks and in the
knees of vour jeans. Friction by wind and water can cause ero-
sion of the topsoil that nourishes plants. On the other hand,
friction between vour pencil and vour paper is necessary to
allow the pencil to leave a mark, Without friction, you would
just slip and fall when you ftried to walk. Because friction
can be both harmful and helpful, it is sometimes nmecessary
to decrease or increase friction.

Force Kinetic
applied  friction

When the force exerted on the block

is greater than the force of static fric-
tion, the block starts moving. When the
block starts moving, all static friction is
gone, and only kinetic friction (green
arrow) opposes the force applied.

\ i . "
WIEBNET/ACTiViT)
For another activity related

io this chapter, go to

go.hrw.com and type in the
keyword HPSMOTW.

CONNECTION.TO

Social{Studies

UL Invention of the
KILL  wheel Archeolo-
gists have found evidence that

the first vehicles with wheels
were used in ancient Meso-
patamia sometime between
3500 and 3000 sce. Before
wheels were invented, people
used planks or sleds to carry
loads. In your science journal,
write a paragraph about how
vour life would be different if
wheels did not exist.

section 3 Friction; A Force That Opposes Motion 17
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Quick 2,

Reducing Friction

1. Stack two or three heavy
books on a table. Use
one finger to push the
books across the table.

1. Place five round pens or
pencils under the books,
and push the books again,

3. Compare the force used in
step 1 with the force used
in step 2. Explain.

4. Open a jar with your
hands, and close it again.

5. Spread a small amount
of liquid soap on your
hands.

6. Try to open the jar again.
Was the jar easier or
harder 1o open with the
snap? Explain your
observalions.

7. In which situation was fric-
tion helpful? In which situ-
ation was friction harmful?

Figure 5 When you work on

a bicycle, watch out for the
chain! You might get dirty from
the grease or oif that keeps the
chain moving freely, Without
this lubricant, friciion between
the sections of the chain would
quickly wear the chain out.

18 Chapter 1

Some Ways to Reduce Friction

One way to reduce friction is to use lubricants (LOO bri kuhnts),
Lubricants are substances that are applied to surfaces to reduce
the friction between the surfaces, Some examples of common
lubricants are molor cil, wax, and grease. Lubricants are usu-
ally liquids, but they can be solids or gases. An example of a
gas lubricant s the air that comes out of the tiny holes of an
air-hockey table. Figure 5 shows one use of a lubricant.

Friction can also be reduced by switching from sliding
kinetic friction to rolling kinetic friction. Ball bearings placed
between the wheels and axles of in-line skates and bicycles
make it easier for the wheels to turn by reducing friction.

Another way to reduce friction is to make surfaces that rub
against each other smoother, For example, rough wood on a
park bench is painful to slide across because there is a large
amount of friction between your leg and the bench. Rubbing
the bench with sandpaper makes the bench smoother and
more comfortable to sit on, The reason the bench is more
comfortable is that the friction between vour leg and the
bench is reduced.

W LTTIPEETEED List three common lubricants.




Some Ways to Increase Friction

One way o increase [riction is to make surfaces rougher. For
example, sand scattered on icy roads keeps cars from sKid-
ding. Baseball players sometimes wear textured batting gloves
to increase the friction between their hands and the bat so
that the bat does not fly out of their hands,

Another way to increase friction is to increase the force
pushing the surfaces together. For example, if you are sanding a
piece of wood, vou can sand the wood faster by pressing harder
on Lhe sandpaper. Pressing harder increases the [orce pushing
the sandpaper and wal,m':d together. 5o, the friction between the it B o s it shioks Hane
sandpaper and wood increases. Figure 6 shows another example g5, brecs down with the
of friction increased by pushing on an object, scrubber to increase friction.

Figure 6 No one likes dleaning

SECTION
Review

Using Key Terms interpreting Graphics

1. In your own words, write a defi- 8. Why do you think the sponge
rition for the term frction. shown below has a fayer of plas-
tie bristles attached to it?

Understanding Key Ideas

2. Why is it easy to slip when there
is water on the floor?

Summaryj

@ Friction is a force that a. The water is a lubsicant and
opposes motion. reduces the friction between
@ Friction is caused by vour feet and the fioor
hills and valleys on the b. The frictian between your feel o -
surfaces of two objects and the floor changes from Critical Thinking
touching each ather. BHREC G Satlc e en, 9. Applying Concepts Name two

€. The water increases the fric-

i ways that friction is harmful and
tion between your feet and

bwi wiays thiat friction is helpful

@ The amount of friction
depends on factars such

as the roughness of the 4 the floor. . tor you when riding a bicycle.
surfaces and the force . The friction between your feet 3 3
pushing the surfaces and the floor changes from 10. Making lnrrw{tces Dil?m,_rme a
ng’[hEl sliding kinetic friction to roll- sttuation in which static friction
) 5% ing kinetc friction. Is useful.

® Two kinds of friction are :
kinetic friction and static 3. Explain why friction occurs.
E”F“In"' 4. How does the roughness of sur- L]

® Friction can be helpful or faces that are touching affect the SC[
harmful. friction between the surfaces? JNK.S.

5. Describe how the amount of
force pushing two surfaces
together affects friction.

For & variely of links related to this
chapter, go to WWW.SCilénks.tﬁrgﬂH
Topac; Force and Fchon

SoLinks code: HSA0G00

6. Name two ways in which fric-
tign can be increased.

7. List the two types of friction,
and give an example of each.
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READING WARM-UP

Objectives

@ Describe gravity and its effect on

matter.

@ Explain the law of universal

gravitation.

@ Describe the difference between

mass and weight.

Terms to
gravity
weight

mass

READING S5TRATEGY

Paired Summarizing Read this section
silendly. In pairs, take turns summariz-
ing the material. Stop to discuss ideas

Learn

that seem confusing,

gravily a force of attraction
between objects that is due to

their masses

Figure 1 Because the moon
has less gravity than the Earth
does, walking on the moon's
surface was a very bouncy
experience for the Apolfo

astronauls,
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Chapter 1

Gravity: A Force of
Attraction

Have you ever seen a video of astronauts on the moon?
They bounce around like beach balls even though they wear
big, bulky spacesuits. Why is leaping on the moon easier
than leaping on Earth?

The answer s gravity. Gravity is a force of attraction between
objects that is due to their masses. The force of gravity can
change the motion of an object by changing its speed, direc-
tion, or both. In this section, you will learn about gravity and
its effects on objects, such as the astronaut in Figure 1.

The Effects of Gravity on Matter

All matter has mass. Gravity is a result of mass. Therefore, all
matter is affected by gravity. That is, all objects experience
an attraction toward all other objects. This gravitational force
pulls objects toward each other. Right now, because of gravity,
you are being pulled toward this book, your pencil, and every
other object around you,

These objects are also being pulled toward you and toward
each other because of gravity. So why don’t you see the effects
of this attraction? In other words, why don’t you notice objects
moving toward each other? The reason is that the mass of
most objects is too small to cause a force large enough to
move objects toward each other. However, you are familiar
with one object that is massive enough to cause a noticeable
attraction—the Earth.

Matter in Motion
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The Size of Earth's Gravitational Force

Compared with all objects around you, Earth has a huge mass.
Therefore, Earth's gravitational force is very large. You must
apply forces to overcome Farth’s gravitational force any time
vou lift objects or even parts of your body.

Earth’s gravitational force pulls evervthing toward the center
of Earth. Because of this force, the books, tables, and chairs
in the room stay in place, and dropped objects fall to Earth
rather than moving together or toward you.

F (bR el Why must you exert a force to pick up an
object? (See the Appendix for answers to Reading Checks.)

Newton and the Study of Gravity

For thousands of years, people asked two very puzzling ques-
tions: Why do objects fall toward Earth, and what keeps the
planets moving in the sky? The two questions were treated
separately until 1665 when a British scientist named Sir
Isaac Newton realized that they were two parts of the same
question,

The Core of an Idea

The legend is that Newton made the connection between the
two questions when he watched a falling apple, as shown in
Figure 2. He knew that unbalanced forces are needed to change
the motion of objects. He concluded that an unbalanced force
on the apple made the apple fall. And he reasoned that an
unbalanced force on the moon kept the moon moving cir-
cularly around Earth. He proposed that these two forces are
actually the same force—a force of attraction called gravity.

The Birth of a Law

Newton summarized his ideas
about gravity in a law now
known as the law of universal
gravitation. This law describes
the relationships between
gravitational force, mass, and
distance, The law is called nni-
versal because it applies to all
objects in the universe.

Section 4 Gravity: A Force of Attraction
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CONNECTIONgTOR =%
Biology,
Seeds and Gravity Seeds
respond to gravity. The ability
to respond to gravity causes
seeds 1o send roots down and
the green shoot up. But scien-
tists do not understand how
seeds can sense gravity. Plan
an expenment to study how
seedlings respond to gravity.
After getting your teacher’s
approval, do your experiment
and report your observations
in & poster.

e DT Vi TY/

Figure 2 S5ir /sooc Newfon
realized that the same
unbalanced force affected the
motions of the apple and

the moon.

21



CONNECTION TO:
Astronomyg

Black Holes Black
SMILL  holes are 4 times o

| billion times as massive as
our sun. 5o, the gravitational
effects around a black hale are
very large. The gravitational
force of a black hole is so
large that objects that enter

a black hole can never get
out. Even light cannot escape
from a black hole. Because
black holes do not emit light,
they cannot be seen. Research
how astronomers can detect
black holes without seeing
them. Write a one-page paper
that details the results of your
research.

The Law of Universal Gravitation

The law of universal gravitation is the following: All objects
in the universe attract each other through gravitational force,
The size of the force depends on the masses of the objects
and the distance between the objects. Understanding the law
i5 easier if you consider il in two parts.

Part 1: Gravitational Force Increases as
Mass Increases

Imagine an elephant and a cat. Because an elephant has a
larger mass than a cal does, the amount of gravity between
an elephant and Earth is greater than the amount of grav-
ity between a cal and Earth. 50, a cal is much easier Lo pick
up than an elephant! There is also gravity between the cal
and the elephant, but that force is very small because the
cat’s mass and the elephant’s mass are so much smaller than
Earth’s mass. Figure 3 shows the relationship between mass
and gravitational force,

I'his part of the law of universal gravitation also explains
why the astronauts on the moon bounce when they walk. The
moon has less mass than Earth does. Therefore, the moon's
gravitational force is less than Earth's, The astronauts bounced
around on the moon because they were not being pulled down
with as much force as they would have been on Earth,

F OREATEe el How does mass affect gravitational force?

How Mass Affects Gravitational Force

The gravitational force between objects increases as the
masses of the objects increase. The arrows indicate the
gravitational force between two objects. The length of
the arrows indicates the strength of the force.

22 Chapter 1

€ Gravitational force is small
between objects that have
small masses.

) Gravitational force is large
when the mass of one or
both objects is large.

Matter in Motion

Copyrlght & By Holl, Rincian and Wneitn. A3 fdghite resaryed



Part 2: Gravitational Force Decreases as
Distance Increases

The gravitational force between you and Earth is large.
Whenever you jump up, you are pulled back down by
Earth’s gravitational force. On the other hand, the sun
is more than 300,000 times more massive than Earth.
S0 why doesn’t the sun's gravitational force affect you
more than Earth's does? The reason is that the sun is
so far away.

You are about 150 million kilometers (93 million
miles) away from the sun, At this distance, the gravita-
tional force between you and the sun is very small. If
there were some way you could stand on the sun, you
would find it impossible to move. The gravitational force
acting on vou would be so great that vou could not move
any part of your body!

Although the sun’'s gravitational force on vour body Figure 4 Venus and Earth have
is very small, the force is very large on Earth and the approximately the same mass. But
other planets, as shown In Figure 4. The gravity between because Venus is closer to the sun, the
the sun and the planets is large because the objects have  grovitational force between Venus and
large masses. If the sun's gravitational force did not have m:”: " wmaﬁgfﬂmmj
such an effect on the planets, the planets would not
stay in orbit around the sun, Figure 5 will help you
understand the relationship between gravitational force
and distance.

m How Distance Affects Gravitational Force

The gravitational force between objects decreases as the
distance between the objects increases. The length of the
ammows indicates the strength of the gravitational force
between two objects.

© Gravitational force is strong
when the distance between
two objects is small.

() if the distance between
two objects increases,
the gravitational force
pulling them together
decreases rapidly.

Section 4 Gravity: A Force of Attraction 23
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CONNECTION TO iy .
Language,Ants

Gravity Story

i Suppose you had
a device that could increase
or decrease the gravitational
force of Earth. In your science
journal, write a short story
describing what you might
do with the device, what you
would expect to see, and what
effect the device would have
on the weight of objects.

—_—

weight a measure of the gravita-
tional force exerted on an object; its
value can change with the location of
the object in the universe

mass a measure of the amount of
matter in an object

Figure & The astronaut’s
weight an the moon is about
one-sixth of his weight on Earth,
but his mass remains constant.

Weight is measured by

using a spring scale,

24 Chapter 1
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Weight as a Measure of Gravitational Force

Gravity is a force of attraction between objects. Weight is a
measure of the gravitational force on an object. When you
see or hear the word weight, it usually refers to Earth’s gravi-
tational force on an object. But weight can also be a measure
of the gravitational force exerted on objects by the moon or
other planets.

The Differences Between Weight and Mass

Weight is related to mass, but they are not the same. Weight
changes when gravitational force changes. Mass is the amount
of matter in an object. An object’s mass does not change.
Imagine that an object is moved to a place that has a greater
gravitational force—such as the planet Jupiter. The object’s
weight will increase, but its mass will remain the same. Figure 6
shows the weight and mass of an astronaut on Earth and on
the moon. The moon's gravitational force is about one-sixth
of Earth's gravitational force,

Gravitational force is about the same everywhere on Earth,
S50, the weight of any object is about the same everywhere.
Because mass and weight are constant on Earth, the terms
weight and mass are often used to mean the same thing. This
can be confusing. Be sure vou understand the difference!

WAETITEETA How is gravitational force related to the weight
of an object?

2 2

* *.

TR ¥

==y
162 kg

Mass is measured
by using a balance.

1 /s

.- 4

L2 N
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Units of Weight and Mass

You have learned that the 5| unit of force is a newton (N).
Gravity i1s a force, and welght is a measure ol gravily., So,
weight is also measured In newtons. The 51 unil of mass is
the kilogram (kg). Mass is often measured in grams (g) and
milligrarns (mg) as well. On Earth, a 100 g object, such as the
apple shown in Figure 7, weighs about 1 N,

When vou vse a bathroom scale, vou are measuring the
gravitational force between vour body and Earth. So, vou are
measuring your weight, which should be given In newtons.
However, many bathroom scales have units of pounds and kilo-
grams instead of newtens. Thus, people somelimes mistakenly
think thal the kilogram (like the pound) is a unit of weight.

SECTION
Review

Using Key Terms

1. In vour own words, write a defi-
niticn for the term gravity.

2. Use each of the following terms
_ frl a separate sentence: mass and
@ Gravity 5 a force of Understanding Key ldeas

attraction between

3. If Earth's mass doubled without

Figure 7 A small apple weighs
approximately 1 N

Math Skills

8. The gravitational force on Jupiter
Is approximately 2.3 times the
gravitational force on Earth, (f
an object has a mass of 70 kg
and a weight of 686 N on Earth,
what would the object’s mass
and weight on Jupiter be?

Critical Thinking

objects that is due o
their masses.

@ The law of universal
gravitation states that
all objects in the uni-
verse attract each other
through gravitational
force,

® Gravitational force
iINCreases as mass
increases.

@ Gravitational force
decreases as distance
inCreases. 5.

® weight and mass are not
the same, Mass is the
amount of matter in an
object. Weight is a meas- B
ure of the gravitational
force on an object.

4.

1.

Ecgmyigni © oy HOR Rinahant ana Womion . B0 ngres s

changing its size, your weight

wionld

a. increase because pravitational
force increases.

b. decrease because gravitational
force increases.

€. increase because gravilational
force decreases,

d. not change because you are
stilf on Earth,

What is the law ol universal
gravitation?

How does the mass of an object
refate to the gravitational force

that the object exerts on other

abjects?

. How does the distance between

objects affect the gravitational
force between them?

Wihv are mass and weight often
confused?

9. Applying Concepts Your friend
thinks that there is no gravity In
space, How could you explain to
vour friend that there must be
pravity [nspace?

10. Making Comparisons Explain

why it is your weight and not
your mass that would change if
vioru landed on Mars.,

SC[ INKS.

For a variety of links related to this
chapter, go to www.scllinks.org

Topic; Matter and Grawity
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Build an accelerometer,

Explain how an accelerometer
waorks.

| MATERIALS J

= container, 1 L, with watertight
lid

# cork or plastic-foam ball, small

» modeling day

= pushpin

= SCISSOMS

s siring

= water

SAFETY

Skills Practice Lab)

Detecting Acceleration

Have you ever noticed that you can “feel” acceleration? In
a car or in an elevator, you may notice changes in speed or
direction—even with your eyes closed! You are able to sense
these changes because of tiny hair cells in your ears. These
cells detect the movement of fluid in your inner ear. The fluid
accelerates when you do, and the hair cells send a message
about the acceleration to your brain. This message allows you
to sense the acceleration, In this activity, you will build a device
that detects acceleration, This device is called an accelerometer
(ak seL uhr AHM uht uhr),

Procedure

o Cut a piece of string that reaches three-quarters of the way
into the container.

o ise a pushpin to attach one end of the string to the cork or
plastic-foam ball.

€) Use modeling clay to attach the other end of the string to
the center of the inside of the container lid. The cork or ball
should hang no farther than three-quarters of the way into the
container.

© Fill the container with water,

o Put the lid tightly on the container. The string and cork or ball
should be inside the container.

© 1um the container upside down. The cork should float about
three-quarters of the way up inside the container, as shown at
right. You are now ready to detect acceleration by using your
accelerometer and completing the following steps.

@) Put the accelerometer on a tabletop. The container lid should
touch the tabletop. Motice that the cork floats straight up in
the water,

0 Now, gently push the accelerometer across the table at a con-

\ stant speed. Notice that the cork quickly moves in the direc-
! tion you are pushing and then swings backward. If you did not
= see this motion, repeat this step until you are sure you can see
o — the first movermnent of the cork.
26 Chapter 1 Matter in Motian
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ﬁ After you are familiar with how to use your o Explaining Events The cork moves forward

accelerometer, try the following changes in (in the direction you were moving the bottle)
maotion. For each change, record your observa- when you speed up but moves backward
tions of the cork's first motion, when you slow down, Explain why the cork

moves this way. (Hint: Think about the direc-

a As you move the accelerometer across the ; :
tion of acceleration.)

table, gradually increase its speed.

b. As you move the accelerometer across the
table, gradually decrease its speed. z = : :
© While moving the accelerometer across the o Waking Prachceous: ftagine ot s sanciig

table, change the direction in which you on a corner l:-md watching a ::_ar‘that is wai]‘.—
. ing at a stoplight. A passenger inside the car is
are pushing.

PR otk ol . i halding some helium balloons. Based on what
ake any other changes in motion you can you observed with your accelerometer, what
think of, You should make only one change

. ; do you think will happen to the balloons when
to the maotion for each trial. 5 ;
the car begins moving?

Draw Conclusions

Analyze the Results

@ Analyzing Results When you move the bottle Applying Your Data
at a constant speed, why does the cork quickly

; ; y R If you maove the bottle in a crcle at a constant
swing backmln.'ard after it moves in the direction speed, what do you prediet the cor vl do?
of acceleration?

Try it, and check your answer.
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USING KEY TERMS

Complete each of the following sen-
tences by choosing the correct term
from the word bank.

mass gravity
friction weight
speed velocity
net force newton

© __ opposes motion between surfaces
that are touching.

aThE 15 the unit of force.
© _ is determined by combining forces.

© Acceleration is the rate at which ___
changes.

o_ is a measure of the gravitational
force on an object,

Multiple Choice_

0 !l a student rides her bicycle on a
straight road and does not speed up
or slow down, she is traveling with a
a. constant acceleration,
b. constant velocity.
& positive acceleration.
d. negative acceleration.

© A force

a. is expressed in newtons.

b. can cause an object to
speed up, slow down,
or change direction,

¢ is a push or a pull.

d. All of the above

28 Chapter | Matter in Motion

© ! you are in a spacecraft that has been
launched into space, your weight
would

a. increase because gravitational force
is increasing.

b. increase because gravitational force
is decreasing.

. decrease because gravitational force
Is decreasing.

d. decrease because gravitational force
is increasing,

© The gravitational force between 1 kg of

lead and Earth is ___ the gravitational

force between 1 kg of marshmallows

and Earth.

a. greater than

b. less than

c the same as
d. None of the above

@ Which of the following is a measure-
ment of velocity?

¢ 55 m/h south

d. 50 km/h

a. 16 m east
b. 25 m/s

Short Answer

@ Describe the relationship between
motion and a reference point.

@ How is it possible to be accelerating
and traveling at a constant speed?

@ Explain the difference between
mass and weight.



Math Skills_____

@ A kangaroo hops 60 m to the east in
5 5. Use this information to answer the
following questions.

a, What is the kangaroo's average
speed?

b. What is the kangaroo's average
velocity?

¢ The kangaroo stops at a lake for
a drink of water and then starts
hopping again to the south. Each
second, the kangaroo's velocity
increases 2.5 m/s. What is the kan-
garoo's acceleration after 5 s7

CRITICAL THINKING

(D Concept Mapping Use the following
terms to create a concept map: speed,
velocity, acceleration, force, direction, and
motion,

(D Applying Concepts Your family is mov-
ing, and you are asked to help move
some boxes. One box is so heavy that
vou must push it across the room
rather than lift it. What are some ways
vou could reduce friction to make
moving the box easier?

(@) Analyzing Ideas Considering the scien-
tific meaning of the word acceleration,
how could using the term accelerator
when talking about a car’s gas pedal
lead to confusion?

(D Identifying Relationships Explain why
it is important for airplane pilots to
know wind velocity and not just wind
speed dunng a flight.

Capgngsl 10y o Aiahie] ahd Wissian . lEigiie sasived

INTERPRETING GRAPHICS

Use the figures below to answer the
questions that follow.

@ Is the graph below showing positive
acceleration or negative acceleration?
How can you tell?

|

Time (s}

Velocity (m/s)

&) You know how to combine two forces
that act in one or two directions. The
same method can be used to combine
several forces acting in several direc-
tions. Look at the diagrams, and cal-
culate the net force in each diagram.
Predict the direction each object will
maove,

a. IN

6N IN
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