
R
acers, like the ones shown
here, want to know who is the
fastest. How can you deter-

mine who’s the fastest? What has to be
measured to determine a racer’s speed?
How can you describe motion when
speed is changing? In this chapter you
will learn how to describe motion,
including motion that is changing.
You will also study how motion
changes when objects collide.

What do you think?
Science Journal Look at the picture
below with a classmate. Discuss what
this might be or what is happening.
Here’s a hint: You can see these almost
everywhere, day or night. Write your
answer or your best guess in your 
Science Journal.

Motion and
Momentum

11

6 ◆ M



How is it possible for a 70-kg football player to
knock down a 110-kg football player?  The smaller

player usually must be running faster. Mass makes a
difference when two objects collide, but the speed of
the objects also matters. Explore the behavior of collid-
ing objects during this activity.

Model collisions
1. Space yourself about 2 m away from a 

partner. Slowly roll a baseball on the floor 
toward your partner, and have your part-
ner roll a baseball quickly into your ball.

2. Have your partner slowly roll a baseball as 
you quickly roll a tennis ball into the baseball.

3. You and your partner roll two tennis balls 
toward each other at the same speed.

Observe
Describe your observations of each of these collisions.
In your Science Journal, write a paragraph discussing how the 
motion of the balls changed after the collision.

EXPLORE
ACTIVITY

M ◆ 7

Making a Vocabulary Study Fold Knowing
the definition of vocabulary words is a good
way to ensure that you understand the 
content of the chapter.

1. Place a sheet of notebook paper in front of you so the short side 
is at the top and the holes are on the right side. Fold the paper in
half from the left side to the right side.

2. Through the top thickness of paper, cut along every third line from
the outside edge to the fold, forming tabs.

3. Before you read, write the vocabulary words from each section in
this chapter on the front of the tabs. Under each tab, write what you
think the word means.

4. As you read the chapter, add to and correct your definitions.

FOLDABLES
Reading & Study
Skills

FOLDABLES
Reading &Study 
Skills
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What is motion?
S E C T I O N

Matter and Motion
All matter in the universe is constantly in motion, from the

revolution of Earth around the Sun to electrons moving around
the nucleus of an atom. Plants grow. Lava flows from a volcano.
Bees move from flower to flower as they gather pollen. Blood
circulates through your body. These are all examples of matter
in motion. How can the motion of these different objects be
described?

Changing Position 
To describe an object in motion, you must recognize first

that the object is in motion. Something is in motion if it is
changing position. It could be a fast-moving airplane, a leaf
swirling in the wind, or water trickling from a hose. Even your
school is moving through space attached to Earth. When an
object moves from one location to another, it is changing posi-
tion. The runners shown in Figure 1 sprint from the start line to
the finish line. Their positions change so they are in motion.

■ Define distance, speed, and
velocity.

■ Graph motion.

Vocabulary
speed
average speed
instantaneous speed
velocity

The different motions of objects you
see every day can be described in the
same way.

Research Visit the 
Glencoe Science Web site at
science.glencoe.com for
more information about early
attempts to study motion.
Make a table to show what
you learn.

Figure 1
When running a race, you are in
motion because your position
changes.

http://science.glencoe.com


Relative Motion Determining whether something
changes position requires a point of reference. An object
changes position if it moves relative to a reference point.
To visualize this, picture yourself competing in a 100-m
dash. You begin just behind the start line. When you pass
the finish line, you are 100 m from the start line. If the
start line is your reference point then your position has
changed by 100 m relative to the start line, and motion
has occurred. Look at Figure 2. How can you determine
that the dog has been in motion?

How do you know if an object has
changed position?

Distance and Displacement Suppose you are to
meet your friends at the park in five minutes. Can you get
there on time by walking, or should you ride your bike?
To help you decide, you need to know the distance you will
travel to get to the park. This distance is the length of the route
you will travel from your house to the park.

Suppose the distance you traveled from your house to the
park was 200 m. When you get to the park, how would you
describe your location? You could say that your location was 
200 m from your house. To describe your location exactly, you
also would have to tell in what direction you traveled. Did you
travel 200 m east or 200 m west? Your final position would
depend on the distance traveled and the direction. To describe
your location, you would specify your displacement. Displace-
ment includes the distance between the starting and stopping
points, and the direction in which you travel. Figure 3 shows the
difference between distance and displacement.

Distance: 40 m
Displacement: 40 m east

40 m

Distance: 70 m
Displacement: 50 m northeast

50 m 30 m

Distance: 140 m
Displacement: 0 m

Figure 3
Distance is how far you have
walked. Displacement is the
direction and difference in posi-
tion between your starting point
and your ending point.

Figure 2
Motion occurs when something
moves relative to a reference
point. The dog has moved relative
to what object?
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Speed 
Knowing how fast something is moving can be important.

The faster something is moving, the less time it takes to travel a
certain distance. Speed is the distance traveled divided by the
time taken to travel the distance. This definition can be written
as the following equation:

speed �

For example, the fastest runners can run the 100-m dash in about
10 s. When sprinters run 100 m in 10 s, their speed is as follows:

speed �

�

� 10 m/s

The units of speed are units of distance divided by units of time.
In SI units, the units of speed are meters per second (m/s).

100 m
�

10 s

distance
�

time

distance
�

timeDifferent animals can move
at different top speeds.
What are some of the
fastest animals? Research
the characteristics that
help animals run, swim, or
fly at high speed.

Math Skills Activity

Example Problem
Calculate the speed of a swimmer who swims 100 m in 56 s.

Solution

This is what you know: distance: 100 m
time: 56 s

This is what you need to know: speed

This is the equation you need to use: speed = distance/time

Substitute the known values: speed = (100 m)/(56 s)
speed = 1.8 m/s

Check your answer by multiplying the calculated speed by the time. Did you 
calculate the distance that was given in the problem?

Calculating Speed

For more help, refer to the Math Skill Handbook.

Practice Problem

A runner completes a 400-m race in 43.9 s. In a 100-m race, he
finishes in 10.4 s. In which race was his speed faster?
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0 s 1 s 2 s 3 s 4 s

0  m 1  m 2  m 3  m  

Average Speed If a sprinter ran the 100-m dash in 10 s, she
probably couldn’t have run the entire race with a speed of 10
m/s. Consider that when the race started, the sprinter wasn’t
moving. Then, as she started running, she moved faster and
faster, which increased her speed. During the entire race, the
sprinter’s speed could have been different from instant to instant.
However, the sprinter’s motion for the entire race can be
described by her average speed, which is 10 m/s. Average speed is
found by dividing the total distance traveled by the time taken.

How is average speed calculated?

An object in motion can change speeds many times as it
speeds up or slows down. The speed of an object at one instant
of time is the object’s instantaneous speed. To understand the
difference between average and instantaneous speeds, think
about walking to the library. If it takes you 0.5 h to walk 2 km to
the library, your average speed would be as follows:

speed �

� � 4 km/h

However, you might not have been moving at the same
speed throughout the trip. At a crosswalk, your instantaneous
speed might have been 0 km/h. If you raced across the street,
your speed might have been 7 km/h. If you were able to walk at
a steady rate of 4 km/h during the entire trip, you would have
moved at a constant speed. Average speed, instantaneous speed,
and constant speed are illustrated in Figure 4.

2 km
�
0.5 h

distance
�

time
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Measuring 
Average Speed
Procedure
1. Measure the distance

between two marks, such as
two doorways.

2. Time yourself walking from
one mark to the other.

3. Time yourself walking
slowly, walking safely and
quickly, and walking with a
varying speed; for example,
slow/fast/slow.

Analysis
1. Calculate your average speed

in each case.
2. Predict how long it would

take you to walk 100 m
slowly, at your normal
speed, and quickly.

0 s 1 s 2 s 3 s 4 s

0  m 1  m 2  m 3  m  

Figure 4
The average speed of each ball is the
same from 0 s to 4 s.

This ball is moving at a constant
speed. In each second, the ball
moves the same distance.

This ball has a varying speed.
Its instantaneous speed is fast
between 0 s and 1 s and slow
between 2 s and 3 s.



Graphing Motion 
You can represent the motion of an object with a distance-

time graph. For this type of graph, time is plotted on the hori-
zontal axis and distance is plotted on the vertical axis. Figure 5
shows the motion of two students who walked across a class-
room, plotted on a distance-time graph.

Distance-Time Graphs and Speed The distance-time
graph can be used to compare the speeds of objects. Look at the
graph shown in Figure 5. According to the graph, after 1 s stu-
dent A traveled 1 m. Her average speed during the first second is
as follows:

speed � � � 1 m/s

Student B, however, only traveled 0.5 m in the first second. His
average speed is

speed � � � 0.5 m/s

So student A traveled faster than student B. Now compare the
steepness of the lines on the graph in Figure 5. The line repre-
senting the motion of student A is steeper than the line of stu-
dent B. A steeper line on the distance-time graph represents 
a greater speed. A horizontal line on the distance-time 
graph means that no change in position occurs. Then the speed,
represented by the line on the graph, is zero.

0.5 m
�

1 s

distance
�

time

1 m
�
1 s

distance
�

time

Research Visit the 
Glencoe Science Web site at
science.glencoe.com for
information about how the
land speed record has
changed over the past cen-
tury. Make a chart showing
what you learn.

2.0

1.0

1.0 1.50.50
Time (s)

Student A

Distance versus Time

Student B

2.0 2.5

D
is

ta
nc

e 
(m

)

0

0.5

1.5

Figure 5
The motion of two students walk-
ing across a classroom is plotted
on this distance-time graph.
Which student moved faster?
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Velocity
If you are hiking in the woods, it

is important to know in which direc-
tion you should walk in order to get
back to camp. You want to know not
only your speed, but also the direc-
tion in which you are moving. The
velocity of an object is the speed of
the object and direction of its motion.
This is why a compass and a map, like
the one shown in Figure 6, are useful
to hikers. To get back to camp before
nightfall, they need to know how far,
how fast, and in what direction they
need to travel. The map and the compass help the hikers to
determine what their velocity must be. Velocity has the same
units as speed, but it also includes the direction of motion.

The velocity of an object can change if the object’s speed
changes, its direction of motion changes, or they both change.
For example, suppose a car is traveling at a speed of 60 km/h
north and then turns left at an intersection and continues on
with a speed of 60 km/h. The speed of the car is constant at 60
km/h, but the velocity changes from 60 km/h north to 60 km/h
west. Why can you say the velocity of a car changes as it comes
to a stop at an intersection?

SECTION 1 What is motion? M ◆ 13

Section Assessment

1. A dancer moves 5 m toward the left of the
stage over the course of 15 s. What is her
average velocity for this time?

2. If you know an object’s velocity, do you
know its speed?  Explain.

3. An airplane flies a distance of 650 km at an
average speed of 300 km/h. How much
time did the flight take?

4. Think Critically A bee flies 25 m north of
the hive, then 10 m east, 5 m west, and 
10 m south. How far north and east of the
hive is it now?  Explain how you calculated
your answer.

5. Making and Using Graphs You walk forward
at 1.5 m/s for 8 s. Your friend decides to walk
faster and starts out at 2.0 m/s for the first 4 s.
But then she slows down and walks forward at
1.0 m/s for the next 4 s. Make a distance-time
graph of your motion and your friend’s motion.
Who walked farther?  For more help, refer to
the Science Skill Handbook.

6. Using a Database Use a database to research
the top speeds of different animals. Convert all
data to units of m/s. For more help, refer to the
Technology Skill Handbook.

START/FINISH

N

Figure 6
A map helps determine the direc-
tion in which you need to travel.
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Acceleration
S E C T I O N

Acceleration and Motion
When you watch the first few seconds of a liftoff, a rocket

barely seems to move. With each passing second, however, you
can see it move faster until it reaches an enormous speed. How
could you describe the change in the rocket’s motion? When an
object changes its motion, it is accelerating. Acceleration is the
change in velocity divided by the time it takes for the change to
occur.

Like velocity, acceleration has a direction. If an object
speeds up, the acceleration is in the direction that the object is
moving. If an object slows down, the acceleration is opposite 
to the direction that the object is moving. What if the direction
of the acceleration is at an angle to the direction of motion?
Then the direction of motion will turn toward the direction of
the acceleration.

Speeding Up You get on a bicycle and begin to pedal. The
bike moves slowly at first, then it accelerates because its speed
increases. When an object that is already in motion speeds up, it
also is accelerating. Imagine that you are biking along a level path
and you start pedaling harder. Your speed increases. When its
speed is increasing, an object is accelerating.

Suppose a toy car is speeding up, as shown in Figure 7. Each
second, the car moves at a greater speed and travels a greater
distance than it did in the previous second. When the car stops
accelerating, it will move in a straight line at the speed it reached
when the acceleration stopped.

■ Define acceleration.
■ Predict what effect acceleration

will have on motion.

Vocabulary
acceleration

Whenever an object changes its
motion, it accelerates.

0  cm

0 s

60 cm 70 cm

1 s 2 s 3 s

10 cm 20 cm 30 cm 40 cm 50 cm

427 CUBIC INCH 427 CUBIC INCH

GOODYEAR

TARADIAL

GOODYEAR

TARADIAL

427 CUBIC INCH 427 CUBIC INCH

GOODYEAR

TARADIAL

GOODYEAR

TARADIAL

427 CUBIC INCH 427 CUBIC INCH

GOODYEAR

TARADIAL

GOODYEAR

TARADIAL

427 CUBIC INCH 427 CUBIC INCH

GOODYEAR

TARADIAL

GOODYEAR

TARADIAL

Figure 7
The toy car is accelerating to the
right. The speed is increasing.



Slowing Down Now suppose you are biking at a speed of
4 m/s and you apply the brakes. This causes you to slow down. It
might sound odd, but because your speed changes, you have
accelerated. Acceleration occurs when an object slows down, as
well as when it speeds up. The car in Figure 8 is slowing down.
During each time interval, the car travels a smaller distance, so
its speed is decreasing.

In each of these examples, speed is changing, so acceleration
is occurring. Because speed is decreasing, the direction of the
acceleration is opposite to the direction of motion. Any time an
object slows down, its acceleration is in the opposite direction of
its motion.

Changing Direction Motion is not always along a straight
line. If the acceleration is at an angle to the direction of motion,
the object will turn. At the same time, it might speed up, slow
down, or have no change in speed.

Picture yourself again riding a bicycle. When
you lean to one side and turn the handlebars, the
bike turns. Because the direction of the bike’s
motion has changed, the bike has accelerated.
The acceleration is in the direction that the bicy-
cle turned.

Figure 9 shows another example of an object
that is accelerating. The ball starts moving upward,
but its direction of motion changes as its path
turns downward. Here the acceleration is down-
ward. The longer the ball accelerates, the more its
path turns toward the direction of acceleration.

SECTION 2 Acceleration M ◆ 15
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Figure 8
The car is moving to the right 
but accelerating to the left. In
each time interval, it covers less
distance and moves more slowly.

Figure 9
The ball starts out by moving forward and
upward, but the acceleration is downward,
so the ball’s path turns in that direction.



Calculating Acceleration
If an object is moving in a straight line, its acceleration can

be calculated using this equation.

acceleration �

In this equation, the final speed is the speed at the end of the
time period and the initial speed is the speed at the beginning of
the time period. Also, time is the length of time over which the
motion changes.

This equation also can be written in a simpler way by using
symbols. Let a stand for acceleration and t stand for time. Then
let sf stand for the final speed and si stand for the initial speed.
Then the above equation can be written as follows.

a �

The unit of acceleration is distance divided by time squared. In SI
units, acceleration has units of meters per second squared (m/s2).

(sf � si)
�

t

final speed � initial speed
���

time

Math Skills Activity

Example Problem
Calculate the acceleration of a bus whose speed changes from 6 m/s to 

12 m/s over a period of 3 s.

This is what you know: initial speed: si � 6 m/s
final speed: sf � 12 m/s
time: t � 3 s

This is what you need to know: acceleration: a

This is the equation you need to use: a � (sf � si)/t

Substitute the known values: a � (12 m/s � 6 m/s)/(3 s) � (6 m/s)/(3 s)
� 2 m/s2

Check your answer by multiplying the calculated acceleration by the time.
Then add the initial speed. Did you calculate the final speed given in the problem?

Calculating Acceleration

For more help, refer to the Math  Skill Handbook.

Practice Problem

A train’s velocity increases from 7 m/s to 18 m/s over a period of
120 s. Calculate its acceleration.
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Positive and Negative Acceleration An object is accel-
erating when it speeds up, and the acceleration is in the same
direction as the motion. An object also is accelerating when it
slows down, but the acceleration is in the direction opposite the
motion, such as the bicycle in Figure 10. How else is accelera-
tion different when an object is speeding up and slowing down?

Suppose you were riding your bicycle in a straight line and
speeded up from 4 m/s to 6 m/s in 5 s. You could calculate your
acceleration from the equation on the previous page.

a �

� �

� �0.4 m/s2

When you speed up, your final speed always will be greater
than your initial speed. So subtracting the initial speed from the
final speed gives a positive number. As a result, your acceleration
is positive when you are speeding up.

Suppose you slow down from a speed of 4 m/s to 2 m/s in 
5 s. Now the final speed is less than the initial speed. You could
calculate your acceleration as follows:

a �

� �

� �0.4 m/s2

Because your final speed is less than your initial speed, your
acceleration is negative when you slow down.

�2 m/s
�

5 s

(2 m/s � 4 m/s)
��

5 s

(sf � si)
�

t

�2 m/s
�

5 s

(6 m/s � 4 m/s)
��

5 s

(sf – si)
�

t
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Modeling Acceleration
Procedure
1. Use masking tape to lay a

course on the floor. Mark a
starting point and place
marks along a straight path
at 10 cm, 40 cm, 90 cm,
160 cm, and 250 cm from
the start.

2. Clap a steady beat. On the
first beat, the person walking
the course is at the starting
point. On the second beat,
the walker is on the first
mark, and so on.

Analysis
1. Describe what happens to

your speed as you move
along the course. Infer what
would happen if the course
were extended farther.

2. Repeat step 2, starting at 
the other end. Are you still
accelerating? Explain.

Figure 10
When skidding to a stop, you are
slowing down. This means you
have a negative acceleration.



Graphing Accelerated Motion
The motion of an object that is accel-
erating can be shown with a graph.
For this type of graph, speed is plot-
ted on the vertical axis and time on
the horizontal axis. Take a look at
Figure 11. On section A of the graph,
the speed changes from 0 m/s to 
10 m/s during the first 2 s. The accel-
eration over this time period is
5 m/s2. The object is speeding up, so
the acceleration is positive. Look at
the line in section A. It slopes upward
to the right. An object that is speed-
ing up will have a line on a speed-
time graph that slopes upward.

Now look at section C. Between 
4 s and 6 s the speed changes from 10 m/s to 4 m/s. The accelera-
tion is –3 m/s2. The object is slowing down, so the acceleration is
negative. On the speed-time graph, the line in section C is slop-
ing downward to the right. An object that is slowing down will
have a line on a speed-time graph that slopes downward.

On section B, where the line is horizontal, the change in
speed is zero. So a horizontal line on the speed-time graph rep-
resents an acceleration of zero or constant speed.

How is an acceleration of zero represented on a
speed-time graph?

18 ◆ M CHAPTER 1 Motion and Momentum

Section Assessment

1. A runner accelerates from 0 m/s to 3 m/s in
12 s. What was the acceleration?

2. A speed-time graph shows a line sloping
downward. How was the speed changing?

3. In what three ways can acceleration
change an object’s motion?

4. An object falls with an acceleration of 
9.8 m/s2. What is its speed after 2 s? 

5. Think Critically You start to roll back-
ward down a hill on your bike, so you use
the brakes to stop your motion. In what
direction did you accelerate?

6. Forming Operational Definitions Give an
operational definition of acceleration. For more
help, refer to the Science Skill Handbook.

7. Making and Using Graphs A sprinter had the
following speeds at different times during a race:
0 m/s at 0 s, 4 m/s at 2 s, 7 m/s at 4 s, 10 m/s at
6 s, 12 m/s at 8 s, and 10 m/s at 10 s. Plot these
data on a speed-time graph. During what time
intervals is the acceleration positive?  Negative?
Is the acceleration ever zero?  For more help,
refer to the Science Skill Handbook.

Figure 11
The speed-time graph can 
be used to find acceleration.
When the line rises, the object 
is speeding up. When it is hori-
zontal, the acceleration is zero.
When the line falls, the object 
is slowing down.
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Mass and Inertia
The world you live in is filled with objects in motion. How

can you describe these objects? Objects have many properties
such as color, size, and composition. One important property of
an object is its mass. The mass of an object is the amount of
matter in the object. In SI units the unit for mass is the kilogram.

The weight of an object is related to the object’s mass.
Objects with more mass weigh more than objects that have less
mass. A bowling ball has more mass than a pillow, so it weighs
more than a pillow. However, the size of an object is not the
same as the mass of the object. For example, a pillow is larger
than a bowling ball, but the bowling ball has more mass.

Objects with different masses are different in an important
way. Think about what happens when you try to stop someone
who is rushing toward you. A small child is easy to stop. A large
adult is hard to stop. The more mass an object has, the harder it
is to slow it down, speed it up, or turn it. This tendency of an
object to resist a change in its motion is called inertia. Objects
with more mass have more inertia, as shown in Figure 12. The
more mass an object has, the harder it is to change its motion.

■ Explain the difference between
mass and inertia.

■ Define momentum.
■ Predict motion using the law of

conservation of momentum.

Vocabulary
mass
inertia
momentum
law of conservation of momentum

Objects in motion have momentum.
The motion of objects after they col-
lide depends on their momentum.

Momentum
S E C T I O N

Figure 12
The more mass an object
has, the greater its iner-
tia is. A table-tennis ball
responds to a gentle hit
that would move a tennis
ball only slightly.



Math Skills Activity

Example Problem
Calculate the momentum of a 14 kg bicycle traveling north at 2 m/s.

Solution

This is what you know: mass: m � 14 kg
velocity: v � 2 m/s north

This is what you need to find: momentum: p

This is the equation you need to use: p � mv

Substitute the known values: p � 14 kg � 2 m/s north
� 28 kg�m/s north

Check your answer by dividing your momentum calculation by the mass
of the bicycle. Did you calculate the velocity given in the problem?

Calculating Momentum

For more help, refer to the Math Skill Handbook.

Practice Problem

A 10,000-kg train is traveling east at 15 m/s. Calculate the momen-
tum of the train.
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Momentum
You know that the faster a bicycle moves, the harder it is to

stop. Just as increasing the mass of an object makes it harder to
stop, increasing the speed or velocity of an object also makes it
harder to stop. The momentum of an object is a measure of
how hard it is to stop the object. This depends on the object’s
mass and velocity. The momentum of an object can be calcu-
lated from this equation.

momentum � mass � velocity

Momentum is usually symbolized by p. If m stands for mass and
v stands for velocity, this equation can be written like this.

p � mv

According to this equation, the momentum increases if the mass
of the object or its velocity increases. Mass is measured in kilo-
grams and velocity has units of meters per second, so momen-
tum has units of kilograms multiplied by meters per second
(kg�m/s). Also, because velocity includes a direction, momen-
tum has a direction that is the same direction as its velocity.

A running animal has
momentum. A small animal
might be able to turn more
quickly than a larger pursu-
ing predator, because the
smaller animal has less
momentum. The larger an
animal is and the faster it
runs, the harder it is to turn
or stop. Research the sizes
of some predators and their
usual prey.
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Conservation of Momentum 
If you’ve ever played billiards, you know that when the cue

ball hits another ball, the motion of both balls changes. The cue
ball slows down and may change direction, so its momentum
decreases. Meanwhile, the other ball starts moving, so its
momentum increases. It seems as if momentum is transferred
from the cue ball to the other ball.

In fact, during the collision the momentum lost by the cue
ball was gained by the other ball. This means that the total
momentum of both balls was the same just before and just after
the collision. This is true for any collision, as long as no outside
forces such as friction act on the objects and change their speeds
after the collision. According to the law of conservation of
momentum, the total momentum of objects that collide with
each other is the same before and after the collision. This is true
for the collisions of the billiard balls shown in Figure 13, as well
as for atoms, cars, football players, or any other matter.

Using Momentum Conservation
Outside forces such as gravity and friction are almost always

acting on objects that are colliding. However, sometimes the
effects of these forces are small enough that they can be ignored.
Then the law of conservation of momentum enables you to pre-
dict how the motions of objects will change after a collision.

There are many ways that collisions can occur. Sometimes
the objects that collide will bounce off of each other, like the
bowling ball and bowling pins in Figure 14A. In some collisions,
objects will stick to each other after the collision, like the two
football players in Figure 14B. In this type of collision, the law of
conservation of momentum enables the speeds of the objects
after the collision to be calculated.

Figure 13
When the cue ball hits the other
billiard balls, it slows down
because it transfers part of its
momentum to the other billiard
balls. What would happen to the
speed of the cue ball if all of its
momentum were transferred to the
other billiard balls?

Figure 14
In these collisions, the total
momentum before the collision
equals the total momentum after
the collision.

When one player tackles the other,
they both change speeds but momentum
is conserved.

When the bowling ball hits the pins, some of its
momentum is transferred to the pins. The ball slows
down and the pins speed up.



Sticking Together Picture yourself standing on a pair of
skates when someone throws a backpack to you, as in Figure 15.
When you catch the backpack, you and the backpack continue
to move in the same direction that the backpack was moving
before the collision.

The law of conservation of momentum can be used to find
your speed or velocity after you catch the backpack. Suppose a
backpack with a mass of 2 kg is tossed at a speed of 5 m/s. You
have a mass of 48 kg, and initially you are at rest. Then the total
momentum before the collision would be

total momentum � momentum of backpack � your momentum

� 2 kg � 5 m/s � 48 kg � 0 m/s

� 10 kg�m/s

After the collision, the total momentum remains the same and
only one object is moving. It has a combined mass of you and
the backpack. You can use the equation for momentum to find
the new velocity.

total momentum � (mass of backpack � your mass) � velocity

10 kg�m/s � (2 kg � 48 kg) � velocity

10 kg�m/s � (50 kg) � velocity

0.2 m/s � velocity

This is your velocity right after you catch the backpack. The
final velocity is much less than the initial velocity of the back-
pack. The velocity decreases because the mass of you and the
backpack together is much greater than the mass of the back-
pack alone.

As you continue to move on your skates, the force of friction
between the ground and the skates slows you down. As a result,
the momentum of you and the backpack together continually
decreases until you come to a stop.
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Figure 15
Momentum is conserved in the
collision of the backpack and
the student. Before the
student on skates and the back-
pack collide, she is not moving.

After the collision, the
student and the backpack move
together at a slower speed than
the backpack had before the
collision.



The law of conservation of momentum can 
be used to predict the results of collisions
between different objects, whether they are

subatomic particles smashing into each other at
enormous speeds, or the collisions of marbles,
as shown on this page. What happens when one
marble hits another marble initially at rest?  The
results of the collisions depend on the masses 
of the marbles.

Figure  16

VISUALIZING 
CONSERVATION OF MOMENTUM

Here, a less-massive marble
strikes a more-massive marble that is
at rest. After the collision, the smaller
marble bounces off in the opposite
direction. The larger marble moves 
in the same direction that the small
marble was initially moving.

A

Here, the large marble strikes 
the small marble that is at rest. After
the collision, both marbles move in
the same direction. The less-massive
marble always moves faster than the
more-massive one.

B

If two objects of the same mass
moving at the same speed collide
head-on, they will rebound and move
with the same speed in the opposite
direction. The total momentum is zero
before and after the collision.

C

SECTION 3 Momentum M ◆ 23



Bouncing Off In some types of collisions the objects
involved, like the bumper cars in Figure 17, bounce off each
other when they collide. The law of conservation of momentum
can be used to help determine how these objects move after they
collide. The results of collisions between two objects of various
masses are shown in Figure 16.

For example, what happens if two objects of the same mass
moving with the same speed collide head on? The objects reverse
their direction of motion after the collision but still move with the
same speed. What happens when one object directly hits an object
at rest and both have the same mass? The first object transfers all
of its momentum to the object at rest and comes to a stop.
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Section Assessment

1. When a player uses a golf club to hit a ball,
how is momentum transferred?

2. What is the momentum of a 0.1-kg mass
moving at 5 m/s?

3. A system of two balls has a momentum of
1 kg�m/s. Ball A has a momentum of
–3 kg�m/s. What is the momentum 
of ball B?

4. Think Critically You watch a film in
which one billiard ball rolls forward and 
hits another. After the collision the second
billiard ball rolls away and the first one is
motionless. Can you tell whether the film is
being shown forward or in reverse?

5. Predicting Two balls of the same mass move
toward each other with equal speeds and in the
opposite direction. Predict how the balls will
move after the collision if they collide and then
stick together. Explain your answer. For more
help, refer to the Science Skill Handbook.

6. Solving One-Step Equations A 0.2-kg ball 
is moving left at 3 m/s. It strikes a 0.5-kg ball
that is at rest. Immediately after the collision,
the 0.2-kg ball comes to a stop. How fast is the
0.5-kg ball moving if the momentum is con-
served?  For more help, refer to the Math Skill
Handbook.

Figure 17
When bumper cars collide,
they bounce off each other,
and momentum is transferred.



ACTIVITY M ◆ 25

Make a chart showing your results. You might
want to make before-and-after sketches,
with short arrows to show slow movement
and long arrows to show fast movement.
For more help, refer to the Science Skill
Handbook.

Collisions

6. Repeat step 2, replacing the small target mar-
ble with four small marbles that are touching.

7. Place two small marbles at opposite ends of
the metersticks. Shoot the marbles toward
each other and describe the collision.

8. Place two large marbles at opposite ends of
the metersticks. Shoot the marbles toward
each other and describe the collision.

9. Place a small marble and a large marble at
opposite ends of the metersticks. Shoot the
marbles toward each other and describe the
collision.

Conclude and Apply
1. Compare and contrast the results of the

various types of collisions.

2. In which collisions did the shooter marble
change direction?  How did the mass of the
target marble compare with the shooter mar-
ble in these collisions?

Acollision occurs when a baseball bat hits a
baseball or a tennis racket hits a tennis ball.

What would happen if you hit a baseball with a
table-tennis paddle, or a table-tennis ball with a
baseball bat?  How do the masses of colliding
objects change the results of collisions?

What You’ll Investigate
How does changing the size and number of mar-
bles in a collision affect the collision?

Materials
small marbles (5) metersticks (2)
large marbles (2) tape

Goals
■ Compare and contrast different collisions.
■ Determine how the speeds after a collision

depend on the masses of the colliding objects.

Safety Precautions 

Procedure
1. Tape the metersticks next to each other,

slightly farther apart than the width of the
large marbles. This limits the motion of the
marbles to nearly a straight line.

2. Place a small marble in the center of the 
track formed by the metersticks. Place
another small marble at one end of the track.
Shoot this marble toward the small target
marble by flicking it with your finger.
Describe the collision.

3. Repeat step 2, replacing the two small mar-
bles with the two large marbles.

4. Repeat step 2, replacing the small shooter
marble with a large marble.

5. Repeat step 2, replacing the small target
marble with a large marble.
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Imagine that you are a car designer. How can you create an attractive, fast car 
that is safe?  When a car crashes, the passengers have inertia that can keep 

them moving. How can you protect the passengers from stops caused by sudden,
head-on impacts?

Recognize the Problem
How can you design a car to win a race and protect the passenger in a head-on crash at
the end of the race?

Form a Hypothesis
Develop a hypothesis about how to design a car to deliver a plastic egg quickly and
safely through a race course and a crash at the end.

Safety Precautions 

Protect your eyes from possible flying
objects.

Possible Materials
insulated foam meat trays or fast food 

trays
insulated foam cups
straws,narrow and wide
straight pins
tape
plastic eggs

Car Safety Testing

Goals
■ Construct a fast car.
■ Design a safe car that will protect a

plastic egg from the effects of inertia
when the car crashes.



Test Your Hypothesis

Analyze Your Data

Draw Conclusions

protected the eggs the best?  How
could you improve the unsuccessful
designs?

3. What effect would decreasing the
speed of your car have on the safety
of the egg?

1. Compare your car design to the
designs of the other groups. What
made the fastest car fast?  What
slowed the slowest car?

2. Compare your car’s safety features
to those of the other cars. What

1. How did the best designs protect
the egg?

2. If you were designing cars,what
could you do to better protect pas-
sengers from sudden stops?
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Write a descriptive paragraph on how a car
could be designed to protect its passengers
effectively. Include a sketch of your designs.

Plan
1. Be sure your group has agreed on

the hypothesis statement.

2. Sketch the design for your car.
List the materials you will need.
Remember that to make the car
move smoothly,narrow straws will
have to fit into the wider straws.

3. As a group, make a detailed list of
the steps you will take to test your
hypothesis.

4. Gather the materials you will need
to carry out your experiment.

Do 
1. Make sure your teacher approves

your plan before you start.
Include any changes suggested 
by your teacher in your 
plans.

2. Carry out the experiment as
planned.

3. Record any observations that you
made while doing your experiment.
Include suggestions for improving
your design.



Accidents
in SCIENCE

SOMETIMES GREAT DISCOVERIES HAPPEN BY ACCIDENT!
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P icture this—A group of kids is gath-

ered on the flat, yellow plain near

their encampment in the Australian

outback. One youth steps forward. With the

flick of an arm, the youth flings a long, flat,

angled stick that soars and spins into the sky.

The stick’s path curves until it returns—spin-

ning right back into the thrower’s hand.

Another thrower steps forward with another

stick. The contest goes on all afternoon.

That scene could be from today. Or, it

could have taken place 10,000—or more—

years ago. The kids were throwing

boomerangs—elegantly curved sticks. 

Because of how boomerangs are shaped and

thrown, they always return to the thrower.

Archaeologists in Australia have

unearthed boomerangs from 15,000 years

ago. The boomerang developed from simple

clubs that early people threw to stun and kill

prey animals. These people became very good

throwers and probably soon discovered that

clubs with different shapes had different

properties in the air. They gradually refined

their designs into a throwing stick resembling

today’s boomerangs. As boomerangs became

more refined, they also might have been 

used for fun. 



Modern boomerangs are made from
many things—from paper to wood.

For more information, visit
science.glencoe.com.

CONNECTIONS Design Boomerangs are made from materials
ranging from a piece of paper to expensive hardwood. Research at the
library to find instructions for making boomerangs. After you and your
friends build some boomerangs, have a competition of your own.

Making a Comeback
There are many different types of

boomerangs, but they have a few things in

common, each of which is related to how a

boomerang works. First, boomerangs are flat

on the bottom and rounded on the top. This

shape helps provide lift, just like it does for an

airplane wing. When you hold a boomerang

to throw it, the flat side is against your palm

and your fingers curl around the curved side.

Second, boomerangs are angled. This

makes the boomerang spin in the air. When

it is thrown correctly, a boomerang spins at

right angles to the ground, not horizontally

like helicopter blades. 

Today, using boomerangs for fun is a 

popular sport. World-class boomerangers

compete at the World Boomerang Champi-

onships. Throwers compete in events such 

as Time Aloft, in which they try to keep the

boomerang up in the air as long as possible. In

Team Terror, a grueling relay race, throwers

perform difficult throws and trick catches,

such as behind-the-back or under-the-leg.

They use ultra-modern boomerangs—some

of which look nothing like the old-style 

classic boomerang. But they carry on an

ancient Australian tradition of competing 

for the best throw.
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4. An object’s acceleration can be determined
from the speed-time graph. During what
time intervals is the object speeding up? 
Slowing down? How can you tell?

Section 3 Momentum
1. The momentum of an object is a measure

of how hard it is to stop the object. Momen-
tum is the product of mass and velocity. It
has a direction.

2. Momentum is transferred from one object
to another in a collision.

3. According to the law of conservation of
momentum, the total amount of momen-
tum of a group of objects does not change
unless outside forces act
on the objects. How
could you determine the
total momentum of these
balls? Would it change
after they collide? Why
or why not?

Section 1 What is motion?
1. An object is in motion if it is changing 

position.

2. Distance measures the length of the path
that an object follows during its motion.
Displacement is the change in position
between the starting point and the ending
point, as well as the direction from the start
to end points.

3. Speed is a measure of how quickly the posi-
tion of an object changes. Velocity includes
the speed and direction of motion.

4. Speed can be calculated using the following
equation:

speed �

5. A distance-time graph can be used to show
motion. Which object is moving the fastest? 

Section 2 Acceleration
1. Acceleration is a measure of how quickly

velocity changes. It includes a direction.

2. An object is accelerating when it speeds up,
slows down, or turns.

3. When an object speeds up or slows down,
its acceleration can be calculated by

a �
(sf�si)
�

t

distance
�

time

Time
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Study GuideChapter 11

Use each vocabulary word 
on your Foldable in a sen-
tence about motion and

write it next to the definition of the word.

After You Read
FOLDABLES
Reading & Study
Skills

FOLDABLES
Reading &Study 
Skills
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Vocabulary Words
a. acceleration f. mass
b. average speed g. momentum
c. inertia h. speed
d. instantaneous speed i. velocity
e. law of conservation

of momentum

Using Vocabulary
Explain the relationship between each pair 

of words.

1. speed, velocity

2. velocity, acceleration

3. velocity, momentum

4. momentum, law of conservation of
momentum

5. mass, momentum

6. mass, inertia

7. momentum, inertia

8. average speed, instantaneous speed

Study GuideChapter 11

Pay attention to the chapter’s illustrations. Try to
figure out exactly the main point each picture is
trying to stress.

Study Tip

Complete the following table comparing different descriptions of motion.

Quantity Definition Direction?

Distance length of path traveled         no

Displacement direction and change in position        yes

Speed         no

Velocity rate of change in position and direction

Acceleration

Momentum        yes

Describing Motion



AssessmentChapter 11

Choose the word or phrase that best answers
the question.

1. What measures the quantity of matter?
A) speed C) acceleration
B) weight D) mass

2. A 2-kg ball has a momentum of 10 kg�m/s.
What is its speed?
A) 1 m/s C) 10 m/s
B) 5 m/s D) 20 m/s

3. Which of the following is NOT an example
of acceleration?
A) a leaf falling at constant speed
B) a car slowing down
C) a skater spinning
D) a dog running faster and faster

4. Speed is related to change in which of the 
following?
A) distance C) velocity
B) momentum D) acceleration

5. A parked car is hit by a moving car, and the
two cars stick together. How does the speed
of the combined cars compare to the speed
of the car before the collision?
A) Combined speed is the same.
B) Combined speed is greater.
C) Combined speed is smaller.
D) Any of these could be true.

6. A car travels for half an hour at 40 km/h.
How far does it travel?
A) 10 km C) 40 km
B) 20 km D) 80 km

7. What is a measure of inertia?
A) weight C) momentum
B) gravity D) mass

8. What is 18 cm/h north an example of?
A) speed C) acceleration
B) velocity D) momentum

9. Ball A bumps into ball B. Which of the 
following is the same before and after the
collision?
A) the momentum of ball A
B) the momentum of ball B
C) the sum of the momentums
D) the difference in the momentums

10. What is velocity change divided by time
change?
A) speed C) momentum
B) displacement D) acceleration

11. You run 100 m in 25 s. If you later run the
same distance in less time, does your aver-
age speed increase or decrease? Explain.

12. A car drives from
point A to point B.
Can its displace-
ment be greater
than the total 
distance that it
traveled? Explain.

13. The Moon moves around Earth at close to
constant speed. Does this mean it is not
accelerating? Explain.

14. When a wrecking ball hits a wall, it is not
moving fast. How can it have enough
momentum to knock down a wall?

15. Predicting A rocket accelerates at 12 m/s2

for 8 s. If it starts at rest, what is its final
speed?

16. Measuring in SI Measure the width of your
desk. Time a pen rolling across the desk,
and find the speed of the pen.
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17. Making Models The molecules in a gas are
modeled as colliding balls. If the molecules
all have the same mass, explain what can
happen when a fast-moving molecule hits a
slow-moving molecule. Include a sketch.

18. Recognizing Cause and Effect Roll one
marble into the end of a line of stationary
marbles. What do you observe? Why do you
think this happened?

19. Making and Using Graphs Use the speed-
time graph below. What is the acceleration
between t � 0 and t � 3?

20. Demonstration Set up a racetrack and 
make rules for the type of motion allowed.
Demonstrate how to measure distance,
measure time, and calculate speed accurately.

21. Poster Make a poster showing how motion
graphs represent acceleration and constant
speed. Use both speed-time and distance-
time graphs.

Two students are comparing the per-
formance of different electric toy cars by
measuring the top speed each car can
reach. They also calculate the momentum
of each car at its top speed. The table
below summarizes their results.

Study the table and answer the 
following questions.

1. According to the table, which state-
ment best describes how the 
students calculated the momentum 
of the cars?
A) momentum � mass � velocity
B) momentum � mass � velocity
C) momentum � mass � velocity
D) momentum � mass/velocity

2. About how much greater is the
momentum of the car with the least
mass than that of the car with the
greatest mass?
F) 0.2 kg�m/s
G) 0.4 kg�m/s
H) 1.0 kg�m/s
J) 0.5 kg�m/s

10 2 3 4
Time (s)

Speed versus Time

Sp
ee

d 
(m

/s
)

1

2

3

4

Car Mass Velocity Momentum 
(kg) (m/s) (kg�m/s)

A 1.0 0.2 0.2

B 1.0 0.5 0.5

C 0.5 1.6 0.8

D 3.0 0.2 0.6

E 2.0 0.4 0.8

Performance of Toy Cars

AssessmentChapter 11

Go to the Glencoe Science Web site at 
science.glencoe.com or use the 
Glencoe Science CD-ROM for additional
chapter assessment.

TECHNOLOGY

Test Practice

http://science.glencoe.com
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