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 Step by step, this climber slowly creeps up the 
side of a 1,000-m-tall rock face. The secret to clinging like a fly on a wall is a 
force called friction. This force is exerted on the climber at each place where 
he touches the rock. Friction balances gravity’s downward pull on the climber 
and keeps him from sliding down the wall.

 Describe three examples of pushing or pulling on an 
object. In each case, how did the object move?

A Long Way DownA Long Way Down

An object’s motion 
changes if the forces 
acting on the object are 
unbalanced.

LESSON 1 
Combining Forces

 When more 
than one force acts on 
an object, the combined 
effect is caused by the 
sum of all applied forces.

LESSON 2 
Types of Forces

 There are  
different types of forces 
that act on objects.

LESSON 3

Unbalanced Forces 
and Acceleration

 Unbal-
anced forces cause 
accelerations.

2.a, 2.b, 2.c, 9.g

2.d, 2.g

2.e, 2.f, 9.a, 9.d
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Can you feel the force?
Imagine pushing a chair 
that has wheels on its 
legs. Now imagine push-
ing the chair with a friend 
sitting in it. Is there a 
difference in how hard 
you would have to push?

Procedure 
1. Set your textbook on the table in front of 

you and push it so that it moves at a 
constant velocity.

2.  Put at least one more book on top of your 
textbook and push the stack of books at a 
constant speed.

Think About This
Imagine  performing the experiment on ice 
instead of on the table. Do you think the 
pushes needed to keep the books moving 
across ice would be different than the pushes 
needed to move them across the table? 
Explain your answer.

Visit       to:

▶ ▶ view

▶ ▶ explore Virtual Labs

▶ ▶ access content-related Web links

▶ ▶ take the Standards Check

2.c

 STEP 1 Fold  a sheet of paper into thirds 
lengthwise. Fold the top down about 3 cm.

 STEP 2 Unfold  and draw lines along all 
folds. Label as shown.

Forces Make the following 
Foldable to organize 
information about the 
different kinds of forces.

Determining the Main Idea 
As you read this chapter, identify and 
record the main ideas about the different 
kinds of forces that are discussed.

ca8.msscience.com
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Learn It! Main ideas are the most 
important ideas in a paragraph, a lesson, or a chapter. 
Supporting details are facts or examples that explain the 
main idea. Understanding the main idea allows you to 
grasp the whole picture.

Practice It! Read the following para-
graph. Draw a graphic organizer like the one below to 
show the main idea and supporting details.

GetGet  ReadyReady to  to ReadRead

The unit for the size of a force is the newton (N). A 
force with a size of 1 N is a small force. The force 
needed to lift a half-stick of butter or a fast-food 
hamburger is about 1 N. To lift a 2-L bottle of water 
requires a force of about 20 N.

—from page 89

Main Idea
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Identify the Main Idea

Apply It! Pick a paragraph 
from another section of this chapter and 
diagram the main idea as you did above.
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 1 A force is a push or a pull.

 2 Things must be touching each other to apply forces.

 3 Only one force at a time can act on an object.

 4  If the total force acting on an object is zero, the 
object will not move.

 5 Gravity pulls on all objects that have mass.

 6  If objects of different sizes apply forces on each 
other, the larger object applies a greater force on the 
smaller object.

 7  A moving object comes to a stop because no force is 
acting on it.

 8 An object at rest can have forces acting on it.

 9 Forces cause objects to speed up.

 10  An object moving in a circle must have forces acting 
on it.

Before You Read
A or D

Statement After You Read
A or D

The main idea is often the 

first sentence in a para-

graph, but not always.Target Your Reading
Use this to focus on the main ideas as you read the chapter.

1  Before you read the chapter, respond to the statements 
below on your worksheet or on a numbered sheet of paper.

• Write an A if you agree with the statement.

• Write a D if you disagree with the statement.

2  After you read the chapter, look back to this page to see if 
you’ve changed your mind about any of the statements.

• If any of your answers changed, explain why.

• Change any false statements into true statements.

• Use your revised statements as a study guide.

Print a worksheet of
this page at
 .ca8.msscience.com

http://ca8.msscience.com


LESSON 1

[

Figure 1 The hand exerts a force on the wood 
and on the bow string.

Explain why both of these forces are contact forces.
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Combining Forces
When more than one force acts on an object, the 

combined effect is caused by the sum of all applied forces.

Real-World Reading Connection Think about all the things 
you push or pull every day. You might push on computer keys, 
pull open a door, push a shopping cart, or pull a heavy backpack 
from the floor onto your shoulders. What happens when more 
than one push or pull acts on an object?

What is a force?
A push or a pull is called a force. Forces are always exerted by 

one object on another object. In Figure 1, a hand exerts a force 
on the boards and on the bow string. The hand pushes on the 
boards and pulls on the bow string. What other pushes or pulls 
do you observe around you?

Contact Forces
When you press the keys on a computer keyboard, your fin-

gers exert a force on the keys. This force can be exerted only 
when your fingers are touching the keys. A force that is exerted 
only when two objects are touching is a contact force. A contact 
force can be small, such as the force you exert to push a pencil 
across a sheet of paper, or large, such as the force exerted by a 
tow truck as it pulls a car along a street. Both of the forces 
shown in Figure 1 are contact forces.

Reading Guide

What You’ll Learn

▼ Define force.

▼ Explain how forces 
combine.

▼ Describe how balanced 
and unbalanced forces 
affect motion.

Why It’s Important
Usually, more than one force 
acts on you and on the 
objects around you.

Vocabulary
force
contact force
noncontact force
net force
unbalanced force
balanced force
Newton’s first law of motion

Review Vocabulary
vector: a quantity with both 
size and direction (p. 51)

  Science Content 
Standards

2.a Students know a force has both 
direction and magnitude.
2.b Students know when an object is 

subject to two or more forces at once, 
the result is the cumulative effect of all 
the forces. 
2.c Students know when the forces on an 

object are balanced, the motion of the object 
does not change.
9.g Distinguish between linear and 

nonlinear relationships on a graph of data.





Figure 3 A force is a 
vector that has a size 
and a direction.
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Noncontact Forces
When you jump up in the air, you are pulled back to the 

ground, even though nothing seems to be touching you. The sky-
diver in Figure 2 is also being pulled downward, even though there 
seems to be nothing touching him. Forces can be exerted by one 
object on another even though they aren’t touching each other. 
The force pulling you and the skydiver down to Earth is the gravi-
tational force exerted by Earth. This force is a noncontact force. A 
noncontact force is a force that one object exerts on another when 
they are not touching. The magnetic force that two magnets exert 
on each other is also an example of a noncontact force. Noncon-
tact forces include the gravitational force, the electric force, and 
the magnetic force.

Force is a Vector
Recall from the previous chapter that the velocity of an object is 

a vector. A vector has a size and a direction. A velocity vector is 
represented by an arrow that points in the direction of motion. 
The length of the arrow represents the object’s speed. A force also 
is a vector that can be represented by an arrow. The direction of 
the arrow is the direction of the push or the pull. The length of the 
arrow represents the size, or strength, of the force. The arrow 
becomes longer as the size of the force increases.

The unit for the size of a force is the newton (N). A force with a 
size of 1 N is a small force. The force needed to lift a half-stick of 
butter or a fast-food hamburger is about 1 N. To lift a 2-L bottle of 
water requires a force of about 20 N. Figure 3 shows some exam-
ples of force vectors.

 
What does the length of a force vector arrow 
represent? 

Figure 2 The skydiver 
is pulled downward by a 
noncontact gravitational 
force.
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Combining Forces
Suppose you are trying to move a heavy piece of furniture, such 

as the dresser shown in Figure 4. You don’t have to push as hard if 
a friend helps and you both push together in the same direction. 
When more than one force acts on an object, the forces combine. 
The combination of all the forces acting on an object is called the 
net force. How forces combine depends on the direction of the 
forces applied to an object.

What is the net force acting on an object?

Combining Forces in the Same Direction
If you and a friend both push on the same side of the dresser, 

the forces that you both exert are in the same direction. When the 
forces acting on an object are in the same direction, they add 
together, as shown in Figure 4, to form the net force. When you 
both push on the dresser in the same direction, the net force is in 
the same direction in which both of you push.

Because forces are vectors, it is necessary to specify a reference 
direction to be able to combine forces. For example, you could 
choose “to the right” as the positive reference direction in Figure 4. 
Then, both forces would be positive. For example, suppose you 
push with a force of 200 N to the right and your friend pushes 
with a force of 100 N to the right. Then the net force is 200 N � 
100 N � 300 N. Because the net force is a positive number, its 
direction is to the right. The dresser will slide as if it were being 
pushed by one person exerting a force of 300 N to the right.

Figure 4 Describe the net force acting on the dresser.

ACADEMIC VOCABULARY
specify
(verb) to name or state in 
detail
The store clerk asked the cus-
tomer to specify the size and 
color of the shirt he wanted.

Figure 4 When 
forces in the same 
direction combine, 
the net force is 
also in the same 
direction. The size 
of the net force is 
the sum of the two 
forces.
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Combining Forces in Opposite Directions
Suppose you and a friend push on the dresser, as shown in 

Figure 5. Then the two forces are in opposite directions. If “to the 
right” is the positive reference direction, then one force is positive 
and the other is negative. For example, a force of 200 N is exerted 
to the right and a force of 100 N is exerted to the left. Then the 
force exerted to the left is a negative number. The net force equals 
200 N � 100 N � 100 N. Because the net force is a positive num-
ber, it is being exerted to the right.

Unbalanced and Balanced Forces
In the two examples just discussed, the net force on the dresser 

was not zero. When the net force on an object is not zero, the 
forces are unbalanced forces. Figure 6 shows an example in which 
the net force on the dresser is zero. When the net force on an 
object is zero, the forces on the object are called balanced forces.

Figure 5 When 
two forces in oppo-
site directions com-
bine, the net force is 
in the same direc-
tion as the larger 
force. The size of the 
net force is the dif-
ference in the sizes 
of the two forces.

Figure 6 The 
net force on the 
dresser is zero, so 
the two forces on 
the dresser are 
balanced forces.
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How do forces 
affect motion?

What happens when you push or pull on an 
object? When you pull your backpack upward, 
its motion changes as it moves upward. How-
ever, when you push against a brick wall, the 
wall doesn’t move. The motion of an object 
changes when it changes speed or changes 
direction. Whether the motion of an object 
changes depends on whether the forces acting 
on it are balanced or unbalanced. 

Unbalanced Forces and Motion
If you kick a soccer ball, you apply a contact 

force to the ball. You exert a force when your 
foot is in contact with the ball. The force you 
exert causes the ball to change speed and  
direction. When you kick the ball, the force 
exerted by your foot combines with other 
forces on the ball to form the net force on the 
ball. Figure 7 shows the net force on the soccer 
ball as you kick it. Because the net force on 
the ball is not zero, the forces on the ball are 
unbalanced. The unbalanced forces on the ball 
caused its velocity to change. This is true for 
any object. The velocity of an object changes if 
the forces acting on it are unbalanced.

Balanced Forces and Motion
Imagine two people push on a dresser in 

opposite directions with forces of the same 
size. You probably know what happens—the 
dresser doesn’t move. In this case the net force 
is zero and the forces on the dresser are bal-
anced. When the forces on an object are bal-
anced, the motion of the object doesn’t change. 

Even when the forces acting on an object are 
balanced, the object can be moving. Figure 8 
shows the forces acting on a skydiver after the 
parachute opens. The downward force of grav-
ity on the skydiver is balanced by the upward 
force exerted by the parachute. Because the 
forces are balanced, the velocity of the skydiver 
doesn’t change. The skydiver floats downward 
at a constant speed.

Figure 7 The net force on the ball is unbalanced, 
causing the velocity of the ball to change.

Figure 8 The forces on the skydiver are 
balanced, so the velocity of the skydiver 
doesn’t change.

Infer the net force on the skydiver.
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Figure 8  2 photos of crash test dummies

Figure 9 Because of iner-
tia, the crash-test dummies 
without seat belts keep mov-
ing forward after the car has 
stopped.
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Newton’s First Law of  Motion
Isaac Newton, a scientist who lived from 1642 to 1727, explained 

how forces cause motion to change. He developed three rules that 
are now called Newton’s laws of motion. Newton’s first law of 
motion describes how an object moves when the forces acting on it 
are balanced. According to Newton’s first law of motion, if the net 
force on an object is zero, an object at rest remains at rest, or, if the 
object is moving, it continues to move in a straight line with con-
stant speed. In other words, if the net force on an object is zero, 
the velocity of the object doesn’t change. 

What is Newton’s first law of motion?

Inertia
According to the first law of motion, the motion of an object 

changes only when unbalanced forces act on it. The tendency of an 
object to resist a change in its motion is called inertia. Inertia 
explains the motion of the crash-test dummies in Figure 9. When 
the car hits the barrier, the barrier exerts an unbalanced force on 
the car. This unbalanced force changes the motion of the car and 
makes it stop. However, without a safety belt that exerts an unbal-
anced force on the dummies, their motion doesn’t change. Each 
dummy keeps moving until it hits the steering wheel, the dash-
board, or the windshield.

Mass and Change in Motion
The size of the net force needed to cause a certain change in 

motion depends on the object’s mass. Imagine trying to stop a 
bicycle or a car both traveling at the same speed. You wouldn’t 
have to push very hard to stop the bicycle. However, the car might 
have 100 times more mass than the bicycle. A much larger net 
force is needed to cause the same change in motion as the bicycle.
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What have you learned?
In this lesson you read that forces acting on an object can be 

added together to determine the net force acting the object. Since 
forces are vectors, it is important to include the size and direction 
of the force when adding them together. If the forces add to a zero 
net force, the forces are balanced and the motion of the object 
does not change. Newton’s first law of motion states that the 
motion of an object will not change if the net force is zero. If the 
net force is not zero, the motion of the object will change. 

LESSON 1 Review

Science nline
For more practice, visit Standards 
Check at  .ca8.msscience.com

Newton’s Laws of Motion
 

ca8.msscience.com 

Standards Check

Using Vocabulary 

1.      is the combination 
of all the forces acting on an 
object. 2.a

2. Restate Newton’s first law of 
motion in your own words. 2.c

Understanding Main Ideas

3. State what you know about 
the forces acting on an object 
that is moving at a constant 
velocity. Are the forces bal-
anced or unbalanced? 2.c

4. Describe how a 300-N force 
can combine with a 100-N 
force to produce a net force of 
200 N on a sled. 2.b

5. Take Notes Copy the graphic 
organizer below, and describe 
the effect balanced and unbal-
anced forces have on objects’ 
motion. 2.c

Effect on 
Objects’ Motion

Balanced forces

Unbalanced forces

6. Which statement is true?

A. An object in motion always 
has an unbalanced force 
acting on it.

B. An object in motion cannot 
be acted on by more than 
one force.

C. An object at rest will 
remain at rest unless an 
unbalanced force acts on it.

D. The net force on an object 
in motion can’t be zero. 2.c

Applying Science

7. Imagine a car being acted on 
by unbalanced forces. What do 
you know about the motion of 
the car? 2.c

8. Assess the differences 
between an object that has 
no force acting on it and an 
object that has a zero net force 
acting on it. Can you deter-
mine which is which? 2.c

Summarize
Create your own lesson 
summary as you design a 
study web.

1. Write the lesson title, 
number, and page num-
bers at the top of a sheet 
of paper. 

2. Scan the lesson to find 
the red main headings.

3. Organize these headings 
clockwise on branches 
around the lesson title.

4. Review the information 
under each red heading 
to design a branch for 
each blue subheading.

5. List 2–3 details, key terms, 
and definitions from each 
blue subheading on 
branches extending 
from the main heading 
branches.

ELA8: R 2.3

http://ca8.msscience.com
http://ca8.msscience.com
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Can you add vertical forces?
How do forces add in the vertical direction? How can you 
tell when vertical forces are balanced?

Data Collection 
1. Read and complete a lab safety form.

2. Set up a ring stand and clamp an extension rod near 
the top. Attach a spring scale to the extension. Hook a 
rubber band and a large paper clip on the other end 
of the scale.

3. Add mass to the rubber band by hooking it onto the 
paper clip. Record the measurement of the force on 
the spring scale and the length of the rubber band.

4. Continue to add mass until you have five data points. Record 
the force and length of rubber band.

 
 Force and Length of Rubber Band

Trial Number Force (N) Length of rubber 
band (cm)

1

2

Data Analysis
1. Explain  how you know the forces acting on the mass are bal-

anced. Draw a diagram of the forces acting on the mass.

2. Create  a graph of force versus length with force on the y-axis 
and length on the x-axis. Is the relationship between the two 
variables linear or nonlinear? How do you know?

3. Use  the graph to estimate the length of the rubber band when 
a 1.5-N force acts on the rubber band.

 
Science Content Standards

2.c  Students know when the forces on an object are balanced, the motion of the object 
does not change.
9.g  Distinguish between linear and nonlinear relationships on a graph of data.

ALG: 6.0
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LESSON 2
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Reading Guide

What You’ll Learn

▼ Explain how the force due 
to gravity depends on mass 
and distance.

▼ Analyze static and sliding 
frictional forces.

▼ Describe elastic forces due 
to tension and compression 
in matter. 

▼ Identify forces acting on 
common objects.

Why It’s Important
Identifying the forces acting 
on objects helps explain why 
things move as they do.

Vocabulary
gravity
law of universal gravitation
weight
friction
elastic force
tension force
compression force
normal force

Review Vocabulary
velocity: the speed and 
direction in which an object 
is traveling (p. 59)

Types of Forces
There are different types of forces that act on 

objects.

Real-World Reading Connection Have you ever kicked a 
soccer ball up into the air? You apply an unbalanced force to the 
ball with your foot, and it lifts off the ground into the air. It 
eventually falls back to the ground and rolls to a stop. What 
forces act on the ball as it follows this path?

What is gravity?
In Figure 10, the basketball is at rest until the player applies 

an unbalanced force. After the ball is shot into the air, the player 
no longer applies a force to the ball. According to Newton’s first 
law of motion, the ball should travel in a straight line at a con-
stant speed unless an unbalanced force acts on it. The basketball 
does not travel at a constant speed or in a straight line, so there 
must be an unbalanced force acting on it. The unbalanced force 
that acts on the ball while it’s in the air is gravity. Gravity is an 
attractive force that exists between all objects that have mass. 
Earth exerts the gravitational force that causes the ball to follow 
the path shown in Figure 10.

Figure 10 The basketball follows a curved path through 
the air.

Identify the force that causes the ball’s path to be curved.

  Science Content 
Standards

2.d Students know how to identify 
separately the two or more forces that are 
acting on a single static object, including 
gravity, elastic forces due to tension or 
compression in matter, and friction.
2.g Students know the role of gravity in 

forming and maintaining the shapes of 
planets, stars, and the solar system.
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Table 1 Gravitational Forces on 70-kg Person

Object Mass of Object 
(kg)

Distance to 
Object (m)

Size of Force 
(N)

Book 2.0 1.0 9.3 � 10–9

Sun 1.99 � 1030 1.5 � 1011 0.41

Earth 5.98 � 1024 6.4 � 106 690
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The Law of Universal Gravitation
In the seventeenth century, Isaac Newton 

was thinking about gravity. He wondered if the 
motion of falling objects and the motion of the 
Moon around Earth are caused by the same 
type of force. Newton found that it was gravity 
that pulled objects downward and caused the 
Moon to orbit Earth. In 1687, he published the 
law of universal gravitation (yew nuh VER sul • 
gra vuh TAY shun) that showed how to calcu-
late this force. According to the law of universal 
gravitation, all objects are attracted to each 
other with a force that depends on the masses 
of the objects and the distance between them.

Gravity, Mass, and Distance
Figure 11 shows how the size of the force of 

gravity depends on the mass of the objects and 
the distance between them. The gravitational 
force becomes stronger as the mass of one or 
both of the objects increases. The force 
becomes weaker as the distance between the 
objects increases.

 
How does the force of gravity 
between two objects change as 
they move closer together?

Table 1 compares the force of gravity 
exerted on a 70-kg person by a textbook, the 
Sun, and Earth. The force exerted by the text-
book is extremely small because its mass is 
small. The force exerted by the Sun is also 
small because it is so far away. Table 1 shows 
that only Earth is close enough and massive 
enough to exert a noticeable gravitational force 
on the person. 

Figure 11 Gravitational force depends 
on the masses of the objects and the 
distance between them.
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Weight and Mass
When you stand on a bathroom scale, what are you measuring? 

You are measuring the pull of Earth’s gravity—a force. The weight 
of an object is the gravitational force exerted on an object. Recall 
that mass is the amount of matter in an object and does not 
change with location. Mass is not a vector because there is no 
direction involved. Weight, however, is a force vector; it has a size 
and direction. Your weight is a force that always points toward the 
center of Earth.

Relationship Between Weight and Mass The size of an object’s 
weight at the surface of Earth is proportional to the object’s mass. 
For example, if the mass of an object doubles, the weight of the 
object doubles. If the mass is reduced by half, the object’s weight is 
reduced by half.

What is the relationship between mass and weight?

Weight and Mass High Above Earth In addition to mass, the 
distance between objects also affects weight. Figure 12 shows how 
weight changes with height above Earth. An astronaut on the 
surface of Earth may have a mass of 55 kg and a weight of 540 N 
directed toward the center of Earth. While in orbit, the astronaut’s 
mass doesn’t change. However, the gravitational force on her 
would be smaller because she is farther from Earth. As a result, 
her weight would be reduced to about 500 N.

ACADEMIC VOCABULARY
involve
(verb) to have within or as 
part of itself 
The test involves multiple-
choice and essay questions.

Figure 12 The astronaut’s mass does not change as she travels from Earth to 
the Space Station. 

Compare the astronaut’s weight at the two locations. Why are they different?

����
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Friction
Imagine pushing a book away from you across a table. As the 

book slides, it slows down and then stops. The force causing the 
book to slow down is a type of friction. Friction (FRIHK shun) is 
a force that opposes the movement between two surfaces in con-
tact. The size of the friction force depends on the types of surfaces 
in contact. The frictional force usually becomes smaller as the sur-
faces become smoother.

Static Friction
Suppose you push on a heavy box, as in Figure 13, and the box 

doesn’t move. Then the forces on the box are balanced. The force 
you exert on the box is balanced by a force acting on the box in 
the opposite direction. This force is called static friction. Static 
friction is the force between two surfaces in contact that keeps 
them from sliding when a force is applied. The static friction force 
is exerted on the bottom of the box where it touches the floor.

As you push harder, the box still doesn’t move. This means that 
the force of static friction has increased to balance the force you 
apply, as shown in Figure 13. The force due to static friction 
increases as you increase the force you apply. However, there is a 
limit to the size of the static friction force between two surfaces. If 
you push hard enough, your applied force will be greater than the 
maximum static friction force. Then the forces on the box are no 
longer balanced and the box begins to move.

 Static friction balances the force applied to 
the box.

SCIENCE USE V. COMMON USE 
static
Science Use at rest or having 
no motion. The fluid in the 
pipe was static. 
Common Use noise produced 
in a radio or a television. After 
the radio was dropped, all we 
could hear was static.

WORD ORIGIN
friction
 from Latin fricare; means 
to rub

 Static friction increases to balance the larger 
force applied to the box.

Figure 13 Static friction keeps the box from moving.
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Figure 15 In an air-hockey game, the puck floats on a layer of 
air so that friction is almost eliminated. As a result, the puck moves 
in a straight line with nearly constant speed after it’s been hit.
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Sliding Friction 
When the force pushing on the box is larger 

than the maximum static friction force, the 
box begins to slide. When the box is sliding, a 
different frictional force acts on the box. This 
force is sliding friction. The size of sliding fric-
tion is usually smaller than static friction. The 
direction of sliding friction is always opposite 
to the velocity of the sliding object, as shown 
in Figure 14.

 Figure 14 Compare the size of the 
applied force and sliding friction.

Unlike static friction, the size of sliding fric-
tion does not change if you push on the box 
harder. As long as the object is sliding, the 
force of sliding friction is the same. If the force 
you apply is greater than sliding friction, the 
box speeds up as it slides. If the force you apply 
is equal to sliding friction, the box slides with 
a constant velocity.

 
How would the velocity of the 
book change if the applied force 
were equal to the sliding friction 
force?

Motion Without Friction
At one time, people thought that forces 

caused motion. In other words, a object would 
move only if there were unbalanced forces act-
ing on it. For example, once you stop pushing 
on a skateboard, it slows down and stops. You 
might think that the skateboard stops because 
there are no forces acting on it. However, it 
stops because friction acts on it. On Earth, 
friction is present whenever something moves. 
Without friction, the skateboard would con-
tinue to move in a straight line with constant 
speed. According to the first law of motion, 
instead of causing motion, unbalanced forces 
cause changes in motion. When friction is 
greatly reduced, as in Figure 15, objects move 
with a nearly constant velocity.

Figure 14 The force of sliding friction is 
always opposite to the motion of the 
sliding box.
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Figure 17 The force 
applied to the rubber 
band by the fingers is a 
tension force that 
causes the rubber band 
to exert an elastic force.

Elastic Forces
In Figure 16, a diver standing on the end of the diving board 

bends the board downward. Because he is not moving, the forces 
acting on him must be balanced. One of the forces acting on him 
is the downward pull of Earth’s gravity. This means there must be 
an upward force acting on him that balances the downward force 
of gravity. This force is exerted on the diver by the diving board 
and is called an elastic (ih LAS tik) force. An elastic force is the 
force exerted by a material when it is stretched or compressed. The 
diving board exerts an upward elastic force on the diver when it is 
bent downward.

Tension
Think about stretching a rubber band, as shown in Figure 17. 

You apply a force to the rubber band, and you can feel the rubber 
band pulling back as it is stretched. The force exerted by the rub-
ber band is an elastic force caused by the stretching of the rubber 
band. The force you apply to the rubber band that stretches it is a 
tension (TEN shun) force. A tension force is a pulling force 
applied to an object that can make the object stretch. A tension 
force applied to an object causes the object to exert an elastic force 
that pulls back in the opposite direction. The size of this elastic 
force equals the size of the tension force. 

Compression
When you squeeze a rubber ball, the ball changes shape. You 

can feel the ball push back on your hand as you squeeze. The rub-
ber ball exerts an elastic force on your hand when you squeeze it. 
The force you exert on the ball is a compression force. A compres-
sion force is a squeezing force applied to an object that can make 
an object shrink. The elastic force exerted by the ball is equal to 
the compression force you exert on the ball.

WORD ORIGIN
tension
 from Latin tensionem; means 
stretching

Figure 16 The diving 
board exerts an upward 
elastic force on the diver.




Table 2 Types of Forces

Force Properties Direction

Gravity • noncontact force
• strength increases as masses get 

closer together
• strength increases if one or both 

masses increase

force on one 
mass is toward 
the other mass

Static 
friction

• contact force
• force prevents the surfaces from 

sliding past each other 

opposite to 
force applied
to object

Sliding 
friction

• contact force 
• force exists when surfaces are 

sliding past each other

opposite to 
motion of 
object

Tension 
force

• contact force that causes an 
object to be stretched

direction of 
stretching

Compression 
force

• contact force that causes an 
object to be squeezed

direction of 
squeezing
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Normal Forces
The glass sitting on the table in Figure 18 is not moving, so the 

forces acting on it are balanced. The table exerts an upward force 
on the glass, called the normal force, that balances the downward 
pull of gravity. A normal force is a force exerted by an object that 
is perpendicular to the surface of the object. The upward normal 
force exerted by the table balances the downward force of gravity 
on the glass. 

The normal force exerted by the table is an elastic force. The 
weight of the glass pushing down on the table is a compression 
force. This causes the material in the table to be squeezed together. 
As a result, the table pushes back upward on the glass. Table 2 
summarizes the forces discussed in this lesson.

Figure 18 
The forces on 
the glass are 
balanced 
because the 
table exerts an 
upward normal 
force on the 
glass.

Elastic
Force

 

Procedure

1. Read and complete a 
lab safety form.

2. Place a meterstick 
between two desks. 

3. Place a small book on 
the center of the 
meterstick. 

4. Draw a diagram that 
shows the forces acting 
on the book.

5. Place a large, soft 
sponge on the table. 
Put the book on top of 
the sponge. 

6. Write your observa-
tions of the sponge in 
your Science Journal.

Analysis
1. Use the diagram of the 

forces to identify the 
forces acting on the 
book.

2. Relate your observa-
tions of the sponge to 
Figure 16 on the 
previous page.

2.d
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Identifying Forces 
on an Object

More than one force can act on an object at 
the same time. These forces can also be acting 
in different directions. For example, the force 
of gravity acting on a box sliding on a floor is 
downward. The sliding friction force is hori-
zontal, parallel to the floor. The forces acting 
in the vertical direction can cause an object’s 
vertical motion. Horizontal forces can change 
an object’s horizontal motion.  

Forces in the Horizontal Direction
Suppose you push a book at a constant speed 

across a flat table, as shown in Figure 19. The 
book is moving in a horizontal direction with a 
constant velocity as you push it. According to 
the first law of motion, this means that the 
forces on the book must be balanced. 

You apply a force on the book in the hori-
zontal direction. Because the book is sliding, 
a sliding friction force is acting on the book. 
The direction of this force is horizontal, in the 
opposite direction to the force you apply. The 
size of this force must be equal to the size of 
your push. Then the horizontal forces on the 
book are balanced. As a result, the horizontal 
motion of the book doesn’t change. The book 
moves in a straight line with constant speed.

 
Why are the horizontal forces 
acting on the book balanced?

Forces in the Vertical Direction
As the book slides across the table, it doesn’t 

move up or down. This means that the forces 
in the vertical direction must be balanced, as 
shown in Figure 19. The force of gravity pulls 
the book downward. The table exerts an 
upward normal force on the book. For these 
forces to be balanced, the upward normal force 
must have the same size as the downward force 
of gravity. Because the vertical forces are bal-
anced, the vertical motion of the book doesn’t 
change. In this case, the book doesn’t move in 
the vertical direction.

Figure 19 Horizontal and vertical forces act 
on the notebook at the same time.

Identify the horizontal and vertical forces acting on 
the notebook.
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What have you learned?
There are different types of forces. Gravity is an attractive force 

between two objects. The size of the gravitational force depends on 
the masses of the objects and the distance between them. Friction 
is a force that always opposes the sliding motion of two surfaces in 
contact. An elastic force results when an object is stretched or 
compressed. These forces can act on an object at the same time. It 
is often useful to further group the forces into horizontal and ver-
tical forces so you can predict how the motion of the object will 
change in the horizontal and vertical directions. 

Science nline
For more practice, visit Standards 
Check at  .

Summarize
Create your own lesson sum-
mary as you write a script for 
a television news report. 

1. Review the text after the 
red main headings and 
write one sentence about 
each. These are the head-
lines of your broadcast. 

2. Review the text and write 
2–3 sentences about each 
blue subheading. These 
sentences should tell who, 
what, when, where, and 
why information about 
each red heading.

3. Include descriptive details 
in your report, such as 
names of reporters and 
local places and events.

4. Present your news report 
to other classmates alone 
or with a team.

ca8.msscience.com

Standards Check

ELA8: LS 2.1

Using Vocabulary

1. Define normal force in your 
own words.  2.d

2.      is the gravitational 
force acting on an object. 2.g

Understanding Main Ideas

3. Identify all of the types of 
forces acting on you as you sit 
in your chair. 2.d

4. State the universal law of 
gravitation. 2.g

5. Organize Information Copy 
the graphic organizer below 
and list forces and brief 
descriptions of forces men-
tioned in this lesson. 2.d

 
Force Description

6. Give an example of a moving 
object that has balanced hori-
zontal forces and balanced 
vertical forces acting on it. 2.d

7. Why do you notice the pull of 
Earth’s gravity but not the pull 
of the Sun’s gravity?

A. Gravity only pulls on 
objects that are touching 
each other. 2.g

B. Earth is much heavier than 
the Sun.

C. The Sun is very far away.

D. The Sun’s gravity only pulls 
on you during the day.

Applying Science

8. Evaluate the following state-
ment: “An object is acted on 
by either horizontal or vertical 
forces.” Give an example not 
discussed in the text that 
shows this statement is false.  
  2.d

9. Construct a diagram of a mass 
hanging from a spring scale. 
What are the forces acting on 
the mass? 2.d

http://ca8.msscience.com
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 Force of Friction

Force (N)

Trial 1 Trial 2 Trial 3 Average

Rough sandpaper

Fine sandpaper

Posterboard

Can you measure 
the force of friction?

When two surfaces slide against each other, friction 
acts to oppose the sliding motion. How can you mea-
sure this force of sliding friction?

Procedure 
1. Read and complete a lab safety form.

2. Divide a large piece of poster board into three sec-
tions lengthwise. Tape rough sandpaper on the first 
section and fine sandpaper on the middle section.

3. Attach a spring scale to a block of wood. Pull the 
block across the first section with constant speed. 
Record the reading on the spring scale. Repeat two 
more times and average your results.

4. Repeat Step 3 for the other two sections.

Analysis
1. Draw  a diagram of the horizontal forces acting on the block.

2. Infer  whether the forces acting on the block are balanced or 
unbalanced.

3. Rank  the surfaces in order of increasing force of friction.

 
Science Content Standards

2.a  Students know a force has both direction and magnitude.
2.d  Students know how to identify separately the two or more forces that are acting on a single 

static object, including gravity, elastic forces due to tension or compression in matter, and friction.

ALG: 6.0

�����������	
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Reading Guide

What You’ll Learn

▼ Describe how unbalanced 
forces cause velocity to 
change.

▼ Explain how the 
acceleration of an object 
depends on the net force 
acting on the object.

▼ Explain how the 
acceleration of an object 
depends on the object’s 
mass.

Why It’s Important
If an object’s velocity 
changes, an unbalanced force 
is acting on it.

Vocabulary
centripetal force
Newton’s second law of
 motion
Newton’s third law of
 motion

Review Vocabulary
acceleration: the rate of 
change of velocity with time 
(p. 60)

Unbalanced Forces 
and Acceleration

Unbalanced forces cause accelerations.

Real-World Reading Connection When a tennis player hits 
a ball, the racket exerts an unbalanced force on the ball. The 
ball’s speed and direction of motion changes. What other exam-
ples of changes in objects’ velocities do you observe every day?

Unbalanced Forces and Velocity
When an object’s speed or direction of motion changes, you 

know that there is an unbalanced force acting on the object. 
How do unbalanced forces affect objects at rest and in motion?

Unbalanced Forces on an Object at Rest
The ball on the left side of Figure 20 is at rest. What two 

forces act on the ball to result in a zero net force? The down-
ward force resulting from gravity is balanced by the upward 
normal force exerted by the hand. However, when the normal 
force is removed, the forces on the ball are unbalanced. Then 
the velocity of the ball increases in the downward direction as it 
falls. In other words, the ball accelerates in the downward direc-
tion. This is the same direction as the unbalanced force on the 
ball. When an unbalanced force acts on an object at rest, the 
object accelerates in the direction of the unbalanced force.

 Figure 20 Identify the unbalanced force acting on 
the ball. 

Figure 20 The ball accelerates in the direction of the 
unbalanced force acting on it.

  Science Content 
Standards

2.e Students know that when the forces 
on an object are unbalanced, the object will 
change its velocity (that is, it will speed 
up, slow down, or change direction). 
2.f Students know the greater the mass of 

an object, the more force is needed to 
achieve the same rate of change in motion.
9.d Recognize the slope of the linear graph 

as the constant in the relationship y � kx 
and apply this principle in interpreting 
graphs constructed from data.
Also covers: 9.a
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Unbalanced Forces on an Object in Motion
Unbalanced forces can also change the motion of objects that 

are already moving. Whether the unbalanced force causes the 
object to speed up or slow down depends on the direction of the 
unbalanced force in relation to the direction of motion.

Speeding Up When does an unbalanced force cause an object to 
speed up? If an object is moving, a net force applied in the same 
direction the object is moving causes the object to speed up. For 
example, in Figure 21, the net force is in the same direction as the 
sled’s velocity. This makes the sled speed up and its velocity 
increase.

The net force on a ball falling to the ground is downward. This 
force is in the same direction the ball is moving. Because the net 
force on the ball is in the same direction as the ball’s velocity, the 
ball speeds up as it falls.

Slowing Down If the net force on an object is in the direction 
opposite to the object’s velocity, the object slows down. In 
Figure 21, the force of sliding friction becomes larger when the 
boy puts his feet in the snow. The net force on the sled is the com-
bination of gravity and sliding friction. When the sliding friction 
force becomes large enough, the net force is opposite to the sled’s 
velocity. This causes the sled to slow down.

 
If an object is slowing down, what is the relationship 
between the object’s velocity and the net force act-
ing on the object?

Speeding Up

Figure 21 An unbalanced force can cause an object in motion to speed up 
or slow down.

Slowing Down

���������	
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[Figure 22] Photo showing pool ball bouncing off rail. 

Figure 22 The rail exerts 
an unbalanced force on the 
ball, changing the ball’s 
motion.

Figure 23 The force exerted by the string is 
always perpendicular to the ball’s velocity. It also 
always points to the center of the circle.

Describe how the ball’s velocity is changing.

108 Chapter 2 • Forces

Unbalanced Forces and Direction 
of Motion

The direction of motion can also change when 
the forces on an object are unbalanced. The ball in 
Figure 22 is moving in a straight line before it hits 
the rail. The rail then exerts an unbalanced force 
on the ball, causing its direction of motion to 
change. The rail affects the ball’s motion only 
when it is in contact with the ball.

Figure 23 shows a ball that is tied to a string 
and swung in a horizontal circle. This type of 
motion is called circular motion. The velocity of 
the ball is changing as it moves because the direc-
tion of its motion is changing. The unbalanced 
force acting on the ball is the tension force exerted 
by the string. This force is called the centripetal 
(sen TRIH put ul) force. In circular motion, the 
centripetal force is the force that is perpendicular 
to the velocity and toward the center of the circle. 
The force exerted by the string is the centripetal 
force that keeps the ball moving in a circle.

 
In what direction is the 
centripetal force?

ACADEMIC VOCABULARY
affect
(verb) to cause a change in 
The injury to Maria’s knee 
affected her ability to play 
basketball. 

WORD ORIGIN
centripetal
 from Latin centripetus; means 
toward the center




Lesson 3 • Unbalanced Forces and Acceleration 109

Newton’s Second Law of  Motion
Unbalanced forces can cause an object to speed up, slow down, 

or change direction. When an object changes speed or direction, 
its velocity changes and the object is accelerating. In other words, 
unbalanced forces cause an object to accelerate. According to 
Newton’s second law of motion, the acceleration of an object 
equals the net force divided by the object’s mass. The acceleration 
is in the same direction as the net force. Newton’s second law of 
motion can be written as this equation:

Newton’s Second Law Equation

acceleration (in m/s2) �  
net force (in N)

  �� 
mass (in kg)

  

a �   F � m 

In this equation, force is measured in newtons and mass is mea-
sured in kilograms. When force is measured in newtons and mass 
in kilograms, the unit for acceleration is meter/second2. This unit 
is the same as meter/(seconds × seconds).

Solve for Acceleration You throw a 0.5-kg basketball with 
a force of 10 N. What is the ball’s acceleration?

1  This is what you know: mass:  m � 0.5 kg
  force: F � 10 N 

2  This is what you need to find: acceleration: a

3  Use this formula: a � F/m 

4   Substitute: a �   10 N � 0.5 kg  is 20 m/s2 
the values for F and m
into the formula and divide.

5  Determine the units:  units of a �   units of F � units of m  �   N � kg  �  m � 
s2   � m/s2 

Answer: The ball’s acceleration is 20 m/s2.

Practice Problems
1. You push a 20-kg crate with a force of 10 N. What is the crate’s 

acceleration?

2. Calculate the acceleration of an 80-kg sprinter if the force on the 
sprinter is 80 N.

For more equation practice, 
visit .ca8.msscience.com

2.e, 2.f

http://ca8.msscience.com
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Newton’s Second Law and the Net Force
Newton’s second law of motion explains how balanced and 

unbalanced forces affect an object’s motion. When the forces are 
balanced, the net force is zero. According to the second law of 
motion, this means that the object’s acceleration is zero. Then 
the velocity is constant and the object’s motion doesn’t change.

If the forces on the object are unbalanced, then the net force is 
not zero. According to the second law of motion, the acceleration 
is not zero, and the velocity of the object changes. In other words, 
only unbalanced forces cause the motion of objects to change.

 
If the acceleration is not zero, are the forces on the 
object balanced or unbalanced?

Newton’s Second Law and Planetary Motion
The planets, including Earth, move around the Sun in nearly 

circular paths. This means that the planets are accelerating 
because their direction of motion is always changing. According to 
the second law of motion, there must be an unbalanced force act-
ing on Earth and the other planets. Isaac Newton realized that this 
force was the gravitational force exerted by the Sun. Figure 24 
shows how the gravitational force exerted by the Sun keeps Earth 
moving in a circular path. 

Recall that a centripetal force keeps an object moving in a circle. 
The gravitational force exerted by the Sun is the centripetal force 
that keeps the planets moving around the Sun. You will read more 
about gravity and the motion of the planets in Chapter 11.

Does water 
exert a 
force?

Procedure

1. Complete a lab safety 
form.

2. Obtain several plastic 
push pins and a large 
glass of water.

3. Hold two pins at the 
same height, one over 
the glass and one over 
the table.

4. Drop the two pins at 
the same time.

5. Repeat steps 2 and 3 
with two other pins.

Analysis
1. Explain Which pins fell 

faster?
2. Determine In what 

direction is the force 
exerted on a pin by the 
water? Explain.

Figure 24 The Sun’s gravity is the centripetal force that keeps Earth 
moving in a circular path around the Sun.

2.e
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Newton’s Third Law 
of  Motion

How high can you jump? Think about the forces 
acting on you when you jump. Because you are 
accelerating, there must be an unbalanced force 
acting on you. What causes this force? You might 
think it’s your legs and feet that push you upward. 
You’re partly right.

According to the Newton’s third law of motion, 
when one object exerts a force on a second object, 
the second object exerts an equal force in the 
opposite direction on the first object. In the case 
of jumping, as in Figure 25, the feet exert a force 
on the ground. The ground then pushes upward 
on the feet, causing the jumper to accelerate 
upward. 

Force Pairs 
The forces two objects exert on each other are 

called force pairs. The forces in a force pair act in 
opposite directions and are always equal in size.

If force pairs are equal in size and act in opposite 
directions, why don’t they cancel each other out? 
Remember that the forces in force pairs act on 
different objects. When you jump, you exert a force 
on Earth, and Earth exerts a force on you. One 
force in the force pair acts on Earth, and the other 
force acts on you. These forces do not result in a 
zero net force because they act on different objects. 
Equal and opposite forces cancel out only if they 
act on the same object. Figure 26 shows an example 
of a force pair. One force acts on the boat and the 
other force acts on the person. 

 Figure 26 Explain why the force pair 
does not result in a zero net force.

Action and Reaction
In force pairs, one force of the force pair is 

sometimes called the action force, and the other 
force is the reaction force. When you push on a 
wall, the action force is the force you exert on the 
wall. The reaction force is the force exerted by the 
wall on you. For every action force, there is a 
reaction force that is equal in size, but opposite in 
direction.

Figure 25 According to the third law 
of motion, the ground exerts the 
upward force that pushes the jumper 
into the air.

Figure 26 The force pair is the force 
exerted by the person on the boat 
and the force the boat exerts on the 
person.

���������	
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Table 3 Newton’s Laws of Motion

Law Statement of Law Example

Newton’s first 
law of motion

An object at rest will remain at rest unless 
acted on by an unbalanced force. An object 
in motion will continue moving at a 
constant velocity unless acted on by an 
unbalanced force.

The forces acting on a book at rest on a 
table are balanced, so the book’s motion 
does not change.
The forces acting on a skydiver with an 
open parachute are balanced, so the 
skydiver falls in a straight line at a constant 
speed.

Newton’s 
second law of 
motion

The size of the acceleration of an object is 
equal to the net force on the object divided 
by its mass. The acceleration is in the same 
direction as the net force.

A skydiver jumping out of a plane 
accelerates toward the ground as gravity 
pulls her down.

Newton’s third 
law of motion

When one object exerts a force on another 
object, the second object exerts a force on 
the first object that is equal in size but 
opposite in direction.

When you push on a wall with a force of 
100 N, the wall pushes back on you with a 
force of 100 N.

Figure 27 Newton’s laws of motion 
describe how the forces acting on this 
basketball player affect his motion.
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Applying Newton’s Laws
Newton’s laws of motion describe how forces 

affect the motion of any object. For example, the 
motion of the jumping basketball player in 
Figure 27 can be explained by the laws of motion.

When you push down on the ground, the third 
law of motion says that the ground pushes up on 
you. This force combines with the downward force 
of gravity to form the net force acting on you. If 
you push down hard enough, the direction of the 
net force becomes upward. According to the second 
law of motion, you accelerate upward.

When you are in the air, the downward force due 
to gravity is in the direction opposite to your 
motion. This causes you to slow down until you 
reach the top of your jump. Then as you start mov-
ing downward, gravity is in the same direction as 
you are moving, so you speed up as you fall.

 
Why do you speed up when 
you fall?

When you hit the ground, the upward force 
exerted on you by the ground brings you to a stop. 
Then the forces on you are balanced, and you 
remain at rest. Table 3 and Figure 28 provide more 
examples of how Newton’s laws of motion explain 
objects’ motion.

Interactive Table Organize information about 
Newton’s laws of motion at ca8.msscience.com.

������������	
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Newton’s Laws in Sports

Figure 28
The motion of people, balls, and other objects during sports activities can be 
explained by Newton’s laws of motion. According to the first law, an object in 
motion moves with a constant speed in a straight line unless acted upon by an 
unbalanced force. If an object is at rest, it stays at rest unless acted upon by an 
unbalanced force. According to the second law, an object accelerates in the direction 
of the net force. The third law can be stated this way—for every action force, there 
is an equal and opposite reaction force.

▲ NEWTON’S 
SECOND LAW As 
Michelle Wie hits a 
golf ball, she applies 
a force that causes 
the ball to move in 
the direction of that 
force—an example 
of the second law.

▲ NEWTON’S FIRST 
LAW The diver doesn’t 
move with a constant 
velocity because the 
force of gravity on the 
diver is unbalanced.

▲

 NEWTON’S THIRD LAW 
Newton’s third law applies whenever 
objects exert forces on each other. 
Here a gymnast pushes downward on 
the bars. The bars push back on the 
gymnast with an equal force.

Contributed by National Geographic
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What have you learned?
In Lesson 1 you read that unbalanced forces cause the motion of 

an object to change. In this lesson you read about how forces cause 
motion to change. An object accelerates when it changes speed or 
direction. According to Newton’s second law of motion, the accel-
eration of an object equals the net force divided by the object’s 
mass. The acceleration is in the same direction as the net force. 
The third law of motion says that forces are always exerted in 
pairs. This means that when you push on a door, the door pushes 
on you with a force of the same size in the opposite direction.

Science nline
For more practice, visit Standards 
Check at  .

Summarize
Create your own lesson 
summary as you organize 
an outline. 

1. Scan the lesson. Find and 
list the first red main 
heading.

2. Review the text after 
the heading and list 2–3 
details about the heading.

3. Find and list each blue 
subheading that follows 
the red main heading.

4. List 2–3 details, key terms, 
and definitions under 
each blue subheading.

5. Review additional red 
main headings and their 
supporting blue subhead-
ings. List 2–3 details about 
each.

ca8.msscience.com

Standards Check

Using Vocabulary

1.      states that an 
object’s acceleration is the 
ratio of net force to the 
object’s mass. 2.f

2. Define centripetal force in your 
own words. 2.e

Understanding Main Ideas

3. Explain how you know the 
forces acting on an object at 
rest are balanced. 2.e

4. Determine Cause and Effect  
Copy and fill in the graphic 
organizer below to describe 
two ways to increase the 
magnitude of an object’s 
acceleration. 2.f

Increase
Acceleration

5. Compare how your weight, 
mass, and the normal force 
exerted by the floor change 
when you are in an elevator 
that starts from rest and 
accelerates upward. 2.e

6. How does the velocity of an 
object traveling in a straight 
line change if a nonzero 
net force acts in the same 
direction as the object’s 
velocity?

A. It will not change. 2.e
B. The speed increases.

C. The direction of motion 
changes.

D. The speed decreases.

Applying Math

7. Calculate The net force on a 
rock with a mass of 2.0 kg is 
19.6 N. What is the accelera-
tion of the rock? 2.f

8. Calculate At the start of a 
race, the net force on a 
sprinter is 640 N. If the mass of 
the sprinter is 80.0 kg, find the 
sprinter’s acceleration. 2.f

ELA8: R 2.3

http://ca8.msscience.com



Finding Force and Acceleration 
Newton’s second law of motion can be used to find an unknown 
force or acceleration if the other two variables are known.

Example 1
Solve for Force A car has a mass of 1,500 kg and an acceleration of 
2.0 m/s2. What is the net force acting on the car? 

1  This is what you know: mass: m � 1,500 kg
  acceleration: a � 2.0 m/s2

2  This is what you need to find: force: F

3  Use this formula: F � ma

4  Substitute: F � (1,500 kg)(2.0 m/s2) � 3,000 N
 the values for m and a
 into the formula and multiply. 

Answer: The net force is 3,000 N.

Example 2
Solve for Mass A softball hit by a bat has an acceleration of 
1,500 m/s2. If the net force on the softball is 300 N, what is the 
softball’s mass?

1  This is what you know: Force: F � 300 N
  acceleration: a � 1,500 m/s2

2  This is what you need to find: mass: m 

3  Use this formula: m �   F � a 

4  Substitute: m �   
(300 N)

 � 
(1,500 m/s2)

  � 0.2 kg 

 the values for F and a 
 into the formula and divide.

Answer: The mass is 0.2 kg.

2.a, 2.f

MA8: ALG: 5.0

Practice Problems
1.  What is the net force on a backpack with a mass of 12.0 kg 

and an acceleration of 0.5 m/s2?

2.  Find the mass of a dragster if the net force is 27,000 N and 
the acceleration is 30.0 m/s2.

Science nline
For more math practice, 
visit Math Practice at 
ca8.msscience.com.
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Materials
objects with various
 masses
string
balance
2,000-g spring scale
graph paper

Safety Precautions

Comparing Mass 
and Weight

Problem
What is the difference between mass and weight? Weight is a 
measure of the gravitational force on an object. Earth’s gravita-
tional pull on an object decreases as the object gets farther from 
Earth. When astronauts orbit Earth, their weight is less than when 
they are standing on the ground. However, the mass of an astro-
naut doesn’t change when the astronaut gets farther from Earth. 
The mass of an object is the amount of matter that makes up the 
object. Unlike weight, the mass of an object does not depend on 
where the object is located.

Form a Hypothesis

 Review  the results from this chapter’s laboratory 
investigations.

 Form a hypothesis  about the relationship between the mass 
and the weight of an object. As mass increases or decreases, 
how does the weight of an object change?

Collect Data and Make Observations
Make a Plan
1. Read and complete a lab safety form.
2. As a group, decide upon the materials you will need to test 

your hypothesis. Include any safety equipment you need to 
collect or safety procedures you need follow to ensure the 
safety of your group members.

3. Devise an experiment to test your hypothesis. Be specific. List 
the steps of your experiment in logical order. State exactly 
how you will use your equipment and what you will do during 
each step.

4. Copy the data table on the next page into your Science Jour-
nal. Be certain your table contains enough rows to record the 
results of all your planned trials.

5. Have one group member read your entire experiment aloud to 
the group to make certain you have all the necessary materials 
and that your experimental steps are in logical order and can 
be easily followed.

  Science Content 
Standards

2.d Students know how to identify 
separately the two or more forces that are 
acting on a single static object, including 
gravity, elastic forces due to tension or 
compression in matter, and friction.
9.a Plan and conduct a scientific 

investigation to test a hypothesis.
9.d Recognize the slope of the linear 

graph as the constant in the relationship 
y � kx and apply this principle in 
interpreting graphs constructed from 
data.
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 Mass and Weight Data

Object Mass (kg) Weight (N)

Follow Your Plan
1. Show your materials list, experiment steps, and data table to 

your teacher. Include any changes in your plan that your 
teacher suggests.

2. Carry out your experiment as approved, taking all the neces-
sary safety precautions.

3. Record your results in your data table as you complete each 
measurement.

Analyze and Conclude

1. Graph  your data. Plot the measured weight on the y-axis 
and the mass on the x-axis. Draw a straight line on your 
graph that comes closest to all the data points. The line 
should include the zero point on both axes.

2. Determine  the slope of your line.
3. Use  your graph to determine the weights of objects with 

0.10 kg, 0.20 kg, and 0.30 kg. Calculate the ratio of weight to 
mass for each of these objects.

4. Infer  how the ratio of weight to mass depends on the mass.
5. Explain  how the weight of any mass can be calculated using 

the slope of your line.

Communicate

Write  a newspaper article describing the results of your 
experiment. The article should be at least three paragraphs long 
and should include information about who performed the 
experiment, how the experiment was performed, and what was 
learned about the relationship between mass and weight.

ELA8: W 1.2
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Rocket Scientist
At NASA’s Jet Propulsion Laboratory in Pasadena, 
California, aerospace engineers are responsible for 
propelling spacecraft into outer space. They also 
help develop the computer systems on board these 
spacecraft that will guide them millions of miles 
and then slow them down as they near their desti-
nation. Besides designing spacecraft and their 
systems, aerospace engineers also design aircraft 
and their related systems.

Hi-Tech Roller Coasters
Modern roller coaster rides can reach heights of 
over 450 feet. These rides use launch systems that 
enable the roller-coaster cars to climb to these 
dizzying heights. New technologies can accelerate 
roller coaster cars to speeds over 190 km/h in just 
3–4 seconds. The fastest rides use specially designed 
hydraulic systems to power a cable that propels the 
cars down the first part of the track. Other designs 
use special motors called linear induction motors to 
accelerate the cars to high speeds.

Visit TechnologyTechnology at ca8.msscience.com to 
learn more at roller coasters. Make a table 
showing the five fastest roller coaster rides and 
the five highest roller coasters. 

Visit CareerCareer at ca8.msscience.com to learn 
more about what aerospace engineers do and 
what they are required to know. Then write a 
fictitious want ad for a aerospace engineer at 
NASA.

(t)James King-Holmes/Photo Researchers, (b)Chris Simon

http://ca8.msscience.com
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Isaac Newton: 
Bestselling Author?

Newton’s three laws of motion were first published in 1687 
in a book called The Mathematical Principals of Natural 
Philosophy. Originally the book was in Latin and today it is 
known as the Principia, the shortened form of its Latin title. 
It is one of the most influential scientific books ever pub-
lished. The Principia also included Newton’s discussion of 
the law of universal gravitation and how gravity caused the 
observed motions of the planets and their moons.

What keeps a bridge from falling down? 
Without tension and compression, traveling 
in and out of San Francisco would be a lot 
harder. Tension and compression are the 
forces that keep suspension bridges like the 
Golden Gate Bridge standing. The thick, 
horizontal cables strung over the tops of the 
orange towers are under tension because they 
are anchored into the ground. The towers are 
put under compression because most of the 
weight is transferred to the towers through 
the vertical suspender cables. 

Visit HistoryHistory at ca8.msscience.com to learn more 
about the life of Isaac Newton. Hold a mock interview 
with Newton. Imagine that the Principia has just been 
published and Newton is on a book-promotion tour.

Visit SocietySociety at ca8.msscience.com to 
learn more about suspension bridges. 
Draw a picture of the Golden Gate Bridge, 
labeling the main elements and drawing 
arrows showing the direction of tension 
and compression forces. 

http://ca8.msscience.com
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CHAPTER

Interactive Tutor 

 
An object’s motion changes if the forces acting on the object are unbalanced.

ca8.msscience.com

Standards Study Guide

Lesson 1 Combining Forces

When more than one force acts on an 
object, the combined effect is caused by the sum of all 
applied forces.
• A force is a push or a pull. Forces are described by vectors that 

show the force’s magnitude and direction.

• The net force is the sum of all forces acting on an object.

• If the net force is zero, the forces are balanced. If the net force is 
not zero, the forces are unbalanced.

• If the forces on an object are balanced, the motion of the object 
does not change.

• Unbalanced forces change the object’s speed or direction of 
motion.

• Newton’s first law of motion states that if the net force on an 
object is zero, the motion of the object will not change.

• balanced force   (p. 91)
• contact force  (p. 88)
• force  (p. 88)
• net force  (p. 90)
• Newton’s first law of motion  (p. 93)
• noncontact force  (p. 89)
• unbalanced force  (p. 91)

Lesson 2 Types of Forces

There are different types of forces that act 
on objects.
• Gravity is an attractive force between all objects that have mass.

• Friction forces push parallel to sliding surfaces, opposing the 
motion of the surfaces.

• Compression and tension forces cause an object to be 
compressed or stretched.

• compression force  (p. 101)
• elastic force  (p. 101)
• friction  (p. 99)
• gravity  (p. 96)
• law of universal gravitation  (p. 97)
• normal force  (p. 102)
• tension force  (p. 101)
• weight  (p. 98)

Lesson 3 Unbalanced Forces and Acceleration

Unbalanced forces cause accelerations.
• Unbalanced forces cause objects to accelerate.

• An unbalanced force will cause an object to speed up, slow 
down, or change direction.

• Newton’s second law states that the acceleration of an object 
equals the net force on the object divided by the object’s mass. 
The acceleration is in the direction of the net force.

• Newton’s third law of motion states that all forces come in pairs. 
When an object exerts a force on a second object, the second 
object exerts a force equal in size but opposite in direction on 
the first object.

• centripetal force  (p. 108)
•  Newton’s second law of motion  (p. 109)
•  Newton’s third law of motion  (p. 111)

2.e, 2.f, 9.a, 9.d

2.d, 2.g

2.a, 2.b, 2.c, 9.g

Download quizzes, key 
terms, and flash cards from 
ca8.msscience.com.

http://ca8.msscience.com
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CHAPTER

Using Vocabulary
Fill in each blank with the correct vocabulary term.

12. The astronaut’s      decreased as her 
rocket took her farther away from Earth.

13. Gravity is a(n)      because it is exerted on 
objects even when they are not touching each 
other.

14. If the      acting on an object is not zero, 
the object accelerates.

15. The weight of a book at rest on a horizontal table 
is balanced by the      exerted by the table 
on the book.

16. Gravity is the      that pulls the Moon in 
its orbit around Earth.

17. A(n)      is a push or a pull.

18. Friction is a(n)      because the objects 
exerting the force are touching each other.

Linking Vocabulary and Main Ideas
Use vocabulary terms from page 120 to complete this concept map.

Standards Review

Visit ca8.msscience.com for:
 ▶  ▶ Vocabulary PuzzleMaker
 ▶  ▶ Vocabulary eFlashcards
 ▶  ▶ Multilingual Glossary

Forces

change 
motion

8. 11. 9. 

4. 
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laws of motion
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CHAPTER

Standards Review 

Standards Review

ca8.msscience.com

Understanding Main Ideas
Choose the word or phrase that best answers the 
question.

1. What changes when unbalanced forces act on an 
object?
A. mass
B. motion
C. inertia
D. weight   2.e

2. The figure below shows the gravitational forces 
between two objects.

  What would be the effect of decreasing the dis-
tance between the objects?
A. The force would remain the same.
B. The force would increase because the objects 

are closer together.
C. The force would decrease because the objects 

are closer together.
D. The force only changes if the masses of the 

objects change.   2.g

3. What force slows a book sliding on a table? 
A. inertia 
B. gravity 
C. reaction force
D. sliding friction   2.d

4. What does the length of a force vector 
represent?
A. the object’s velocity 
B. the force’s direction
C. the force’s magnitude
D. the direction of acceleration 2.a

5. What would cause an object to have a smaller 
acceleration?
A. increasing the net force on the object
B. decreasing the mass of the object, keeping the 

net force constant
C. increasing the mass of the object, keeping the 

net force constant
D. decreasing the mass of the object and increas-

ing the net force on the object 2.f

6. The graph shows the speed of a car moving in a 
straight line.

  Over which segments are the forces on the car 
balanced?
A. a and c
B. b and d
C. c and e
D. d only   2.c

7. A car is driving at a constant velocity. Which is 
not true?
A. All the forces acting on the car are balanced.
B. A net force keeps it moving.
C. The car is moving in a straight line at a con-

stant speed.
D. The car is not accelerating. 2.c

8. If a student pushes a book across a table with a 
force of 6 N and the force of friction is 4 N, what 
is the net force on the book? 
A. 0 N
B. 2 N
C. 10 N
D. 24 N   2.b

http://ca8.msscience.com
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Applying Science
 9. Compare the motion of an object acted on by 

balanced forces with the motion of an object 
acted on by unbalanced forces.  2.c

10. Explain how the gravitational force between 
Earth and the Moon would change if the distance 
between them increased. 2.g

11. Create a diagram showing the following forces 
acting on an object. What is the net force acting 
on the object?  2.d

 Forces on an Object

Direction Magnitude(N)

Up 4

Down 4

Left 2

Right 6

12. Compare an astronaut’s weight in orbit with the 
astronaut’s weight on Earth, assuming the mass 
of the astronaut does not change.  2.g

13. Imagine a book moving to the right across a 
table. As it slides across the table, it slows down 
and comes to a stop. In what direction is the net 
force acting on the book as it slows down?  2.f

14. Determine whether the forces acting on a car are 
balanced or unbalanced if the car is turning 
while moving at a constant speed. Explain your 
answer.  2.e

15. Infer the net force acting on a rope in a tug-of-
war if the rope is moving with a constant speed 
in a straight line. 2.c

16. Give an example in which gravity speeds up a 
moving object and example in which gravity 
slows down a moving object.  2.f

17. Explain how an arrow is used to represent a 
force vector. 2.a

18. Write an essay describing an example of how 
one of Newton’s laws of motion is demonstrated 
in your favorite sport or activity.

ELA8: W 1.1

Cumulative Review
19. Determine your displacement and distance 

traveled if you walked 20 m, took a book from a 
table, turned around and walked straight back to 
your seat.  1.d

20. Calculate the average speed of a train that 
travels 160 km in 2.5 h.  1.c

Applying Math

21. If the net force on a 2-kg object is 8.0 N, what 
is the object’s acceleration? MA8: ALG: 5.0

22. The net force on an object is 10.0 N and its 
acceleration is 2.0 m/s2. What is its mass?  
 MA8: ALG: 5.0

23. Find the net force on an object that has a 
mass of 20.0 kg if its acceleration is 2.3 m/s2.
 MA8: ALG: 5.0

24. The figure shows the forces on a box.

 If the mass of the box is 10 kg, what is the size 
and direction of the acceleration of the box? 
 MA8: ALG: 5.0
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Standards Assessment ca8.msscience.com

Standards Assessment

1  Which indicates that the forces acting on an 
object are balanced?

A The object speeds up.

B The object slows down.

C The velocity of the object doesn’t change.

D The mass of the object doesn’t change. 2.c

2  The figure shows the path of a ball tossed into 
the air.

 Which causes the velocity of the ball to change?

A compression force

B gravity

C inertia

D tension force 2.d

3  Which is not a vector?

A acceleration

B force

C mass

D velocity 2.a

Use the figure below to answer question 4 and 5.

4  If the vertical forces acting on the box are bal-
anced, what is the net force on the box?

A 13.2 N to the left

B 13.2 N to the right

C 10.8 N to the left

D 10.8 N to the right 2.b

5  What is the acceleration of the box?

A 5.3 m/s2 to the left

B 5.3 m/s2 to the right

C 4.3 m/s2 to the left

D 4.3 m/s2 to the right 2.f

6  Which is a true statement?

A Your mass increases as you get closer to Earth.

B Your mass decreases as you get closer to Earth.

C The weight of an object is the frictional force 
on the object.

D The weight of an object is the gravitational 
force on the object. 2.d

http://ca8.msscience.com
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7  Which would cause the gravitational force 
between object A and object B to increase?

A The mass of object A decreases.

B The mass of object B decreases.

C The objects move closer together.

D The objects move farther apart. 2.g

8  A ball is moving in a circular horizontal path. 
The net force on the ball is in which direction?

A downward

B upward

C parallel to the ball’s path

D perpendicular to the ball’s path 2.e

9  A box is sitting on a floor. Maria and Sam push 
on the box as shown in the figure below.

 If the box doesn’t move, what is the force of 
static friction exerted on the box?

A 5 N to the left

B 5 N to the right

C 195 N to the left

D 195 N to the right 2.c

10  The graph below shows how the speed of a book 
changes as it slides across a table.

 Over what time interval is the net force on the 
book in the same direction as the book’s 
velocity?

A 0 s to 0.5 s

B 0.5 s to 1.0 s

C 0 s to 1.5 s

D 1.0 s to 2.0 s 2.e

11  The speed of a soccer ball is decreasing as it 
rolls along the ground. Which best describes 
the net force on the soccer ball?

A The net force is zero.

B The net force is at a right angle to the ball’s 
motion.

C The net force is in the same direction as the 
ball’s motion.

D The net force is the direction opposite to the 
ball’s motion. 2.e

12  You stretch a spring by pulling one end of it to 
the right. Which best describes the force exerted 
on the spring?

A compressional force to the left

B compressional force to the right

C tension force to the left

D tension force to the right 2.d
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