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Newton’s Laws
Recall that forces are measured in a unit called a newton 

(N). This unit is named after English scientist Isaac Newton, 
who studied the motion of objects. Newton summarized his 
findings in three laws of motion. You demonstrate Newton’s 
laws when you run to catch a baseball or ride your bike. You 
can use Newton’s laws to explain how the rides and games at 
an amusement park work.

Newton’s First Law
What causes the motion of amusement park rides to give 

riders a thrill? Without protective devices to hold you in your 
seat, you could fly off the ride! The tendency of an object to resist 
a change in motion is called  inertia. Inertia acts to keep you at 
rest when the ride starts moving. It also keeps you moving in 
a straight line when the ride stops or changes direction. Your 
safety belt keeps you in the seat and moving with the ride.

Newton’s first law of motion states that if the net force acting on an 
object is zero, the motion of the object does not change. In other 
words, an object remains at rest or in constant motion unless 
an outside, unbalanced force acts on it. Newton’s first law of 
motion is sometimes called the law of inertia.

What do you think? Read the two statements below and decide 
whether you agree or disagree with them. Place an A in the Before column 
if you agree with the statement or a D if you disagree. After you’ve read 
this lesson, reread the statements to see if you have changed your mind.

Before Statement After

5. All forces change the motion of objects.

6.  The net force on an object is equal to the mass of 
the object times the acceleration of the object.

Key Concepts  
• How do unbalanced forces 

affect an object’s motion?
• How are the acceleration, 

the net force, and the mass 
of an object related?

• What happens to an object 
when another object exerts 
a force on it?

Sticky Notes As you read, 
use sticky notes to mark 
information that you do not 
understand. Read that text 
carefully a second time. If 
you still need help, write a 
list of questions to ask your 
teacher.

 SCIENCE USE V. COMMON USE
inertia
Science Use the tendency to 
resist a change in motion

Common Use lack of action

Motion, Forces, and 
Newton’s Laws
Newton’s Laws of Motion
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Effects of Balanced Forces
Suppose you are at an amusement park and you want to 

ride a free-fall car. How does a free-fall ride illustrate Newton’s 
first law of motion? Recall that when the forces acting on an 
object are balanced, the object is either at rest or moving with 
a constant velocity. 

Objects at Rest At the top of the ride, the force of the cable 
pulling upward on the car is equal to the force of gravity 
pulling downward on the car. Gravity and the cables pull on 
the car equally, but in opposite directions. As a result, the 
forces are balanced. The car is at rest. As long as the forces 
remain balanced, the car remains at rest.

Objects in Motion To lift the car to the top of the ride, the 
cable pulls upward. After a short acceleration, the car moves 
upward at a constant speed. The force of the cable pulling 
upward is the same size as the force of gravity pulling 
downward. With the forces once again balanced, the car 
rises to the top of the ride at a constant velocity. Newton’s 
first law describes the car’s motion when the forces applied 
to it are balanced. 

Balanced forces act on the car only when it is at rest or 
moving with a constant velocity. When the car reaches the 
top of the ride, it doesn’t remain at rest for long. When the 
operator releases the upward pull on the cable, the forces 
become unbalanced. Gravity causes the car to accelerate 
toward the ground. Because inertia tends to keep you at rest, 
the car feels as if it falls out from under you. Your safety belt 
acts as an outside force to keep you attached to the car.

Effects of Unbalanced Forces
You continue your visit to the amusement park with a ride 

on the reverse bungee jump. This ride propels you upward 
like a slingshot on elastic bungee cords. 

According to Newton’s first law of motion, the motion of 
an object changes only when a net force acts on it. This ride 
gives you two chances to experience what a net force can do. 
Unbalanced forces cause a bungee jumper to speed up during 
part of the ride and slow down during another part of the ride.

Speeding Up After the ride attendant releases you, the 
upward force of the bungee cord is greater than the downward 
force of gravity. The forces are unbalanced. The net force 
acting on you is upward, and you accelerate upward. This 
is positive acceleration because you are speeding up.

Reading Check
 1. Predict Suppose you 
know that the forces acting 
on an object are balanced. 
What motion would you 
expect the object to display?

 

 

 

 

 

Make a layered book to 
organize your notes on 
Newton’s laws.

Tissue1st
2nd
3rd

Newton’s Laws
of Motion

Reading Check
2. Describe What happens 
to the velocity of the car when 
the upward pull of the cable 
is greater than the downward 
pull of gravity as the car rises 
toward the top? 

 

 

 

 

354  Motion, Forces, and Newton’s Laws Reading Essentials

C361_015_020_RE_L3_889408.indd   16C361_015_020_RE_L3_889408.indd   16 2/5/10   3:41:07 PM2/5/10   3:41:07 PM



C
o
p
y
ri

g
h
t 

©
 G

le
n
co

e/
M

cG
ra

w
-H

il
l,

 a
 d

iv
is

io
n
 o

f 
T

h
e 

M
cG

ra
w

-H
il

l 
C

o
m

p
an

ie
s,

 I
n
c.

Slowing Down As you approach the top of your bungee 
ride, the cords become slack. The upward force of the cords 
becomes less than the downward force of gravity. Even 
though you still are moving upward because of inertia, the 
net force is now due to the downward force of gravity. You 
slow down, or decelerate. 

Changing Direction Your next stop is a swing ride. You sit 
in a chair attached by cables to a canopy on a center post. 
The post and canopy turn in a circle, propelling your chair 
outward on its cables. 

When the ride starts to turn, the force of the cables pulls 
your chair toward the center of the ride. The force of gravity 
acts downward. Because these forces don’t act in opposite 
directions, the unbalanced force constantly changes your 
direction. The unbalanced force of the cable pulling toward 
the center makes you accelerate in a circular direction. 

The designers of amusement-park rides use inertia to create 
excitement. Much of what makes a swing ride fun is the 
feeling that you might fly off the ride with constant velocity 
if your safety belt didn’t hold you in place.

Newton’s Second Law of Motion
Suppose you play a game in which you throw a baseball 

to knock over wooden milk bottles. You have seen that 
unbalanced forces cause objects to accelerate. To knock over 
the bottles, the ball has to accelerate fast enough to overcome 
the forces keeping the bottles upright. 

On your first try, you don’t throw the ball with enough 
force. On your second try, you throw the ball as hard as you 
can. As the ball flies out of your hand, it accelerates rapidly 
and knocks over the bottles, winning you a prize. You won 
the prize by using another of Newton’s laws. 

Newton described the relationship between an object’s 
acceleration (change in velocity) and the net force exerted 
on the object. Newton’s second law of motion states that the 
acceleration of an object is equal to the net force exerted on the object 
divided by the object’s mass. The direction of acceleration is the 
same as the direction of the net force. The following formula 
expresses Newton’s second law of motion.  

acceleration = force_____
mass a =

F__
m

Reading Check
4. Explain On the swing 
ride, your chair constantly 
changes direction. Why?

  Key Concept Check
 3. Calculate If one force on 
an object is 5 N upward and 
the other is 10 N downward, 
what is the object’s motion?

Reading Check
 5. State Why did the first 
ball fail to knock over the 
milk bottles?
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Calculating Acceleration
You can use the equation to calculate the acceleration of 

the ball. If you apply a force of 1.5 N to a ball with a mass of 
0.3 kg, what is the ball’s acceleration?

  acceleration =   force _____ mass     acceleration =   1.5 N ______ 
0.3 kg

   =   5 m ____ 
s2  

What would happen to the acceleration if you doubled 
the force on the ball? The acceleration would also double.

 acceleration =      force _____ mass     acceleration =   3.0 N ______ 
0.3 kg

   =   10 m _____ 
s2  

 Changing the Mass
What would happen to the acceleration if the force you 

apply stays the same, but the mass of the ball changes? 
Instead of 0.3 kg, the ball has a mass of 0.6 kg.

acceleration =   force _____ mass     acceleration =   1.5 N ______ 
0.6 kg

   =   2.5 m _____ 
s2  

A ball with twice the mass has half the acceleration. 
Newton’s second law lets you predict what combination of 
force and mass will achieve the acceleration you need. 

Newton’s Third Law
Suppose you are driving a bumper car. What happens 

when you crash into another car? Newton’s third law of motion 
says that when one object applies a force on a second object, the second 
object applies a force of the same size, but in the opposite direction, on 
the first object. According to Newton’s third law, the bumper 
cars apply forces to each other that are equal but are in 
opposite directions. 

Action and Reaction Forces
When two objects apply forces on each other, one force is 

the action force, and the other is the reaction force. The 
bumper car that accelerates into the other car applies the 
action force. The car that takes the hit applies the reaction 
force. 

Force Pairs
As you walk around the amusement park, your shoes 

push against the ground. If the ground did not push back 
with equal force, gravity would pull you down into the 
ground! When two objects apply forces on each other, the two forces 
are a force pair.

 6. Calculate Suppose you 
throw a ball with a force of 
2 N. The ball has a mass of 
0.4 kg. At what rate will the 
ball accelerate?

 Key Concept Check
 7. Explain How are the 
acceleration, the net force, 
and the mass of an object 
related?

 

 

 

 

 Key Concept Check
 8. Describe What happens 
when one object applies a 
force on a second object?
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Opposite Forces The opposite  forces of the bumper cars 
hitting each other are a force pair. Force pairs are not the 
same as balanced forces. Balanced forces combine or cancel 
each other out because they act on the same object. Each 
force in a force pair acts on a different object.

When a soccer player hits the ball with her head, her head 
applies a force on the ball. The ball applies an equal but 
opposite force on her head. Newton’s laws work together. 
Newton’s first law explains that a force is needed to change 
an object’s motion. Newton’s third law describes the action-
reaction forces. Newton’s second law explains why the effect 
of the force is greater on the ball. The mass of the ball 
is much less than the player’s mass. Therefore, a force of the 
same size produces a much greater acceleration in the ball.

Newton’s Laws in Action
 Newton’s laws are useful because they apply to the 

moving objects that you observe each day. Using Newton’s 
laws, humans have traveled to other planets and invented 
many useful tools and machines. You can often see the 
effects of all three laws at the same time. The table below 
 describes everyday examples of Newton’s laws in action.  

9. Apply If the force of the 
soccer player’s head on the 
ball is 1.5 N upward, what is 
the force of the ball on the 
player’s head? (Circle the 
correct answer.)
a. 0 N
b. 1.5 N
c. 3.0 N

Visual Check
10. Explain In the first 
example, how do you know 
that the table is applying a 
force on the bowl of fruit?

Newton’s Laws in Action

Example Newton’s First Law Newton’s Second Law Newton’s Third Law

A bowl of fruit with a 
mass of 2 kg sits on a 
table.

The upward and 
downward forces on the 
bowl are balanced. The 
motion of the bowl is not 
changing. It is at rest.

Because the bowl is at rest, 
its acceleration is 0 m/s2. 
You can use Newton’s 
second law to calculate 
the net force on the bowl: 
F = m × a
F = 2 kg × 0 m/s2

F = 0 N

The force of gravity pulls 
the bowl down so it 
applies a force on the 
table. The table pushes 
up on the bowl with a 
force that is the same 
size but in the opposite 
direction.

A woman is walking on a 
sidewalk.

The forces acting on the 
woman are balanced. Her 
inertia keeps her moving 
at a constant speed in a 
straight line.

When an object moves at 
a constant velocity, there 
is no acceleration. A net 
force would have to act 
on the woman before she 
would speed up or slow 
down.

The woman’s feet push 
against the sidewalk as 
she walks. The sidewalk 
pushes on the woman’s 
feet with equal force, 
moving her forward.

A dog on a skateboard is 
pushing off with its paw.

Inertia keeps the dog and 
the skateboard at rest 
until the dog produces a 
net force by pushing its 
paw on the road.

When net forces act on 
the dog and the road, 
which is part of Earth, the 
dog will accelerate at a 
much greater rate 
because its mass is much 
less than that of Earth.

The dog’s paw applies a 
backward force on the 
road. The road applies an 
equal but opposite force 
on the dog’s paw, pushing 
it forward.
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Mini Glossary

Reread the statements at the beginning of the 
lesson. Fill in the After column with an A if you 
agree with the statement or a D if you disagree. 
Did you change your mind?

What do you think

END OF 
LESSON

Log on to ConnectED.mcgraw-hill.com 
and access your textbook to find this 
lesson’s resources.

ConnectED

force pair: the two forces when two objects apply forces on 

each other

inertia: the tendency of an object to resist a change in motion

Newton’s first law of motion: states that if the net force 

acting on an object is zero, the motion of the object does not 

change

Newton’s second law of motion: states that the 

acceleration of an object is equal to the net force applied on 

the object divided by the object’s mass

Newton’s third law of motion: states that when one 

object applies a force on a second object, the second object 

applies a force of the same size, but in the opposite 

direction, on the first object

1. Review the terms and their definitions in the Mini Glossary. Write a sentence to explain 
how force pairs work as you walk across the ground. 

2. Use the formula to determine whether the change in force or mass will cause acceleration 
to increase or decrease. Write  increase or decrease in the Acceleration column. 

Newton’s Second Law: acceleration =   force _____ mass  

Acceleration Force Mass

a. increase no change

b. no change decrease

c. decrease no change

3. Record a question from your sticky notes that was especially difficult for you. Then write 
the answer that you learned from rereading the material or asking your teacher.
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