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Action and Reaction
Newton’s first two laws of motion explain how the motion of

a single object changes. If the forces acting on the object are bal-
anced, the object will remain at rest or stay in motion with con-
stant velocity. If the forces are unbalanced, the object will
accelerate in the direction of the net force. Newton’s second law
tells how to calculate the acceleration, or change in motion, of
an object if the net force acting on it is known.

Newton’s third law describes something else that happens
when one object exerts a force on another object. Suppose you
push on a wall. It may surprise you to learn that if you push on
a wall, the wall also pushes on you. According to Newton’s third

law of motion, forces always act in equal but opposite pairs.
Another way of saying this is for every action, there is an equal
but opposite reaction. This means that when you push on a wall,
the wall pushes back on you with a force equal in strength to the
force you exerted. When one object exerts a force on another
object, the second object exerts the same size force on the first
object, as shown in Figure 13. 

Newton’s Third Law

� Identify the relationship
between the forces that objects
exert on each other.

Newton’s third law can explain how
birds fly and rockets move.

Review Vocabulary
force: a push or a pull

New Vocabulary

• Newton’s third law of motion

Figure 13 The car jack is push-

ing up on the car with the same

amount of force with which the car

is pushing down on the jack.

Identify the other force acting on

the car.

Force
due to
car jack

Force
due to
gravity

Force
jack exerts
on car

Force
car exerts
on jack

Standard—7.3.17: Investigate that an unbalanced force, acting on an object, changes its speed or path of
motion or both, and know that if the force always acts toward the same center as the object moves, the
object’s path may curve into an orbit around the center.

Also covers: 7.2.6 (Detailed standards begin on page IN8.)
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Action and Reaction Forces Don’t Cancel The forces
exerted by two objects on each other are often called an action-
reaction force pair. Either force can be considered the action force
or the reaction force. You might think that because action-reaction
forces are equal and opposite that they cancel. However, action and
reaction force pairs don’t cancel because they act on different
objects. Forces can cancel only if they act on the same object.

For example, imagine you’re driving a bumper car and are
about to bump a friend in another car, as shown in Figure 14.

When the two cars collide, your car pushes on the other car. By
Newton’s third law, that car pushes on your car with the same
force, but in the opposite direction. This force causes you to slow
down. One force of the action-reaction force pair is exerted on
your friend’s car, and the other force of the force pair is exerted
on your car. Another example of an action-reaction pair is
shown in Figure 15.

You constantly use action-reaction force pairs as you move
about. When you jump, you push down on the ground. The
ground then pushes up on you. It is this upward force that
pushes you into the air. Figure 16 shows some examples of how
Newton’s laws of motion are demonstrated in sporting events.

Birds and other
flying creatures

also use Newton’s third law. When a
bird flies, its wings push in a down-
ward and a backward direction. This
pushes air downward and backward.
By Newton’s third law, the air pushes
back on the bird in the opposite
directions—upward and forward.
This force keeps a bird in the air and
propels it forward.

Figure 14 In this collision, the

first car exerts a force on the sec-

ond. The second exerts the same

force in the opposite direction on

the first car. 

Explain whether both cars will

have the same acceleration.

Figure 15 When the child

pushes against the wall, the wall

pushes against the child.

Topic: How Birds Fly
Visit in7.msscience.com for Web

links to information about how

birds and other animals fly.

Activity Make a diagram show-

ing the forces acting on a bird as

it flies.

Force

Force

Reaction force

Action force
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Figure 16

VISUALIZING NEWTON’S LAWS IN SPORTS

A
lthough it is not obvious, Newton’s laws of motion are demonstrated in sports activities

all the time. According to the first law, if an object is in motion, it moves in a straight line

with constant speed unless a net force acts on it. If an object is at rest, it stays at rest

unless a net force acts on it. The second law states that a net force acting on an object causes

the object to accelerate in the direction of the force. The third law can be understood this

way—for every action force, there is an equal and opposite reaction force.

NEWTON’S FIRST 

LAW According to

Newton’s first law, the

diver does not move in 

a straight line with con-

stant speed because of

the force of gravity.

�

NEWTON’S

SECOND LAW

As Tiger Woods

hits a golf ball,

he applies a force

that will drive

the ball in the

direction of that

force—an exam-

ple of Newton’s

second law.

�

NEWTON’S THIRD LAW

Newton’s third law applies even

when objects do not move. Here

a gymnast pushes downward on

the bars. The bars push back on

the gymnast with an equal force.

�
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Large and Small Objects Sometimes it’s easy not to notice
an action-reaction pair is because one of the objects is often
much more massive and appears to remain motionless when a
force acts on it. It has so much inertia, or tendency to remain at
rest, that it hardly accelerates. Walking is a good example. When
you walk forward, you push backward on the ground. Your shoe
pushes Earth backward, and Earth pushes your shoe forward, as
shown in Figure 16. Earth has so much mass compared to you
that it does not move noticeably when you push it. If you step
on something that has less mass than you do, like a skateboard,
you can see it being pushed back.

A Rocket Launch The launching of a space shuttle is
a spectacular example of Newton’s third law. Three
rocket engines supply the force, called thrust, that lifts
the rocket. When the rocket fuel is ignited, a hot gas is
produced. As the gas molecules collide with the inside
engine walls, the walls exert a force that pushes them out
of the bottom of the engine, as shown in Figure 18. This
downward push is the action force. The reaction force is
the upward push on the rocket engine by the gas mole-
cules. This is the thrust that propels the rocket upward.

Figure 17 The force of the

ground on your foot is equal and

opposite to the force of your foot

on the ground. If you push back

harder, the ground pushes forward

harder.

Determine In what direction does

the ground push on you if you are

standing still?

Figure 18 Newton’s

third law enables a

rocket to fly. The rocket

pushes the gas mole-

cules downward, and

the gas molecules push

the rocket upward. 
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Weightlessness 
You might have seen pictures of astronauts floating inside a

space shuttle as it orbits Earth. The astronauts are said to be
weightless, as if Earth’s gravity were no longer pulling on them. Yet
the force of gravity on the shuttle is almost 90 percent as large as
at Earth’s surface. Newton’s laws of motion can explain why the
astronauts float as if there were no forces acting on them.

Measuring Weight Think about how you measure your
weight. When you stand on a scale, your weight pushes down on
the scale. This causes the scale pointer to point to your weight.
At the same time, by Newton’s third law the scale pushes up on
you with a force equal to your weight, as shown in Figure 19.

This force balances the downward pull of gravity on you.

Free Fall and Weightlessness Now suppose you were
standing on a scale in an elevator that is falling, as shown in
Figure 19. A falling object is in free fall when the only force act-
ing on the object is gravity. Inside the free-falling elevator, you
and the scale are both in free fall. Because the only force acting
on you is gravity, the scale no longer is pushing up on you.
According to Newton’s third law, you no longer push down on
the scale. So the scale pointer stays at zero and you seem to be
weightless. Weightlessness is the condition that occurs in free fall
when the weight of an object seems to be zero.

However, you are not really weightless in free fall because
Earth is still pulling down on you. With nothing to push up on
you, such as your chair, you would have no sensation of weight.

Figure 19 Whether you are standing

on Earth or falling, the force of Earth’s

gravity on you doesn’t change.

However, your weight measured by

a scale would change.
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Weight of student Weight of student

Force 
exerted
by scale

00

Measuring 

Force Pairs

Procedure
1. Work in pairs. Each person

needs a spring scale.
2. Hook the two scales

together. Each person
should pull back on a scale.
Record the two readings.
Pull harder and record the
two readings.

3. Continue to pull on both
scales, but let the scales
move toward one person.
Do the readings change?

4. Try to pull in such a way 
that the two scales have
different readings.

Analysis
1. What can you conclude

about the pair of forces in
each situation? 

2. Explain how this experi-
ment demonstrates
Newton’s third law.
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Self Check
1. Evaluate the force a skateboard exerts on you if your

mass is 60 kg and you push on the skateboard with a

force of 60 N.

2. Explain why you move forward and a boat moves

backward when you jump from a boat to a pier.

3. Describe the action and reaction forces when a hammer

hits a nail.

4. Infer You and a child are on skates and you give each

other a push. If the mass of the child is half your mass,

who has the greater acceleration? By what factor?

5. Think Critically Suppose you are walking in an airliner

in flight. Use Newton’s third law to describe the effect

of your walk on the motion on the airliner.

Summary
Action and Reaction

• According to Newton’s third law, when one

object exerts a force on another object, the

second object exerts the same size force on

the first object.

• Either force in an action-reaction force pair

can be the action force or the reaction force.

• Action and reaction force pairs don’t cancel

because they are exerted on different objects.

• When action and reaction forces are exerted

by two objects, the accelerations of the

objects depend on the masses of the objects. 

Weightlessness

• A falling object is in free fall if the only force

acting on it is gravity.

• Weightlessness occurs in free fall when the

weight of an object seems to be zero.

• Objects orbiting Earth appear to be weightless

because they are in free fall in a curved path

around Earth.

6. Calculate Acceleration A person standing in a canoe

exerts a force of 700 N to throw an anchor over the

side. Find the acceleration of the canoe if the total 

mass of the canoe and the person is 100 kg.

Weightlessness in Orbit To understand how objects move
in the orbiting space shuttle, imagine you were holding a ball in
the free-falling elevator. If you let the ball go, the position of the
ball relative to you and the elevator wouldn’t change, because
you, the ball, and the elevator are moving at the same speed.

However, suppose you give the ball a gentle push downward.
While you are pushing the ball, this downward force adds to the
downward force of gravity. According to Newton’s second law,
the acceleration of the ball increases. So while you are pushing,
the acceleration of the ball is greater than the acceleration of
both you and the elevator. This causes the ball to speed up rela-
tive to you and the elevator. After it speeds up, it continues mov-
ing faster than you and the elevator, and it drifts downward until
it hits the elevator floor.

When the space shuttle orbits Earth, the shuttle and all the
objects in it are in free fall. They are falling in a curved path
around Earth, instead of falling straight downward. As a result,
objects in the shuttle appear to be weightless, as shown in 
Figure 20. A small push causes an object to drift away, just as a
small downward push on the ball in the free-falling elevator
caused it to drift to the floor.

Figure 20 These oranges seem

to be floating because they are

falling around Earth at the same

speed as the space shuttle and the

astronauts. As a result, they aren’t

moving relative to the astronauts

in the cabin. 
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