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Newton’s 

third law 
•  Calculate the effect of forces on objects, 

including the nature of force pairs between 

objects. 

•  Explain why action and reaction forces do not 

cancel each other out. 

•  Correctly draw reaction (or action) forces on 

free-body diagrams. 

Objectives 

1.  A 2.0 kg cart on a frictionless track collides with a 1.0 kg cart 
at rest.  During the collision the 2.0 kg cart exerts a 10 N 

force on the 1.0 kg cart. 

Assessment 

a.   What is the resulting acceleration of the 1.0 kg cart? 

b.  What is the force on the 2.0 kg cart during the collision?   

c.   What is the resulting acceleration of the 2.0 kg cart? 

2.   Newton’s third law states that forces come in pairs that are equal 
in magnitude and opposite in direction.  Frank says that the net 

force on every object must actually be zero, because these force 
pairs will add up to zero.   

     Why is Frank wrong?  

Assessment 

3.  A cyclist is exerting a force on 
the pedals of a bicycle, which 

in turn exerts forces against 
the ground.  

Assessment 

a.  What are the action 
and reaction forces 

where the cyclist’s 
foot meets the pedal? 

b.  What are the action 

and reaction forces 
where the bicycle tire 

meets the road? 

Physics terms 

•  action 

•  reaction 

•  force pair 
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In your everyday life you can observe 
that forces always occur in pairs. 

Forces come in pairs 

Consider throwing a ball.  

What force moves the ball? 

Forces come in pairs 

Consider throwing a ball.  

Your hand exerts a force on the ball – 

that is the action force that causes the 
ball to accelerate. 

In your everyday life you can observe 
that forces always occur in pairs. 

Forces come in pairs 

Consider throwing a ball.  

Your hand exerts a force on the ball – 

that is the action force that causes the 
ball to accelerate. 

The ball exerts an equal and opposite 

reaction force back against your hand. 

 

In your everyday life you can observe 
that forces always occur in pairs. 

Forces come in pairs 

How do you detect the presence of the 
ball?  Can you feel the reaction force?   

If the ball was heavier, or covered with a 
prickly material, it would make the 

reaction force even more noticeable.  

Describe a situation where you put a 
force on something, and a force acted 

back on you.  

Forces always come in pairs. 

If one object puts a force on a second object, 

the second object always puts an equal and 
opposite force back on the first object. 

Action and reaction forces 

Action 

Reaction 

Forces always come in pairs. 

If one object puts a force on a second object, 

the second object always puts an equal and 
opposite force back on the first object. 

Newton’s third law: 

 
For every action (force) there is always 
an equal and opposite reaction (force). 

 Reaction 

Action 

Action and reaction forces 
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Forces always come in pairs. 

If one object puts a force on a second object, 

the second object always puts an equal and 
opposite force back on the first object. 

Newton’s third law: 

 
For every action (force) there is always 
an equal and opposite reaction (force). 

 
Newton’s third law is a law of 

interactions between objects. 

Reaction 

Action 

Action and reaction forces An example 

A tennis racquet hits a tennis ball.  

At the instant of impact, what are 

the action and reaction forces? 

Action:  racquet 
pushes on ball. 

Reaction:  ball pushes 
back on racquet.  

An example 

One force acts on the racquet.   
Its partner force acts on the ball. 

There are always two objects 

Action-reaction forces always 
act on different objects: 

Action:  racquet 
pushes on ball. 

Reaction:  ball pushes 
back on racquet.  

Free-body diagrams 

Only one of these forces appears 
on an object’s free-body diagram:  

the force that acts ON the object.    

Action:  racquet 
pushes on ball. 

Reaction:  ball pushes 
back on racquet.  

Action-reaction pairs 
don’t cancel out because 

they always act on 
different objects: 

 
 

 

 
 

Force pairs don’t cancel out  

•  One force acts 
on the racquet. 

•  Its partner force 
acts on the ball. 

Only forces that act on the same 
object can cancel each other out.  
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It doesn’t matter which force you call 
the action and which is the reaction.   

         These are arbitrary labels.  

Terminology 

Action:  racquet pushes on ball. 

Reaction:  ball pushes back on racquet.  

Which came first? 

The words action and reaction 
have a different meaning in 

physics than they do in 
everyday life. 

In everyday life an action, such 

as telling a joke, is followed by a 
reaction:  people laugh. 

The words action and reaction 
have a different meaning in 

physics than they do in 
everyday life. 

In everyday life an action, such 

as telling a joke, is followed by a 
reaction:  people laugh. 

In physics an action is a force.  
Action-reaction forces appear and 

disappear simultaneously.   

They are simultaneous 

A person stands on a bathroom scale. 
The scale measures a force.   

What are the action-reaction forces 
involved in the reading on the 

bathroom scale? 

An example 

There are two related answers. 

Draw the free-body diagrams 

of the person and the scale.  

Finding force pairs 

The scale pushes up on 
the person.   

 

The person pushes down 

on the scale—causing the 

reading. 

Finding force pairs 
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Other action-reaction pairs 
exist involving these objects. 

What are they? 

What do they act on? 

Finding force pairs 

One force pair involves weight. 

What is the reaction partner to 

weight? 

Finding force pairs 

The Earth pulls down on the 
person:  this is the force of 

weight (gravity).  

Its reaction partner is the 

person pulling up on the 

Earth! 

One force pair involves weight. 

What is the reaction partner to 

weight? 

Finding force pairs 

A person’s mass is so small 
that the reaction force 

hardly affects the planet. 

But it could if it was larger! 

Finding force pairs 

The Earth puts a gravitational 
force on the Moon that keeps it 

from flying out of its orbit.   

Finding force pairs 
The Moon puts an equal 
and opposite gravitational 

force back on the Earth. 

Finding force pairs 
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The Moon mass is 
large enough that it 

does move the Earth.  

Finding force pairs 
The force of the Moon on the 
Earth causes Earth to orbit the 

system’s center of mass every 
28 days. 

Finding force pairs 

The other action-reaction pairs: 

•  The scale pushes down on 

the floor.  The floor pushes 
up on the scale.  This is a 

set of normal forces. 

•  The Earth pulls down on the 
scale.  The scale pulls up on 

the Earth.  This is a set of 
gravitational forces. 

Finding force pairs 

Did you notice?  Action-reaction 
pairs are always the same kind 

of force! 

Same kind of force 

Possible action reaction pairs:  

•  normal force and normal force 

•  gravity force and gravity force  

•  electric force and electric force 

•  friction force and friction force 

•  tension force and tension force 

Same kind of force 

Did you notice?  Action-reaction 
pairs are always the same kind 

of force! 

Test your knowledge 

Is every force part of an action-reaction pair?  

What about this apple?  This apple is in free-fall.  

Nothing is touching it.  It’s accelerating downward 
at 9.8 m/s2.  Is there a reaction force? 
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Test your knowledge 

Yes.  

Earth puts a downward gravitational force on the apple.   

The apple puts an upward gravitational force on the Earth.  

Is every force part of an action-reaction pair?  

What about this apple?  This apple is in free-fall.  

Nothing is touching it.  It’s accelerating downward 
at 9.8 m/s2.  Is there a reaction force? 

ALL forces come in pairs.  
These pairs of forces always: 

•  are equal in magnitude. 

•  are opposite in direction. 

•  act on different objects. 

•  act simultaneously. 

•  are the same kind of force. 

The third law 

1.  A 2.0 kg cart on a frictionless track collides with a 1.0 kg cart at 
rest.  During the collision the 2.0 kg cart exerts a 10 N force on 

the 1.0 kg cart. 

Assessment 

a.   What is the resulting acceleration of the 1.0 kg cart? 

b.  What is the force on the 2.0 kg cart during the collision? 

c.   What is the resulting acceleration of the 2.0 kg cart? 

a.  What is the resulting acceleration of the 1.0 kg cart? 

b.  What is the force on the 2.0 kg cart during the collision? 

c.  What is the resulting acceleration of the 2.0 kg cart? 

1.   A 2.0 kg cart on a frictionless track collides with a 1.0 kg cart at 
rest.  During the collision the 2.0 kg cart exerts a 10 N force on 

the 1.0 kg cart. 

Assessment 

 -10 N:  These forces are an action-reaction pair. 

2.  Newton’s third law states that forces come in pairs that are equal 
in magnitude and opposite in direction.  Frank says that the net 

force on every object must actually be zero, because these force 
pairs will add up to zero.   

     Why is Frank wrong? .  

Assessment 
2.   Newton’s third law states that forces come in pairs that are equal 

in magnitude and opposite in direction.  Frank says that the net 

force on every object must actually be zero, because these force 
pairs will add up to zero.   

     Why is Frank wrong? .  

Assessment 

An action-reaction pair of forces always acts on 
two different objects. 

 
The net force on a single object is the sum of the 

forces that act ON IT.  The forces it exerts on 
other objects do not determine its motion. 
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3.  A cyclist is exerting a force on 
the pedals of a bicycle, which 

in turn exerts forces against 
the ground.  

Assessment 

a.  What are the action 
and reaction forces 

where the cyclist’s 
foot meets the pedal? 

b.  What are the action 

and reaction forces 
where the bicycle tire 

meets the road? 

Assessment 
3.   A cyclist is exerting a force on 

the pedals of a bicycle, which 

in turn exerts forces against 
the ground.  

a.   What are the action 
and reaction forces 

where the cyclist’s 
foot meets the pedal? 

Assessment 
3.  A cyclist is exerting a force on 

the pedals of a bicycle, which 

in turn exerts forces against 
the ground.  

b.  What are the action 
and reaction forces 

where the bicycle tire 
meets the road? 


