
Newton’s second law of motion states:
•The acceleration produced by a force on an 
object is directly proportional to the magnitude of 
the force is in the same direction as the forcethe force, is in the same direction as the force, 
and is inversely proportional to the mass of the 
objectobject.
•In equation form: a = F/m
Where: a = accelerationWhere:  a = acceleration

F = Force
m = massm = mass



Newton’s 3rd Law of Motion: the Law 
of Action & Reactionof Action & Reaction

Forces and Interactions—Action and 
ReactionReaction
• A force is a push or a pull. 
• Newton realized that forces are part of p

an interaction between one object and 
another 
F l• For example 

– In the interaction between the hammer and 
the nail, there are a pair of forces, one 
acting on the nail and the other acting on 
the hammer 

– When you push on the wall, the wall pushes 
on you



Newton’s Third Law of Motion
• Newton’s third law is often stated: “To every 

action there is always an equal and opposite 
reaction ”reaction.

• Newton’s third law states
– Whenever one object exerts a force on a 

second object, the second object exerts an 
l d it f th fi t bj tequal and opposite force on the first object.

i. One force is called the action force
ii. The other force is called the reaction force

• According to Newton: In every interaction, 
the forces always occur in pairs. 
– you interact with the floor when you walk on it 

You push against the floor, and the floor 
pushes against you

– the tires of a car interact with the road to 
produce the car’s motion, The tires push 
against the road, and the road pushes back 
on the tires. 
Wh i i i t t ith th t– When swimming, you interact with the water. 
You push the water backward, and the water 
pushes you forward. 

• Notice that the interactions in the examples 
d d f i ti ith t th ti fdepend on friction without the action force 
there cannot be a reaction force, and thus 
there is no resulting forward motion.



Identifying Action and Reaction Forces
• Sometimes the identity of the pair of action 

and reaction forces in an interaction is not 
i di t l b iimmediately obvious. 

• First identify the objects involved in the 
interaction

• Let’s say one object, A, interacts with another 
bj t Bobject, B. 

• The action and reaction forces can then be 
stated in the form

– Action: Object A exerts a force on object B.
R ti Obj t B t l d– Reaction: Object B exerts an equal and 
opposite force on object A.

• This is easy to remember. Just identify 
interacting objects A and B, and if the action 
is A on B the reaction is simply B on Ais A on B, the reaction is simply B on A

• In the case of the falling ball, the interaction 
during the fall is the gravitational attraction 
between the ball and the earth

– If we call the action the earth exerting a– If we call the action the earth exerting a 
force on the boulder, then the reaction is 
the boulder simultaneously exerting a force 
on the earth.



Action and Reaction on Different Masses
• Although the pair of forces between the ball and the earth are the 

same, the masses are quite unequal. 
– Because the earth has an extremely huge mass, we don’t sense its 

infinitesimally small accelerationinfinitesimally small acceleration
– Although the earth’s acceleration is negligible, strictly speaking it does 

move up toward the falling boulder. So when you step off a curb, the street 
actually comes up a tiny bit to meet you!

• When a rifle is fired, there is an interaction between the rifle and the 
bulletbullet

– The force the rifle exerts on the bullet is exactly equal and opposite to the 
force the bullet exerts on the rifle, so the rifle “kicks.” 

• According to Newton’s second law, we must also consider the 
masses.

– The acceleration of the bullet and rifle are

• A given force exerted on a small mass produces a greater 
acceleration than the same force exerted on a large mass.

• A rocket accelerates by continually recoiling from the exhaust gases 
ejected from its engine j g

– Each molecule of exhaust gas acts like a tiny molecular bullet shot 
downward from the rocket.

– Both the rocket and rifle accelerate because of the reaction forces created 
by the “bullets” they fire—air or no air



Using Newton’s third law, we can understand how a 
helicopter gets its lifting force. 
• The whirling blades are shaped to force air particles downward 

(action), and the air forces the blades upward (reaction). 
• Lift force—The force of air against an object that causes an 

d tiupward motion
– When lift equals the weight of the craft, the helicopter hovers in midair 
– When lift is greater than weight, the helicopter climbs upward.

Birds and airplanes also fly because of action and reactionBirds and airplanes also fly because of action and reaction 
forces. 
• When a bird is soaring, the shape of its wings deflects air 

downward The air in turn pushes the bird updownward. The air in turn pushes the bird up. 
• The slightly tilted wings of an airplane also deflect oncoming air 

downward and produce lift
– Airplanes must continuously push air downward to maintain lift and– Airplanes must continuously push air downward to maintain lift and 

remain airborne
– This continuous supply of air is produced by the forward motion of the 

aircraft, which results from jets or propellers that push air backward
– When the engines push air back, the air in turn pushes the engines 

and the plane forward



Do Action and Reaction Forces Cancel?
• Since action and reaction forces are equal and opposite, why don’t they 

cancel to zero? 
C id th f i b t th l d th• Consider the force pair between the apple and the orange 

– Concentrate only on the orange
Draw an imaginary circle around the orange and call it the system
The pull from the apple supplies a force on the system, and the system 
acceleratesacce e ates
In this case, the interaction is between the system (the orange) and something 
external (the apple), so the action and reaction forces don’t cancel
The fact that the orange simultaneously exerts a force on the apple, which is 
external to the system, affects the apple but not the orange

• However if we consider the system to be both the orange and theHowever, if we consider the system to be both the orange and the 
apple, the force pair is internal to the system

– In this case, the forces do cancel each other
– A force external to both the apple and orange is needed to produce 

acceleration of the entire system (like friction of the floor on the apple’s feet)y ( pp )
– If action and reaction forces are internal to a system, they cancel each other 

and produce no acceleration of the system 
– Action and reaction forces do not cancel each other when either is external 

to the system being considered



The Horse & Cart Problem
The horse & cart problem can be looked at from three different 
points of viewpoints of view 
• From the farmer’s point of view: he is concerned with the force 

that is exerted on the cart system. The net force on the cart, 
divided by the mass of the cart, will produce a very real 
acceleration. 

• Now look at the horse system: the opposite reaction force by the 
cart on the horse restrains the horse

– Without this force, the horse could freely gallop to the market. 
– So how does the horse move forward? 
– The horse moves forward by interacting with the ground. 
– If the horse pushes the ground with a greater force than it pulls on the 

cart with, there will be a net force on the horse and acceleration 
occurs. 



• Finally, look at the horse-cart system as a whole. 
– The pull of the horse on the cart and the reaction of the cart on the 

horse are internal forces, or forces that act and react within the 
system. 

– They contribute nothing to the acceleration of the horse-cart 
system. They cancel and can be neglected. 

– To move across the ground, there must be an interaction between 
the horse-cart system and the ground. For example, if your car is 
stalled, you can’t get it moving by pushing on the dash board

– It is the outside reaction by the ground that pushes the system.



Action Equals Reaction
• We began with a discussion of how a wall pushes back on you when 

you push against it. 
– Suppose that for some reason, you punch the wall. Bam! Your hand is hurt. 
– You can say that the wall hit your hand just as hard as you hit the wall. 

• Striking a sheet of paper in midair with a force of 200 N (45 pounds) 
isn’t possible

– The paper is not capable of exerting a reaction force of 200 N, and you 
cannot have an action force without a reaction force

• For every interaction between objects, there is always a pair of forces 
that are equal in magnitude and opposite in direction

If h h d i th f th i f h h d– If you punch someone hard in the face, their face punches hard on you
– If you touch someone gently, then they touch you gently in return
– The way you touch others is the way others touch you



Review Questions
1. In the interaction between a hammer and the nail it hits, is a force 

exerted on the nail? On the hammer? How many forces occur in thisexerted on the nail? On the hammer? How many forces occur in this 
interaction? (6.1)

2. When a hammer exerts a force on a nail, how does the amount of 
force compare with that of the nail on the hammer? (6.1)

3. When you walk along a floor, what pushes you along? (6.2)
4. When swimming, you push the water backward—call this the action 

force. What is the reaction force? (6.2)
5 If the action is a bowstring acting on an arrow identify the reaction5. If the action is a bowstring acting on an arrow, identify the reaction 

force. (6.3)
6. When you jump up, the world really does recoil downward. Why can’t 

this motion of the world be noticed? (6.4)
7. When a rifle is fired, how does the size of the force of the rifle on the 

bullet compare with the force of the bullet on the rifle? Flow does the 
acceleration of the rifle compare with that of the bullet? Defend your 
answer. (6.4)( )

8. How can a rocket be propelled above the atmosphere where there is 
no air to “push against”? (6.4)



9 If you hit a wall with a force of 200 N9. If you hit a wall with a force of 200 N, 
how much force is exerted on you? (6.7)

10 Why can’t you hit a feather in midair with10.Why can t you hit a feather in midair with 
a force of 200 N? (6.7)

11 H d th i “Y t h t11.How does the saying “You get what you 
give” relate to Newton’s third law? (6.7)



Questions 12—14 refer to the apple-orange system. 
Consider only horizontal forces.

12. In the interaction between an apple and an orange, 
how many forces are exerted on the apple? On the 
orange? Are these forces equal in strength? Are these 
forces opposite in direction?forces opposite in direction? 

13. Consider the orange system. Do action and reaction 
forces cancel each other in the orange system? Does 
the orange system accelerate?the orange system accelerate? 

14. Consider the orange-apple system. Do action and 
reaction forces cancel each other in this system? Do 
the orange and apple accelerate away from eachthe orange and apple accelerate away from each 
other, or do they remain together?



• Questions 15—18 refer to the horse-cart system. 
Consider only horizontal forces.

15. In the horizontal direction, how many forces are 
exerted on the cart?

16. a. How many horizontal forces are exerted on the 
horse?
b. How many horizontal forces are exerted by the 
horse on other objects? 

17. How many horizontal forces are exerted on the horse-
cart system? 

18. In order to increase its speed, why must the horse p y
push harder against the ground than it pulls on the 
wagon? 


