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A force acting on an object is always the result of its
Interaction with another object, so forces always come in
pairs. You can’t pull on a doorknob without the doorknob
pulling back on you. When you kick a football, your foot
exerts a forward force on the ball, but you also feel the
force the ball exerts back on your foot.

In each of these cases, the force that you exert on the other
object is in the opposite direction to the force that object
exerts on you. Experiments show that whenever two
objects interact, the two forces that they exert on each other
are always equal in magnitude and opposite in direction.
This fact is called Newton s third law of motion
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Blame Newton’s Laws

This car stopped because of Newton’s second and third laws. During
the impact, the car exerted a force on the tree; in accordance with the
third law, the tree exerted an equally strong force back on the car. In
accordance with the second law, the force of the tree on the car gave
the car an acceleration that changed its velocity to zero
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(a) The forces acting on the apple

-
p _,,f table on apple

]
b
«
-

l
Fearth %;1 apple

The two forces on the apple cannot
be an action—reaction pair because
they act on the same object.
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the interaction between the
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F

carth on apple

1P apple on carth

»

- F

F apple on earth ™ earth on apple
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(b) The action—reaction pair for (c) The action-reaction pair for
the interaction between the the interaction between the apple
apple and the earth and the table

fI' table on apple

— = = =l
= = |
F | > 7
carth on apple )
PP ’ F apple on table
|
' | ‘n
tl' apple on carth {
F apple on earth = =F earth on apple F apple on table = =i table on apple |

Vasu




(b) The action—reaction pair for
the interaction between the
apple and the earth

F

carth on apple

1‘L apple |le|1 earih

w n

=F

apple on earth _L earth on apple

An action—reaction pair 1s a mutual -~
interaction between two objects. The
two forces act on two different objects.

(c) The action—reaction pair for
the interaction between the apple
and the table

fFl.uhI-.: on apple

F apple on table T —F table on apple

[
+
n

]
‘-I-




(d) We eliminate the force of
the table on the apple.

F

o

.
™

B

'y

'y

table on apple —

. . _———

Fa F earth on apple‘ | } |
: Table

3 removed

apple on earth

When we remove the table. F
becomes zero but F

table on apple

earth on apple 15 Unchanged.
Hence these forces (which act on the same object)
cannot be an action—reaction pair.
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(b) The action—reaction pairs
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(b) The action—reaction pairs
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(c) Not an action—reaction pair

i &_?
A ___..:_-_.' ﬂ_:
¢ — |
FL‘- on K FM on K

[
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(c) Not an action—reaction pair

F}_‘- onR T, o FM on B

These torces cannot be
an aclhion—reaction pair
because they act on the
same object (the rope).

82




(d) Not necessarily equal

P
il
2
o g

_-"# FH on B _-«"1} FM on R

These forces are equal only 1f
the rope 15 1n equilibrium (or
can be treated as massless).
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The stonemason pulls as hard on the rope-block combination as that
combination pulls back on him. Why, then, does the block move while
the stonemason remains stationary?
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of floor on

block | Fyonr
=T P

Block + rope
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block \ Fnonr
« #

A ”

: Block + rope

The block begins shiding 1f
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The stonemason pulls as hard on the rope-block combination as that
combination pulls back on him. Why, then, does the block move while
the stonemason remains stationary?

Friction force , Friction force
of floor on - , > of floor on
b]OCk \ F[\’l on R F RonM _ ’i,‘,_;;c’f__::-‘ o mason
~  — V | ]-_-*
o % A R — A
. . ™ ‘I i’ U l .
- - k
: Block + rope : Mason
The block begins shiding 1t The mason remains at rest if
Fyi on g OVErcomes the Fr .n v 18 balanced by the

friction force on the block. friction force on the mason.




The stonemason pulls as hard on the rope-block combination as that
combination pulls back on him. Why, then, does the block move while
the stonemason remains stationary?

These forces are an action—reaction
pair. They have the same magnitude

but act on different objects.

Friction force ,, Friction force
i s . g 7 -
of floor on 5 e = o of floor on
block \ Fxionr Fronm _ D e W! mason
e —_— P £~ { |
A % A & A
: : & Bl | G
» "\'__L] :
: : y
: Block + rope Mason
The block begins sliding if The mason remains at rest if &
I'\l on R OVETCOITICS th\ I'R on M i\ hil|ilHCL‘(| h\ th‘
friction force on the block. friction force on the mason.
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1. Newton's first and second laws apply to a specfici object. Whenever you use Newton's first law,

> F =0, for an equilibrium situation or Newton's second law, > F = ma, for a
nonequilibrium situation, you must decide at the beginning to which object you are

referring. This decision may sound trivial, but it isn't.

2. Only forces acting on the object matter. The sum » F includes all the forces that act on the
object in question. Hence, once you've chosen the object to analyze, you have to identify
all the forces acting on it. Don't confuse the forces acting on a object with the forces

exerted by that object on some other object.

3. Free-body diagrams are essential to help identify the relevant forces. A free-body diagram
shows the chosen object by itself, “free” of its surroundings, with vectors drawn to show

the magnitudes and directions of all the forces that act on the object.
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: Fblock on runner

The force of the starting block
on the runner has a vertical
component that counteracts her
weight and a large horizontal
component that accelerates her.
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