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PHYS 22: Chap. 26, Pg 1

Chapter 7 – Newton’s 3rd Law

 Interacting objects
 objects in contact with each other

 Newton’s 3rd Law
 action/reaction pairs of forces
 action/reaction forces act on different objects

 Ropes and pulleys
 objects connected by ropes (tension)
 pulleys change direction of force

Newton’s 3rd Law

How Things Work: Sec. 1.3, Pg 3

Is boxing glove A hitting glove B, 
or is glove B hitting glove A?

Newton’s Third Law

For the boxing gloves:

Action: A pushes on B

Reaction: B pushes on A

Action and Reaction forces:

The gloves 
hit each other

FA on B = – FB on A

A B

For every action there is an 
equal and opposite reaction.

• act on different objects

• are in opposite directions

• have the same magnitude

How Things Work: Sec. 1.3, Pg 5

Forces Present:

• What is one of the forces present?
– Force of Earth on apple (gravity  weight)

• What is the reaction force to this?
– Force of apple on Earth (gravity)

• These two forces are an action-reaction pair

How Things Work: Sec. 1.3, Pg 6

Two Crucial Notes:

• While the forces two objects exert on each 
another must be equal and opposite, the net 
force on each object can be anything.

• Each force within an action-reaction pair is 
exerted on a different object, so they don’t 
cancel directly.

• In other words, forces in an 
action-reaction pair appear in 
different free-body diagrams. 
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PHYS 11: Chap. 4, Pg 7

Things to keep in mind for Newton’s 3rd Law

 Every force occurs as one member of an action/reaction pair. 
The two forces always act on different objects.

 You should draw a separate free-body diagram (FBD) for each 
object of an interacting pair.  

 In the FBD for each object, only show the forces acting on 
that object.  The force FAonB goes on the FBD of object B, 
while the other force FBonA goes on the FBD of object A.

 The two members (forces) of an action/reaction pair are equal 
in magnitude and opposite in direction.

 The two members (forces) of 
an action/reaction pair always 
appear on different FBD’s 
(never on the same diagram).

PHYS 11: Chap. 4, Pg 8

Draw the objects for each of the cases below.  
Draw the force vectors on all action/reaction 
pairs and label the vectors like FAonB.

1) A girl pushes a box across the floor.  
Friction is not negligible.  
The objects are the girl, the box and the floor. 

2) A crate is in the back of a pickup truck, as the 
truck accelerates forward.  The crate does not slip.  
The objects are the truck, the crate and the ground.

4.24-4.25

PHYS 11: Chap. 4, Pg 9

Draw the objects for each of the cases below.  
Draw the force vectors on all action/reaction 
pairs and label the vectors like FAonB.
1) A girl pushes a box across the floor. Friction 

is not negligible.  Objects are girl, box, floor. 

PHYS 11: Chap. 4, Pg 10

Draw the objects for each of the cases below.  
Draw the force vectors on all action/reaction 
pairs and label the vectors like FAonB.
2) A crate is in the back of a pickup truck, as the 
truck accelerates forward.  The crate does not slip.  
The objects are the truck, the crate and the ground.

PHYS 11: Chap. 4, Pg 11

You find yourself in the middle of a frozen lake with 
a very slippery surface – so slippery that you cannot 
walk.  However, you happen to have several rocks in 
your pocket. Can you think of a way to get to shore? 

4.26-4.27

How do you climb 
up the rope in 
gym class?  

How do basketball 
players jump up in 
the air?  

ConcepTest 1(PostNewton’s 3rd Law

0 of 5

You are standing at rest 
on the floor.  What is 
the “reaction force” to 
your weight?

1. normal force exerted by 
the floor

2. gravitational force exerted 
by the Earth

3. none of the above 
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PHYS 21: Chap. 7, Pg 13

Block A is being pushed across 
a rough horizontal surface at 
constant speed by a hand that 
exerts a force (call it FHonA). 

7.8

a) Draw a free-body diagram for the block.    
All force vectors should be scaled appropriately. 

b) Rank all of the horizontal forces in your 
diagrams.  This should be consistent with the 
lengths of the vectors in Part (a).

c) Now repeat the above parts for the case in 
which the block is speeding up.

Table

(FHonA=FAonH) = FTonA

(FHonA=FAonH) > FTonA

PHYS 21: Chap. 7, Pg 14

Blocks A and B are being 
pushed across a frictionless
horizontal surface by a hand. 
The blocks are speeding up.  

7.9

a) Draw free-body diagrams for both blocks.    
All force vectors should be scaled appropriately. 

b) Rank all of the horizontal forces in your 
diagrams.  This should be consistent with the 
lengths of the vectors in Part (a).

BA mm 

c) Now repeat the above parts for the case in 
which there is friction on the surface. 

Table

FHonA > (FAonB=FBonA)

FHonA > (FAonB=FBonA) > fTonB > fTonA

PHYS 21: Chap. 7, Pg 15

Blocks A and B are held on the 
palm of your hand as you lift 
them upwards at constant speed. 

7.10

a) Draw free-body diagrams for both blocks.     
All force vectors should be scaled appropriately. 

b) Rank all of the vertical forces in your diagrams.  
This should be consistent with the lengths of the 
vectors in Part (a).

BA mm 

(FHonA=FAonH) > (FAonB=FBonA) = WEonB > WEonA

PHYS 21: Chap. 7, Pg 16

Three blocks are lined up on a frictionless 
table.  All three are pushed forward by a 
12 N force applied to the 1 kg block.  

(a) How much force does the 2 kg block 
exert on the 3 kg block?

(b) How much force does the 2 kg block 
exert on the 1 kg block?  

1 kg 2 kg 3 kg
12 N

F2on3 = 6 N

F2on1 = 10 N

5.43

PHYS 21: Chap. 7, Pg 17

Three blocks are lined up on a frictionless 
table.  All three are pushed forward by a 
12 N force applied to the 1 kg block.  
(a) How much force does the 2 kg block 
exert on the 3 kg block?
(b) How much force does the 2 kg block 
exert on the 1 kg block?  

1 kg 2 kg 3 kg

F2on3 = 6 N

F2on1 = 10 N

Fext
F2on1

F1on2F3on2
F2on3

5.43 PHYS 21: Chap. 7, Pg 18

Blocks A and B are connected by   
a string.  The hand pushing on 
the back of A accelerates them 
along a frictionless surface.  

7.23

a) Draw free-body diagrams for both blocks.     
All force vectors should be scaled appropriately. 

b) Rank all of the horizontal forces in your 
diagrams.  This should be consistent with the 
lengths of the vectors in Part (a).

AB mm 

FHonA > (FSonA=FAonS) = (FSonB=FBonS)

13 14
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PHYS 21: Chap. 7, Pg 19

Blocks A and B are connected by a string 
over a frictionless pulley. The blocks have 
just been released.  

5.33

b) Draw free-body diagrams for both blocks.     
All force vectors should be scaled appropriately. 

e) Compare the size of the net force on the blocks.  
Are they equal or is one larger than the other?  

a) Do the blocks accelerate?  Which way?  

d) Consider the block that falls.  Is its acceleration 
less than, greater than, or equal to g?   

c) Rank all of the vertical forces in your diagrams. This 
should be consistent with the vector lengths in Part (b).

PHYS 21: Chap. 6, Pg 20

ConcepTest 1a(PostRopes and Pulleys

0 of 5

Block A is accelerated on a 
frictionless table by a hanging 
weight of 10 N. 

What is the tension in the string?

1. T > 10 N
2. T = 10 N
3. T < 10 N

table is frictionless

PHYS 21: Chap. 6, Pg 21

ConcepTest 1b(PostRopes and Pulleys

0 of 5

In case (1), block A is accelerated 
by a hanging weight of 10 N.
In (2), block A is accelerated by a 
constant 10 N tension in a string.

1. case 1
2. case 2
3. both the same 

table is 
frictionless

Case 1

Case 2

In which case is the acceleration of block A greater?

PHYS 21: Chap. 6, Pg 22

PHYS 21: Chap. 7, Pg 23

An Atwood’s machine is 

shown in the figure.  The 

100 kg block on the right 

side takes 6.0 s to reach 

the floor after it is released 

from rest.  

What is the mass of the 

block on the left side?

7.38

m = 99 kg

PHYS 21: Chap. 7, Pg 24

An Atwood’s machine is shown in the figure.  

The 100 kg block on the right side takes 6.0 s to 

reach the floor after it is released from rest.  

What is the mass of the block on the left side?

T

m

mg

mamgTFy 

M

Mg

T

MaMgTFy 
mamgT  MaMgT 

MaMgmamg 

kg
ag

ag
Mm 99






2
2
1 aty 

2

2

t

y
a 

2/056.0 sm
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PHYS 21: Chap. 7, Pg 25

Draw separate free-body diagrams for A and B. 

7.26-27 PHYS 21: Chap. 6, Pg 26

ConcepTest 1(PostRopes and Pulleys

0 of 5

Compare the spring scale readings 
in the two cases below.  Which 
case has the larger scale reading, 
or are they both the same?

1. A > B
2. A < B
3. A = B 

A

B

PHYS 21: Chap. 7, Pg 277.17-22

Determine the reading of the spring scales.  
All scales read in kg. All masses are at rest.

5 kg

5 kg

10 kg

5 kg 5 kg 5 kg

PHYS 21: Chap. 7, Pg 28

A 1.0 kg block is tied to the wall with a rope.  It sits on top of a 
2.0 kg block.  The lower block is being pulled to the right with a 
tension force of 20 N.  The coefficient of kinetic friction at both 
the lower and upper surfaces of the 2.0 kg block is k = 0.40. 

What is the tension in the rope attached to the 1.0 kg block?

What is the acceleration of the 2.0 kg block?

7.33

T1 = 3.92 N

a2 = 2.16 m/s2

PHYS 21: Chap. 7, Pg 29

A 1.0 kg block is tied to the wall with a rope.  It sits on top of a 2.0 kg
block.  The lower block is being pulled to the right with a tension force 
of 20 N.  The coefficient of kinetic friction at both the lower and upper 

surfaces of the 2.0 kg block is k = 0.40. 
What is the tension in the rope attached to the 1.0 kg block?
What is the acceleration of the 2.0 kg block?

T1 = 3.92 N

a2 = 2.16 m/s2

N2on1

m1

Ff1

T1

m1g

m2

Ff1

N1on2
m2g

T20

Nfloor

Ff2

0112  gmNF ony

011211  TNTFF onkfx 

1211 onkfk NFT  

Ngmk 92.31  

0221  gmNNF onfloory

 gmmN floor 21 

222120 amFFTF ffx 
222120 amNN floorkonk  

  2221220 amgmmk  
2

2 /16.2 sma  PHYS 21: Chap. 7, Pg 30

A small block of mass m is pushed by a larger block of 

mass M, which itself rests on a flat frictionless table.  If 

the coefficient of static friction between the two blocks 

is s, find the minimum horizontal force F that can be 

applied such that the mass m does not slide downward. 

(table surface is frictionless)

25 26

27 28

29 30
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PHYS 21: Chap. 7, Pg 31

A small block of mass m is pushed by a larger 

block of mass M, which itself rests on a flat 

frictionless table.  If the coefficient of static 

friction between the two blocks is s, find the 

minimum horizontal force F that can be applied 

such that the mass m does not slide downward. 

MaNFFx 

maNFx 

m

Ff
N

mg

0 mgNmgFF sfricy 

0 mgmas

s

g
a




s

mg
maN


 

s

g
mMMaNF




Nfloor

M
FN

MgFf

PHYS 21: Chap. 7, Pg 32

What horizontal force F must be applied to the wedge such 

that the mass m1 does not slip either up or down along the 

surface of the plane?  All surfaces are frictionless. 

Fpush = (m1+m2) g tan

PHYS 21: Chap. 7, Pg 33

What horizontal force F must be applied to the wedge such that the 

mass m1 does not slip either up or down along the surface of the plane?  

All surfaces are frictionless. Fpush = (m1+m2) g tan

N

m1g

𝑁 𝑐𝑜𝑠𝜃 ൌ 𝑚ଵ𝑔

𝑁 𝑠𝑖𝑛𝜃 ൌ 𝑚ଵ𝑎



𝑎 ൌ 𝑔 𝑡𝑎𝑛𝜃

𝐹 ൌ 𝑚ଵ ൅𝑚ଶ 𝑎

ൌ 𝑚ଵ ൅𝑚ଶ  𝑔 𝑡𝑎𝑛𝜃

PHYS 21: Chap. 7, Pg 34

Write acceleration constraints using components.  
For example, (a1)x = (a2)y.

7.16,23,26,27

PHYS 21: Chap. 7, Pg 35

Write acceleration constraints using components.  
For example, (a1)x = (a2)y.

7.12-15

(a1)x = (a2)x

(a1)x = -(a2)y

(a1)y = -(a2)y
(a2)x = -(a1)x

PHYS 21: Chap. 7, Pg 36

Write acceleration constraints using components.  
For example, (a1)x = (a2)y.

7.16

(a1)x = -2(a2)y

31 32

33 34

35 36
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PHYS 21: Chap. 7, Pg 37

Find an expression for the acceleration of m1.

7.54
122

1

2
1 2mm

gm
a




PHYS 21: Chap. 7, Pg 38

Find an expression for 

the acceleration of m1.

122
1

2
1 2mm

gm
a




T
m1

mg

2T

m2

11amTFx 









2
2 1

2222

a
mamTgmFy

  







2
2 1

2112

a
mamgm

122
1

2
1 2mm

gm
a



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