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Last time

• Newton’s second law

• mass and weight

• Newton’s second law and kinematics

• vector addition with forces



Overview

• Newton’s third law

• action-reaction pairs of forces

• types of forces: gravitation



Newton’s Third Law

Newton III

If two objects (1 and 2) interact the force that object 1 exerts on
object 2 is equal in magnitude and opposite in direction to the
force that object 2 exerts on object 1.

#»

F1→2 = −
#»

F2→1



Newton’s Third Law

Main idea: you cannot push on something, without having it push
back on you.

If object 1 pushes on (or interacts with) object 2, then the force
that object 1 exerts on object 2, and the force that object 2 exerts
on object 1 form an action reaction pair.

Notice: two objects are interacting here!
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Newton’s Third Law: Action Reaction Pairs

 5.6 Newton’s Third Law 119

When it is important to designate forces as interactions between two objects, we 
will use this subscript notation, where F

S
ab means “the force exerted by a on b.” The 

third law is illustrated in Figure 5.5. The force that object 1 exerts on object 2 is 
popularly called the action force, and the force of object 2 on object 1 is called the 
reaction force. These italicized terms are not scientific terms; furthermore, either 
force can be labeled the action or reaction force. We will use these terms for conve-
nience. In all cases, the action and reaction forces act on different objects and must 
be of the same type (gravitational, electrical, etc.). For example, the force acting 
on a freely falling projectile is the gravitational force exerted by the Earth on  
the projectile F

S
g 5 F

S
Ep (E 5 Earth, p 5 projectile), and the magnitude of this 

force is mg. The reaction to this force is the gravitational force exerted by the pro-
jectile on the Earth F

S
pE 5 2 F

S
Ep. The reaction force F

S
pE must accelerate the Earth 

toward the projectile just as the action force F
S

Ep accelerates the projectile toward 
the Earth. Because the Earth has such a large mass, however, its acceleration due 
to this reaction force is negligibly small.
 Consider a computer monitor at rest on a table as in Figure 5.6a. The gravita-
tional force on the monitor is F

S
g 5 F

S
Em. The reaction to this force is the force 

F
S

mE 5 2 F
S

Em exerted by the monitor on the Earth. The monitor does not acceler-
ate because it is held up by the table. The table exerts on the monitor an upward 
force nS 5 F

S
tm, called the normal force. (Normal in this context means perpendicu-

lar.) In general, whenever an object is in contact with a surface, the surface exerts 
a normal force on the object. The normal force on the monitor can have any value 
needed, up to the point of breaking the table. Because the monitor has zero accel-
eration, Newton’s second law applied to the monitor gives us g  F

S
5 nS 1 mgS 5 0, 

so n  ĵ 2 mg  ĵ 5 0, or n 5 mg. The normal force balances the gravitational force on 
the monitor, so the net force on the monitor is zero. The reaction force to nS is the 
force exerted by the monitor downward on the table, F

S
mt 5 2 F

S
tm 5 2nS.

 Notice that the forces acting on the monitor are F
S

g and nS as shown in Figure 5.6b.  
The two forces F

S
mE and F

S
mt are exerted on objects other than the monitor.

 Figure 5.6 illustrates an extremely important step in solving problems involv-
ing forces. Figure 5.6a shows many of the forces in the situation: those acting on 
the monitor, one acting on the table, and one acting on the Earth. Figure 5.6b, 
by contrast, shows only the forces acting on one object, the monitor, and is called 
a force diagram or a diagram showing the forces on the object. The important picto-
rial representation in Figure 5.6c is called a free-body diagram. In a free-body 
diagram, the particle model is used by representing the object as a dot and show-
ing the forces that act on the object as being applied to the dot. When analyz-
ing an object subject to forces, we are interested in the net force acting on one 
object, which we will model as a particle. Therefore, a free-body diagram helps 
us isolate only those forces on the object and eliminate the other forces from our 
analysis.
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Figure 5.5  Newton’s third law. 
The force F

S
12 exerted by object 1 

on object 2 is equal in magnitude 
and opposite in direction to  
the force F

S
21 exerted by object 2  

on object 1.

Pitfall Prevention 5.6
n Does Not Always Equal mg In 
the situation shown in Figure 5.6 
and in many others, we find that 
n 5 mg (the normal force has the 
same magnitude as the gravita-
tional force). This result, however, 
is not generally true. If an object is 
on an incline, if there are applied 
forces with vertical components, 
or if there is a vertical acceleration 
of the system, then n ? mg. Always 
apply Newton’s second law to find 
the relationship between n and mg.

Pitfall Prevention 5.7
Newton’s Third Law Remember 
that Newton’s third-law action 
and reaction forces act on different 
objects. For example, in Figure 5.6,  
nS 5 F

S
tm 5 2mgS 5 2 F

S
Em. The 

forces nS and mgS are equal in 
magnitude and opposite in direc-
tion, but they do not represent an 
action–reaction pair because both 
forces act on the same object, the 
monitor.

Pitfall Prevention 5.8
Free-Body Diagrams The most 
important step in solving a problem 
using Newton’s laws is to draw a 
proper sketch, the free-body dia-
gram. Be sure to draw only those 
forces that act on the object you 
are isolating. Be sure to draw all 
forces acting on the object, includ-
ing any field forces, such as the 
gravitational force.
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FEm Figure 5.6 (a) When a computer monitor is at rest on a table, 
the forces acting on the monitor are the normal force nS and 
the gravitational force F

S
g. The reaction to nS is the force F

S
mt 

exerted by the monitor on the table. The reaction to F
S

g is the 
force F

S
mE exerted by the monitor on the Earth. (b) A force 

diagram shows the forces on the monitor. (c) A free-body diagram 
shows the monitor as a black dot with the forces acting on it.
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They are attracted. Each will accelerate toward the other.

But wait: do the forces cancel?

#»

F1→2 = −
#»

F2→1 ⇒
#»

F1→2 +
#»

F2→1 = 0

Is the net force zero? How can they each accelerate?
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on an incline, if there are applied 
forces with vertical components, 
or if there is a vertical acceleration 
of the system, then n ? mg. Always 
apply Newton’s second law to find 
the relationship between n and mg.

Pitfall Prevention 5.7
Newton’s Third Law Remember 
that Newton’s third-law action 
and reaction forces act on different 
objects. For example, in Figure 5.6,  
nS 5 F

S
tm 5 2mgS 5 2 F

S
Em. The 

forces nS and mgS are equal in 
magnitude and opposite in direc-
tion, but they do not represent an 
action–reaction pair because both 
forces act on the same object, the 
monitor.

Pitfall Prevention 5.8
Free-Body Diagrams The most 
important step in solving a problem 
using Newton’s laws is to draw a 
proper sketch, the free-body dia-
gram. Be sure to draw only those 
forces that act on the object you 
are isolating. Be sure to draw all 
forces acting on the object, includ-
ing any field forces, such as the 
gravitational force.

! Ftm
S

Fmt
S

FmE
S

nS ! Ftm
S

nS

! Ftm
S

nS

! Fg
S S

! Fg
S

FEm
S

! Fg
S

FEm
S

a b c

FEm Figure 5.6 (a) When a computer monitor is at rest on a table, 
the forces acting on the monitor are the normal force nS and 
the gravitational force F

S
g. The reaction to nS is the force F

S
mt 

exerted by the monitor on the table. The reaction to F
S

g is the 
force F

S
mE exerted by the monitor on the Earth. (b) A force 

diagram shows the forces on the monitor. (c) A free-body diagram 
shows the monitor as a black dot with the forces acting on it.

Is the net force zero?

No! The forces act on different objects. To find if particle 1
accelerates, we find the net force on particle 1. We do not
consider forces on particle 2.

The only force on particle 1 is
#»

F2→1, so the net force is not zero:
it accelerates.



Action and Reaction

Why when we fire a cannon does the cannon ball move much
faster forward than the cannon does backwards?

Why when we drop an object does it race downwards much faster
than the Earth comes up to meet it?

The masses of each object are very different!

From Newton’s second law

a =
Fnet
m

If m is smaller, a is bigger. If m is very, very big (like the Earth),
the acceleration is incredibly small.
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Action and Reaction

Question. Do the two forces shown in the diagram that act on the
monitor form an action-reaction pair under Newton’s third law?

 5.6 Newton’s Third Law 119

When it is important to designate forces as interactions between two objects, we 
will use this subscript notation, where F

S
ab means “the force exerted by a on b.” The 

third law is illustrated in Figure 5.5. The force that object 1 exerts on object 2 is 
popularly called the action force, and the force of object 2 on object 1 is called the 
reaction force. These italicized terms are not scientific terms; furthermore, either 
force can be labeled the action or reaction force. We will use these terms for conve-
nience. In all cases, the action and reaction forces act on different objects and must 
be of the same type (gravitational, electrical, etc.). For example, the force acting 
on a freely falling projectile is the gravitational force exerted by the Earth on  
the projectile F

S
g 5 F

S
Ep (E 5 Earth, p 5 projectile), and the magnitude of this 

force is mg. The reaction to this force is the gravitational force exerted by the pro-
jectile on the Earth F

S
pE 5 2 F

S
Ep. The reaction force F

S
pE must accelerate the Earth 

toward the projectile just as the action force F
S

Ep accelerates the projectile toward 
the Earth. Because the Earth has such a large mass, however, its acceleration due 
to this reaction force is negligibly small.
 Consider a computer monitor at rest on a table as in Figure 5.6a. The gravita-
tional force on the monitor is F

S
g 5 F

S
Em. The reaction to this force is the force 

F
S

mE 5 2 F
S

Em exerted by the monitor on the Earth. The monitor does not acceler-
ate because it is held up by the table. The table exerts on the monitor an upward 
force nS 5 F

S
tm, called the normal force. (Normal in this context means perpendicu-

lar.) In general, whenever an object is in contact with a surface, the surface exerts 
a normal force on the object. The normal force on the monitor can have any value 
needed, up to the point of breaking the table. Because the monitor has zero accel-
eration, Newton’s second law applied to the monitor gives us g  F

S
5 nS 1 mgS 5 0, 

so n  ĵ 2 mg  ĵ 5 0, or n 5 mg. The normal force balances the gravitational force on 
the monitor, so the net force on the monitor is zero. The reaction force to nS is the 
force exerted by the monitor downward on the table, F

S
mt 5 2 F

S
tm 5 2nS.

 Notice that the forces acting on the monitor are F
S

g and nS as shown in Figure 5.6b.  
The two forces F

S
mE and F

S
mt are exerted on objects other than the monitor.

 Figure 5.6 illustrates an extremely important step in solving problems involv-
ing forces. Figure 5.6a shows many of the forces in the situation: those acting on 
the monitor, one acting on the table, and one acting on the Earth. Figure 5.6b, 
by contrast, shows only the forces acting on one object, the monitor, and is called 
a force diagram or a diagram showing the forces on the object. The important picto-
rial representation in Figure 5.6c is called a free-body diagram. In a free-body 
diagram, the particle model is used by representing the object as a dot and show-
ing the forces that act on the object as being applied to the dot. When analyz-
ing an object subject to forces, we are interested in the net force acting on one 
object, which we will model as a particle. Therefore, a free-body diagram helps 
us isolate only those forces on the object and eliminate the other forces from our 
analysis.
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Some types of forces

Gravitation

The force that massive objects exert on one another.

Newton’s Law of Universal Gravitation

FG =
Gm1m2

r2

for two objects, masses m1 and m2 at a distance r .

G = 6.67× 10−11 Nm2 kg−2.
(Challenge: check the units of G .)



Form of Newton’s Law of Gravitation

F = G
m1m2

r2

This kind of law is called an inverse square law.

1Figure from Wikipedia.



Some types of forces: Gravitation

For the moment, we will care about this force in that it gives
objects weight, written Fg or W .1

Fg = W = mg

and

g =
GMEarth

R2
Earth

The force
#»

Fg or
# »

W, acts downwards towards the center of the
Earth.

1The textbook uses W for weight.



Gravitation: Measurement of G

G was first measured by Henry Cavendish using a torsion balance.

1Diagram from Wikipedia by Chris Burks.



Gravitation: Mass of the Earth

Determining G allowed for a the mass of the Earth ME to be
calculated.

Christopher Columbus notwithstanding, the radius of the Earth
was known fairly accurately from ancient times:

RE = 6.37× 106 m

FG =
Gm1m2

r2

G = 6.67× 10−11 Nm2 kg−2.

Figure out the mass of the Earth, ME .



Gravitation: Mass of the Earth

The weight of an object is the force on the object due to gravity,
when the distance is the radius of the Earth.

F = G
mME

r2
= mg

G
ME

R2
E

= g

ME =
gR2

E

G

ME = 6× 1024 kg



Summary

• Newton’s 3rd law

• action-reaction pairs

• gravity

Quiz Monday, start of class.

Homework
Walker Physics:

• Ch 5, onward from page 138. Questions: 11; Problems: 16 &
17, 19 (Newton’s 3rd law)


