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Mass

What is mass?

Very loosely speaking, it is a measure of the amount of “stuff” in
an object.

As Newton’s second law implies, an object with greater mass is
more resistant to forces changing its velocity.

We call this resistance to changes in velocity “inertia”.

The mass that appears in Newton’s second law is sometimes called
inertial mass.

It happens to be equal to gravitational mass, because the strength
of gravitational interactions depends on mass. (More on this
later...)
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The Difference between Mass and Weight

What is the difference between mass and weight?

Mass is a measure of inertia. Weight is a force an object
experience due to a gravitational interaction.
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The Difference between Mass and Weight

mass

A measure of the amount of matter in an object. Also, a measure
of the inertia of an object, that is, its resistance to changes in its
motion.

weight

The force due to gravity on an object.

Objects in free-fall can be said to be weightless, but they still have
mass.

Weight Fg ,
Fg = mg

Units: Newtons.
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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

Or, as commonly stated: “every action has an equal and opposite
reaction.”



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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Action-Reaction Pairs of Forces

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

Previously, we talked about two kinds of forces: contact forces and
field forces (ie. forces that act at a distance).

In mechanics problems, usually gravity is the only field force that
we need to consider. The rest are all contact forces.

However, at a fundamental level, all forces that we know of are
field forces.
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Forces at a Fundamental Level

Contact forces are a result of electrostatic repulsion at very small
scales.

The fundamental forces (interactions):

Force ∼ Rel. strength Range (m) Attract/Repel Carrier

Gravitational 10−38 ∞ attractive graviton
Electromagnetic 10−2 ∞ attr. & rep. photon
Weak Nuclear 10−13 < 10−18 attr. & rep. W+,W−,Z 0

Strong Nuclear 1 < 10−15 attr. & rep. gluons

Gravity is actually quite a weak force, but it is the only one that
(typically) matters on large scales.



Forces at a Fundamental Level

Contact forces are a result of electrostatic repulsion at very small
scales.

The fundamental forces (interactions):

Force ∼ Rel. strength Range (m) Attract/Repel Carrier

Gravitational 10−38 ∞ attractive graviton
Electromagnetic 10−2 ∞ attr. & rep. photon
Weak Nuclear 10−13 < 10−18 attr. & rep. W+,W−,Z 0

Strong Nuclear 1 < 10−15 attr. & rep. gluons

Gravity is actually quite a weak force, but it is the only one that
(typically) matters on large scales.



Forces at a Fundamental Level

Contact forces are a result of electrostatic repulsion at very small
scales.

The fundamental forces (interactions):

Force ∼ Rel. strength Range (m) Attract/Repel Carrier

Gravitational 10−38 ∞ attractive graviton
Electromagnetic 10−2 ∞ attr. & rep. photon
Weak Nuclear 10−13 < 10−18 attr. & rep. W+,W−,Z 0

Strong Nuclear 1 < 10−15 attr. & rep. gluons

Gravity is actually quite a weak force, but it is the only one that
(typically) matters on large scales.



Forces at a Fundamental Level

Contact forces are a result of electrostatic repulsion at very small
scales.

The fundamental forces (interactions):

Force ∼ Rel. strength Range (m) Attract/Repel Carrier

Gravitational 10−38 ∞ attractive graviton
Electromagnetic 10−2 ∞ attr. & rep. photon
Weak Nuclear 10−13 < 10−18 attr. & rep. W+,W−,Z 0

Strong Nuclear 1 < 10−15 attr. & rep. gluons

Gravity is actually quite a weak force, but it is the only one that
(typically) matters on large scales.



Summary

• mass and weight

• Newton’s 3rd law

• forces fundamentally

(Uncollected) Homework
Serway & Jewett,

• prev: Ch 5, onward from page 136. Obj Ques: 1; Problems 3,
5, 7, 9, 11, 15, 17, 19

• new: Ch 5, onward from page 136. Problems: 23


