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Last time

• Newton’s second law examples

• Newton’s third law

• action-reaction pairs of forces



Overview

• more about action-reaction pairs of forces

• some types of forces



Defining a System
Consider these particles which exert a force on each other: 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.

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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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 =
F

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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Force Diagrams

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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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.

(A) Yes.

(B) No. ←



Some types of forces: Gravitation and Weight

For the moment, we only care about this force in that it gives
objects weight, W .

Fg = W = mg

The force Fg or W, acts downwards towards the center of the
Earth.



Some types of forces

The Normal Force

The normal force supports and object sitting on a surface. It acts
in a direction perpendicular to the surface.

For an object of weight W sitting on a level surface (that is not
accelerating), the normal force, N is

N = −W

Be careful! There are many cases in which the above
equation is not true!

1Figure from www.sparknotes.com



The Normal Force

The normal force supports an object that sits on a surface, but its
magnitude is different in different circumstances.

In general, one needs to work out what it will be in each problem.

Some cases where the normal force is different than the weight of
an object are:

• the object is in an accelerating elevator.

• the object sits on an incline.



Elevator Problems

a = 0

Elevator is at rest or moving with
constant velocity. You feel the same
as you normally do. Your weight and
normal force are both of magnitude
mg .



Elevator Problems

a = +a j (a is a positive number)

Elevator could be moving upward
increasing speed or downward
decreasing speed. You feel as if your
weight has increased.

Your weight is −mg j, but the
normal force is n = m(g + a) j.



Elevator Problems

a = −a j (a is a positive number)

Elevator could be moving upward
and slowing down or moving
downward increasing speed. You feel
as if your weight has decreased.

Your weight is −mg j, but the
normal force is n = m(g − a) j.



The Normal Force

The normal force supports an object that sits on a surface, but its
magnitude is different in different circumstances.

In general, one needs to work out what it will be in each problem.

Some cases where the normal force is different than the weight of
an object are:

• the object is in an accelerating elevator.

• the object sits on an incline.



Object on an Incline
Problems with an object placed on an incline often require us to
find the net force on the object or its acceleration.

Consider a car on a frictionless driveway.1 (Or free to roll, with
frictionless, massless wheels.)

124 Chapter 5 The Laws of Motion

Example 5.6   The Runaway Car 

A car of mass m is on an icy driveway inclined 
at an angle u as in Figure 5.11a.

(A) Find the acceleration of the car, assuming 
the driveway is frictionless.

Conceptualize  Use Figure 5.11a to conceptu-
alize the situation. From everyday experience, 
we know that a car on an icy incline will accel-
erate down the incline. (The same thing hap-
pens to a car on a hill with its brakes not set.)

Categorize We categorize the car as a particle 
under a net force because it accelerates. Further-
more, this example belongs to a very common category of problems in which an object moves under the influence of 
gravity on an inclined plane.

Analyze Figure 5.11b shows the free-body diagram for the car. The only forces acting on the car are the normal force 
nS exerted by the inclined plane, which acts perpendicular to the plane, and the gravitational force F

S
g 5 mgS, which 

acts vertically downward. For problems involving inclined planes, it is convenient to choose the coordinate axes with x 
along the incline and y perpendicular to it as in Figure 5.11b. With these axes, we represent the gravitational force by 
a component of magnitude mg sin u along the positive x axis and one of magnitude mg cos u along the negative y axis. 
Our choice of axes results in the car being modeled as a particle under a net force in the x direction and a particle in 
equilibrium in the y direction.

AM

S O L U T I O N

Apply these models to the car: (1)   o Fx 5 mg sin u 5 max

(2)   o Fy 5 n 2 mg cos u 5 0 

Solve Equation (1) for ax: (3)   ax 5   g sin u

Finalize Note that the acceleration component ax is independent of the mass of the car! It depends only on the angle 
of inclination and on g.
 From Equation (2), we conclude that the component of F

S
g perpendicular to the incline is balanced by the normal 

force; that is, n 5 mg cos u. This situation is a case in which the normal force is not equal in magnitude to the weight of 
the object (as discussed in Pitfall Prevention 5.6 on page 119).
 It is possible, although inconvenient, to solve the problem with “standard” horizontal and vertical axes. You may 
want to try it, just for practice.

(B) Suppose the car is released from rest at the top of the incline and the distance from the car’s front bumper to 
the bottom of the incline is d. How long does it take the front bumper to reach the bottom of the hill, and what is the 
car’s speed as it arrives there?

train, each coupler is accelerating less mass behind it. The last coupler has to accelerate only the last car, and so it is 
under the least tension.
 When the brakes are applied, the force again decreases from front to back. The coupler connecting the locomotive 
to the first car must apply a large force to slow down the rest of the cars, but the final coupler must apply a force large 
enough to slow down only the last car.

 

▸ 5.5 c o n t i n u e d
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Figure 5.11  (Example 5.6) (a) A car on a frictionless incline. (b) The free-
body diagram for the car. The black dot represents the position of the center 
of mass of the car. We will learn about center of mass in Chapter 9.

2Figures from Serway & Jewett
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Figure 5.11  (Example 5.6) (a) A car on a frictionless incline. (b) The free-
body diagram for the car. The black dot represents the position of the center 
of mass of the car. We will learn about center of mass in Chapter 9.

The forces acting on the car: weight and normal force.

In this case, it is useful to pick a coordinate system that is rotated:
the x axis points along slope, the y axis perpendicular to the slope.
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Figure 5.11  (Example 5.6) (a) A car on a frictionless incline. (b) The free-
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The forces acting on the car: weight and normal force.

The weight acts downwards and the normal force acts in a
direction perpendicular to the inclined surface.

The normal force has a magnitude such that it cancels out the
component of the weight perpendicular to the surface.
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Figure 5.11  (Example 5.6) (a) A car on a frictionless incline. (b) The free-
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So, the forces in the (tilted) y -direction cancel:

Fy = n −mg cos θ = 0

Rearranging:
n = mg cos θ

If θ > 0 (it is an incline, not a flat surface), the normal force will
be less than the weight, mg .
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In the (tilted) x-direction, there is only a component from the
weight:

Fx = mg sin θ

⇒ Fnet = (mg sin θ)i

⇒ a = (g sin θ)i



Incline Example
A 65-kg skier speeds down a trail, as shown. The surface is
smooth and inclined at an angle of 22◦ with the horizontal.
(a) Find the direction and magnitude of the net force acting on the
skier.
(b) Does the net force exerted on the skier increase, decrease, or
stay the same as the slope becomes steeper? Explain.

PROBLEMS 137

18. •• IP Two boxes sit side-by-side on a smooth horizontal sur-
face. The lighter box has a mass of 5.2 kg, the heavier box has
a mass of 7.4 kg. (a) Find the contact force between these boxes
when a horizontal force of 5.0 N is applied to the light box.
(b) If the 5.0-N force is applied to the heavy box instead, is
the contact force between the boxes the same as, greater than,
or less than the contact force in part (a)? Explain. (c) Verify
your answer to part (b) by calculating the contact force in this
case.

Section 5–5 The Vector Nature of Forces
19. • A farm tractor tows a 3900-kg trailer up a 16° incline with a

steady speed of 3.0 m/s. What force does the tractor exert on
the trailer? (Ignore friction.)

20. • A surfer “hangs ten,” and accelerates down the sloping face of
a wave. If the surfer’s acceleration is and friction can
be ignored, what is the angle at which the face of the wave is in-
clined above the horizontal?

21. • A shopper pushes a 7.5-kg shopping cart up a 13° incline, as
shown in Figure 5–24. Find the magnitude of the horizontal
force, needed to give the cart an acceleration of 1.41 m/s2.F

!
,

3.25 m/s2

24. •• IP Before practicing his routine on the rings, a 67-kg gymnast
stands motionless, with one hand grasping each ring and his
feet touching the ground. Both arms slope upward at an angle of
24° above the horizontal. (a) If the force exerted by the rings on
each arm has a magnitude of 290 N, and is directed along the
length of the arm, what is the magnitude of the force exerted by
the floor on his feet? (b) If the angle his arms make with the hor-
izontal is greater that 24°, and everything else remains the same,
is the force exerted by the floor on his feet greater than, less than,
or the same as the value found in part (a)? Explain.

25. •• IP A65-kg skier speeds down a trail, as shown inFigure 5–27.
The surface is smooth and inclined at an angle of 22° with the
horizontal. (a) Find the direction and magnitude of the net force
acting on the skier. (b) Does the net force exerted on the skier in-
crease, decrease, or stay the same as the slope becomes steeper?
Explain.

a
F

13°

▲ FIGURE 5–24 Problem 21

22. • Two crewmen pull a raft through a lock, as shown in Fig-
ure 5–25. One crewman pulls with a force of 130 N at an angle
of 34° relative to the forward direction of the raft. The second
crewman, on the opposite side of the lock, pulls at an angle of
45°. With what force should the second crewman pull so that the
net force of the two crewmen is in the forward direction?

130 N

F
45°

34°

▲ FIGURE 5–25 Problem 22

23. •• To give a 19-kg child a ride, two teenagers pull on a 3.7-kg
sled with ropes, as indicated in Figure 5–26. Both teenagers
pull with a force of 55 N at an angle of 35° relative to the for-
ward direction, which is the direction of motion. In addition,
the snow exerts a retarding force on the sled that points oppo-
site to the direction of motion, and has a magnitude of 57 N.
Find the acceleration of the sled and child.

55 N

35°
35°a

55 N

57 N

▲ FIGURE 5–26 Problem 23

26. •• An object acted on by three forces moves with constant ve-
locity. One force acting on the object is in the positive x direction
and has a magnitude of 6.5 N; a second force has a magnitude
of 4.4 N and points in the negative y direction. Find the direc-
tion and magnitude of the third force acting on the object.

27. •• A train is traveling up a 3.9° incline at a speed of 3.15 m/s
when the last car breaks free and begins to coast without fric-
tion. (a) How long does it take for the last car to come to rest
momentarily? (b) How far did the last car travel before mo-
mentarily coming to rest?

22°

▲ FIGURE 5–27 Problems 25 and 38
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Summary

• more about action-reaction pairs

• types of forces

• normal force

Test Thursday, Oct 18.

Homework
• (same as yesterday) Ch 5 Ques: 9; Probs: 17, 29, 31, 33, 39,

45, 49, 53, 55, 87


