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Last time

• Newton’s third law

• action-reaction pairs

• weight and gravity



Overview

• types of forces: normal force

• elevators and acceleration



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.

In this case, an object of weight
# »

W sits on a level surface (that is
not accelerating), and 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:

• there are other forces with components perpendicular to the
surface.

• the object is in an accelerating elevator.

• the object sits on an incline.



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
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Equilibrium Example
Consider a physics textbook pushed down on a table.

 5.7 Analysis Models Using Newton’s Second Law 121

lamp are the downward gravitational force F
S

g and the upward force T
S

 exerted by 
the chain. Because there are no forces in the x direction, o Fx 5 0 provides no help-
ful information. The condition o Fy 5 0 gives

o Fy 5 T 2 Fg 5 0 or T 5 Fg

Again, notice that T
S

 and F
S

g are not an action–reaction pair because they act on 
the same object, the lamp. The reaction force to T

S
 is a downward force exerted by 

the lamp on the chain.
 Example 5.4 (page 122) shows an application of the particle in equilibrium model.

Analysis Model: The Particle Under a Net Force
If an object experiences an acceleration, its motion can be analyzed with the par-
ticle under a net force model. The appropriate equation for this model is Newton’s 
second law, Equation 5.2:

 a  F
S

5 maS (5.2)

Consider a crate being pulled to the right on a frictionless, horizontal floor as in 
Figure 5.8a. Of course, the floor directly under the boy must have friction; other-
wise, his feet would simply slip when he tries to pull on the crate! Suppose you wish 
to find the acceleration of the crate and the force the floor exerts on it. The forces 
acting on the crate are illustrated in the free-body diagram in Figure 5.8b. Notice 
that the horizontal force T

S
 being applied to the crate acts through the rope. The 

magnitude of T
S

 is equal to the tension in the rope. In addition to the force T
S

, the 
free-body diagram for the crate includes the gravitational force F

S
g and the normal 

force nS exerted by the floor on the crate.
 We can now apply Newton’s second law in component form to the crate. The 
only force acting in the x direction is T

S
. Applying o Fx 5 max to the horizontal 

motion gives

 a  Fx 5 T 5 max or ax 5
T
m  

 No acceleration occurs in the y direction because the crate moves only horizon-
tally. Therefore, we use the particle in equilibrium model in the y direction. Apply-
ing the y component of Equation 5.8 yields

o Fy 5 n 2 Fg 5 0 or n 5 Fg

That is, the normal force has the same magnitude as the gravitational force but acts 
in the opposite direction.
 If T

S
 is a constant force, the acceleration ax 5 T/m also is constant. Hence, the 

crate is also modeled as a particle under constant acceleration in the x direction, 
and the equations of kinematics from Chapter 2 can be used to obtain the crate’s 
position x and velocity vx as functions of time.
 Notice from this discussion two concepts that will be important in future prob-
lem solving: (1) In a given problem, it is possible to have different analysis models applied in 
different directions. The crate in Figure 5.8 is a particle in equilibrium in the vertical 
direction and a particle under a net force in the horizontal direction. (2) It is pos-
sible to describe an object by multiple analysis models. The crate is a particle under a net 
force in the horizontal direction and is also a particle under constant acceleration 
in the same direction.
 In the situation just described, the magnitude of the normal force nS is equal  
to the magnitude of F

S
g, but that is not always the case, as noted in Pitfall Preven-

tion 5.6. For example, suppose a book is lying on a table and you push down on  
the book with a force F

S
 as in Figure 5.9. Because the book is at rest and therefore 

not accelerating, o Fy 5 0, which gives n 2 Fg 2 F 5 0, or n 5 Fg 1 F 5 mg 1 F. In 
this situation, the normal force is greater than the gravitational force. Other exam-
ples in which n ? Fg are presented later.

Fg
S

a b

T
S

Figure 5.7 (a) A lamp sus-
pended from a ceiling by a chain 
of negligible mass. (b) The forces 
acting on the lamp are the gravi-
tational force F

S
g and the force T

S
 

exerted by the chain.
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Figure 5.8 (a) A crate being 
pulled to the right on a friction-
less floor. (b) The free-body dia-
gram representing the external 
forces acting on the crate.

nS

F
S

Fg
S

Physics

Figure 5.9 When a force F
S

 
pushes vertically downward on 
another object, the normal force 
nS on the object is greater than the 
gravitational force: n 5 Fg 1 F.

Does the book accelerate?

Then we know
#»

Fnet = 0. Then we can conclude from the weight
and the applied force what the normal force must be:

#»n +
#»

Fg +
#»

F = 0 ⇒ #»n = (Fg + F )̂j
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Figure 5.9 When a force F
S

 
pushes vertically downward on 
another object, the normal force 
nS on the object is greater than the 
gravitational force: n 5 Fg 1 F.

Does the book accelerate? No.

Then we know
#»

Fnet = 0. Then we can conclude from the weight
and the applied force what the normal force must be:

#»n +
#»

Fg +
#»

F = 0 ⇒ #»n = (Fg + F )̂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:

• there are other forces with components perpendicular to the
surface.

• 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 ĵ (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 ĵ, but the
normal force is #»n = m(g + a) ĵ.



Elevator Problems

#»a = −a ĵ (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 ĵ, but the
normal force is #»n = m(g − a) ĵ.



Elevator Problem

When you lift a bowling ball with a force of 82 N, the ball
accelerates upward with an acceleration a. If you lift with a force
of 92 N, the ball’s acceleration is 2a. Find (a) the weight of the
bowling ball, and (b) the acceleration a.



Summary

• the normal force

• normal force: elevators

Homework
Walker Physics:

• Ch 5, Problems: 40∗, 41 (elevators)

∗Ans: (a) upward, (b) 1.9 m/s2, (c) we only know about the change in the
velocity


