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Last time

• static equilibrium example

• normal force



Overview

• elastic forces

• non-equilibruim

• Problem solving with more complex scenarios

• inclines

• elevators



Some types of forces

Elastic Forces

Springs exert forces as they are being compressed or extended.
They have a natural length, at which they remain if there are no
external forces acting.

Hooke’s Law gives
#»

F spring = −k #»x

where k is a constant. #»x is the amount of displacement of one end
of a spring from it’s natural length. (The amount of compression
or extension.

1Figure from CCRMA Stanford Univ.



Springs

Question. A mass is attached to the end of a spring which obeys
Hooke’s Law. The spring is compressed and then released. Is the
acceleration of the mass constant?

(A) Yes.

(B) No.
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Equilibrium Implications

Question. A mass is attached to the end of a spring which obeys
Hooke’s Law (

#»

F spring = −k #»x ). A force
#»

Fapp is applied to the
object so that the spring is compressed through a distance x and
the object moves at a constant velocity #»v . Is

#»

Fapp constant over
the object’s motion?

(A) Yes.

(B) No.
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Not in Equilibrium: A Net Force
When the net force is not zero, there will be an acceleration of the
object.

The object might speed up or slow down, or the direction of its
motion might change.

Likewise, if an object is accelerating, it must be experiencing a net
force (ie. it must be experiencing at least one force).
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Analyze We construct a diagram of the forces acting on the traffic light, shown in Figure 5.10b, and a free-body 
diagram for the knot that holds the three cables together, shown in Figure 5.10c. This knot is a convenient object to 
choose because all the forces of interest act along lines passing through the knot.

From the particle in equilibrium model, apply  
Equation 5.8 for the traffic light in the y direction:

o Fy 5 0   S   T3 2 Fg 5 0

T3 5 Fg

Example 5.4   A Traffic Light at Rest 

A traffic light weighing 122 N hangs from a cable tied to 
two other cables fastened to a support as in Figure 5.10a. 
The upper cables make angles of u1 5 37.0° and u2 5 
53.0° with the horizontal. These upper cables are not as 
strong as the vertical cable and will break if the tension 
in them exceeds 100 N. Does the traffic light remain 
hanging in this situation, or will one of the cables break?

Conceptualize Inspect the drawing in Figure 5.10a. Let 
us assume the cables do not break and nothing is moving.

Categorize If nothing is moving, no part of the system 
is accelerating. We can now model the light as a particle 
in equilibrium on which the net force is zero. Similarly, 
the net force on the knot (Fig. 5.10c) is zero, so it is also 
modeled as a particle in equilibrium.
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 Several examples below demonstrate the use of the particle under a net force 
model.
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Figure 5.10 (Example 5.4) (a) A traffic light suspended by 
cables. (b) The forces acting on the traffic light. (c) The free-body 
diagram for the knot where the three cables are joined.

Imagine an object that can be modeled as a particle. If it has one 
or more forces acting on it so that there is a net force on the object, 
it will accelerate in the direction of the net force. The relationship 
between the net force and the acceleration is

 a  F
S

5 m aS (5.2)

m

! F
S

 

aS 

Analysis Model   Particle Under a Net Force
Examples

-
tional force

by hot gases (Chapter 22)

(Chapter 23)

Imagine an object that can be modeled as a particle. If it has sev-
eral forces acting on it so that the forces all cancel, giving a net 
force of zero, the object will have an acceleration of zero. This con-
dition is mathematically described as

 a  F
S

5 0 (5.8)

m

!F " 0
S

a " 0S

Analysis Model   Particle in Equilibrium
Examples

table

through a viscous medium (Chapter 6)

(Chapter 12) 
 

(Chapter 14)

(Have a look at Example 5.1 on page 116 of the textbook and
make sure you could solve that.)



Solving Problems Using Forces

• Either consider every force on the object and then find the net
force and acceleration.

• Or start from the motion and deduce what the magnitudes or
directions of some forces must be.



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.)
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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.
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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.

1Figures 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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The forces acting on the car: weight and normal force.

Imagine the car starts from rest. If it were to accelerate off the
surface, the normal force would go to zero immediately. The car
also cannot sink (accelerate) into the surface. ⇒ ay = 0.
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So, the forces in the (tilted) y -direction cancel:

Fnet,y = m��>
0

ay

n −mg cos θ = 0

Rearranging:
n = mg cos θ

If θ > 0 the normal force will be less than the weight, mg .
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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.

In the (tilted) x-direction:

Fnet,x = max

��mg sin θ = ��max

⇒ #»

Fnet = (mg sin θ)̂i

⇒ #»a = (g sin θ)̂i



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 Problems

An example with the normal force replaced by a tension instead:

 5.7 Analysis Models Using Newton’s Second Law 127

Conceptualize The reading on the scale is related to the 
extension of the spring in the scale, which is related to the 
force on the end of the spring as in Figure 5.2. Imagine 
that the fish is hanging on a string attached to the end of 
the spring. In this case, the magnitude of the force exerted 
on the spring is equal to the tension T in the string. There-
fore, we are looking for T. The force T

S
 pulls down on the 

string and pulls up on the fish.

Categorize We can categorize this problem by identify-
ing the fish as a particle in equilibrium if the elevator is not 
accelerating or as a particle under a net force if the elevator 
is accelerating.

Analyze Inspect the diagrams of the forces acting on the 
fish in Figure 5.13 and notice that the external forces acting 
on the fish are the downward gravitational force F

S
g 5 mgS 

and the force T
S

 exerted by the string. If the elevator is 
either at rest or moving at constant velocity, the fish is a par-
ticle in equilibrium, so o Fy 5 T 2 Fg 5 0 or T 5 Fg 5 mg.  
(Remember that the scalar mg is the weight of the fish.)
 Now suppose the elevator is moving with an acceleration aS relative to an observer standing outside the elevator in 
an inertial frame. The fish is now a particle under a net force.

S O L U T I O N
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When the elevator accelerates 
upward, the spring scale reads 
a value greater than the
weight of the fish. 

When the elevator accelerates 
downward, the spring scale 
reads a value less than the
weight of the fish. 

Figure 5.13 (Example 5.8) A fish is weighed on a spring scale in 
an accelerating elevator car.

Apply Newton’s second law to the fish: o Fy 5 T 2 mg 5 may

Solve for T : (1)   T 5 may 1 mg 5 mg aay

g
1 1b 5 Fg aay

g
1 1b

where we have chosen upward as the positive y direction. We conclude from Equation (1) that the scale reading T is 
greater than the fish’s weight mg if aS is upward, so ay is positive (Fig. 5.13a), and that the reading is less than mg if aS is 
downward, so ay is negative (Fig. 5.13b).

(B) Evaluate the scale readings for a 40.0-N fish if the elevator moves with an acceleration ay 5 62.00 m/s2.

S O L U T I O N

Evaluate the scale reading from Equation (1) if aS is upward:

 

T 5 140.0 N 2 a2.00 m/s2

9.80 m/s2 1 1b 5 48.2 N  

Evaluate the scale reading from Equation (1) if aS is downward:

 

T 5 140.0 N 2 a22.00 m/s2

9.80 m/s2 1 1b 5 31.8 N

Finalize Take this advice: if you buy a fish in an elevator, make sure the fish is weighed while the elevator is either at 
rest or accelerating downward! Furthermore, notice that from the information given here, one cannot determine the 
direction of the velocity of the elevator.

Suppose the elevator cable breaks and the elevator and its contents are in free fall. What happens to the 
reading on the scale?

Answer If the elevator falls freely, the fish’s acceleration is ay 5 2g. We see from Equation (1) that the scale reading T 
is zero in this case; that is, the fish appears to be weightless.

WHAT IF ?

▸ 5.8 c o n t i n u e d

 

Whether the reaction of the floor of the tension in the cable cause
the upward force, the net force is still calculated in the same way.



Elevator Problems

Question. You are hired to design an elevator that can lift people
up to the top of a 70 story building in a short amount of time.
The weight of the elevator car is 3500 N and the max load the
elevator should be rated to carry is 2000 N and the weight of the
entire cable used to lift the elevator car is 3000 N. You add these
numbers together and decide that you can choose a low-cost cable
rated to carry a load of 9000 N without breaking as the elevator
cable. Will you end up fired or with a commendation?

(A) Commendation!

(B) Fired!

(C) I’m not sure.



Elevator Problems

Question. You are hired to design an elevator that can lift people
up to the top of a 70 story building in a short amount of time.
The weight of the elevator car is 3500 N and the max load the
elevator should be rated to carry is 2000 N and the weight of the
entire cable used to lift the elevator car is 3000 N. You add these
numbers together and decide that you can choose a low-cost cable
rated to carry a load of 9000 N without breaking as the elevator
cable. Will you end up fired or with a commendation?

(A) Commendation!

(B) Fired! ←
(C) I’m not sure.



Summary

• elastic forces

• non-equilibrium

• more problem solving
• inclines
• elevators

Quiz this Friday.

(Uncollected) Homework
Serway & Jewett,

• prev: Ch 5, onward from page 136. Probs: 39

• ‘new’: Ch 5, CQ 13; Probs: 28, 47, 95, 43, 29, 83 (can wait)


