
Ch 5  
Work and Energy



• Energy
• Provide a different (scalar) approach to solving some physics problems.

• Work
• Links the energy approach to the force (Newton’s Laws) approach.

• Mechanical energy

• Kinetic energy – related to motion

• Potential energy – related to position



Work
Basic definition of work:    W = F d              ( force )( displacement)

Only gives the magnitude of the work if the force is constant and 
directed parallel to the displacement.

Better definition    W = Fx∆x
Force in the direction of the displacement times the displacement.

.



Work

W = F∆x

Work depends on the displacement.
If there is no displacement, there is no work done.

If you are holding a book still in the air, you are not doing work.

If you are sitting in a chair, gravity is not doing any work.

If you are pushing with everything you have against an immoveable 
object, you are not doing any work.





This formula of work is an example of a “dot product” of vectors.

Work has no direction, but the directions of the force and 
the displacement matter.

.



A) What is the work done by the pulling force?
B) Work done by friction?
C) Work done by the normal force?
D) Work done by gravity?







∆x = 8 m





• Alternative method to using Newton’s Laws.





Work-Energy Theorem
Use: Wnet = Fnet∆x = (ma)∆x

Also v2=v0
2 + 2a∆x

Rewrite as: a∆x = (v2 – v0
2)/2







72.2  (m/s)2
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When you raise up an object, you are doing 
work against gravity.  That work is then stored 
as potential energy.  If you drop the object, 
and let it fall, the potential energy is then 
transferred to kinetic energy.



Reference Level/Zero of Potential Energy

• Height that corresponds to zero potential energy.

• If an object is above the line of zero potential energy, it has positive 
potential energy.

• If an object is below that height, the object has negative potential 
energy.

• You can set the zero of potential energy line wherever you want. 
Place it in a location that is convenient to the problem.



Conservation of mechanical energy
Not an equation. This is a rule.

Possibly the most important rule in the universe.

When no dissipative forces are involved, the sum of the kinetic 
and potential energies is constant.

KEi+ PEi = KEf+ PEf

Energy is converted between the kinetic and potential forms.



Simple example of conservation of energy

A rock is on the edge of a 10 meter high cliff.  
Push it off edge of cliff.
You can find the speed that the rock hits the ground.

When the rock is sitting on the cliff, it has no kinetic energy, but it has 
potential energy.

When the rock is hitting the ground, that potential energy was 
transferred to kinetic energy. 



∆y= 10m mass = 50 kg
KEi+ PEi= KEf+ PEf

0 + PEi= KEf+ 0

mghi= ½ mv2

(50kg)g (10m) = ½ (50kg)v2 v= 14 m/s

Notice the mass canceled out. This is why, neglecting air resistance, all 
falling bodies accelerate the same because of gravity.
https://www.youtube.com/watch?v=74MUjUj7bp8

https://www.youtube.com/watch?v=74MUjUj7bp8




Springs

Springs can be used to apply forces.

Springs can be used to store energy.

These can be done by either compression, stretching, or 
torsion (twisting).



Springs
Ideal, or linear, springs follow a rule called Hooke’s Law:

Hooke’s Law: Fs = -k x                Force is ‘linear’ with x
k is called the spring constant. This determines how stiff the spring is. 

x is the distance the spring is deformed (stretched or compressed) from 
the equilibrium length.

The minus sign tells us that this is a restoring force. 







Basic Spring Example

A spring with a spring constant of 250 N/m has a length of 
0.5 meters when unstretched. 
What magnitude of force is needed to stretch the spring so that is 
0.75 meters long?
Fs = -k x
Fs = (250 N/m)(0.75m – 0.5m) = 62.5 N

Note that it would take the same force to compress the spring by 
0.25 meters.



Work Done by Springs

W = F ∆x
Because the spring force varies as we stretch/compress the spring, we 
have to use the average force between the two endpoints. 
(This uses the assumption that the force is linear.
Fave= (F0+ F1)/2 = (0 – kx)/2 = -½ kx
Remember x is the change in the spring’s length.
Ws= -½ kx2

See work done by varying forces on page 155. (force varies linearly)



Spring Work

Notice the ‘sign’ of the work.

When you stretch or compress the spring, you do positive work. 
The spring does negative work.  This is because the spring’s force is 
opposite to the displacement.  

When you let go and the spring returns to the initial condition, the 
spring then does positive work as the force and displacement are in the 
same direction.



Elastic Potential Energy



Conservation of Energy

We can involve springs in conservation of energy examples.

The spring energy is a type of potential energy.

See examples 5.10



KEi + PEi Magnitude of work of friction

















More slide problem

Now the work done by friction is more than the initial potential energy. 
In this case, the child will not slide all the way down the slide.

The 735 J of potential energy is not enough to overcome all the friction 
needed to reach the end of the slide. 









You could have skipped the middle step where we found how fast the 
block leaves the spring.
PEs= PEg

½ kx2= mg∆y

½ (25 N/m) (2m)2= (2 kg)g ∆y

∆y= 2.6 meters





Remember Work = F∆x
P = Work/time
P = F∆x/∆t so:   P = F v v = velocity

Power is a scalar quantity.

Pave= F vave average power

P = F v             instantaneous power



Power
• Power is related to how fast a force can be applied.

• Picking up a heavy weight slowly may not require a lot of power.

• Picking up the same weight faster will require more power.

• Weightlifting examples: comparing power required to perform a bench 
press and a snatch.

https://www.youtube.com/watch?v=jfU2R-PE5rE
https://youtu.be/E_7cOou1ZJk
Similar weights but one of these lifts demonstrates much more power than 
the other.

https://www.youtube.com/watch?v=jfU2R-PE5rE
https://youtu.be/E_7cOou1ZJk


I picked some estimated values of weights, distances, and times.





Again you want to raise the same 20 kg 
bucket.  It is starting from rest, and you 
want to pull on the bucket so that is has a 
velocity of 2 m/s.  You want to accomplish 
this over a time interval of 4 seconds.

(Net work equals change in kinetic energy.)



First find the change in the kinetic energy.



.

.









Calculating Power

If the velocity is constant:  
Use Power =  Force x Velocity

If the velocity is changing:  
Use the work energy theorem to find the work.
Then use Power = Work / time







Runaway truck ramp continued…

Runaway truck ramps will have a rough surface.
(usually in addition they have piles of sand or gravel on them) to 

produce a lot of friction. 

If we include a coefficient of friction of 0.4 between the truck and the 
ramp, will the ramp stop the truck?



½ vf
2

.



.

https://www.youtube.com/watch?v=h5KgKebgkwk

https://www.youtube.com/watch?v=qYpIXsbLUgE

https://www.youtube.com/watch?v=h5KgKebgkwk
https://www.youtube.com/watch?v=qYpIXsbLUgE
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