
Potential Energy

• Conservative forces
• Work by a conservative force
• Potential energy
• Conservation of Energy



Rules for Conservative Forces

a) The work done by the force on a particle moving 
between any two points depends only on the 
coordinates of the two points. It does not 
depend on the path taken or the distance 
traveled

b) The work the force does on a particle moving 
through any closed path is zero.

(closed path    zero displacement)



Forces acting on an object can be classified 
as conservative and non-conservative

depending upon how they do work.

Conservative forces: the work does not depend on 
the path of the object, just the initial and final 
positions.

A B C D

Gravity is a conservative force.



Non-conservative forces: the work does depend 
on the path of the object.

initial

final

path A

initial

final

path B

When friction does 
work on the block, the 
amount of work done 
over paths A and B are 
different, even though 
the initial and final 
positions are the same.



Example

a) conservative
b) non-conservative
c) not clear, more information is needed

spring

rope T N

Fg

Ff

FSPRING

A block is being pulled up a ramp despite the fact that 
it is attached to an ideal spring that is being stretched.  
Classify each force on the free body diagram as:



The work done by a conservative force 
can be represented by a function of just 

the position.
For the gravitational force, when +y points up,

W = -mg (yf – yi) =  mgyi – mgyf Ug(yi) – Ug(yf)

Ug(y) = mgy (Potential Energy of Gravity)

U-W Δ=

≡



For an ideal spring, when +x is the amount the spring 
is stretched:
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Define  US(x) = ½ kx2 (Potential Energy of a Spring)

U-W Δ=

Ws = Ui – Uf = - (Uf – Ui)



Non-Conservative Forces
Non-conservative forces cause the mechanical 
energy of the system to change. The work-energy 
theorem states:

ΔK = W

But  work is a combination of conservative and non-
conservative forces:

ΔK = WC + Wother

But                               Wc = - ΔU 

ΔK = − ΔU + Wother



The change in mechanical energy is equal to the work done by “other 
forces”. “Other” forces means any force not represented by a term 
in the potential energy. It includes non-conservative forces, but also 
externally-applied forces, conservative or not, that transfer energy 
into or out of the system.

ΔE = ΔK + ΔU = Wother

Conservation of Energy

In the absence of external and non-conservative 
forces, mechanical energy is conserved
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E-conservation 
in action:  the 
pole vault



Summary:

•Work by conservative forces does not depend 
on the path, and can be written as a change in 
potential energy.

•Work by non-conservative forces does depend 
on the path, and cannot be written as a change 
in potential energy.

•Work by non-conservative forces changes the 
mechanical energy of a system.


