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Energy Conservation I 

Tossing a ball
Let's apply the work - kinetic energy relation to a ball thrown 
straight up from an initial height of y = 0 that reaches a 
maximum height y = h before falling back down to y = 0. 
At the maximum height, the velocity is zero. 

For the up part of the trip, mg and displacement point in 
opposite directions, so we get: 

ΔK = Wnet = -mgh

So, K decreases by mgh on the way up. 

On the way down, however, mg and displacement point in the 
same direction, so the force of gravity will do positive work = 
+mgh, which has the same magnitude as the negative work it 
did when the ball was on its way up.  Therefore, K will 
increase back to its initial value. 

Tossing a ball – Gravitational 
Potential Energy

From the above example, it looks as if the kinetic energy of 
the ball was transformed to another form of energy (with 
amount = mgh) as the ball was moving up.  But on its way 
down, this energy (mgh) was released and transformed 
back to kinetic energy.

What kind of energy is mgh?

Gravitational potential energy. Kinetic energy is an energy 
associated with motion. Potential energy is an energy 
associated with position.

Gravitational potential energy provides us an alternative 
way of talking about the work done by gravity.

Energy Conservation involving K and 
U only 

By the Work-Kinetic Energy Theorem,

ΔK = W = -mgΔh (choosing up to be positive)
Kf – Ki = -mg(hf – hi)
Kf + mghf = Ki + mghi
(Denote gravitational potential energy by U = mgh)
Kf + Uf = Ki + Ui

So, at every point along the trajectory, the total 
mechanical energy (E = U + K) of  the object 
remains constant, i.e. conserved …….. *

•caveat: only if we neglect air resistance

Conserve and Non-conservative 
Forces 

Gravitation is a sort of conservative force ---
defined to be one where the associated energy, 
U, is determined solely by the position. 

When only conservative forces are involved, 
the total mechanical energy, E, is conserved (i.e., 
equal to a constant). But if non-conservative 
forces are involved, E is not conserved. 

Forces that are not conservative: friction, air 
resistance, force exerted by you in moving a box 
on a horizontal surface, etc.…

( ) ( )ifif UUKKUK −+−=Δ+Δ=ncW

ffii KUKU +=++ ncW

if EE −=ncW

If the net work on an object by non-conservative forces
is zero, then its total mechanical energy does not change:

of EE =

If there are non-conservative forces producing a net 
work, Wnc, on an object during its motion, we have

Law of Conservation of Mechanical 
Energy

⇒

or

Five-term energy 
conservation equation

(Recall: mechanical energy,
E = U + K)
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