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Conservation of Mechanical Energy

A body at rest at a height above a certain surface has no kinetic energy but will possess the
gravitational potential energy owing to its position. When the body falls towards the surface, it
gains in speed and its kinetic energy increases and the potential energy decreases.
If no external forces act on the body and if all the internal forces are conservative then we find
that whatever potential energy is lost by the body appears as the corresponding kinetic energy.
i.e. the sum of the potential energy and the kinetic energy remains constant. This sum is called
the total mechanical energy.
The total mechanical energy (E = K+U ) remains constant in an isolated system of bodies that
interact through conservative forces only. Thus,

Uf − Ui = −W = − (Kf −Ki)

Ki + Ui = Kf + Uf

Ei = Ef

This is called the principle of conservation of mechanical energy.
If more than one conservative force acts on a body within a system, a potential energy function
is associated with each force. Hence we get

Ki +
∑
n

Ui = Kf +
∑
n

Uf

Non - Conservative Forces

Let us consider a body which is made to slide on a surface offering friction to it. The frictional
force will reduce the speed of the body i.e. the kinetic energy will decrease.
Owing to the frictional force, the temperature of the sliding body and the corresponding surface
will increase. This change in internal energy of the body and the surface cannot be transferred
back as kinetic energy of the sliding body.
Hence, the total mechanical energy of the system is not conserved. The change in kinetic energy
due to friction is given by

∆Kfriction = −µkmgd

where, µk is the coefficient of kinetic friction and d is the distance travelled by the body. The
change in kinetic energy depends on the path taken by the body to reach from the initial to the
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final position. Hence, the work done depends on the path taken by the body and not only the
initial and final positions of the path taken.
A force for which the work done depends upon the path taken and the total mechanical energy is
not conserved is called as non - conservative force.
When non - conservative forces act on a body, the principle of conservation of mechanical energy
is not applicable but the work-energy theorem is still valid.
If non-conservative internal forces operate within the system or external forces work on the system,
the mechanical energy changes as the configuration changes.
If Wc, Wnc and Wext are the work done due to conservative internal forces, non-conservative
internal forces and external forces respectively, then work-energy theorem gives,∑

W = Kf −Ki

Wc +Wnc +Wext = Kf −Ki

The relation between work done due to conservative internal forces and potential energy is,

Wc = (Uf − Ui)

Hence, we get

Wnc +Wext = (Kf + Uf ) − (Ki + Ui)

Wnc +Wext = Ef − Ei

where, E = K + U is the total mechanical energy.
This indicates that the applied force either transfers energy to the system or out of the system.

Potential Energy in a Rigid Body Motion

A rigid body is a body in which the separation between its any two constituting particles don’t
change whatever the force be applied on it.
Suppose there are two particles A and B . The particles move in such a way that the line AB
translates parallel to itself.
Using Newton’s third law, we find that the displacement d~rA of the particle A is equal to the
displacement d~rB of the particle B in any small time interval. The net work done by the internal
forces d~FAB and d~FBA is

W =

∫ (
~FAB · d~rA

)
+
(
~FBA · d~rB

)
W =

∫ (
~FAB + ~FBA

)
· d~rA = 0

Thus the internal forces do no work in the motion of the body. The result is true for rotational
motion as well.
The potential energy thus can only change when the configuration of the body changes i.e. the
separation of the particles composing the body changes. Hence, the potential energy depends only
on the separation between the interacting particles of a rigid body.
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Mass - Energy Equivalence

Principle of conservation of mass states that in any physical or chemical process, mass is
neither created nor destroyed i.e. the mass before the process equals the mass after the process.
It was accepted that energy and mass were two quantities that were separately conserved. However,
in 1905, Einstein made the brilliant discovery that the mass of any system is a measure of the
energy of that system. Hence, energy and mass are related concepts.
The relationship between these two quantities is given as,

ER = mc2

where, ER is the rest energy equivalent of mass m and c is the speed of light.
It can be now stated that energy has mass. Whenever the energy of an object changes in any way,
its mass changes as well.
If ∆E is the change in energy of a body then its change in mass is

∆m =
∆E

c2

The statement of mass-energy equivalence can be stated as

Energy can neither be created nor destroyed. It can only be transformed
from one form to another.
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