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6 Work, energy and power
The concept of energy and its conservation provide useful tools that help to understand the behaviour of
physical systems.

6.1 ENERGY CONVERSION AND CONSERVATION
 Energy is the capacity to do work (i.e. ability to produce motion).
 Some examples of different forms of energy are heat energy, light energy, chemical energy,

electrical energy, sound energy, kinetic energy, potential energy
 Energy can be converted from one form to another.

 The principle of conservation of energy states that energy is neither created nor destroyed but is
only converted from one form to another.

6.2 WORK AND EFFICIENCY
a) Work

Work is done when the point of application of a force moves.
Example 1: Consider a body being moved over a distance d by the application of a force F over a
smooth surface as shown in Fig.1 below.

Fig.1
Work done = force × displacement in the direction of the force

FdW 
Example 2: Consider a body being moved over a distance d by the application of a force F acting at
angle θ to the horizontal as shown in Fig.2 below.

Fig. 2
Work done = horiz. comp.of force × displacement in the direction of the force

cosFdW 

b) Work done by a gas
Consider a gas enclosed inside a rigid cylinder which is closed at one end by a movable piston.

(c)
 P. L

uc
ho

o

LS
R SSS



2

(i) initial position (ii) final position
Fig. 3

If the gas expands due to heating, then the work done by the gas against a constant external
pressure is:

Work done = pressure × change in volume

VpW 
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c) Efficiency
Efficiency of a system is defined as the ratio of the useful energy output from the system to the
total energy input.

inputenergy    total
outputenergy    useful ,Efficiency 

Note: Efficiency is a ratio and has no units
d) Energy losses in practical devices
 During energy conversion, some energy is always lost as heat and sound in practical devices

(mainly due to friction).
 In electrical devices, the energy loss is due electrical resistance.
 Hence, the efficiency of any device is always less than 1 (or less than 100%).

6.3 POTENTIAL ENERGY AND KINETIC ENERGY
a) Kinetic energy

Kinetic energy is possessed by a body due to its motion.
Derivation of the formula for EK:
Consider a body of mass m initially at rest. If it is moved over a distance s by the application of a
force F that produces an acceleration a , then:

 Using the equation of motion asuv 222  , acceleration
s
va
2

2



 Substituting for a in maF  from Newton’s 2nd law of motion gives
s

mvF
2

2



 Gain in kinetic energy, KE = force  distance moved

2
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b) Recall and apply the formula Ek = ½ mv2
[Numerical examples]

c) Potential energy
Potential energy is possessed by a body due to its position or state.
It is a type of ‘stored’ energy and exists in different forms. For example:
 Gravitational potential energy is possessed by a body due to its position in a gravitational field.
 Elastic potential energy is possessed by a body due its deformation by the application of a force.

It is also called strain energy.

Gravitational potential energy
Consider a mass m that is lifted to a height h above the ground level (near the earth’s surface).
Gain in gravitational potential energy = work done in raising the
mass above the ground

= force  distance
= weight × height raised
= hmg 

mghEP 

6.4 POWER
Power is defined as the work done per unit time.

takentime
doneworkPower

 
 



Example: Consider a car driven at a constant velocity v against a total resistive force F .

velocityforce
unit timeper  moved distanceforce

unit timeper  done work Power 
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