
CHAPTER 05 

Work, Power 
and Energy 

WorR Done 
• By a constant force 

W = F- s= F- (rt - rJ = Fscos0 
= Force x displacement in the direction of force. 
= Displacement x component of force in the direction of 

displacement. 
= + Fs if e = 0° 
= - Fs if 0 = 180° 
= O if 0 = 90°, where 0 is the angle between F and s. 

• By a variable force W = f : r F · x, where F = f(x) 
' 

• By area under F - x graph If force is a function of x, we can find 
work done by area under F- x graph with projection along x-axis. In 
this method, magnitude of work done can be obtained by area under 
F-x graph, but sign of work done should be decided by you. 
If force and displacement both are positive or negative, work done will 
be positive. If one is positive and other is negative, then work done will 
be negative. 

• Work done by a force may be positive, negative or zero, depending upon 
the angle (0) between the force vector F and displacement vectors. Work 
done by a force is zero when 0 = 90°, it is positive when 0° ::; 0 < 90° and 
negative when 90°< 8::; 180°. 
For example, when a person lifts a body, the work done by the lifting 
force is positive (as 0 = 0° ) but work done by the force of gravity is 
negative (as 8 = 180° ). 
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• Work depends on frame of reference. For example, if a person is pushing a box 
inside a moving train, then work done as seen from the frame of reference of 
train is F - s while as seen from the ground it is F - (s + s 0 ). Here s 0 , is the 
displacement of train relative to ground. 

Note 1J = 107 erg 

Conservative and Non-Conservative Forces 
• In case of conservative forces, work done is path independent. 
• Potential energy is defined only for conservative forces. 
• If only conservative forces are acting on a system, its mechanical energy 

should remain constant. 
• In case of non-conservative forces, work done is dependent upon the path. 
• Examples of conservative forces are gravitational force between two point 

masses, electrostatic force between two charges and the spring force . 
• Examples of non-conservative forces are force of friction, viscous force etc. 

Potential Energy 
• Potential energy is defined only for conservative forces. 
• In a conservative force field, difference in potential energy between two points 

is the negative of work done by conservative forces in displacing the body (or 
system) from some initial position to final position. Hence, 

11U = - W 

or u B - u A = - w A➔B 
• Change in potential energy is equal to the negative of work done by the 

conservative force (11U = - 11 W). If work done by the conservative force is 
negative, ch ange in potential energy will be positive or potential energy of the 
system will increase and vice-versa. 

I 
Ground Jill/ I/Iii /Jill/ /Iii lllilll /Iii llllill 

This can be explained by a simple example. Suppose a ball is taken from the 
ground to some height, work done by gravity is negative, i .e. ch ange in 
potential energy should increase or potential energy of the ball will increase. 

11 w gravity = - ve 
11U = + ve 

or U 1 - U i = + ve 

(·: 11U = -11 W) 

• Absolute potential energy at a point can be defined with respect to a reference 
point, where potential energy is assumed to be zero. 
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Reference poin t corresponding to gravitational potential energy and 
electrostatic potential energy is assumed at infin ity. 
Reference point corresponding to spring poten tial energy is taken at a point at 
natural length of spring. 
Now, negative of work done in displacing the body from reference point (say 0) 
to the point under consideration (say P) is called absolute potential energy at 
P. Thus, 

Up= - Wo➔ P 

• For increasing or decreasing in gravitational potential energy of a particle (for 
small heights) we can write, 

t:,.U = ± mgh 
Here, his the difference in heights of particle. In case of a rigid body, h of 
centre of mass of t he rigid body is seen . 

F dU · · £ 1 . di . h . 1 • = - - , 1.e. conservative orces a ways act ma rect10n , w ere potenba 
dr 

energy of the system is decreased. This can also be shown as in figure. 

F 

II/Ill Ill/I I Ill! ///Ill I Ill! /Ill/I /Ill/ 

If a ball is dropped from a certain height. The force on it (its weight) acts in 
a direction in which its potential energy decreases. 

Relation between Conservative Force (F) and its Potential Energy (U) 

Conversion of U into F 

F _ [au~ au') au k~] • - - -1+-J+-ax ay az 
dU dU 

• F= - - or - -
dr dx 

or - (slope of U - r or U - x graph) 

Conversion of F into U 
• dU= - F- dr 

Here, F will be given in the question and dr = (dxi + dy] + dzk) is a standard 

vector. 
• dU = - Fdr or - Fdx 
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Spring Force 
• F = -kx or F oc -x 

F 

1 2 
• U = - kx 

X 2 

u 

----"--'-~---➔x 

WorR Done and Energy 
• Work done by conservative forces is equal to minus of change in potential 

energy, 

WC = -1':iU = - (U f -Ui )=Ui -U f 
• Work done by all the forces is equal to change in kinetic energy, 

Wan = t:iK =K 1 - Ki (Work-energy theorem) 
• Work done by the forces other than the conservative forces 

(non-conservative+ external forces) is equal to change in mechanical energy 

Wnc + W ext =l':iE=Er -Ei =(Kr +Ur )-(Ki +UJ 
• If there are no non-conservative forces, then 

W ext =l':iE=Er -Ei 
Further, in this case, if no information is given regarding the change in kinetic 
energy, then we can take it zero. In that case, 

W ext = t:iU = U t - Ui 

Types of Equilibrium 

Physical situation 

Net force 

Potentia l energy 

When displaced from 
mean (equilibrium) 
position. 

In F- r graph 

F~/ 

Stable equilibrium 

Zero 

Minimum 

A restoring natu re of force will 
act on the body, which brings 
the body back towards mean 
position. 

At point A 

In U - r graph At point B 

uh a IT , 
p-h 

Unstable equilibrium 

Zero 

Maximum 

A force will act which moves 
the body away from mean 
position . 

At point B 

At point A 

Neutral equilibrium 

Zero 

Constant 

Force is again zero. 

At point C 

At point C 
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Power 
• Average power 

= total work done = W total 
Pav 

total time taken t 
• Instantaneous power 

~ or P = rate of doing work done 
dW 

= -- = F • v = Fu cos 0 
dt 
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• If 0 (between F and v) is 90°, then power of the force is zero. If 0 is acute, then 
power is positive and if 0 is obtuse, then power is negative. 

Some Important Points Related to Wor~ and Energy 
• Suppose a particle is released from point A with u = 0. 

If friction is absent everywhere, then velocity at B will be 
v = -J 2gh (Irrespective of the track it follows from A to B) 

Here, h = h A - h B 

• In circular motion, centripetal force acts towards the centre. This force is 
perpendicular to small displacement ds and velocity v. Hence, work done by it 
is zero and power of this force is also zero. 

• If friction is absent, then 

If friction exists, then 

Ei - Er= WDAF 
Here, WDAF = work done against friction 

= µNd 
where, µ = coefficient of friction 

N = normal reaction 

(where, E = mechanical energy) 

and d = distance travelled on rough surface. 

Note In most of the cases, 
N = mg on horizontal ground and 
N = mgcos8 on inclined ground 

• Work done by friction= Er - E i = - (WDAF) 


