Physics Chapter No:08 Work,
Power and Energy
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Questions

What is Work?
For work to be done, a force must be exerted and there must be motion or displacement in the
direction of the force. The work done by a force acting on an object is equal to the magnitude of the
force multiplied by the distance moved in the direction of the force. Work has only magnitude and no
direction. Hence, work is a scalar quantity.

Formula of Work
The work done by a force is defined to be the product of component of the force in the direction of
the displacement and the magnitude of this displacement.

W = (F cos θ )d = F.d
We understand from the work equation that if there is no displacement, there is no work done,
irrespective of how large the force is. To summarize, we can say that no work is done if:


the displacement is zero



the force is zero



the force and displacement are mutually perpendicular to each other.

Unit of Work
The SI unit of work is Joule (J). For example, if a force of 5 newtons is applied to an object and
moves 2 meters, the work done will be 10 newton-meter or 10 Joule. It should be noted that 1 J = 1
N ⋅ m = 1 kg ⋅ m2/s2.

Example of Work
An object is horizontally dragged across the surface by a 100 N force acting parallel to the
surface. Find out the amount of work done by the force in moving the object through a
distance of 8 m.
Solution:
Given:
F = 100 N, d = 8 m
Since F and d are in the same direction, θ = 0, [θ is the angle of the force to the direction of
movement], therefore
W = FdCos θ
W = 100 x 8 x Cos 0
W = 800 J [Since Cos 0 = 1]
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What is Energy?
Energy is the ability to perform work. Energy can neither be created nor destroyed, and it can only
be transformed from one form to another. The unit of Energy is the same as of Work, i.e. Joules.
Energy is found in many things, and thus there are different types of energy.
All forms of energy are either kinetic or potential. The energy in motion is known as Kinetic Energy,
whereas Potential Energy is the energy stored in an object and is measured by the amount of work
done.

Types of Energy
Some other types of energy are given below:


Mechanical energy



Mechanical wave energy



Chemical energy



Electric energy



Magnetic energy



Radiant energy



Nuclear energy



Ionization energy



Elastic energy



Gravitational energy



Thermal energy



Heat Energy

Unit of Energy
The SI unit of energy is Joules (J), named in honour of James Prescott Joule.

What is Power?
Power is a physical concept with several different meanings, depending on the context and the
available information. We can define power as the rate of doing work, and it is the amount of energy
consumed per unit of time.

Formula of Power
As discussed, power is the rate of doing work. Therefore, it can be calculated by dividing work done
by time. The formula for power is given below.
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Where, P is the power, W is the work done and T is the time taken.

Unit of Power
As power doesn’t have any direction, it is a scalar quantity. The SI unit of power is Joules per
Second (J/s), which is termed as Watt. Watt can be defined as the power needed to do one joule of
work in one second. The unit Watt is dedicated in honour of Sir James Watt, the developer of the
steam engine.

Example of Power
A garage hoist lifts a truck up 2 meters above the ground in 15 seconds. Find the power delivered to
the truck. [Given: 1000 kg as the mass of the truck]
First we need to calculate the work done, which requires the force necessary to lift the truck against
gravity:
F = mg = 1000 x 9.81 = 9810 N.
W = Fd = 9810N x 2m = 19620 Nm = 19620 J.
The power is P = W/t = 19620J / 15s = 1308 J/s = 1308 W.

What is the unit of work?
The unit of work is Joule.

What is the unit of energy?
The unit of energy is Joule.

What is the unit of power?
The unit of power is Watt.

Is Power a scalar quantity?
Power is a scalar quantity because it is a ratio of two scalar quantities.

Definitions:
1. Joule
It is the work done by a force of one Newton when the body is displaced one meter.

2. Erg
It is the work done by a force of one Dyne when the body is displaced one centimeter.
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3. Foot Pound (ft-lb)
It is the work done by a force of one pound when the body is displaced one foot.

4. Force
It is an agent that moves or tends to move or stops or tends to stop a body.

5. Watt
Watt is the unit of power that is equal to the quantity of 1 Joule work done in 1 second.

Work:


When a force produces displacement in a body, it is said to do work.
Units of Work
S.I System - Joule



C.G.S System - Erg
Explanation
When force is applied in the direction of the displacement we can find the work by using
definition
Work = Force * Displacement
W = F*s
W = Fs
Suppose a man is pulling the grass cutting machine then the direction of the foce and
displacement is not same. The applied force makes an angle @ with the ground while the
motion takes place along the ground.
In this case force is resolved into its components.
Fx = Fcos@
Fy = Fsin@
As the machine moves along the ground, so Fx is doing the work, Hence:
W = Force * Displacement
W = Fcos@*s
W=Fscos@

Energy:


Energy is defining as the capability to do work. Energy is also measured in Joules.
Some Types of Energy
Potential Energy



Kinetic Energy



Chemical Energy



Heat Energy



Light Energy



Nuclear Energy
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Potential Energy:
Definition
The energy possessed by a body due to its position is known as the Potential Energy of the
body. It is represented by P.E. and is measured in Joules in System International.



Examples
The energy of the following is potential energy:
A brick lying on the roof of a house.



The spring of a watch when wound up.



The compressed spring.



Water stored up in elevated reservoir in water-supply system.
Mathematical Expression
If we lift a body of mass m to a height h, then the force applied on it is the its weight and it will
act through a distance h.
So,
Work = Force * Distance
W=W*h
Since W = mg, therefore:
W = mg * h
Since work is equal to energy possessed by a body:
P.E. = mgh

Kinetic Energy:
Definition
The energy possessed by a body due to its motion is known as the Kinetic Energy of the body.
It is represented by K.E.



Examples
The energy of the following is kinetic energy:
A bullet fired from a gun.



A railway engine moving at high speed.



Motion of a simple pendulum.
Mathematical Expression
Consider a body of mass m at rest (Vi = 0) on a frictionless surface. When a force F is applied,
the body covers a distance S and its final velocity becomes Vf.
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To calculate the amount of work done, we apply the formula.
W=F*S
According to Newton's Second Law of Motion, the value of force is:
F = ma
The distance that the body traveled is calculated by using third equation of motion:
2as = vf2 - vi2 (Here 2 with Vf and Vi represents square)
We know that Vi = 0, therefore:
2as = v2
s = v2/2a
By substituting the values of F and s, we get:
W = (ma) * (v2/2a)
W = mv2/2
W = 1/2(mv2)
We know that work can be converted into Kinetic Energy, therefore:
K.E = 1/2(mv2)
So, Kinetic Energy of a body is directly proportional to the mass and square of velocity.

Factors on which Kinetic Energy Depends:


It is directly proportional to the mass of the body.



It is directly proportional to the square of the velocity.

Difference Between Kinetic Energy and Potential
Energy:
Kinetic Energy
1. Energy possessed by a body by virtue of its motion is known as Kinetic Energy.
2. Bodies in motion have Kinetic Energy.
3. It is calculated by K.E = 1/2 (mv2)
Potential Energy
1. Energy possessed by a body by virtue of its position is known as Potential Energy.
2. Bodies at rest have Potential Energy.
3. It is calculated by P.E. = mgh

Law of Conservation of Energy:
Statement
Energy can neither be created, nor destroyed, but it can be converted from one form into the
other.
Explanation
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consider a body of mass mat height h above the ground. Its kinetic energy at that point A is:
K.E = 1/2(mv2)
K.E = 1/2 m * (0)
K.E = 0 ........ (i)
The potential Energy at point A is :
P.E = mgh ............(ii)
So the total energy at point A will be :
T.E = K.E + P.E
E(A) = 0 + mgh
E(A) = mgh
Suppose the body is released from this height and falls through a distance x. Its new height will
be (h-x). The velocity with which it reaches point B is calculated by using the third equation of
motion:
2gs = Vf2 - Vi2
As we know:
Vi = 0



S=x
Therefore,
2gx = Vf2 - 0
2gx = v2
The kinetic energy at point B is:
K.E. = 1/2 mv2
Substituting the value of v2:
K.E. = 1/2 * m * 2gx
K.E = mgx
The Potential Energy at point B is:
P.E = mgh
The height of the body is (h-x):
P.E. = mg(h-x)
The total energy at point B is :
E(B) = P.E + K.E.
E(B) = mgx + mg(h-x)
E(B) = mgx + mgh - mgx
E(B) = mgh
Hence, the total energy at point A and B are same. It means that the total value of energy
remains constant.

Power:
Definition
The rate of doing work is called power.
Mathematical Expression
Power = Rate of doing Work
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Power = Work/Time
P = W/T
Unit of Power
The unit of Power is Joules per second (J/s) or Watt (W).

Need to Conserve Energy:
The fuel that burns in running factories, transport and other activities is mainly obtained from
underground deposits in the form of coal, oil, gas and other similar raw forms. These deposits
are rapidly decreasing and one day all these resources of energy will be consumed. It is
therefore highly important for us to avoid wastage of energy.
the consumption of two much energy is also having adverse effect on our environment. The air
in big cities is heavy because of pollution caused by industrial wastes and smoke produced by
automobiles. To ensure comfortable living with a neat environment, it is the responsibility of all
of us as individuals to conserve energy.

8.1) Define work, positive and negative work and the unit of work.
Answer:
WORK:
When force acts on a body and the body moves through some distance along the
direction of force, then work is said to be done.
MATHEMATICAL FORM:
Mathematically the work is defined as “ The dot product of the magnitude of the
force and the displacement .”
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If a constant force ‘F’ is acting on the body at an angle ‘theta’ with the
direction of motion of the body then work is defined as the product of the
magnitude of the displacement and of the component of the force in the
direction of displacement.

Or

POSITIVE WORK:
If the force is in the same direction as the displacement, the work is
positive. Here angle theta is 0°, the work will be positive and maximum and
its value is given as
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NEGATIVE WORK:
If the force is opposite to the displacement the work is negative. Here angle
theta is 180°, the work will be negative and minimum and its value is given
as

UNIT:
In the International system the unit of force is Newton and the
unit of distance is metre. Hence the unit of work is newtonmetre which is called joule. In S.I Units the unit of work is joule.
1 joule = 1N x 1m
DEFINITION OF JOULE:
Joule is defined as the work done by a force of one-newton in
moving a body through a distance of one meter in the direction
of force.

8.2) What is energy, name the different forms of energy?
Answer:
ENERGY:
Whenever work is done on an object, it gains energy. The energy of a body is its
capacity of doing work.
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Thus energy and work are the same and both are measured in the same units.
Whenever we do work on a body, we store in it an amount of energy equal to
work done.
There are two forms of energy, such as:
i) KINETIC ENERGY:
When a body is capable of doing work by virtue of its motion, the energy is called
kinetic energy or the energy associated with a mass due to its motion is called
kinetic energy.
ii) POTENTIAL ENERGY:
When a body is capable of doing work by virtue of its position, or special
configuration the energy is called potential energy.
There are different kinds of potential energy such as:
1) GRAVITATIONAL P.E:
The energy associated with a mass when lifted to a height in the earth’s
gravitational field is called gravitational potential energy.
2) ELASTIC POTENTIAL ENERGY:
The energy stored in a stretched or compressed elastic material such as a spring
is called elastic potential energy.

8.3) What happens to the potential energy of a body when dropped
from a certain height.
Answer:
The potential energy of a body decreases and gets converted to K.E when it is
dropped from a certain height.
EXAMPLE:
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Consider an object of mass ‘m’ lying at a height ‘h’ from earth’s surface at point
‘P’ as shown in the figure.

It possesses potential energy equal to mgh and

Kinetic energy equal to zero.

Let the body be allowed to fall down under the action of
gravity. During its downward motion, its height above the
ground decreases continuously so its potential energy also
decreases. As the body has been accelerating under the action
of gravity, hence the work done by it is equal to its Kinetic
energy. Thus when the body falls freely under gravity and
when there is no opposing force there is a continuous
decrease in its P.E and this decrease is equal to increase in
K.E. When it reaches the surface of the earth its P.E. is zero
and all of the energy is Kinetic.
Loss in P.E at O = Gain in K.E.
at O.
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2

mgh = ½ mv

8.4) Does a hydrogen filled balloon possess any potential energy?
explain.
Answer:
Yes, a hydrogen filled balloon possesses potential energy because hydrogen gas
is lighter than air and light gases move in the upward direction against gravity.
So, a hydrogen filled balloon will move in the upward direction and will get
higher. So, this balloon will have potential energy.

8.5) Is energy a vector quantity?
Answer:
No, Energy is not a vector quantity. It is a scalar quantity.

MCQS
1. The Bullet That Has Fired from a Gun Can Pierce a Target Due to Its
__________?
a.

Heat energy

b.

Mechanical energy

c.

Acceleration

d.

Kinetic energy

Answer: (d)
Explanation
The kinetic energy of a body by the virtue of its motion is known as kinetic
energy. Any moving object can do work. Thus, a bullet that is fired from a gun
can pierce a target due to its kinetic energy.

Page 14 of 18

2. A Person Holds a Bucket by Applying a 10n Force. He Then Moves a
Horizontal Distance of 5m and Climbs up a Vertical Distance of 10m. Find
Out the Total Work Done by Him?
a.

100J

b.

150J

c.

50J

d.

200J

Answer: (a)
Explanation
s = 5m, F = 10N, and θ = 90°
Work done is given by, W1=F scos θ = 10 × 5 × cos 90° = 0
In the case of vertical motion, the angle between force and displacement is 0°
Here, F = 10N, s = 10m, and θ=0°
So, work done, W2 = 10 × 10 × cos0 = 100J
Therefore, the total work done = W1 + W2 = 100J.

3. A Gardener Pushes a Lawn Roller Via a Distance of 20m. If He Applies a
Force of 20kg Weight in a Direction Inclined at 60° to the Ground, Then
What Will Be the Work Done by Him? (g=9.8m/s )
2

a.

400J

b.

1960J

c.

250J

d.

2514J

Answer: (b)
Explanation
F = 20kg wt = 20 × 9.8N, s = 20m, and θ = 60°
W = Fscosθ = 20 × 9.8 × 20 × cos60°

Page 15 of 18

So, W = 1960J.

4. When a Working Coolie Walks on a Horizontal Platform Having a Load on
His Head, the Work Done by Him on the Load is Zero. Identify the
Statement True or False?
a.

False

b.

True

Answer: (b)
Explanation
When a working coolie walks on a horizontal platform with a load on his head, he
applies force in the upward direction, which is equal to its weight. The loaddisplacement is along the horizontal direction. Thus the work done by him on the
load is zero.

5. The Work Done by the Centripetal Force for a Body Moving in a Circular
Path is __________?
a.

Negative

b.

Zero

c.

Constant

d.

Positive

Answer: (b)
Explanation
For a body that moves in a circular path, the displacement and the centripetal
force are perpendicular to each other. Thus, the work done or accomplished by
the centripetal force is zero.

6. When a Cylinder Filled With Gas is Fitted With a Movable Piston is
Allowed to Expand, Then the Work Done by the Gas is Positive. Identify the
Statement True or False?
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a.

True

b.

False

Answer: (a)
Explanation
When a gas that is filled in a cylinder fitted with a movable piston is allowed to
expand, the work done by the gas results positively, because of the force due to
the displacement and gas pressure act in the same direction.

7. What is the Average Power Required to Lift a Mass of 100kg to a Height
of 50m in 50 Seconds?
a.

100

b.

980

c.

50

d.

5000

Answer: (b)
THE RATE OF WORK DOING IS CALLED :
A: VELOCITY
B: ACCELERATION
C: POWER
D: MOTAY
Answer: C

The work will be positive ,of the angle between force and displacement is
A: 90
B: 180
C: 60
D: 0
Answer: D
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1Kw = ________ watts
A: 10
B: 100
C: 1000
D: 0.001
Answer: C
Whenever work is done on an object, it gains
A: Force
B: Power
C: Sweat
D: Energy
Answer: D
The SI unit of enery is
A: Joule
B: Metre
C: Newton
D: Time
Answer: A

The capability of doing some work is called
A: Power
B: Work
C: Energy
D: None
Answer: C

Power is the product of ______ and _______
A: Force
B: Velocity
C: Both
D: Non of them
Answer: C
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