
                                               DELHI MODERN PUBLIC SCHOOL PAMPORE 

SUBJECT: PHYSICS                                                                                                 TERM 1ST: STUDY MATERIAL 

CLASS: 9TH                                                                             CHAPTER NAME: WORK, POWER AND ENERGY 

                                                                        PHYSICS 

DAY 1: 

INTRODUCTION 

So far we have described the motion of an object when the force acting on it is constant. This has 

been done by applying Newton’s second law of motion. But in most physical phenomena, the forces 

acting on objects are not constant and, in fact, depend on their positions. Such forces include the 

gravitational force or the force exerted by an object attached to a spring. To deal with such 

situations, we shall develop general methods by introducing the concept of work done by a force as 

the object on which it acts moves from one place to the other. The concept is closely related to the 

concept of energy. In fact, the concept of work provides a link between force and energy. Although 

this approach gives the same results as are given by Newton’s laws, the general ideas of work energy 

can be applied to a wide range of phenomenon in different fields of physics. Further from the 

practical point of view, it is important to known not only the work done on an object but the rate at 

which it is being done. And this involves the concept of power. 

WORK 

The intuitive meaning of work is quite different from the scientific definition of work. In everyday 

acitivity, the term work is used equally for mental work and for physical work (involving muscular 

force) as is clear from the following examples: 

(i) you may read a book or exert yourself mentally in thinking about a simple or difficult problem. 

(ii) you may be trying hard to move a huge rock which does not move despite your best efforts, 

though you may get completely exhausted in the process.  

In all these cases, according to scientific definition you are not doing any work. 

In physics, the term work is used in a special technical sense and work is said to be done when a force 

is applied on the object and the object is displaced from its original position.  

                                                   Work done = Force Applied x Distance 

For example: 

(i) when a box is pushed on a floor by applying a force and it moves through some distance, work is 

said to be done. In this case, the applied force displaces the box. 

(ii) when we pull a trolley by applying a force and it moves through some distance, work is again said 

to be done. 

 



 

WORK DONE BY A CONSTANT FORCE 

The direction of the displacement of an object and the direction of the force can have different 

relations with each other. The directions of the force and the displacement may be: 

(i) same  

(ii) opposite 

(iii) perpendicular to each other 

(iv) there may not be a displacement at all. 

DAY 2 

(i)  when force is acting in the direction of displacement: 

Consider a block placed at a point P and acted upon by a constant force F as shown below. The block 

is displaced through a distance s to a new position Q. The work done W by the force F is equal to the 

product of the force and the displacement s, i.e., 

                                                       W = Fs 

  

 

(ii) when force is acting in a direction opposite to the displacement: 

In case, the force F is acting opposite to the displacement s of a body in motion as shown below. The 

work done is negative. 

                                                       W = -Fs 

This happens when the object is moving in one direction while the force is acting in the opposite 

direction, i.e., the force is retarding the motion.  For example, the work done by the frictional force 

(which usually acts in a direction opposite to that of the displacement) is negative. Further, if an 

object is thrown up, its displacement is in the upward direction, whereas the force acting on it due to 

Earth’s gravity is in the downward direction. The work done by gravity on an object thrown upwards 

is negative. 

                                

 

 

 

 



 

(iii) when force is acting perpendicular to the displacement: 

In this case, the force F applied is perpendicular to the displacement as shown below. Obviously, 

there is no displacement in the direction (parallel) to the force. Work done in this case is zero. i.e, 

                                                                  W=Fx0=0 

 

 

 

 

 

(iv) when is causing no displacement. 

In this case, s = 0 and as such 

                                         W=FXs = 0 

This happens when one may be holding a heavy weight. In this case, there is simply a force but no 

displacement. Further, no work is done when one may be pushing a rock and is unable to move it.  

It should be noted that work has only magnitude and no direction and therefore is a scalar 

quantity. However it may positive, negative or zero. 

SI UNIT OF WORK: 

As we know,    Work done = Force x Displacement 

                                              = Newton x metre 

                                             = Nm 

                                            = Joule 

Thus, the SI unit of work is Joule. 

One joule of work is said to be done on an object when a force of one Newton displaces it by one 

metre along the line of action of the force. 

1 joule = 1Newton x 1metre 

Further,  1 Kilojoule (1 KJ) = 1000J                                             1 mega Joule (1MJ) = 106 J 

 

 



 

Numerical  

1. Find the amount of work done by a labourer who carries n bricks of m kilogram each to the roof of 

a house h meter high by climbing a ladder. (Do it Yourself) 

2. A man weighing 70 kg carries a weight of 10 kg on the top of the tower 100 m high. Calculate the 

work done by the man. ( g= 10 m/s2). (Do it Yourself) 

 

DAY 3 

SCIENTIFIC CONCEPTION OF ENERGY 

As per physics, Energy of an object is defined as its capacity for doing work and it is measured by the 

total quantity of work it can do. Or in other words, energy is the ability to do work (stored work). For 

example:  

(i) Compressed air in a cylinder causes the motion of the piston in it and thus perform work. 

(ii) A raised hammer drives the nail into a piece of wood when it strikes the head of the nail and in the 

process performs work. 

 

In general, anybody, whether animate or inanimate, which is able to perform work, is said to possess 

energy. 

Also, when an object does work, its energy decreases. On other hand, if work is done on the object, 

its energy increases. This means that there is always a transfer of energy whenever work is done. 

Thus, work and energy are related to each other. 

SI UNIT OF ENERGY 

Since the energy possessed by a body is measured in terms of its capacity of doing work, the unit of 

energy is, therefore, the same as that of work, i.e., Joule. 

One Joule is the energy required to perform I Joule of work. 

Bigger unit of energy are: 1kJ = 1000J,    1MJ = 106J 

KINETIC ENERGY  

Kinetic energy of an object is defined as the energy which it possess by virtue of its motion, and is 

measured by the amount of work that the object can do against an opposing force before it comes to 

rest. Kinetic energy of an object moving with a certain velocity is equal to the work done on it to 

enable it to acquire that velocity. 

 



 

For example: 

(i) A ball rolling on a surface because it can set another ball into motion by striking it. 

(ii) A bullet fired from a gun as it is able to penetrate some distance into a target which it strikes. 

(iii) Water in motion as it can turn a wheel or a turbine. 

(iv) A falling body as it can break something on which it falls. 

 

DAY 4 

EXPRESSION FOR KINETIC ENERGY 

Consider an object of mass m which is moving with an initial velocity u on a perfectly frictionless 

surface. Let a constant external force F act on it and produce an acceleration a in it as shown. 

 

                                                   

 

If v is the final velocity of the object after having undergone a displacement s, then from 

                                             v2- u2 = 2as 

 𝒔 =
𝒗𝟐 −  𝒖𝟐

𝟐𝒂
  ……………………………………… . .𝟏 

Work done by the force in displacing the body through s, i.e., 

                                            W= F x s....................................................2 

We know from Newton’s second law of motion, 

                       



                                           

   F = ma ...........................................................3 

From equations 1, 2 and 3 , we get, 

 

𝒘 = 𝒎𝒂 ∗  
(𝒗𝟐 −  𝒖𝟐)

𝟐𝒂
 

𝒘 = 𝒎 ∗  
(𝒗𝟐 −  𝒖𝟐)

𝟐
 

𝒘 = 𝒎 
𝒗𝟐

𝟐
−𝒎

 𝒖𝟐

𝟐
………………………………… . .𝟒 

If the object is initially at rest, u =0 and as such from equation 4. 

𝒘 = 𝒎
𝒗𝟐

𝟐
 

This work done w is enabling the object to acquire a velocity v after  starting from rest has not gone 

waste and is, in fact, stored in the object as its kinetic energy. 

Therefore,             EK  = W = 𝒎
𝒗𝟐

𝟐
 

Thus, kinetic energy of a moving object is defined as half the product of the mass of the object and 

the square of the speed of the object. 

Numerical 

3. Find the mass of the body which has 5 J of kinetic energy while moving at a speed of 2m/s2. (Do it 

Yourself) 

4. A bullet of mass 20 g moving with a velocity of 500 m/s, strikes a tree and goes out from the other 

side with a velocity of 400 m/s. Calculate the work done by the bullet in joule in passing through the 

tree. (Do it Yourself) 

 

DAY 5 

POTENTIAL ENERGY 

The energy possessed by an object by virtue of its position or configuration is called its potential 

energy. It is measured by the work that the object can do in passing from its present position or 

configuration to some standard position or configuration (known as zero position or zero 

configuration). Potential energy is also termed as configuration energy or mutual energy. 

 

 



 

For example 

(i) Potential energy due to position:  

 A lifted weight as it can do work when it falls down under gravity. 

 Water stored in reservoirs. 

(ii) Potential energy due to configuration 

 A coiled spring in case of a watch, a toy or a gramophone. 

 Compressed gas in a cylinder. 

 A stretched bow. 

 

POTENTIAL ENERGY OF AN OBJECT AT A HEIGHT 

We know that every object on the surface of the Earth is attracted by the Earth. If an object has a 

mass m, it will experience a force that it called the weight (w=mg) of the object which acts vertically 

downwards. For all practical purposes, we assume that the value of g remains constant near the 

surface of the Earth, so that the weight of the object remains constant. 

To move this object upwards from A to B through a distance h, we must apply a force F upwards 

where F = mg as shown below. 

                                                                

 

Work done by the force F, i.e., W = Fh = mgh. 

This work done on the object which changes its position is called the gravitational potential energy. 

Further this work done not go waste and instead is stored in the object in the form of its potential 

energy. If the potential energy of the body is denoted by Ep then, 

                                                                      Ep = W = mgh 

 

 

 



 

Numerical  

1. An object of mass 1 kg is raised through a height h. Its potential energy increases by 1 J. Find the 

height h. (Do it Yourself) 

2. A rocket of mass 3000000 kg takes off from a launching pad and acquires a vertical velocity of 1 

km/s and an altitude of 25 km. Calculate its potential energy and kinetic energy. (Do it Yourself) 

DAY 6 

LAW OF CONSERVATION OF ENERGY 

Law of conservation of energy states that energy can only be converted from one form to the other; it  

can neither be created nor destroyed and as such the total energy in this Universe remains constant. 

This law is true for all situations and for all kinds of transformations. There is no general  proof to this 

law but it has been verified in many cases and as such is accepted as true. This law was first stated by 

Robert Mayor, a German Physicist in 1842 and was firmly established by Helmholtz. 

LAW OF CONSERVATION OF MECHANICAL ENERGY IN CASE OF A FREELY FALLING BODY 

The sum of the kinetic energy and the potential energy of an object is called its total mechanical 

energy. Let us consider a body of mass m placed at A as shown below: 

                                                          

 

Let  h = AB = height of the body above the ground. 

      s= distance of any point C from A. 

     g = acceleration due to gravity at that place. 

     v1 = velocity of the body at C 

      v  = velocity of the body at B, a point just above the ground. 

The velocity at the Point A is zero, i.e., u = 0. 

 

 



 

(i) At the point A 

Potential energy at A, i.e., EPA = mgh 

Kinetic energy at A, i.e., EkA = 0 

Total mechanical energy at A, i.e., EA =  EPA + EkA 

                                                                 = mgh + 0 

                                                                 =  mgh .......................................................................1 

(ii) At the point C, when the body moves from A to C, it covers a distance s. If v1 is the velocity at C, 

the from 

                                             v2- u2 = 2as, we get 

                                             v1
2- 02 = 2gs               (v = v1, u = 0, a = g) 

                                             v1
2 = 2gs 

kinetic energy at C, i.e.,  Ekc = 1/2m v1
2 = 1/2m (2gs) = mgs 

potential energy at C, i.e., EPc = mg(h –s) 

Total mechanical energy at A, i.e., Ec =  EPc + Ekc 

                                                                 =mg(h-s) + mgs 

                                                                =mgh ............................................................................2 

(iii)   At the point B 

                                From    v2- u2 = 2as, we get 

                                             v2- 02 = 2gh              (v = v, u = 0, a = g, s =h) 

                                             v2 = 2gh 

kinetic energy at C, i.e.,  Ekc = 1/2m v2 = 1/2m (2gh) = mgh 

potential energy at C, i.e., EPc = 0 

Total mechanical energy at A, i.e., Ec =  EPc + Ekc 

                                                                 =0 + mgh 

                                                                =mgh  .........................................................................3    

 



 

From 1,2 and 3, EA = EB + EC 

Clearly, the total mechanical energy of the body at A, B and C (also at any other point in the path AB) 

is the same. Thus, we find that the total mechanical energy of the body throughout the free fall is 

conserved. As the body falls down, the potential energy goes on decreasing whereas the kinetic 

energy goes on increasing. We have neglected the effect of air resistance on the motion of the body. 

DAY 7 

POWER  

Power of an agent is defined as the its rate of doing work. Power is infact, rate of transfer of energy. 

If an agent does a work W in time t, then its power P is given by; 

 𝑷 =
𝑾

𝒕
…………………………………… . .1 

We know that,  W = F x s ....................................................2 

From 1 and 2, we get 

𝑷 =
𝑭𝒙𝒔

𝒕
…………………………………… .3 

But s/t = v (velocity) 

Therefore, P = F v 

𝑷 =
𝒘𝒐𝒓𝒌

𝒕𝒊𝒎𝒆
= 𝑓𝑜𝑟𝑐𝑒 𝑥 𝑣𝑒𝑙𝑜𝑐𝑖𝑡𝑦  

AVERAGE POWER 

If an agent or machine, operates steadily, performing the same amount of work every second, the 

power it delivers is constant. But if it works irregularly, its power fluctuates from moment to 

moment. In such a case, we talk of the average power of the agent which is defined as follows 

𝑷 =
𝑻𝒐𝒕𝒂𝒍 𝑾𝒐𝒓𝒌 𝑫𝒐𝒏𝒆

𝑻𝒐𝒕𝒂𝒍 𝑻𝒊𝒎𝒆 𝑻𝒂𝒌𝒆𝒏 
 

SI UNIT OF POWER 

The unit of power is watt (W) and is named in honour of James Watt (1736 – 1819) 

The power of an agent is said to be 1 watt if it can work at the rate of one joule in one second. 

 

 

 



 

𝟏 𝒘𝒂𝒕𝒕 =
𝟏 𝒋𝒐𝒖𝒍𝒆 

𝟏 𝒔𝒆𝒄𝒐𝒏𝒅 
 

Other units are Kilowatt ( 1 KW = 1000W)  and Horse Power (1hp = 746W) 

DAY 8 

COMMERCIAL UNIT OF ENERGY: KILOWATT HOUR (KWh) 

 To express large quantities of energy, a joule is found to be very small and as such as inconvenient 

unit. For this purpose, a bigger unit of energy, called a kilowatt hour (kWh) is used. 

One kilowatt hour is the amount of energy consumed ( or work done) by an agent in one hour 

working at a constant rate of one kilowatt. Clearly, 

1 KWh = 1 KW x 1h  

            = 1000W x 3600s 

           = 3600000 J 

          = 3.6 x 106 J 

         = 3.6 MJ  

A kWh, also called BOTU (board of trade unit) or simply unit, is used in households, industries and 

commercial establishments for measuring electric energy consumption. For example, if an electric 

heater of 1 kWh power is used for 2 hours, it consumes 2 KWh or 2 units of electric energy. 

Numerical 

1. Calculate the units of energy consumed by 100 W electric bulb in 5 hours. (Do it Yourself) 

2. A lift is designed to carry a load of 4000 kg through 10 floors of a building, averaging 6m per floor, 

in 10 s. Calculate the power of  the lift. (Do it Yourself) 

 

 

 

 

 

 


