


15th June, 2020                JESUS AND MARY SCHOOL AND COLLEGE               MODULE 4
CLASS X
PHYSICS
WORK, POWER AND ENERGY
INTRODUCTION
Dear Students, in the previous modules we studied the chapter Force. In this module, we are going to start the chapter WORK, POWER AND ENERGY. Here, in this module we will be studying WORK and POWER in details, while learning the basics about ENERGY. So let us start. Happy Learning!
WORK
Work is a concept that helps us understand and interpret many natural phenomena. What is work? There is a difference in the way we use the term ‘work’ in day-to-day life and the way we use it in science.  To make this point clear let us consider a few examples.
NOT MUCH ‘WORK’ IN SPITE OF WORKING HARD!
Kiran is preparing for examinations. She spends lot of time in studies. She reads books, draws diagrams, organises her thoughts, collects question papers, attends classes, discusses problems with her friends, and performs experiments.  She expends a lot of energy on these activities. In common parlance, she is ‘working hard’. All this ‘hard work’ may involve very little ‘work’ if we go by the scientific definition of work.
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You are working hard to push a huge rock. Let us say the rock does not move despite all the effort. You get completely exhausted. However, you have not done any work on the rock as there is no displacement of the rock.
You stand still for a few minutes with a heavy load on your head.   You get tired. You have exerted yourself and have spent quite a bit of your energy. Are you doing work on the load?  The way we understand the term ‘work’ in science, work is not done.
SCIENTIFIC CONCEPTION OF WORK
To understand the way we view work and define work from the point of view of science, let us consider some situations:
Push a pebble lying on a surface. The pebble moves through a distance. You exerted a force on the pebble and the pebble got displaced. In this situation work is done.
A girl pulls a trolley and the trolley moves through a distance.  The girl has exerted a force on the trolley and it is displaced. Therefore, work is done.
Hence, we can say that “Whenever a force is applied on a body and the body is displaced from the initial state or position, work is done.” This work is done only when body is displaced under the influence of applied force. If there is no displacement of the body even when a force acts on it, work done is zero.
Thus work is done only when body is displaced under the influence of force.
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EXAMPLES:
1. A man while pushing or pulling a body in order to put it in motion
2. A horse pulling a cart
3. A coolie lifting a load
4. A man climbing the stairs
5. A vehicle moving on a road
MEASUREMENT OF WORK 
Work done upon a body or by a body or an external agent is dependent upon two factors i.e., the magnitude of the force and the displacement of the body. More work is done for more force for a given displacement and vice-versa i.e., more id displacement, more work is done for a given force.
Mathematically,  

W =
Thus,
The amount of work done by a force is equal to the product of the force and the displacement of the body in the direction of the applied force.
[image: ]
In the figure above, suppose a force F is applied on the body in a horizontal direction and let the body is displaced by a displacement ‘s’  in the same direction, then the work done is,
  W =
If F=0 or s=0 or both F and s are zero, then W=0 i.e., no work is done.
· Force and displacement are vector quantities while work is a scalar quantity.
When Force Acts at Some Angle with the Displacement
Let a force of magnitude F acts on body (shown in the figure) in such a way that its line of action is along OA and the body is to be displaced along OB (parallel to ground).
[image: ]
The work done = component of force along OB × displacement along OB
W = F cos θ . s
Or      W = = scalar product
Where s is displacement along OB and θ is the angle which force F makes with OB.
In the right angle triangle OBA
					cos θ = 
					or     OB = OA cos θ = F cos θ
i.e., component of force F along OB = force along OA × cosine of angle between OA and OB.
Special cases:
(i) If θ = 0̊ i.e., force is in the direction of displacement or vice-versa.
W = F s cos θ = F s cos 0
W = F s = maximum                                      (cos 0̊ = 1)
Work done is considered to be positive when θ is less than 90̊.
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Example:Work done by gravitational force in free fall of a body, W = mgh, where mg is the weight of the body and h is height from the ground.
(ii) If θ = 90̊ i.e., force is perpendicular to the displacement then
W = F s cos 90̊ = 0                                               (cos 90̊ = 0)
Work done in this case is considered to be zero.
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Examples: 
a) When a coolie moves on a platform carrying load on his head, work done is zero, as the angle between the load and displacement is 90̊. Therefore no work is done.
b) No work is done by a centripetal force on a body moving along a circular path, reason being the 90̊ angle between centripetal force and displacement.

(iii) If θ = 180̊ i.e., the direction of force and displacement are exactly opposite to each other, then,
W = F s cos 180̊ = -F.s
i.e., the work done is negative. This happens when force is applied opposite to the 	displacement or when force opposes to the motion of the body.
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Examples: 
a) Work done by the force of friction.
b) Work done by the gravitational force on a body thrown in upward direction.
c) Work done in lifting a body with the help of a single fixed pulley.
Graphical Method to measure Work
The graphical method of measuring work is a very simple one. We just have to calculate the area enclosed by the force-displacement graph.
Examples: 
[image: ]
a) Let a constant force F displaces a body by distance s as shown in the graph above.
W = F.s = area enclosed
[image: ]
b) Let a variable force displace a body as shown in the graph above.
Work done =  F.s = area enclosed
UNITS OF WORK
A) S.I. Unit:The S.I. unit of work is joule.
W = F.s
1 joule = 1 newton × 1 metre
One joule is the work done by a force of one newton in displacing a body by one metre.
B) C.G.S. Unit: The C.G.S. unit of work is erg.
1 erg = 1 dyne × 1 cm
One erg is the work done by a force of 1 dyne in displacing a body by one centimetre.
Relation between joule and erg
				1 J = 1 N × 1 m
		We know that, 1 N =  dyne and 1 m = 100 cm
				1 J =  dyne × 100 cm
				1 J =  dyne cm
				1 J =  erg
SOLVED NUMERICAL PROBLEMS
EXAMPLE 1
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EXAMPLE 2
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WORKSHEET NO. 4
Answer the following questions:
1. Define work. Write its SI unit.
2. If force acts perpendicular to the direction of motion of a body, what is the work done?
3. Give examples of negative and zero work done.
4. How much work is being done by a man pressing a rigid wall?
5. Give an example of zero work done when the displacement is no zero.
6. Establish a relation between joule and erg.
Numerical problems:
1. A horizontal force of 10 N is required to maintain a velocity of 2 m/s on a box of mass 20 kg over a plane surface. How much work is done by the force in 1 minute?
2. The given figure shows force and displacement graph of a particle. Calculate the work done by the particle.
3. A man of mass 40 kg runs upstairs and reaches the roof at a height 8 m in 5 seconds. Calculate:
i) Force of gravity on man.
ii) Work done by man against gravity.
iii) Power spent by man. (g=10 m/s²)
4. A man pulls a roller with a force of 60 N through a distance of 50 m. Calculate the work done if the handle of the roller makes an angle of 60 with the ground.

Note:-  Please do this work in your copies which will be checked when the school reopens. 		Please consider this important.


[bookmark: _GoBack]**********************************




image3.jpeg
P

-





image4.jpeg




image5.jpeg
Direction of
motion





image6.jpeg




image7.jpeg
F=mg

T Direction
of motion




image8.jpeg




image9.jpeg




image10.jpeg
A man weighing 500 N moves upstairs upto a flight of 30 steps, each 20 cm highZin 10:séconds.
Calculate power of man.
Total height= 30 x 20 = 600 cm

=6m
W = Fs =500 x 6 = 3000 J
Work
Power = —
Time
_ 3000
5240

= 300 watt.
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