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WORK , ENERGY AND POWER
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WHAT WILL WE STUDY ?

* Concept of Work v

* Energy v

.V, v,
 Kinetic and Potential Energy

# * Conservation of Energy
* Power v

e Collisions v/

e Levers (/\IM)

W\/
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CONCEPT OF WORK
 Work done by the force is equal to the product of the force and the displacement of
> P
the object in the direction of force. d .~ 7

PR

-

* |t is a Scalar Quantity. Its Sl unit is Nm or Joules.
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Work done by a force 1s zero, 1f (ki mE— X ”’) horfer rolaliny

(2) body is not displaced actually, ie. s=0. (7 = Afm*s™)
(b) body 1s displaced perpendicular to the direction of force, i.e.
0 =90°,
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WORK DONE

 Work done by a variable force F = Area under Force — Displacement graph

Force A

— Displacement

Work done = Area ABCDA

* Work done in displacing any body under the action of a numberg_[forcgs is equal to

e —

the work done by the resultant force. In equilibrium (static or dynamic), the resultant

force is zero, therefore resultant work done is zero.

L
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WORK DONE

* If work done by a force during a rough trip of a system is zero, then the force is

conservative otherwise it is called non-conservative force.

e All the central forces such as Gravitational and Electrostatic Forces are

conservative forces.

* Frictional force, viscous force etc are non-conservative forces.

eondevvehive | Gra vitahona/ Forces

hon - Congeryafrv
Cenfra/ Clectrostahle  Forcus
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WORK DONE

* Work done by the force of gravity on a particle of mass m is given byw

where, g is acceleration due to gravity and h is height through which the particle is

displaced. Wope - U"W\ wu&%ﬁ a]f yuoy

* Work done in compressing or stretching a spring is given by“= - 1 kx?

where, k is spring constant and x is displacement from mean position.

—YLm | — £

Mean
Postim, |
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ENERGY

* Energy of a body is its capacity of doing work.

e Itis a scalar quantity. Its Sl unit is Joule.

| P S

* There are several types of energies, such as kinetic energy , potential energy,

chemical energy, light energy, heat energy, sound energy, nuclear energy

and electric energy etc.
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KINETIC ENERGY

* The energy possessed by any object by virtue of its motion.

2k = myl
m(ak) :m(mv”)

Amk = My’

Qrok -~ (mv)i
a?lYJk o /9?'
K 2 Pp‘/lﬂ)

\J
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““. /
v 3 ! ‘
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Airplane flying

\
7

Windmill rotating

Woman cycling

£

N

Boy skateboarding

Car moving

-
1

y
Boy kicking a ball

where m = mass of the object, v is its velocity and

p = mvis momentum.
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POTENTIAL ENERGY

* The energy possessed by any object by virtue of its position or configuration.

Roller coaster at
its highest point

Apples on a tree

A slingshot being pulled

* Potential energy is defined only for conservative forces.

EXAMS
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TYPES OF POTENTIAL ENERGY

1. Gravitational Potential Energy :

work done, W =force x displacement
=mgxh
= mgh

———————>
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TYPES OF POTENTIAL ENERGY

2. Elastic Potential Energy :

Static

Compressed

4
Stretched

(/mrabo/r'c)

4

PE o A

ke enthanf

K

(’/ow‘nj C;onﬂ/‘anf/

If a spring of spring constant k is stretched through a distance x,

then elastic potential energy of the spring = 1 kx?

2
A
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EQUILIBRIUM

* |f the forces acting on an object are conservative , and the net external force on

the object is zero, the object is said to be in equilibrium.

= Stable Equilibrium : An object is said to be in stable equilibrium, if on slight

displacement from equilibrium position, it has the tendency to come back.

= Unstable Equilibrium : An object is said to be in unstable equilibrium, if on

slight displacement from equilibrium position, it moves in the direction of
displacement.
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EQUILIBRIUM

= Neutral Equilibrium : An object is said to be in neutral equilibrium, if on

displacement from its equilibrium position, it has neither the tendency to move

in direction of displacement nor to come back to equilibrium position.

Stable Unstable Neutral

N
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WORK - ENERGY THEOREM

 Work done by a force in displacing a body is equal to change in its kinetic energy.

Ua ]_ 9 ]_ ¢
1% =hﬁ\{;@:5 mus - mv; =K - K; = AKE

i.____-y V; 7 V?—
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OTHER FORMS OF ENERGY

1. Heat Energy : A body possess heat energy due to the disorderly motion of its

molecules.

2. Chemical Energy : Chemical energy is stored in the chemical bonds of atoms and
molecules.

3. Electrical Energy : It is the energy which is associated with the flow of electric
current.

4. Nuclear Energy : It is the binding energy of the nucleus of an atom.
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PRINCIPLE OF CONSERVATION OF ENERGY

* Energy can neither be created nor be destroyed, it can only be transferred from one form
to another form.

EXAMS

* For conservative forces, the total mechanical energy (sum of kinetic and potential
energies) of any object remains constant.

>
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POWER

* The rate at which work is done by a body or energy is transferred.
\—N—W‘-M.___\__‘___,

Work done — 7

Time taken }— ¢

Power = Rate of doing work =

* Power is a scalar quantity. Its Sl unit is watt.J

* Its other units are kilowatt and horse power.
* 1 kilowatt = 1000 watt .~

kfm%"zxs'/
25__5

* 1 horse power = 746 watF/ WAl = mg./

If under a constant force F a body is displaced through a distance s in

: 14 s
time ¢, then the power P =— = v

t [t/
But 5 = v, uniform velocity with which body 1s displaced.

t ———
P=F-v=Fuvcos0

where, 0 1s the smaller angle betwee\rm V.
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COLLISION

* Collision between two or more particles is the interaction for a short interval of

time in which they apply relatively strong forces on each other.

* There are two types of collision : Elastic and Inelastic

N A e N —ta
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ELASTIC COLLISION

* The collision in which both the momentum and the kinetic energy of the system
- N AN -
remains conserved.

L

* In an elastic collision, all the involved forces are conservative forces and total

energy remains conserved.
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INELASTIC COLLISION

* The collision in which only the momentum remains conserved but kinetic energy

==

does not remain conserved are called inelastic collisions.

* In an inelastic collision, some or all the involved forces are non-conservative

forces.

* Total energy of the system remains conserved.
—_——
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Coefficient of Restitution or Resilience (e)

* The ratio of relative velocity of separation after collision to the relative velocity of
approach before collision.

It is represented by e and it depends upon the material of the colliding bodies.

For a perfectly elastic collision,e=1

For a perfectly inelastic collision (If after the collision two bodies stick to each
other), e=0 _-

For all other collisions, 0 < e < 1.

N
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LEVERS

EXAMS

* Levers are the most basic machines which are used to do some work with

minimal effort. A lever amplifies an input force to provide a greater output force, which

—— o — ~———

is said to provide@
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LEVERS

EXAMS

* Load (L): Load is a resistive force that has to be overpowered by simple machines. The S.lI.

unit of Load is Newton (N).

 Effort (E): Effort is the external force used to pull off a load on a simple machine. The S.I. unit

of effort is Newton (N).

. P[ivot: It is the support given at a point. ' '{oaq’

0y Fulerum

Eﬁ[a of
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TYPES OF LEVERS

First Class Second Class Third Class
Effort Effort Load
l Load l ‘t l Load l ‘l‘ Effort
Fulcrum —A Fulcrum — Fulcrum —A

/'
Example Example Example

Effort Load

Effort
= ~

Fulcrum

e

Fulf:run:l ? '
® \J

Effort___ \

Fulcrum

Load —
D

@

EXAMS
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SUMMARY

e Concept of Work

EXAMS

* Energy

* Kinetic and Potential Energy

 Work Energy Theorem
e Conservation of Energy
* Power

* Collisions

 Levers
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