KUSAL ACADEMY

WORK, ENERGY & POWER

( WORK DONE )
W= IdW = J‘lf.dF = IFdrcosG
[where 0 is the angle between F & dr]

For constant force W = F.d = Fdcos0
For Unidirectional force

W= .[dW = J Fdx = Area between

L F-x curve and x-axis.

J
( NATURE OF WORK DONE )
Although work done is a scalar quantity, yet its value may be positive, negative or even zero
Negative work Zero work Positive work
E F F
. i L
0909 E: 3 S
(0= 909 (< 907
S
S J mg
- o = S Y
f '
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: f=friction force
Work done by gravity mg = 100 N Work done by friction
(6=180°) Asf=F hence S=0 force on block A (6=0°)
N\
( WORK DONE BY VARIABLE FORCE (Calculation of work done from force-
A force varying with position or time is known displacement graph :
as the variable force B
. A 4 A ds Total work done,
F =Fxi + Fyj + Fzk 0 2
dS = dxi + dyj + dzk A W =" Fdx
| 1
B XB B zB
W, = J'F dS _ I Fxdx + J. Fydy + Idez = Area of P,P,NM
L A XA va A ) \_ _J
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( .
Conservative Forces

( Kinetic energy h
e Theenergy possessed by a body by virtue of
its motion is called kinetic energy.
K= %mv2 = %m((lf})
e Kinetic energy is a frame dependent
quantity.
. J
(7 )
Work energy theorem (W = AKE)
Change in kinetic energy = work done by all force
. du
For conservative force F(x) = dx
kChange in potential energy AU = — [ F(x)dx )
~

Work done does not depend upon path.
Work done in a round trip is zero.

Central forces, spring forces etc. are conser-
vative forces

When only a conservative force acts within a
system, the kinetic energy and potential energy
can change into each other. However, their sum,
the mechanical energy of the system, doesn't
change.

Work done is completely recoverable.

If F is a conservative force then ¥ «xE =0

(i.e. curl of F is zero)

Non-conservative Forces

Work done depends upon path.
Work done in a round trip is not zero.

Forces are velocity—dependent & retarding in
nature e.g. friction, viscous force etc.

Work done against a non—conservative force may
be dissipated as heat energy.

Work done is not recoverable.

POTENTIAL ENERGY

\/

of )

i)
°

-

The energy possessed by a body by virtue of its
position or configuration in a conservative force
field.

Potential energy is a relative quantity.

Potential energy is defined only for conservative
force field.

Potential energy of a body at any position in a
conservative force field is defined as the external
work done against the action of conservative
force in order to shift it from a certain reference
point (PE = 0) to the present position.
Potential energy of a body in a conservative force
field is equal to the work done by the conservative
force in moving the body from its present position
to reference position.

At a certain reference position, the potential
energy of the body is assumed to be zero or the
body is assumed to have lost the capacity of doing
work.

Relationship between conservative force field and
potential energy :

F=-VU=-gradU) = ~——i-—j-—Kk

If force varies with only one dimension (say along
x-axis) then

du ot
F=—===dU = -Fdx = [dU=-[Fdx
dx 0,

SEET

Potential energy may be positive or negative or
even zero

X
T Repulsion forces
U+ve
U-ve r—s»
l Attraction forces
J/

Potential energy is positive, if force field is
repulsive in nature

X1

Ve
\

Potential energy is negative, if force field is
attractive in nature

If r T (separation between body and force centre),
U 7, force field is attractive or vice—versa.

If r T, U |, force field is repulsive in nature.
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(Potential energy curve and equilibrium )
It is a curve which shows the change in potential
energy with the position of a particle.
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Stable Equilibrium :
After a particle is slightly displaced from its
equilibrium position if it tends to come back
towards equilibrium
then it is said to be in stable equilibrium.

d
At point A : slope —— is negative so F is positive

dx
. du | " ) .

At point C : slope o s positive. so F is negative

At equilibrium F=-3Y _¢
dx

At point B : it is the point of stable equilibrium.
2

AtpointB:U=U | CI—U=0&d LZJ = positive
min * - dx dx

Unstable equilibrium :
After a particle is slightly displaced from its
equilibrium position, if it tends to move away
from equilibrium position then it is said to be
in unstable equilibrium.

At point D ax

: slope is positive so F is

du
negative ; At point G : slope %4 is negative

so F is positive

At point E : it is the point of unstable equilibrium;

dU d’U

At point E U=Um‘“’d_x= 0 and pva

negative

- )

Neutral equilibrium

After a particle is slightly displaced from its equilibrium position
if no force acts on it then the equilibrium is said to be neutral
equilibrium.

Point H corresponds to neutral equilibrium = U = constant

U
’ dx O dx?
Law of conservation of Mechanical energy

Total mechanical (kinetic + potential) energy of a system
remains constant if only conservative forces are acting
on the system of particles or the work done by all other
forces is zero. From work energy theorem W = AKE
Proof : For internal conservative forces W, = -AU
So W=W_ +W,_ =0+ W_ =-AU=-AU=AKE
=A(KE+U) =0 =KE+U=constant
¢ Spring force F=—kx, Elastic potential energy stored

inspring UJ(x) = lkxz

+ Mass and energy are equivalent and are related by E
= mc?

0.

Power

 Power is a scalar quantity with dimension M!L2T-3

¢ Sl unit of power is J/s or watt

¢ 1 horsepower = 746 watt = 550 ft-lb/sec.
Average power : P = W/t
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4 ™
dW Fdf - KEY POINTS
Instantaneous power : P = T d—r =Fv
t t A body may gain
kinetic energy
fig-(a) fig.(b) fig.(c) and potential
work energy
W, simultaneously
a
o ET | AW because principle
5] w
%T ! ! of conservation of
Q. ! At
0 I time mechanical
. t_>1me t t, energy may not
dt  fime instantaneous power average power be valid every
W=IPdt podw_ pp WeW, _aw ;
=g ~tan * Lt T At ime.
Comets move
= d, . dv _dm i
e For asystem of varyingmass F = —(mv) =m—+V— around the sun in
dt dt dt elliptical orbits.
= _dm - dm .
e If § =constantthen F=v T then P=Fi=v’ & The gravitational
force on the
¢ In rotatory motion : P= rccll—? =10 comet due to sun
is not normal to
Output E; !
. Efficiency = M the comet's
nput Energy ;
\_ ) velocity but the

work done by the
gravitational force
is zero in
complete round
trip  because
gravitational force
is a conservative

force.

Work done by
static friction may
be positive
because static
friction may acts
the

direction of

along

motion of an

object.
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