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PHYSICS

Work, Energy and Power

Part -3

Law of Conservation of
Mechanical Energy and Power
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LAW OF CONSERVATION OF
J 4 MECHANICAL ENERGY AND POWER

w Energy function or sum of kinetic and

potential energies of a particle remains
constant for conservative forces.
This principle is called law of

conservation of mechanical enerqgy.
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w According to work - energy theorem,

[AW = AK ..o (i

The work done on the body against the

forcefisiequal to increase init’s
potential energy.

From eq” (i) & (ii)
. —AK+AU=A0
i K+ U= Constant |
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Some examples :

w A body falling freely

A { A |
S
mg
B 5 h
1 1S
mg
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At point A :

U=mgh
1 1
KZE mv2=§m><0=0
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At point B :

U =mg (h-s)
1

K:Em\f2 S V2= U2+ 2@gs

v2 =0+ 23gs
V= 4/29s
1
K=—m(2Qs
3 (2gs)

K=mgs

M.E. =K+ U=mgs + mg (h-s) = mgh
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At point C:

CESEnai OIS0

K:%m\ﬂ vz =u? + 2gh
v2=0+2gh
vV =420s

K:%m(Zgh):mgh

M.E.=K+U=mgh ..cccooccore. (ii)

From eg" (i), (ii) and (iii)
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M.E. = mgh

. The total energy at earth’s surface = mgh
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w- It is clear that the sum of total energy
at each point in the path of freely
falling body in the three positions is

constant.
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w  When the body stops suddenly

theprit's kinetic energy converts

iInto-heat, sound and light.

after striking with earth’s surface, —=_

_—-—
—
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THE POTENTIAL ENERGY OF A SPRING

F,=0
(a) x=0
> Ji Iy S 7777 x=
x=0|

| F, 1s negative

I X is positive
e AT LT X

I— X—i

I
f—l I, 1s positive

| xis negative
|
(c) I
TR /J,!;;’X////,//x’ x

x=0




WH]@%WH(J{J&HE
| LET'S LEARN TOGETHER §




oY i missios
>LIpCa | Foundation W ussiongyan




Under CSR Support by i ;‘q .sf ( ('/5
©ZIpca | Foundation @issiongyan

(d)




©ZIpca | Foundation @ nissiongyan

w Suppose that we pull the block outwards
as in diagram. If the extension is X, -the

work down hy the spring force is

[T
Ws: _[Fsdx

L 0
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w Spring force is proportional to the
displacement of the block from the
equilibrium position.

F. x X

%S . -ka
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w Spring force is proportional to the
displacement of the block from the

equilibrium position.
|, I
UL S F. x X

L £ U
TFS = —ka
w  The constant k is called the spring constant :
Unit @

Dimension : [M'L°T-?]
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w The spring is said to be stiff if k is large

and soft if k is small.

m
Ws - I Fsdx
0
m
Ws - ,[ kxdx
0
1,2
WS — Ek)(m
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At the extreme position :

X =+ X,, and velocityv=0

'\_,.M—-r1 ————
K.E. = 2 mvZ=0
1\_,/’\/

U= > Kxg? = maximum

OG- e
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S"(AM

_[F=*"&t an intermediate position :

) ’j] E=K+U
= -~ L o | 1 "1
= Uz z ke = — mv? 4 — Kx?
. Yy B \Z
= =

At equilibrium position here x =0
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= = = Ki = O
=) \U=o 3 %ﬁv\

1
U==-K(02=0
= 2
1 1
IRV — KX 2
2 2

Maximum velocity v, = X, /ﬁ
1

g@missiongyan
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w  Graph of K.E., P.E. and total energy with
L < @ , the displacement:
[ E
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POWER

P= (Rake of dadp W™ ) o power is defined as the time rate at
—> Scafox” : : :
m E3d /48 which work is done or energy is

3 transferred.
O Loal}
— 4
wq pEur ?744%0:3

w  Power is a scalar quantity.

‘:-&p{ g@/LUnit : Watt = Joule - second-’
J
w Dimension : [M'L2T-3]
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Average power :

p- o mj AW
dF At

= d (fesa)
dt

Instantaneous power :

= FC&@ ) . : AW
/"%mﬁ% Pin=1lim e

E VCo-s@\f J“‘*«\i—

Sl
dt

dw =F.ds
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Other unit of power :
w The bigger units of power are kilowatt
(kw) and horse power (hp)
1 kw = 1000 watt or Tkw = 103w
1 harse power 746 watt or 1 hp = 746w

B S
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Relation between kwh and joule :

&
' 1 kwh =3.6 x 10° joule |
_L/

Elctnas oo,
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Mass - Energy Relation :

T’__.Efmcf L

Where C =3 x 108 m/s is the velocity

of light in vacuum.



Q. An elevator can carry a maximum load

A2 of 1800 kg (elevator + passengers) is
7 (g ¥ moving up with a constant speed of
J/ 2ms:.The frictional force opposing the
l{c?ﬁ"lﬂ\] S —
— = motioh is 4000 N. Determine the

minimum power delivered by the
motor to the elevator in watts as well

as in horse power.



EXAMPLE oo

Anwer : The downward force on the

elevator is F = (1800>< 10) +
4000 =(22000 Nj}

Theimotor must supply enough power

to batance this force. Hence,
P=Fv= 2000 2 44000 W =59 hp

_7‘76j]




LEARNING OUTCOMES o

Prove the principle of conservation of
mechanical energy with examples.




ASSESSMENT o

On applying a force F on a body, it gains
a velocity v, then power will be-

L
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D | F/V2




ASSESSMENT sz

A body is kept in motion along a straight
2 line by a machine of constant power.

Distance covered by the body in time t is
preportional to

- A t" B g
D PL | §= v
= B ts‘,{{_ .t __)(_'L
9 g P E e i
— \J L t” -t’E
= = wax | >3\
D 2 +
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An engine produces 10 kw energy. What
3 time will it take in lifting a mass of 200 kg

m to a height 40 m? (g = 10ms2)
9 P-_—_ o ko = 1 06T\
-
d 3 2 oo 4 \/\:k{om
W _= g
? e
9 LY AN YRV -
P

u 1. 2 lgrages.




