Work, Energy and Power

ENERGY
{t is the capacity of doing work.

&  Energy is a scalar quantity. Its dimensional fonmula
and S.1. unitis same as that of work.

®  Some practical units of energy. and their equivalence
to joule are given in the table below.

&, Ne 3 Tnit Symbel | Egnivalence in {J)
1. l 1erg o 1077
2. 11 calovie cal 42¥
3. i 1 ldlowait heur i kWh 36x 1077
4. 1 electre: volt | &V Lex 10177

Kinetic Energy
It 1s defined as the energy possessed by 2 body by
virtue of its mation. It is generally represented by the
letter A Kinetic energy of a bedy of mass m moving
with velocity v is given by
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K = v,
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# Relafion between kinetic energy &) and lineer
momentum (@}
o

Fd ==~E-_-r or p= «ﬁmmg
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e  The gaph between & and p is a parabola as shown in
the figure.
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e  The graph between JK and p is a straight line as
shewn in figure.
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e  The graph between JK and l/p is a rectangular

hyperbola as shown in figure.
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e Work energy theorem : It states that work done by a
force acting on a bedy is equal to change in kinetic
energy of the body.

W=K-K,

where &, and K are initial and final Kinetic energies of
the body.

A particle of mass 100 g is thrown vertically npwards with
a speed of 5 m/s. The work done by the ferce of gravity
during the time the particle goes up is

(a) 057 By 051
{cy —-1.257 (d) 1.25%.

Ssin. : {&} Kinetic energy at projeciion point is convéerted
into potential entergy of the particle during rise. Potential
energy measures the vwork done against the ferce of grawity
during rise.
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e 1
{— werk done) = Kinetic energy = ZH

(100 Y.y 5 e
or (-~ work done}= %x@é%;- ;{3) = ,%2_:1,23 ]

i
Work done by force of gravity = — 1.25.

CONSERVATIVE AND NON CONSERVATIVE FORCES

@ Conservative force : A ferce is said to be censervative
if the work done by the force on a body is sath
independent and depends only on the initial and final
positions. Fquivaleatly a force is said tc be
conservative if the work done by it in meving a body
around a closed path is zero.

Gravitational ferce, electrostatic force and ferce in au
elastic spring are conservative forces. All central forces
are conservative ferces.

e  Nom-comservative forces : A force is sz2id to be non-
conservative if the work done by the force on a body
is path dependeni. The work dene by such a force in
moving a body around a closed path is not zero.
¥rictional and viscous forces are non-conservative
ferces.

Potential Ensrgy

# Itis defined as the energy posscsssd by the bedy by
virtue of its position or configuration. It 1s generally
represented by the letter U7,

e  Elastic petential energy : It is energy associated with
state of compression or stretching of an elastic. spring

i

and is given by U = —kx?
ra

where £ is the spring constant and x is the stretch or
compressios.

«  Gravitatienal potential energy : It is the energy
associated with two bodies of masses s, and m,

. . L Limn
separated by distance » and is given by {7 = _ETE
"
For a body of mass m at height % relative to surface of

earth this potential energy reduces to

_ mgh
= -,»ir
[ A
[1e
N R,—‘

where R is the radias of earth.
If k<< R (BR) <<1.80 U= mgh.

w Conservative force is the negative gradient of potential
energy.
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In one dimension, F =—£1d% or U=-|Fdx

Mechanical Energy

It is defined as the sum of kinetic energy K and
potential energy U.

ie. E=K+ U

Principle of conservation of mechanical energy : It
states that for conservative forces the sum of kinetic
and potential energies at any point remains constant
throughout the motion. It does not depend on time.
ie. K,+ U =K,+U, or K+ U= constant

Law of conservation of energy : It states that energy
may be transformed from one form to another but it
can neither be created nor be destroyed. The total
energy of an isolated system remains constant.
Conversion of electrical energy to various forms of
energy or vice versa along with devices used. for
conversion is illustrated in the figure given below:
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Examples of Conservation of Mechanical Energy

Freely falling body : Atthemaximum height, total energy
is in the form of potential energy. In the middle, total
energy is in the form of both kinetic and potential energy.

T ........ zf&.l:o.m
hf BOV,
i

At the lowest point,
total energy is in the
form of kinetic energy

E=U,=K,+U,=K,

2
1

1
or E=mgh= i-mv -t»mghl = Emm
Body projected vertically
upwards : At the lowest point
energy is only kinetic, in the
middle energy is both kinetic
and potential and at the
highest point, energy is only
potential.

S E=K =K, +U, =U,

or E= -};mvl = %.mvl:' +mgh = mgh

illustration'5 |

A uniform chain of length L and mass m is lying on a
smooth table. One-third of its length is hanging vertically
down over the edge of the table. How much work need to
be done to pull the hanging part back to the table?

Soln. : Mass of hanging part of chain = m/3
Position of centre of gravity below table = L/6

Work done = Potential energy change
SR (1) (éj _ mL
or ork done = 3 g p T
mglL

or Work required to be done = 18

Hllustration 6
A particle is moving in a potential region defined by
U= K (¢ + )* + z°). Calculate the force acting on the particle.

— . ~oU ~oU
Soln. : p=—~—— —k—
ox ay oz

or F

—K[fx2x+}'x2y+lgx 2z]

or F

—2K[xi + yj + zk)

Hlustration 7'

A block of mass 4 kg while at rest is attached to an
unstretched spring. The force constant of spring is 24 N m.
If a constant horizontal force of 10 N is applied on the
block, the spring gets compressed by 0.5 m. What is the
speed of the block at this point?

2 4kg
]
Z JUIU ]

A

Seln. : Given: ¥ =24 Nm™, m=4 kg, S= 0.5 m work done
by the applied force provides kinetic energy to mass and
elastic potential energy to the spring.

10%x 0.5 = (%x 4xv2] + [%x24x(0,5)2:|

or 5=2%+73 or 212=2

or v=1mgs!

Speed of the block =1 m s-!.

e Mass energy eguivalence : Albert Einstein showed
that mass and energy are equivalent and are related by
the relation £ = mc?

where ¢ is the speed of light in vacuum.

POWER
e Itis defined as the rate of doing work.
4 - I -
e Inssantaneous power, P= an =F. ar =F7
dt dt
where v is the instantaneous velocity when the force

is F.



Work, Energy and Power

&  Averzge power : It is defined as the ratio of the werk
AW, tothetime At i.e.,, P, = AHTAL

s Power is a scalar quantity. Its dimensional formuia is
IMLAT-4, ,

¢  Unitssf power : In SI system the absolute unitof power
1s.wati. It is denoted by symbol W.
Twatt=1jsi,

& In UGS system, the absolate unit of power is erg s™%.
I W =107ergs\
Bigger units of power are
o 1kilewatt=1 kKW = 10*W
e @ megawatt= | MW =10¢ W

¢ In engineering horse povwer is the practical umit of
power.

" lhp=745 W.

edy of mass m, accelerates uniformly from rest to »
n fhine &. Find the instantaneous power delivered ic the
body as a fiznction of time ¢

¥
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Sein. : Acceleration,

V.
O+at=—t
l‘]
» velecity =

velocity, (v} =

..  Power, F = Ferce mav

aximum load of 1400 kg {elevator

An elevator can carry a
+ passengers} is moving up with a constant speed of
2 m s\ The frictienal force opposing the metien is 1
4000 N. Betermine the minimum horse power delivered.
by meter to the elevator. {

Soin.: The downward force on the elevator is ]
F=mg+ F,= {12800 < 10} + 4000 =2Z000 N.
Tine motor must supply enough pewer to balance this fore

Hence, P = F§ = 22000 » 2 = 44000 W.

COLLISION

#  Inphysics a collision will take placeif either of the twve
bodies come-in physical comtact with each other or
even when path ef one body is akected by the force |
exerted due to the other.

s  Collisions are broadly classified into two types :

(i) FElastic esllision : A collision in which both the
momenium and kinetic energy of the body remains
couserved. e.g. the collision between two glass bails.

The basic characteristics of an elastic collision are
@ Mementum is censerved.

Total energy is conserved.

Kinetic energy is conserved.

Forces invelved W the interaction are cooservative.
Mechanical esergy is net transformed into any |
other form of energy. ;
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(i) Iuelastic cellision : A collision in which oaly the
momentum of the system is conserved but kinetic
energy is not conserved. Most of the collisions in our
day 1o day life are inelastic collisions.

e.g. mud thrown en the wall.
The basic characteristics of an inelastic collisien are

Momentin is conserved.

Total energy is conserved.

Kinetic energy is not conserved.

Seme or all of the forces involved are non-conservative,

A part or whole of the nechanical ensrgy may be

transforined into other femms of energy.
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E!as*‘zic Caoblision in one %}imessmn

e onsider two bodies 4 and 5 of masses #:, and m,
moving along the same straight line with »elf‘c_i‘aées i,
and u, respectively. Assume that u, > u, so that two
bodies collide. Let v, and v, be tie ﬁ')al velocities of the
bodies after colhsxon The two bodies suffer head #n
collision and centinue moving aleng the straight line in
the sarae dirzction ag shown in the figure.

sty ity i
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atter collision

( A Lf—a» {:} n»-a»
wefore collisien

{ — 3} i ’e
. {myy, ~my Juy 26, .
Then, v, = —= —is )

Gay +myy oy iy
. = Zmp,  {m, -——m?}y - -
. = , _ G
11y 5, i, + iy )

@ Special cases
© When masses of twe bodies are equal,
L€ = i,
Y N . —
Frem (i}, wegetv, = w,.

mez.]

From (i), we get 1, = =1
Thus, if twe bodies of egual masses undergo elastic
collision in one dimension, then after the coliision,
the bodies will exchange their velocities.
& When the bedy B is inikally at rest i.e., 2, = G,
From equation (i} and (ii}, we get }
b imy - mg}zi

P
= LA}
My + 4 WL

2,
Yy T L)
I?Zl R }?12 N
‘Three cases arise further :

{a} When masses of two bodies are egual
ie.m =m,=m

From (iii}, wegetv, =0

From(iv}, v, =1,

Therefore, when b(“dy 4 collides with body B of equal
mass at rest, the body 4 cemes te rest while the body
B moves on with the velocity of the bedy 4.

In this case, transfer of kinetic energy is hundred
percent.



