Work, Energy And Power
CHAPTER - 51 o, 5 stk afea

Work:-

When a force acts on an object and the ob-
ject actually moves in the direction of force,
then the work is said to be done by the force.
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Work Done by a Constant Force:-

Let a constant force F be applied on the
body such that it makes an angle 6 with the
horizontal and body is displaced through a

distance s
Fsing
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By resolving force F into two components :

(i) Fcoso in the direction of displacement of
the body.

(ii) Fsind in the perpendicular direction of dis-
placement of the body.

Since body is being displaced in the direction
of Fcosd , therefore work done by the force
in displacing the body through a distance s is

given by -
W = (Fcosb6)s =Fscosf
= W=Fs

*Thus work done by a force is equal to the
scalar or dot product of the force and the dis-
placement of the body. So Work is a scalar
quantity.

*Work done by a constant force depends only
on the initial and final Positions and not on
the actual path followed between initial and
final positions.
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W = (Fcosf)s = Fscosf
= W=Fs
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Dimension and Units of Work:-
As work = Force x displacement
. [W] = [Force] x [Displacement]
= [MLT?] [L ]=[ML?T-]

Its dimensional formula is [ML?T-]
Its SI unit is joule and CGS unit is erg .
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Work Done by a Variable Force:-

When the magnitude and direction of a force
varies with position, the work done by such
a force for an infinitesimal displacement is
given by- aw = F.ds

S

The total work done in going from A to B as
shown in the figure is -

W= ﬁ Fds = jf (F cos O)ds



In terms of rectangular component -

77=FX;'+F_‘_}'+F:IAC and ds =dx;'+dy}'+d:ic

B A n S N N ~
W= L(F_‘.i + F,j+ k) (dxT +dy) +d=k)
X Vg =g
w=("Fdx+["Fdy+("Fd=
: '[".4 ! * J;.l ’ y '[.A -

gRadaeiier s garT fFar s sRb- S9 R
goT &1 GRAT 3R Rem U= & F1Y agodr
Tl &, dl 0 g1 garT U AfageH fawumde
¥ fore fFar o r 1 29 e T Sar B-

dw = F.ds

S fF Ry AR Mg, A Y B dw I
ﬁmwgo—o{m—

B— — B
W= L F.ds = L (F cos G)ds
IIAFHR UTh & TGH F,
F=Fi+Fj+Fk 3T ds =dxi+dyj+dk
W= jf(Fx} +Fj+ FA)(dxt +dy) +dek)
— W= _[Fd\ + f{"F_‘,dy + J:-:’F__d:

Calculation of Work Done by Force Displacement
Graph
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Let a body, whose initial position is x, , is acted
upon by a variable force and consequently
the body acquires its final position x,. Let
F be the average value of variable force
within the interval dx. The work done for
small displacement dx will be the area of the
shaded strip of width dx.

dW =Fdx = Area of strip of width dx

The work done on the body in displacing it
from position x; to x; will be equal to the sum
of areas of all the such strips.

W= _[:de - J':’Trdx

W = Area under curve Between x; and xr

i.e. Area under force displacement curve with
proper algebraic sign represents work done
by the force.
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Zero work:-

Under three conditions, Work done by a force
is zero.

1. If there is no displacement [s = Q]

2. If the force is perpendicular to the dis-
placement i.e., 8 = 90°

3. If there is no force acting on the body [F = 0]
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Positive work:-

Work done by a force is positive if the angle

between F and s is an acute angle. The
positive work signifies that the external force
favours the motion of the body.



-1; Direction of motion
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Negative work:-

0° <6 <90°

Work done by a force is negative if the angle
between F and s is an obtuse angle.The
negative work signifies that the external force
opposes the motion of the body.

i

Direction of motion

90° < g10° -

- . @ﬁr 1 feam),
F Direction of motion
90° <« o10° -
s

Work Done in Conservative Field:-

1. In conservative field work done by the
force is independent of the path followed be-
tween any two points.
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2. In conservative field work done by the
force over a closed loop is zero.

i.e,. W, w+W,,, =0
or ff.dizo
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Work Done in Non-Conservative Field:-

In non- conservative field work done by the
force depends on the path followed between
any two points and work done by the force
over a closed loop is not zero.
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Conservative force :-

If work done by a force during a round trip
is zero, then the force is conservative.Exam-
ple : Electrostatic forces, gravitational forces,
Spring force, magnetic forces and all the cen-
tral forces are conservative in nature.
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Non-conservative forces :-

If the amount of work done in moving an
object against a force from one point to an-
other depends on the path along which the
body moves, then such a force is called a
non-conservative force. Friction and viscosity
are non-conservative forces.
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Work done in different conditions:-

(iYThe work done by a force will be different
in different frames.

(i) Work done in displacing any body under
the action of a number of forces is equal to
the work done by the resultant force.

(iii) In equilibrium (static or dynamic), the re-
sultant force is zero therefore resultant work
done is zero.

(iv) Work done in terms of rectangular com-
ponents

If F=Fi+Fj+Fk
And § = sx’i + syf + s,k
Then W = FE,s, + F,s, + E;5,

(v) Work done by the force of gravity on a
particle of mass m is given by W = mgh
where g is acceleration due to gravity and h
is height through the particle displaced.

(vi) Work done in compressing or stretching

a spring is given by W = 17 kx? where Kk is
spring constant and x is displacement from
mean position.

(viiy When on end of a spring is attached to a
fixed vertical support and a block attached to
the free end moves on a horizontal table from

X = Xq to X = X then W = % K(Xo? - X4?)
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Energy :-

The energy of a body is defined as its capacity
for doing work. It is a scalar quantity. Its
dimensional formula [ML?T?] is the same as
that of work or torque. Its Sl unit is joule and
CGS unit is erg.

Practical units :-

electron volt (eV), Kilowatt hour (KWh),
Calories (Cal)
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Relation between different units:-

e 1 Joule =107 erg

o 1eV =916 X107 Joule

e 1 KWh =3.6 X 108 Joule

e 1 Calorie = 4.18 Joule

AT sHEal & €T geer-

e 1 Joule =107 erg



e 1eV =916 X107 Joule
e 1 KWh =3.6 X 10°% Joule
e 1 Calorie = 4.18 Joule
Types of energy :-

There are several types of energies, such as
mechanical energy (kinetic energy and poten-
tial energy), chemical energy, light energy,
heat energy, sound energy, nuclear energy,
electric energy etc.

Mechanical Energy :-

The sum of kinetic energy and potential
energy is known as mechanical energy. Me-
chanical energy is of two types:

1. Kinetic Energy :- The energy possessed
by any object by virtue of its motion is called
its kinetic energy. The K.E. of a body of
mass m moving with speed v is -

2

1 p
= 2=——-
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where p = mv = momentum of the object.

2. Potential Energy:- The energy possessed
by any object by virtue of its position or
configuration is called its potential energy.Po-
tential energy is defined only for conservative
forces. It does not exist for non-conservative
forces. Potential energy depends upon the
frame of reference.For conservative force F(x)
potential energy U(x) can be written as
du(x)

dx

*j

AU:U,—Uiz—J F(x)dx
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F(x)=—

Types of Potential energy:-

(i) Gravitational Potential Energy:- It is the
energy possessed by a body by virtue of its
position above the surface of the earth. The
gravitational P.E. of a body of mass m at a
height h above the earth's surface is -

U =mgh

(i) Elastic Potential Energy:- According to
Hooke's law, when a spring is stretched
through distance x, the restoring force set up
in the spring due to its elasticity is -

Fxx or F = —kx

Where k is spring constant of the spring
which represents the restoring force set up in
the spring per unit extension. Its unit is Nm™.

The work done in stretching the spring through
distance x will be -

X 1
W:f kex dx = = kx?
o 2

This work done is stored as potential energy
U of the spring.
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The variation of potential energy with distance
is shown in figure.
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(including the Pseudo force)
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Work-Energy Theorem:-

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

W=IU2F~ds=linu3—lmv12=Kf*K-=AKE
0 2 7 2 !

where, Ki = initial kinetic energy
K

Vq

final kinetic energy.

initial speed

and v, = final speed

(i) If Whnet is positive, then Kf - Kj = positive,
i.e., Kf > Ki so kinetic energy will increase
and vice-versa.

(ii) This theorem can be applied to non-iner-
tial frames also. In a non-inertial frame it can
be written as -

Work done by all the forces = change in kinetic energy in

a non-inertial frame.
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Mass-Energy Equivalence:-

According to Einstein,mass can be converted
into energy and energy into mass. A mass m
is equivalent to energy E given by E = mc?
Where ¢ is the speed of light in vacuum.
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Principle of Conservation of Energy:-

Energy can neither be created nor be de-
stroyed, it can only be transferred from one
form to another form. The sum of all kinds
of energies in an isolated system remains
constant at all times.
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Principle of Conservation of Mechanical Energy:-
For conservative forces the sum of kinetic

and potential energies of any object remains
constant throughout the motion.

FIF FAT TI&TT HT Agia:-
el gar & ow FEr 6 arq $r afasr 3R

fRufaer Sofist @ 2rr off afd & ke 3R
TET &l

Power:-

The rate at which energy is transferred or
work is done by a body is called power.
Power = Rate of doing work

_ work done
~ time taken
Instantaneous power is given by

d
=F 3 7Fvcosf)

Ifg =0° then P = Fv.

Power is a scalar quantity. Its S.I. unit is watt
and its dimensional formula is [ML2T?]. lis
other units are kilowatt and horsepower(hp),

o 1 kilowatt = 1000 watt
e 1 hp = 746 watt



Kilowatt hour:-

It is the commercial unit of electrical ener-
gy. One kilowatt hour is the electrical energy
consumed by an appliance of 1000 watt in 1
hour.

1 kWh = 3.6 x10¢ J
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1 kWh = 3.6 x108 J
Collisions:-

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. In a collision physical contact of
two bodies is not necessary.
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Types of collision (On the basis of conser-
vation of kinetic energy):-

1. Elastic collision :-The collision in which
both the momentum and the kinetic energy
of the system remains conserved are called
elastic collisions.In an elastic collision, all the
involved forces are conservative forces and
total energy remains conserved.

2. Inelastic Collision:- The collision in which
only the momentum remains conserved but

kinetic energy does not remain conserved are
called inelastic collisions.

3.Perfectly Inelastic Collision:-It is the collision
in which two bodies stick together after the
collision.
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Types of collision (On the basis of the
direction of colliding bodies):-

1. Head-on collision or one-dimensional col-
lision:-It is a collision in which the collid-
ing bodies move along the same straight-line
path before and after the collision.

2. Oblique collision:-If the two bodies do not
move along the same straight-line path before
or after the collision, the collision is said to
be oblique collision.
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Velocities in one-dimensional elastic collision:-

Suppose two bodies of masses m: and m.
moving with velocities u; and u. (w1 > uz) in
the same direction suffer head-on elastic col-
lision. Let v; and v, be their velocities after
collision.

Ui Us V4 Vo
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Before collision | After collision

By the law of conservation of momentum,
miuq + mouU, = My + myU,

As K.E. is conserved in an elastic collision,
SO
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By solving the above two equations, it can be
shown that in an elastic collision,

Velocity of approach = Velocity of separation
Or, ul—u2=vz—v1

Velocities after collision-
my-m; 2m,
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Special case:-

e When masses of two colliding bodies are
equal, then after the collision, the bodies ex-
change their velocities.

1

V=

i.e. vi=u,and v, = u,

e If the second body of the same mass
(i.e.,m= m,) is at rest, then after collision the
first body comes to rest and the second body
starts moving with the initial velocity of the
first body.

|e Vi = U: and V: = U

e If a light body of mass m; collides with
a very heavy body of mass m. at rest, then
after collision v, =-u,andv; =0. It means the

light body will rebound with its own velocity
and the heavy body will continue to be at
rest.

o If a very heavy body of mass m, collides
with a light body of mass m. (i.e., m; > > m,)
at rest, then after collision vi = w1 and v. = 2u,
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Coefficient of restitution:-

The coefficient of restitution for a collision
between two bodies is the ratio of the mag-
nitude of their relative velocity of separation
after collision to the magnitude of their rela-
tive velocity of approach before the collision.It
is represented by e and it depends upon the
material of the colliding bodies.

v |vy — vl

e = =
U — Uy Uy — Uyl

e For a perfectly elastic collision, e = 1

e For a perfectly inelastic collision, e = 0
e For all other collisions, 0 < e < 1
YeIEAT 0TI

gl St & Tara & 91 379 37197 gled & TTIeT
JIT & IRA0T I g T Ugel 3oddh IYHT
& WTULT QI & TRATIT o 3Te[dlcT I Tl hl
YeAaEA I0TF FEd &1 ¢ e C@NT eRd
T s 3k I% coier arer RS S gl
W AR e ¥ |

Uy —Vy |vy — vy

e =— =
U — Uy |uy —uyl

o TOId: YAy <l & faT, e = 1



o TUTH: IYAEY THF & foIg, e = 0
o T HMcFR & TAT, 0<e <1
Perfectly Elastic Oblique Collision:-

Let two bodies move as shown in figure.

U
( : — ( }"9
7 Uz
Before After collision
collision @\?2
By law of conservation of momentum

Along x-axis,
Myl + ity =Y, €08 64, €08 ¢ (i)

Along y-axis,
0=mv,sin@-m,v,sing .. (ii)
By law of conservation of kinetic energy

1 1 1 1
—mul +—maui =—my: +=my: ... (iii)
2 2 2 2

quid: YAy foaveT eFnt-
o & i 3rgar & st & afd & wE & |

.

TFRT & TEA @\ajw & a5

X-378T o 3feffeer HaaT TETT & =ge 4 -

mu; +m,i, =m;v, cos @+nm,v,cos @ ...(i)

y-3eT & 3eIfeRr HaI e & frgm & -
0=mv,sn@—-m,v,sin¢g .. (i)

AT Foll & HE@OT & fAIH garr

1 mu? + ! mou> = ! myv> + ! mov2 (iii)
Sy i, = 0V gV,
2 2 2 2

Head on Inelastic Collision:-

Let two bodies A and B collide inelastically
and the coefficient of restitution is e.

v — vy __ Relative velocity of separation

where e= - -
U T U Relative velocity of approach

= Vo TV — e(ul—ug)

vy =y + G(Z/ll - Uz)
From the law of conservation of linear mo-
mentum

myu +myll, =my, +m,v, .. (ii)

SO YR b, V2T [m+m2

By solving (i) and (ii)) we get

_(mlﬁemz) ((1+e)m2>
v = u + i
m; +1’I12 1'1'11+m2
(1+e)m1] +[m2—em1]
U Uz

m1+m2 m1+mz

similarly v, = [

Loss in kinetic energy (/A\K) = Total initial
kinetic energy - Total final kinetic energy

1 1 1 1
= (Emlu,z +Em2u§)—[5m1v,2 +3m2v§)

Substituting the value of v; and v. from the
above expression

mym
172 (4 —uy)? (1-¢%)

2(m1 my)
By substituting e = 1 we get AK = 0 i.e.
for perfectly elastic collision loss of kinetic
energy will be zero or kinetic energy remains
constant before and after the collision.
AT A T ( TFHE ) ITARY  TFRT-

maﬁﬁv%a’rﬁgAaﬂerwum#
TR & 3R FoIaedle HT 0N e Bl

Cvp—vi YGRSl HIUA AT
T ww ST A0y A
= Ve T V1= e(ul_UZ)
= V1+€<U1_LI2) ............ (1)
%@% Hﬁ'ﬂ éﬁ TETOT & T &
My +mylt, =my, +m,v, .. (i1)

THHT (i) AR (i) PT & XA T gH I &Il &

_ [ m—em; (1 + e)mz
Vv — ¥ Uu; + + Uy
m; ™ ms nm; T mp
(1+e)m m, — em;
w + U
m; + my

ST Foll 7 g (AK)

= Fel URMAF Il
Fal - maﬁwvﬁaﬁﬁ

1 1 1 1
= [Emlulz +Em2u—f)—[5m1v12 +5m2v§)

v 3R v, F AW 3Wed RIS "
gfaeaRia & W)
mymsq

2(my + my)

e = 1 gfaeafid aet W &5 AK = 0 9red gidr
¢ AT qUTeT: Iy TFad & v aifasr Sl
wmm%wmyéﬁa TF I gl 3R

(v, - u2)2 1- ez)



TF & dI¢ H AT Far 39T Bar o

MULTIPLE CHOICE QUESTIONS:
agﬁawchu Er

Which of the following is equal to Newton-
metre?

a. Joule b. Horse Power

c. Watt d. Pascal
frafaf@a & @ Fia a1 -l & T §?
a. o b. 3T fFd

c. dic d. UEhd

The product of force and displacement is
called-

a. Energy b. Power

c.  Momentum d.  Work

I 3 faeATIeT FT IOAFT FEATaT 8-
a. Far b. erfed

c. dI d. HH

3. Work will be said to be not done if the force

and displacement are -
a. parallel

b. perpendicular
¢. acting in opposite direction
d. None of these

FT AL T I I IUT FEATIST F -
a. TAGR b. dd¥ad
c. AW feem & d. A8 ¥ IS TET

A body moves a distance of 10 m under the
action of force F = 10 N. If the work done is
50 J, the angle which the force makes with
the direction of motion is -

a. 0° b. 30°

c. 60° d. None of these
TH RN aaT F = N #r & & dga 10 Hex
&1 gt a7 FXar ¢ Afg o = 1 50 J &, &
o7 fa T T & AT Faaw  For AT ?
a. 0° b. 30°

c. 60° ST U PIS AT

A force F =27 +3j7'\ + % acts on a body. The
work done by the force for a displacement

of(21 -k)ls-
wH A F =27 437 + k Uh s WFA war

=

t

¥ Reamm (27 +5 -k) ¥ BT a9 q@w
Far T FEF F=AT R ?

a. 2 units b. 4 units

c. -2 units d. -4 units

6.

10.

A force F=3; + b}'\ + 2k acting on a

partlcle causes a displacement s =27 +
2] + 3% in its own direction. If the work
done is 6 J, then value of b is -

a. 0 b. 6

c. 3 d 12

AT F=3 +b; +2k HFROUFUH §
=27 +2; +3) favumwe @ 1 AR R
TAT HF 6 J§, Al b HT A E -

a. 0 b. 6

c. 3 d 12

An object moves on a smooth inclined plane
without slipping. The work done by the
inclined plane surface on the ball is -

a. Positive b. negative

C. zero d. none of these.
HI$ aEq el ghra arad dd dd W e faer
aﬁ%lﬂawaﬁﬁmmmﬁm
IAT FRA T -

a. YdlcH b.
c. I d.

R UTcHh

SAH § HIS G|

A particle moves under a force F = ax from
= 0 to x = x4 The work done is -

a. axy? b. ax4?/2

c. zero d. ax13/3

THE FOU JAT F=ax FANT x = 0 & x = x4
% AT FIAT § [qeF g@RT AT AT FE 4w
g ?

a. axy? b. ax4?/2
ax13/3

The work done by an applied variable force
F =x+3x2 from x = 0 m to x = 2 m, where x
is displacement, is -

a. 6J b. 8J

c. 10J d. 12 J

uRaderefier s F =x+3x2 g@RT x = Om ¥ x =
2m a% ¥ fAryme & v @R war s =

c. zero d.

g ?

a. 61J b. 81J
c. 104 d 12J
Energy is-

a. capacity of doing work
b. rate of doing work

c. change of work

d. None of these

st -



