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Work, Energy And Power
CHAPTER -5 | i, 3ot stk afea
Work:- (i) Fcoso a&q & faeurmder v feem & § |

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
F

By resolving force F into two components :

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

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

Since body is being displaced in the direction
of Fcos6 , therefore work done by the force
in displacing the body through a distance s is
given by -

W = (Fcos0)s =Fscos0

— W=F.s

*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 = Fscosb
> 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 Sl unit is joule and CGS unit is erg .
& ¥ A 3k #AE -
#F F = ao x R
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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

ds
T,

/A

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

W= Ij F.ds = Ij (F cos B)ds
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In terms of rectangular component -
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Calculation of Work Done by Force Displacement
Graph

Force

o H_x;_, __!I\ dxxf Displacement

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= _E"dW — _.':’ Fdx

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 = 0]

2. If the force is perpendicular to the dis-
placement i.e., 6 = 90°

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

der feafaat &, e gor garr frar s &
LT BT Bl

1. Ifg w5 Regma @& & [s = 0]

2. I g faTumer & Sigad g I, 6 = 90°
3. I s W S a7 o 7 A @I [F = 0]
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.
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of motion

0f =0 —-90°

0F <0 =-90"

Negative work:-

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.
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Direction of motion
90° < e10° -
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- (arfa & feem)

F Direction of motion
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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.

II1

ie., Wiss=Wig =W,
Path 1 Pathll  PathIII

2. In conservative field work done by the
force over a closed loop is zero.

i.e,. W, . y+W,,, =0
or fF.di:O
W a7 & FY T FR-
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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:-

()The 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=FEi+Fj+FEk
And § = 5,0+ 5,] + 5,k
Then W = FE.s, +F,s, + FE,s,

(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 = % kx? where k is
spring constant and x is displacement from
mean position.

(vii) 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(x5? - X¢?)
Rffe aRfeyfaat & fFar = «rb-
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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)

Fal -

Rt 5 &7 FoiT T 3HDT HIT FeT FT &THAT &
O H e foRar S1ar g1 I8 T ifeer ufer
¢l sae Al g7 [ML°T?] & a1 dof 3meel
& fadm g3 & AT Q1T &1 SHHT S| SIS
aﬁ%‘s-ﬁTCGSQEFI%’W‘r ( erg) g

SIS FHISAL

golacial dlec (eV), fhatare ger (KWh), $aikr (Cal)
Relation between different units:-

e 1 Joule =107 erg

e 1eV =916 X107 Joule

e 1 KWh =3.6 X 10° Joule

e 1 Calorie = 4.18 Joule

Raffie oAl F i Faeu-

e 1 Joule =107 erg
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e 1eV =916 X107 Joule
e 1 KWh =3.6 X 108 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 -

1 p?
= - z = e—
K zmv -

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 .
AU=Uf—Ui=—J’]F(x)dx

i

Fx)=-

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:j kex dx == kx?
o 2

This work done is stored as potential energy
U of the spring.

1
2 U ==kx?
3 X

The variation of potential energy with distance
is shown in figure.
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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 :J’”ZF-ds:lmug—lmuf:Kf _K. =AKE
v 2 2 !

where, Ki = initial kinetic energy
Ky

final kinetic energy.

v¢ = initial speed

and v, = final speed

(i) If Whet is positive, then Kt - Ki = positive,
i.e., Kf > Ki so Kkinetic energy will increase
and vice-versa.

(i) 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.
FE-FAT TAT:-

fret s &1 fAraa &= & fRelt 9o ganr
fFar T FY 3T Afaer Far & gRadd &
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38T, Ki = 9RfAes arfdsr Fen
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W v, = s T
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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.
FEIATA-FaAT Jedq:-

IESEET & ITER, GegA H Fol # 3R Fafr
P geAAT # URatdd AT S FHAT ¥ TH
SETAT m Foll E = mc® & HAQed gial & el
c faaTa & gerrer 1 a1 B

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.

s fRAT ST Hehell B, 38 &dd T §9 § gAY
® FH TACARA fRar S Fehar g1 Rl gus
guTel F T UHR B FATIHT HT AT & FHT
AW @ &l

Principle of Conservation of Mechanical Energy:-
For conservative forces the sum of kinetic

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

FIAF FAT TGN FT RAGI:-

el gar & v FaEr o arq $r afas 3R
Reufas Fai3it & der qff oIy & eRie 3R
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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
_aw _d . d§
Tdt dt F8)=Fo dt
=F.#=Fuvcosb

If@ = 0°, then P = Fv.

Power is a scalar quantity. Its S.I. unit is watt
and its dimensional formula is [ML?T3]. Its
other units are kilowatt and horsepower(hp),

e 1 kilowatt = 1000 watt
e 1 hp = 746 watt
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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
erfaa:-

3¢ & foF W e s garr 3o wureiaika &
STl & a1 w1 fRar S §, afFd Fgerdr g1

UFT = FF I FT &

_ forar = s
IGEIKIE IR EAE ]
dicpifore AfFd & 38 YR &2 T ST &
daw d . . .dS
== dt(F.s):F.E
=F#=Fvcosh

gig 6=0°8r dr, P=Fv

afFd v ey AR & s@A S AEEH @
¢ 3R o fadlm g [ML2TY] grem & | g&ehr
3T AEE fholare X sreaafEdd (HP) §]

e 1 kilowatt = 1000 watt

e 1 HP = 746 watt

frelaTe wer:-

Ig fega Fof &1 caaads AEE §l U

freiaTe Her ag fehd ot & & 1000 afe &
3990T G@NT 1 6¢ 7 @ud &1 S g

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.

TFAT -

ar Ir ar ¥ e Ful F g g A AT

F T & U @ arell WER fomar & fSaa

d Th-gER W IUeThd A def o9nd g
TFRT B o it & 3T Tudk 3aRTS 8T

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.

TFRT & YHR (IFAST ST TIETT F YR 9T):-
1. YO  TFPL -dg CFPY ToTd@H YUTell T
a9 3R AT ST gt TRTard WEar §, Ioaeyd
TFRY Pgolldl gl Th AT cFhy H, AT
el oo TXel o gl § 3R P Fofl Wlara
@ gl

2. AYIARY TFHFDL:- d THAT Toledd shdol HAdT
WEd @l § ofea aifder 3ot WiEaa 78
TEd), YUY THT Fgald ol

3. QUI: HYARY  THFHL-Tg 96 TFahd g foraal
TFPT F 91E o [ 39E F RAus
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.

W%m(mmmﬁ?iaﬁmna:mm-
AT HHAA HT ( GFEAE ) TFR AT Th

mr:ﬁ THFRT-TE T VY caaT & o et

arel U3 Taa O Ugdl 3R cFa & &1 Th &l

et Y@ 7 god g

2. o cFept-Ife Tl § U AT &I & ar

5 uer & Orely Y@ar & 77 gord §, ar TFR] &r

foRSr cFR Fgl 1T gl

Velocities in one-dimensional elastic collision:-

Suppose two bodies of masses m; and m.
moving with velocities us and u. (w1 > uz2) in
the same direction suffer head-on elastic col-
lision. Let vi and v, be their velocities after
collision.

- 8 - Uz - Vi - Vo
m4 my my4 msz

Before collision | After collision

By the law of conservation of momentum,
mlul + mzuz = m1v1 + mzvz

As K.E. is conserved in an elastic collision,
SO
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1 1 1
Emluf + Emzug = Emlvl2 + Emzv‘;—

By solving the above two equations, it can be
shown that in an elastic collision,

Velocity of approach = Velocity of separation
Or, Uy — U =V, — 1,

Velocities after collision-

- my—mp + 2m; ‘u
L™ myemy 8 mgm, 2
2my my—my

v, = . .
And 2= e WM T e, W2

TFH IAH YA cFRT H Q7 - A oifoT
T m, 3m, gIAT F ay AT FAT: w IR w
(> w) AT T TH & feew 7 afqwe § SEa
IAS-TTHA T TAET  eFa glat &1 I o
3R v, TFRT F 91¢ 3T AT B ar

Uy uz Vi V2
o— O— Oo— O—
my mpy my me

cFnl & Jgdl | TFR & dlg
HIT HETT & A g,

mlul + mzuZ = m1v1 + mzvz

AT o T YA TFn # afael I WiEa
glcl 8, sqfaT

1 2 1 2 1 2 1 2

SWIFA &I THIHION HI gl oh, Ig fe@mr s
bl ¢ & U Jcared TRt A,

3YIHA I 9T = GUFHIOT T AT

T, U — U, =0, — 1

TFHL & &I I9T-
mp;—m;

v = . ‘U

1= Sam, T mm, 42

mz—my

2m
3.ﬁT VU, = 2. Uq + Uy
) my+my my+m,

Special case:-

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

i.e. vi=uwand 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.

i.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,and v, = 0. It means the

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

e 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 = s and v, = 2u;

ey fRufa -

e TF o THUS arr TS & geTHAT ST
giar &, dr eod & a1 RSt &1 Jer I A
TH gA § Fad S B

AT vi = w and w2 =

oo s ggel TS & URfd® a1 & B
YE T &l B

m,\ﬁ:O}ﬁT V2 = U

o IR m, GTAH FT Uh gohl NS m, GeIHAT
% U dgd 9T W Y favmeT 3aear & § & ehdrar
%—(_'ﬂ- Eﬁwa?ﬁﬂ'd V1='u13'ﬂT szom%—|
SHE AT ¢ o godl U5 HUT d9T ¥ & gl
X Qulla fgem & swen 3R 9 s /e @
feafa & & wam

o I m GEFAW FT UH Fgd HR TS m,

Vi = Uy and Vo = 2M1.
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.

Vi — V2 [v1 — V3l
e=-— =

U — Uy ug |
e For a perfectly elastic collision, e = 1

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

YAGEA AUNF FEd | 3 e @NT eNd
RraT ST & 3R T8 e arer fIet i @
R R X g |

Vi — V2 |v — vy

Uy — Uy |ug —uyl

o UUId: YA TF & AT, e = 1




o UUIH: IYARY TR & AT, e = 0
o I M TFI & AU, 0 < e <1
Perfectly Elastic Oblique Collision:-

Let two bodies move as shown in figure.

Before After collision
collision (779\1)2

By law of conservation of momentum
Along x-axis,
mty gl =m,v, s 0 +m,v, s ¢ ...(1)

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

%mlul2 +%m2u§ =Em1"12 +%m2v§ .....(iii)

gt gy foaveT eFae-
T & g 3egar ar fst @ afd @ § |

U1

Jo s

TFRT & g @iﬁh‘( & g

X-378T & 37eIfeer Haar TEIT & fage 4 -

myt, +myt, =mv, cos @ +m,v,cos ¢ ...(1)

y-31eT & 3reIfeRr HAI EETT & A F -
0=mv, smn@—m,v, sing wen(id)

afdsT Fell & HWETOT & fAIH gany

1 1 1 1
5"’1”12 +Em2u§ :Emlvl2 +Em2v§ ..... (iii)

Head on Inelastic Collision:-

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

_ vo— v _ Relative velocity of separation
where e = = ; .
U~ us Relative velocity of approach
= Vo TV = e(m—ug)

vy =y t+ e(ul - uz)
From the law of conservation of linear mo-
mentum

my Fmyli, =my, +myv, (i)

HefT-11 (IR o)

gdl YR 4, "2:[ m; + m,

By solving (i) and (ii) we get

_(ml—em2> <(l+e)m2>
v = u + us
m1+m2 m."‘mz
(1+e)m1] +[m2—em1]
Uy 125}

m; T m, m; + m,

similarly vy = [

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

1 1 1 1
= (et o fmand )~ (Smi v Lmavz)

Substituting the value of v, and v. from the

above expression
_ mymsy -~ 201 _ 2

2(m1+m2)(u1 Uy)” (1 =€)

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 HT ( TFHE ) ITARY  TFhT-

AT NG & af &3 A 3R B 3Ucay &9 &
T & 3R GeIae Yyl T 0N e g

_ V2 Vi _ HWWW&TW
T uw SumE 0y
= Vz—vlze(ul—u)
Vo = vy e(u1 u) ............ (1)
‘H@a? AT & HE@T & fgq 4
MUy +mylly =m v, +m,v, ... (i)

AR (i) 3R (i) P gT A W & 9T glar g

” :(ml—erm)u +<(l+e)mz)u
! m1+m2 ! m1+mz ?
(1+e)m1] +[m2—em1]
m 25
m; T m,

AT Foit H g1 (AK) = FT YRS 1ot
Foll - Wﬁﬁﬂ?ﬁaﬁi‘r

1 1 1
- (Em,ulz +5m2u§J—(5m,v12 +Em2vgj

IR v, &1 @G 3WFd FReIFa H
‘;IﬁT?JTﬁHEFGTW
AK_ m1m9 (

2(my + my)

e = 1 yfaeufid & 9T gH AK = 0 9red gidr
¢ AT U YAy T & fow atfaer el
m?rel—zra’mrm‘m TFW U Ugd 3R

—uy)® (1-e%)




TFRT o dI¢ H Il Foll 3R W@l gl 6. A force F=3; + bj + 2k acting on a
partlcle causes a displacement S =-2i +
MULTIPLE CHOICE QUESTIONS: 2] + 3% in its own direction. If the work
) done is 6 J, then value of b is -
TgfaFedrT we: a. 0 b. 6
Which of the following is equal to Newton- ¢ 3 4
metre? UF AT F=3; +b; +2k & FROT FUH 5
a. Joule b. Horse Power =27 +2; +3k mq-rq;r grar ¥ IR fear
c. Watt d. Pascal T FF 6 J ¢, A b &1 AT § -
frrafaf@a & & #ia @1 gea-de F [ 2 a. 0 b- 6
a. o b. 31T wufed c. 3 d. 12
c. dc d. U&hd 7. An object moves on a smooth inclined plane
The product of force and displacement is ywt?ou; slllpplng.rfThe woLk golr:e. by the
called- inclined plane surface on the ball is -
a. Positive b. negative
a. Energy b. Power
¢ Momentum d Work Cc. zero d. none of these.
#I$ T el gFra arel dd g W e ewer
T 3R AT FT IO g § wrerelt 81 3 W I g8 AT FAE GART AT
a. Foll b. erfed AT I B -
c. ¥ d. a. UelTcHS b. HUTcHS
3. Work will be said to be not done if the force c. xCWA d. 35 ¥ FS AN
and dlsplllacl:ement are - 8. A particle moves under a force F = ax from
a. paralle x = 0 to x = x4 The work done is -
b. perpendicular a. axi? b. axq?/ 2
c. acting in opposite direction c.  zero d ax?®/3
d. None of these !
TH FOT a9 F = ax & 3l x = 0 & x = xq
a. AR b. de¥ad ghem ?
c. foulia feer # d. SAH & HIS G0 a. axq? b. ax42/ 2
A body moves a distance of 10 m under the c. zero d ax?®/3
action of force F = 10 N. If the work done is g The work done by an applied variable force
50 J, the angle which the force makes with F =x+3x2 from x = 0 m to x = 2 m, where x
the direction of motion is - is displacement, is -
a. 0° b. 30° a. 6J b. 8J
c. 60° d. None of these c. 10 J d 12 J
U s o F = 10 N #1 Brar & qeq 10 #ey gRadeeflier g F =x+3x? §@RT x = Om @ x =
$ gt 37 FYar | A B w1 50 J &, A 2m & % RFues & Qv R @ s F0
ga afad A Raw & ary Brdam  Fior gaTCET ? 2T 2
a. 0° b 30° . a. 6 b. 8
c. 60° d. s & IS AL c. 10J d. 12J
Aforce F =27 +3T7‘\ + % actsona body. The 10. Energy is-
work done by the force for a displacement a. capacity of doing work
of (2i + j -k)is - b. rate of doing work
W aAF=2i +3; + k U Ris W Far c. change of work
¥ REams (27 +) -k)%i%masraam d. None of these
AT =T FEF FAT 9w ? T &
a. 2 units b. 4 units
C. -2 units d. -4 units
hET-11 ("ﬁﬁﬁ (oo




11. Potential energy of an object of mass 'm' at
a height 'h' is-
a. mgh b. mv? 17
c. mv3gh d. mg '
'm' geIATT HT fFH avg B h' I w Ryfaer
ST 41 geft ?
a. mgh b. mv?
c. mv3gh d. mg
12. The expression of kinetic energy is-
a. mgh b. ljmvz
c. mv3gh d. mg
afasr Fa1 A AfPcaFa §- 18.
a. mgh b. 1jmv2
c. mv3gh d mg
13. Two bodies of masses 2 kg and 32 kg have
equal kinetic energy. What is the ratio of
their momentum?
a. 11 b. 1:2
c. 14 d 21
2 a3 32 foan geawme & o RiEt i afasr  19.
Sl WA g1 3AF HAT T AT FAT 1T ?
a. 11 b. 1:2
c. 14 d 21
14. A spring of spring constant 800 N/m has
an extension of 5 cm. The work done in
extending it from 5cm to 15cm is -
a. 16 J b. 81J
c. 32J d 24 J
fegar Purs 800 N/m & f¥er &1 fawdr 5 cm
21s¥5cm ¥ 15 cm dF @Ea & frdgen a9
HLAT I ?
a. 16 J b. 81J
c. 32J d 24 J 20.
15. Out of the following, which is not the unit of
energy -
a. Joule b. Kilo-Watt
c. Calorie d ev
Aafaf@a & @ Fi FaT F1 AFF T8 872
a. S b. far-are
C. haRY d. Selagei-dlec (ev) o1
16. Joule is a unit of -
a. Work and Power
b. Power and Energy
c. Force
FerT-11 (ifady

a. FF I T &THAT b.
c. & gRadd d.

FR A FHT &
S § BS AT

d. Work and Energy

o a9 & -
a. & 3k afea b. afFad 3R Far
c. & d. & 3R Far

Two bodies of masses 1 kg and 2kg have
equal momentum. Then the ratio of their
kinetic energies is -

a. 1.2 b. 2:1

c. 1.3 d 14

1 o 3k 2 R gegaT arel @ awgat &1
AT FATA § A et fasr S FT 3Heqara
FIT gl ?

a. 1.2 b. 2:1

c. 1:3 d 1:4

The kinetic energy of body of mass 1 kg
and momentum of 4 Ns is -

a. 6J b. 81J

c. 104 d 12 J

1 kg SSTATT dAT 4 Ns War gt Wz # aifasr
ol F41 geit ?

a. 6J b. 81J

c. 104 d 12 J

In perfectly elastic collision -

a. Only momentum is conserved

b. Momentum and kinetic energy both are

conserved

c. Neither momentum nor kinetic energy is
conserved

d. Only kinetic energy is conserved.

gofer: Jearey ot # -

a. ohdd HAI TI&IT gIdr gl

b. @I AR aifdsr e a=t ERfaa g gl

c. o d gaur AR 7 & afas Fo Wiaa
gie 8l

d. %ad At Foit WA g g

Area under Force-Displacement curve

represents -

a. Velocity b. Acceleration

c. Impulse d. Work done

TA-RAEUT aF FT ATFA  qUTT B-

a. g b. wRor

c.  3maer d. frar a3 e

The relationship between force and position
is shown in the figure given .




.
© 20
=10
a]
301 2 3 |4 "5 6
(8]
L 20
The work done by the force in displacing a
body from x=1 cm to x= 5 cm is -
a. 20 ergs b. 60 ergs
c. 70 ergs d. 700 ergs
T Re aw g & a0 ik g & &g w@eaw
fr@mr =
220
510
a
~ o0 b by 24,
Slol 1 2 3|45 6
o x (cm)
L 20
et Rz 1 x=1 cm & x=5 cm aF RraRa
F A qo g@RT R I 1 F4w g ?
a. 20 3m¥ b. 60 3m¥
c. 70 3 d. 700 37
22. If W1, W2 and W3 represent the work done 25.
in moving a particle from A to B along three
different paths 1, 2 and 3 respectively as
shown in figure in the gravitational field,find
the correct relation -
B
1 26.
3
A
a. Wi > W2 >Ws
b. Wi < W2 < W3
c. Wi =W2=Ws3
d. W2 < Wi< W3
e Wi, W2 3R W3 warer: dler sremer-aremr
T 1, 2 3R 3§ IEcarFdor AT H v Fr
A FBaFk A A F v w1 &1 =B
# femme v IR yfafaftes #a § [ w5y
B
1
3
A
a. Wi > W2 > W3
hET-11 (’-ﬂﬁ@f) )

b. W1 < W2 < W3

c. Wi =W2=W3

d. W2 < Wi< W3

In perfectly inelastic collision -

Only momentum is conserved
Only Kinetic energy is conserved

Momentum and kinetic energy both are
conserved

None of these

: YA TFAT H -

hadl "I TI&IT giar g

had el 3T TIfaId 8iam &

a1 3R A1fasr Far gt Ifea grar &
SIH § PIS G

The work done in raising a mass of 1kg
from the ground to a table of 1m height is -

a. 981 b. 98J
c. 0984 d 49J

1 fFe & geadaa & SHT F 1 Hew I i
A dF 3o F FAT 1T FF FAT g ?

.ao.crsv:%.a ©o T o

a. 981J b. 98 J

c. 098J d 49J
The rate of doing work is called-
a. energy b. power
c. force d. pressure
FF FIT A T FgdTa &-

a. Far b. afFa

c. do d. g

A particle of mass 'm' moving with velocity
' v' collides perfectly inelastically with a
stationary particle of mass '2m'. The speed
of the system after collision will be -

a. 2v b. 2v
c. 3v d. 3v

gl ?
a. 2v b. 2v
c. 3v d. 3v

What will be the kinetic energy of a body
when its velocity is halved?

a. Double b. Half
c. Four times d. One-fourth

I« frdY R &1 Jor 3T T fAr Se ar 35
Afas FAT F4T gei?
a. GRE b.

9

C. T JT d.

e
T A




28. If the momentum of a body is increased by 2 A geUATT & FUT FT TH Afad &7or
100 %, then the percentage increase in the 9T T (3}7 + 437) m/sec ¥l M ARAT FaIT
kinetic energy is- F1 g6t ?

a. 150%, b. 200% a. 16 J b. 8J

c. 300% d. None of these c. 25 J d 24

afy m%‘;?; FT_FaT 1003 g1 e e 34. A perfectly elastic body of mass 'm' collides
TS St # Foa sfaed iy g head on with a wall with velocity’ v * The
a. 150%, b. 200‘/" . change in momentum will be-

c. 300% d. SIH & IS A a.  mv b, 2mv

29. Relation between Kinetic energy (K) and Cc. zero d. None of these

Momentum (p) of @ body of mass m - ' 7T 1 T T v fis v A &
' P ' P T AR ¥ THACT § o FaT H F4 qRada

c. K=pim d. K= p?2m gem?

gegAE m & wE W3 & v afas w4 (K) 3k a. my b. 2mv

HAT (p) & €T FAT WY g ? c. zero d. SFIH & FIS QT

= = 2

a. K _ p;n/2 b. K B pzn 2 35. A car of mass 400 kg travelling at 72

c. K=pim d. K=p2m km/h crashes into a truck of mass 4000 kg

30. A crane lifts a mass of 100 kg to a height travelling at 9 km/h, in the same direction.
of 10 m in 40 sec. The power of the crane The car bounces back at a speed of 18 km/h.
is (Take g= 10 m/s?) - The speed of the truck after the impact is -
a. 100 watt b. 200 watt a. 9 kmph b. 18 kmph
c. 250 watt d. 500 watt c. 27 kmph d. 36 kmph
TF Fet 100 fralamT aoter Y 40 ¥F3 # 10 #iex 400 fFaNI geadATE arell T FR 72 fHey
# FUTE aF 3ordt g1 Ha hr afFT Fr T 2 ger @ afy & 3 Rem F 9 frevaer @ afy
(g = 10 m/s? &) ¥ Toldl a1 4000 fFAA FeIAE a gF A
a. 100 are b. 200 arc mmm, %Ia?rwnﬁr ¥ “W%W;Fﬂ' feam #

18 [ereT @ aH TFRY
c. 250 gre d. 500 Tre ¥ g < & AT T BN 2

31. A ball of mass 'm collides with a wall with a. 9 kmph b. 18 kmph
speed v, then the work done by the ball on c. 27 kmph d. 36 kmph
the wall is- . L. .

a.  my2 b. Zero 36. What lel be tI.1e Il(lnet_lc energy of an object
when its velocity is tripled?

c. mv? d 2 mv .

& N a. Double b. tripled

m geqHTe T v UF QAR @ c. nine times d. None of these

Tl §, af dig g@RT AR W fRar s

AT BN 2 el avq #1 a9 i e @ W swd afasr

a. mv? b. =T St 7 g

c. mv? d. 2(\ mv?2 a. @l b. ?—ﬁ?r‘?]’FIT !
c. @t e d. SdH & FIg QT

32. Which one of the following is not a . .

conservative force ? 37. One gram of matter is cpnverted into energy.
L . The energy released will be -

a. Force of fricion b. Magnetic force a9 x 10 b 9 x 10°

c. Gravitational force d. Electrostatic force c' 9 x 10 d. 9 x 1072

fArafaf@a & @ i @1 v wweh go ag {2 % AT g et #F gREfdT @ oY scafa S

a. GYT g b. I§hT g FT Bl ?

C. IXcalhyUT & d. %ajg?r EE] a. 9 x 108 b. 9 x 108

33. A 2 kg mass has a velocity of (37 + 4 ) c. 9x10% d. 9 x10™
m/sec at a certain instant. What is its kinetic 38. The commercial unit of energy is-
energy - a. Joule b. Watt
a. 16J b. 8 c. Kilowatt hour d. None of these
c. 251 d 24 J

FerT-11 (ifady o




39. 1 Kilowatt-hour (kWh) is equal to-
a. 36 x 10% J b 36x10%J
c. 0.36 x 10¢ J d. 360 x 108 J
1 fraare-ger (kWh) fFad ety §-
a. 36 x 10%J b 36x10%J
c. 0.36 x 10¢ J d. 360 x 108 J
40. After perfect inelastic collision -
a. Bodies move in opposite direction
b. Bodies stick together 46.
c. Bodies come at rest
d. None of these
O VAT TF F 916 -
a. a¥qu faqlid feem & =eld &
b. a&U IH & FYS ST §
c. TEU TaHH F 3T A
d. 38 & FI$ 7L
41. 1 Horse Power=
a. 746 W b. 446 W
c. 766 W d. None of these
1 3129 erf@dd=
a. 746 g b. 446 darc 47.
c. 766 ac d. SAH A HIS AGT
42. Kwh is the unit of the following-
a. Work b. Energy
c. Power d. None of these
Kwh fasafaf@a & s&s §-
a. b. Far
c. erfed d. SAH & FIg Gl
43. Work done by the all forces on a system 4g.
equals to the change in-
a. Kinetic energy b. Potential energy
c. Mechanical energy d. None of these
Y womelt W wsit s@ @R RFAr T
Fud aRadd & e gar 82
a. Jfasr Far b. Tufasr Far
c. Tifyd FaAT d. s ¥ HIS FET 49.
44. For a elastic collision the coefficient of
restitution(e) will be -
a. e>1 b. e<1
c. e=1 d e=0
YARY FH & fAv goyaede 1 JonF (e)
7 g ? 50.
a. e>1 b. e<1
c. e=1 d e=0
FerT-11 (ifady

o1 Y affaE 3HE & 45,

Y

a. el b. dic
c. freare ger d. oI @ FIS FE

In an elastic collision between two objects,
what happens to the total momentum of the
system?

a. It is conserved.

b. It decreases.

c. It increases.

d. It remains constant.

ar a3t & @ UF YAy cF A, e
T F HIT FAT PR 8?2

a. WRITEAE| b " g |

c. §¢ A | d. 3R @ g

A body is falling freely under the action
of gravity alone in vacuum.Which of the
following quantities remain constant during
the fall?

a. Kinetic energy

b. Potential energy

c. Total mechanical energy

d. Linear momentum

v Wz fEta # e ocarwdor f B &
aEq TaaT ™ ¥ PR @ ¥ A ¥ ek
fArafaf@a & @ sl @ weft 3w @ &2

a. dfast For b. Feufas o

c. el Ik Foil  d.  IWT FAr

Frictional force is -
a. Conservative

b. Non conservative
c. Neither conservative nor conservative
d. None of these

gYr a & -
a. Tl §o b. 3r&el s
c. o TREM, o 3 ERET d. EAH H HIS gl

What is the smallest unit of power?

a. Watt b. Kilowatt
c. Horse power d. Milliwatt
AfFT T FIW DN SHIE FAT &7

a. dc b. fhdlarc
c. 39 ufda d. fAdare
Dimensional formula of Spring constant is -
a. [M'LT? b. [M'L'T?
c. [M'L?T2 d. [M'L°T]
v R &1 T g7 ¢ -

a. [M'L°T?] b. [M'L'T?
c. [M'L2T?] d. [M'LT]

If two persons A and B take 2 seconds and
4 seconds respectively to lift an object to
the same height h, then the ratio of their




powers is - 56. Dimensional formula of kinetic Energy is-
a. 1:2 b. 1:1 a. [M'L?2T2 b. [M'L'T?
c. 2:1 d 1:3 c. [M'L?T?] d. [M'L2T]
afg &Y =afea A 3R B fnelt g #t woreT S=rg afasr Fat 1 T g7 3-
h a% 3 & AT 2 Vs 3T 4 Vs A &, a. [M'L2T?] b. [M'L'TZ]
ar 3?1|ﬁ2alﬁ?-m’r Cal 3@4;3 EF:JT 3117rr ? c. [ML2TY d. [MILZT]
a. : . :
. ) 57. During collision between two bodies, which
c. 2:1 d 1.3 . . .
of the following quantities always remain
51. Two bodies of masses 1 kg and 16 kg are conserved?
moving with equal kinetic energy then ration a. Total kinetic energy
of their momentum will be - b. Total mechanical energy
a. 4:1 b. 2:1 .
c. Total linear momentum
c. 14 d. 1:16
] 16 % @ Ris d. Speed of each body
oGRS AT geIHATT HHATT .. .
afde o ¥ Ay F @ § A A% waw A sl & 9 ot F ahw PfafRa & @
AT AT @I - Flar A AR gren WET Tt {77
a.’ 41 b, 2:1 a. T AAS Foft b, Tl AAR Foit
c. 14 d. 116 c. AT HIT  d. yIH Wz H afd
52. Area under Force-Displacement graph gives - 58. In elastic collision between two masses m;
a. Work b. Power and m,, 100% energy transfer takes place
c. Momentum d. None of these when -
. a. mp=m b. mi>m
W‘T;m TE F 3'“”;' mrq%m e - c. mi<m d. mi=2m,
a. .oR 8 .
R g N ar gegHmEl mq AR m2 F T TARYy T A,
AL - ¥ 100% ST TYTATGROT gH1 -
53. If the velocity of a body becomes double a. m = m b. mi > m
then its kinetic energy becomes - c. mi<m d. ms=2m,
a. Double b. Four times
c.  Halved d.  One-fourth 59. A truc.k and car are rpoving with same Kin.etic
energies on a straight road.Their engines
afy et Rz &1 dor m g JT ar IEd are simultaneously switched off .Which one
afasr FaT g I 8- will stop at a lesser distance -
a. ardom b. =R oM a.  Truck
c. 3menm d. us dlug b. Car
54. In uniform circular motion work done by c. Both will stop at the same distance
centripetal force is - d. Cannot say with the given data
a. Positive b. Negative
. g Ng i U ¢ AR FR W ¥3F W v FHE i
C. ero . one of these 3)T1|‘rﬂ? AT T @ §l IR IA% ST Th 9y
Wgﬂﬁﬁmwmm ag fFT o @ FlT FH gl W T 2
T FE T - a. &
a. YdlcHsh b. FHUMcH® b. &R
c. @I d. T & IS c. e THE gl W
55. For a perfectly inelastic collision the d. TSU 31T 3eT & AT gT gl oI Tehell &
coeff|C|>en1t of restltutlonb (e) w'<" 1be B 60. Dimensional formula of Potential Energy is -
& e- - es a. [M'L2T?] b. [M'L'T?
¢ &= d- ;1; c. [ML2T? d. [ML2T]
i ITARY TFR F TIaT Y I e s
9T (o) ST g 2 M1L2HTI v agr ' MILIT?
a. e>1 b. e<1 a.[122] '[121]
c. e-= d e=0 [M'L2T-2] d. [M'L2T]
hET-11 (’-ﬂﬁ@f) o)




61. Dimensional formula of Power is - work done.
a. [M'L?T?] b. [M'L'T] Power depends only on the time taken.
c. [MIL?T9 d. [M'L2T] Power depends on both work done and
afead &1 fAehw w7 & - time taken.
a. [M'L2TZ] ® b. [ML'T? d. Power is unrelated to work and time.
c. [ML2T d. [M'L2T] AT & ey H Arafaf@a & ¥ i @ sua
62. What is the work done by gravity when an
object is lifted vertically? a. me ;_‘ﬁr forndr o R Sy AT W AT
a. Zero
b. Positive b. ;mmwmmwﬁmm
) . |
c. Negative - c. ufFd B A ER A R T we gt
d. It depends on the object's mass o IR e B
e Rl avg # dFEad IR FA@T §oar d. uafed &1 #1A AR AT & Fg GOy @0
TGCATHYVT GART F4T FH FFar S 872 gl
a. qd 66. If two devices do the same amount of work
b. €ellcHs but one does it in half the time, which device
C. “RUIlcHS has the higher output power?
d. Ig I & g¥A W FE L a. The device that takes less time.
2 . .
63. If two objects have the same kinetic energy, b. The deV|(.:e that takes more time.
but one has a larger mass, which one will c. Both devices have the same power
have a higher velocity? output.
a. The object with the larger mass. d. It depends on the type of work.
b. The object with the smaller mass. IfE & IUFIUT AT AET A FH Fd & ofhed
c. Both objects will have the same velocity. TH HY AT A AT §, o FRE IUEIr 1
d. It depends on the shape of the objects. e afFa 3®?ﬁiﬂ7ﬂ7 e d
a. 39T hH HAT |
Ifg &Y axgat A afasr st wae @), AfFaT e N dar 3
FT GoUA AT &), A FhAST 3T HAF A7 b. & IUFOT S 3ferF HAY '
a. 3OF GIAT arelr awd F C. Gl 39T 1 forele erfbed |areT gram |
b. A gIA arel a&d F| d. IE FH & FhR W AR e 8.
c. el aEJ3MT I AT HAGT g 67. If an athlete does 500 Joules of work in 4
d. Ig I3 & IFR W AR Far T seconds, what is their power output?
64, Which t ° ¢ potential energy is associated a. 200 Watts b. 125 Watts
. ich type of potential energy is associate
with the compression or stretching of a c. 1250 Watts d. 4 Watts
spring? IfE F$ TUllc 4 FF3 # 500 [ FOA FIAT o,
a. Gravitational potential energy ar 3Tt afda 41 ghem ?
b. Elastic potential energy a. 200 Watts b. 125 Watts
c. Chemical potential energy c. 1250 Watts d. 4 Watts
d. Thermal potential energy 68. What happens to the output power of a
Y v & wdieT a1 RUE ¥ BE SR 6 machine if the amount of work done remains
Rufe Fo o3 gt 2 constant but the time taken to do the work
5 1%5 A i is increased?
z' ¢ ot g a. The power output increases.
C' ‘ T — b. The power output decreases.
d- N ) c. The power output remains the same.
' d. It depends on the type of work.
. Which of the followi i
65 ic _o the following statements is true Rl arefler B Bt e @7 AT @ AR U
regarding power? 5 3 e
a. Power depends only on the amount of T FHH Y AT 4 i #
: P y A qTET AT 96 AT 872
hET-11 ("ﬁﬁﬁ ler-ve)




a. Tt afdad s amar g a. W = FS cosb
b. fetH afFa & g S g b. P. E. = mgh
c. ot ufea agr war g c. K. E.=1/2 mv?
d. Ig§ FH & TR W AR AT d. All of these
69. Two springs of spring constants 1500 N/m ffaf@a & @ «ls ar ad 87
and 3000 N/m respectively are stretched a. W = FS cosf
\évri‘t:rthe.:atr:ee ::tr.cc:)e. They will have potential b. P.E. = mgh
i io -
a gy. 1 b, 1:4 c. K E =1/2 mv?
c. 2:1 d 1:2 d. IIHT Tl
. 73. If a force F is applied on a body and it
A 1509 N/m 3 3000 N/m fesrer e moves with a velocity v , the power will be -
& v gAE aa ¥ N ad §) 39F
Rufas St &1 3eurad 41 @A ? a. Fxv b Fiv
a. 4:1 b o1:4 c. Fn d. Fxv2
c. 2:1 d 1:2 If P Rs W aIRRa sa F st ag v awr
70. A stone projected vertically upwards from ﬂ'?l'?xih'l' e m-b £/
the ground reaches a maximum height h. a. v . v
When it is at a height 3h/4 the ratio of its c. FA? d.  Fxv?
kinetic and potential energies is - 74. In a one-dimensional elastic collision, the
a. 3:4 b. 1:3 relative velocity of approach before collision
c. 4:3 d 3:1 is equal to -
s @ §999 3T N IR yART = geuw a. sum of the velocities of the bodies
IVFIA FA$ h dF 9g9dT &1 59 g 3h/4 b. e times the relative velocity of
FATE W T § ar ST arfaer 3k Rufasr Far separation after collision
FT AT FAT g ? c. relative velocity of separation after
a. 3:4 b. 1:3 collision
c. 4:3 d 3:1 d. None of these
71. A force F acting on an object varies with TH I YARY T A, Thid d g
distance x as shown here.The work done by 3YIHA  FHT WIYET 97 e Fham ¢ -
the force in moving the object from x = 0 to a. TSt & 3o & AT F
=6 mis - b. EFHT & dlg JUFHIUT & HIYET AT HT e
F(N) AT
r )
3 ] , C. TFI & dlg JUFHOT & HUET 49T &
2 ! . ¢
. LN d. 3 ¥ FI$ A&
X(m)
" r234s567 75. Which one of the following physical quantities
a. 914 b. 45 J is represented by the shaded area in the
c. 10J d. 135 J given graph?
Y a¥q W IRAT a8 F gt x & F19 agaar 3
At T R A AT A T §1 9 3
FAXx=0FXx=6mdh & I & I @RI =
frar I F 1T ?
F(N)
3 Distance
o] ! a. Torque b. Impulse
‘0 5 - c. Power d. Work done
frafafla # & sl @ sifds afr R v %
a. 9J b. 45 & oHifFd &8 garT g 71§ 7?2
c. 104 d 135J
72. Which of the following is correct?
hET-11 ("ﬁﬁﬁ v}




3ceR: T &1 FEAfasT ol ge Sean | 3e7eeoT & fow
3 TEcaAhYUT & dgd Tadd &9 & fIeT arerm
2 fis 1 Rufdsr o gedr § |
4, Which physical quantity is conserved during
both the elastic and inelastic collision?
Distance . . . . .
Ans: Linear momentum is conserved in both colli-
a. dlel 3-]T’€1;UST b. WT sions.
c. umd d. @ vy 3R IVERY  TF & e Fa @
sitffas TRr W@ @ 7
ANSWER OF MCQ QUESTIONS 3ca¥: at earat # Y G wfdd war B
3edl Fﬁ: 5. What is the Sl unit and dimension of work
?
1a. 2d. 3b. 4c. 5c. 6. 7c. Ans: As work = Force x displacement
8.b. 9.c. 10.a. 11.a. 12b. 13.c. 14.b. [W] = [Force] x [Displacement]
15.b. 16.d. 17.b. 18b. 19.b. 20d. 21.a. = [MLT’Z] X [L ]=[|V|L2T'2]
22.c. 23.a. 24.a. 25b. 26.c. 27d. 28.c. ) o o
29.d. 30.c. 31.b. 32a. 33c. 34.b. 35.b. lts dimension is [ML*T*]
36.c. 37.c. 38.c. 39.b. 40.b. 41.a. 42.b. Its Sl unit is joule.
43.a. 44.c. 45.a. 46.c. 47.b. 48.d. 49.a. F & 5., AEE 3 AT T &2
50.c. 51.c. 52.a. 53.b. 54.c. 55.d. 56.a. o
57.c. 58.a. 59.a. 60.a. 61.c. 62.c 63.b. 3cc¥ T FH = To x FEATA
64.b. 65.c. 66.a. 67.b. 68.d. 69.c. 70.b. L [ER] =[] x [[aEuTT]
71.d. 72.d. 73.a. 74.c. 75.d. = [MLT?] x [L J=[ML2T7]
gHerT fadiT I [ML?T?] &I & |
VERY SHORT TYPE QUESTIONS: S S, 7 @A E |
sifa ("I"c'él,' FeaIT e 6. What is the work energy theorem ?
1. What is the work done by the centripetal Ans: Work-Energy Theorem:- Work done by a
force? Why? force in displacing a body is equal to change
Ans: Zero. This is because the centripetal is al- in its kinetic energy.
ways perpendicular to the displacement. W :j”zF-ds:l mv? - mu? = -K, K, =AKE
g 2 2 '
aaﬂﬂ»—;‘.’m I g@RT T =T FF Far ghem ? '
where, Kj = initial kinetic energy
3ot | W7 AV § i 3efehd g gAen K; = final kinetic energy.
AT & S Bl ¢l v¢ = initial speed
2. A light and a heavy body have equal and v, = final speed
momentum. Which one of them has more
KE.? A FoIT AT F4T §?
Ans: The lighter body has more K.E. eat: FE-F gA- el s @ faefg s 3
g Y frel a1 qanrr fohar arr & 3 afder e
TF goah AR TF AR aFg F WA HIT g @Y ¥ RadT ¥ e g B
zad ¥ FUF T ARF AfAST ST gl 2 N 1,1,
3ccR: gooh a&q # arfdst Far 1 AT 30F grel W :jq F-ds=_muv; -3 muy =K, - K; =AKE
3. A conservative force does positive work ST, Ki = YRTAS el Sl
on a body. What happens to the potential = 3if o
energy of the body? Give an example. - .
Ans: Potential energy of the body decreases. e.g. = aRfAE At
a body falling freely under gravity. IR v, = 3Hfa# afa
TF Tl 9 v AT W 4aAcH® T &A1 7. Define Gravitational Potential Energy .
gt Rz & Rufdsr 3o &1 41 891 2 T Ans:  Gravitational Potential Energy:- It is the en-
ELUUIE N ergy possessed by a body by virtue of its
FerT-11 (ifady (e




position above the surface of the earth. The
gravitational P.E. of a body of massm at a
height h above the earth's surface is-
U=mgh
Tl feufasr Fat & aRenfa &1
3 Wﬁuﬁamﬁ Ig et Tz & gt &r
TaE & O W Rufy & sRor Hisla o &
SSTATT m & UF T F ged T TAE F h
Farg W aRcd Ul S -
U=mgh
8. How will the kinetic energy of a body change
if its momentum is tripled? Why?

K.E. becomes nine (9) times its initial value
as KE. « p? .

Ife frdlt avg #1 waer faere @ & 3w arfasr
FSAT A FAT dGAT QN7 FA?

: IfaeT FoIT 39 YRIAS AT &7 AT 87 FReT
FoifF T I KE.  p? 81T g

9. Define power.

Ans: Power:-The rate at which energy is trans-
ferred or work is done by a body is called
power.

Ans:

Power = Rate of doing work

work done
= time taken

Instantaneous power is given by
aw d ,. .. -ds
P :-EFGZE?(RS)::F:E
=F.#=Fvcosf

If6 = 0° then P = Fv.

i Fr gReRaT FII

afFd-ag X g W Pl [ garr Fer
TATATIRT T ST & AT dRT frar Srar g, aiea
Fgelldr ¢l

ATFT = FF ey T &I

T ITAT HI
o ar I/ T g T

dTcepTtoleh ATFd I 3T TR ST SATAT &
dw d ds

=ar ~uF=Fg

=F.$=Fuvcosh

gfe 6=0°8r dr, P=Fv
10. Define coefficient of restitution.

Ans: Coefficient of restitution:- The coefficient of
restitution for a collision between two bod-
ies is the ratio of the magnitude of their
relative velocity of separation after collision
to the magnitude of their relative velocity of

P E.

HefT-11 (IR

approach before the collision.lIt is represented
by e and it depends upon the material of the
colliding bodies.

V=V [v1 — v
e=— =

w -y |ug —up

YeIaE T & I0TF T IRERT F

TIIEST T[0T~ & st & eandra & aTe 3o
37O BT & TTUET 9T & IRHAT IR T T
8ol 3cich 399HA o HTU&T d9T o IRHAT &
IUTT Y THG HT IcIIEATA I[UTh Fed gl
=T e CaRT WAERT BT ST ¥ 3R Ig ey
arer TSk & areel W @R aar ¥ |

L]

3cdl:

[v1 — v
e= =

w -y |y — g

SHORT ANSWER TYPE QUESTIONS:
Y Iealld TR

1. When work done by a force is said to be
zero?

Zero work:-Under three conditions, Work done
by a force is zero.

Ans:

1. If there is no displacement [s = 0]
2. If the force is perpendicular to
displacement i.e., 8 = 90°
3. |If there is no force acting on the body [F
= 0]
;—q' et 9 qarT R e 1 T Fer S
”

D T FR-AE TRt #, foRdl dof ganT faar
T HE Y e B
1, uﬁaﬁéﬁwmrﬂ'é‘rg‘r [s = 0]
2. Ifg s faTuas & s@ad g I, 6 = 90°
3.0]aﬁﬁ?waﬂéaaa€rﬁﬂﬁwmﬁ[lz

2. A position dependent force F =(7 —2x + 3x2)N
acts on an object of mass 2 kg to displace
it from x=0 to x = 5 m. Find the work done
by the force.

the

Ans: Work done =

rdex J'(7 2w+ 300 =[Tr-x? 427 23525+ 125 =135
5

2 5T gegAE gl T W e Rufa @Al
Fd  F=(7-2x+3x))N FF @ § aife 39

=0 x =5m d% faraiRa f&ar s a&|
T @I fFaT T FE A W




3ca’: fHar I FI =

Ans:

3cdl:

Ans:

HefT-11 (IR

e 5
jﬂx:j (- 20 4352 =[x -2 423 =35 -25 4125 =135
0

ol

Define Elastic Potential Energy of spring.

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 kx dx =< kx?
o 2

This work done is stored as potential energy
U of the spring.

1
AU =—kx?
3 X

fovar & yearey Ryfas st wt afenfa w0
yearey  RRufast 3ot - g5 & 9 F 3R,
ST T TS T gl x aF e o 8, ar s
TN & HROT 85T & A1 qoedioer oo
56 YR e © {6

Fxx IdTF = —kx
el k T&yer #r fver R § oS fEwer #
g gide favdR # TuIfid geeiar aor &
gfafaftica &ar g1 s s N/m #l
EGaT &1 g x deh Wiest & foar ar & g

x 1
W:f kx dx = s kx*?
o 2

foar arr g S e & ffufas et U &
T A GIST @ ¥ |

1
U= —kx?
3 X

A particle of mass 2 kg travels along a curve
with velocity given by 4i+16k ms. After
some time, its velocity becomes 8i+20j ms™
due to the action of a conservative force.
Find the work done on particles during this
interval of time.

Given, m= 2 kg

=v4% +16% =272

=y, =82 +20°

Vi= 47 + 16k mst, = v

And v, =8i+20j ms™ = V464

Ans:

3cdl:

So, Work done = %m[v;2 -vili =192 J
2 kg a—zmrrr HT TH HUT Th g% TEd W

QM 4i+16kmst @ AN F @ ¥ TS AT
¥ Teuld UH WEl g9 F FROT SHST A
8i+20) ms™ @Y m%lm*%ﬂmﬂ#
e #or W fFT T FRF F AT Ao

c fear T & m= 2 kg

ViE4i +16k mst. > v, =42 +162 =272

-1

IR v, =8i+20) ms >y, ~J82 4202 = Ja64

1 bl ]
safaT foham am F = Jmbi -vil = 192 J
A particle moves with a velocity
v =5i-3j+6kms™ under the influence of

a constant force _¢;.10j+20i - Find the

instantaneous power applied to the particle
Given, F=10i+10j+20k N

and v =5/-3j+6kms™ -
So Instantaneous power=? = Fi

= (107 + 107 + 20/).(51 - 3] + 6k)

=50-30+120 =140 Js '
UF FUT UF a7 qaf F =100 +10/+ 20k V. & g371q
F quw v=5-3+6kms™ F 7fy F @ B

HUT W IRNT drewifasd afda a7a ffow)
e =T &, F=10i+10j+20k N
AR 17=51'—3}+6ifms"1
g dlcaliale QAfdd= P=Fy
= (107 + 107 + 205).(51 - 37 + 6k)

=50-30+120 =140 J-s*

LONG ANSWER TYPE QUESTIONS:

&I 3cadT veeT:

Ans:

Define kinetic energy. Find an expression
for the kinetic energy of a body of mass m
moving with velocity vo

Energy possessed by the body due to the
virtue of its motion is known as the kinetic
energy of the body. Kinetic energy possessed
by a moving body is equal to total work done
by the body just before coming to rest.

Consider a body of mass (m) moving with
velocity (vo).After travelling through distance
(s) it comes to rest.

Put, u=vo ,v =0 and s = s in equation
V2= u’+ 2as, we get

0 = vy?+ 2as
= 2as = - vp?




HefT-11 (IR

= a = -vpi2s
Hence force acting on the body-
F on body = Ma = - mMvo%2s

But from Newton’s third law of action and
reaction, force applied by body is equal and
opposite to the force applied on body-

ie., ﬁby body = - F on body =+MVo%2s
Therefore work done by body,

W=F. s

=> W = (mvo?2s)s.CosQ°

=> W = mve?/2

Thus K.E. stored in the body is -
K.E.= 1/2 mvg?

afrer st # aRenfa w3 vo &

ISt o & &7 F ST ST gl afda fs
$r afas o foRE 7 39 T F & g [Nz
CaRT fRT AT Fel FA & T giel B

AT of $T M GeIATT & Teh [N AT vo & 1Y
T W81 s q dF & & &g g T i
afa & 3m Smar g1

U=vo v=03R s=s FHRT v?= u*+ 2as
H @ W gH UId § I,

0 = vo*+ 2as

= 2as = - vo?

= a=-vy/2s

zafot s W 9T arelr a7 gam-
F on body = Ma = - mMvo%/2s

Afthet =geat & fohar AR gfafshar & e s
¥, TWs @R oF] dof U3 9 ST T o &
faodia 3R sk grem

3T, s ganrT o) e -

I?by body = - F on body =+mvo?/2s
W =F. s

=> W = (mve?2s)s.Cos0°

=> W=mv?/2

59 yhR Nz & Fada afasr Fa -
K.E.= 1/2 mve?

Discuss one dimensional elastic collision
between two bodies. Calculate the velocities
of the bodies after collision.Show that when

Ans:

two bodies of equal mass collide elastically,
their velocities are interchanged.

One dimensional elastic collision:-

1. It is a collision in which the colliding bod-
ies move along the same straight-line path
before and after the collision.

2. It is a collision in which both the mo-
mentum and the kinetic energy of the system
remains conserved.

3. It is a collision in which all the involved
forces are conservative forces and total ener-
gy remains conserved.

Velocities in one-dimensional elastic

collision:-

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

Uy Uz Vi Vo

O O O O

m4 mao m4 msa
Before collision | After collision

According to law of conservation of momen-
tum

m1u1+m2u2 = m1V1+m2V2 ............ (1)
= mi(uy-vy) =ma(Vyly) oo (i1)
As K.E. is conserved in an elastic collision,
SO
—m u +—m,u; =—mlvlz+lm2v3 ....(iii)
2 2 2 2 -
= mi(u? - vi?) = my(vyP-upDeeeeenene (iv)

Dividing equation (iv) by equation (ii) we get-

D Ug U T Vy ot Vi (vi)
i.e.,
Relative velocity of approach = Relative velocity of separation
Further from equation (v) we get-
Vo = v toug - uy
Substituting this value of v, in equation (i)
and rearranging we get
Velocities after collision-

mq—msy Zmz
U= U
my+m; mytmg T (v
and,
_2my my—my
U, = 1 Uz
——— mytm, 2 (V1)




Special case:- When masses of two colliding
bodies are equal,

Substituting ms = m2 in equation (vii) and (viii)
we get-

Vi = uy and vy = uy
i.e. It means when two bodies of equal mass-

es undergo head on elastic collision, their
velocities get interchanged.

ar O & fiv e gy TR i
a7 ATl ehig F a1 WAt & i HiY o
AT RET F I A a7 F & Rz
YOy ® § TS &, df 3% 7 99 A
e 9§

. Ueh T Ycdiey  Tald:-

1. Ig Us UHT cFa ¢ forgd cohdlel darel T3
cF T U 3R TFHT & &I T g Aredy 3@r
H Tod gl

2. U UH UHl TFR ¢ TIEH YUlell &1 Haer
3R aifasr FaT et Tfara B g

37T, 3WHT & T = JUFEHOT & q9T

AT (v) ¥ & U § A
v2=v1+u1-u2

vy T UG AT FHIRIOT () H [W@H FGReAd

el WA U §

TFHY & §1G AT

My =My 2m,
v = "Ug
Myt mytme T L (Vi)
, 2my my—m,y
Vy = *Uq + Uy
my+m, mytms 7L (VI

oy Fufa:- 39 ar et arer et & gegdAeT
TSR & |
FHHIOT (vii) 3 (viii) H my = m, = gfaeaig
FA W gH U1 § -

Vq = M2 and Vo = Uq

HAA, 3HHT Ad ¢ b ST GHAT FeIAT &
ar 3 U AT IRy TR IeRd &,
3% 39T 39 F deoT AT gl

3. State principle of conservation of mechanical
3. Jg UH Ul cHF g oA enfAe enfdAer energy. Show that the total mechanical
Tt g7 el oo gl € 3R For Fofl wfardT energy of a body remains conserved during
W@l & its free fall.
Teh AT AT ey H AI-ATT ofifalT T Ans: Principle of Conservation of Mechanical
mq 3R my GeART & ar s HAT: uq 3R u, Energy:-For conservative forces the sum of
(ug >uy) AT F TH & fgem & afaaA § FaA kinetic and potential energies of any object
HTHA-ATHA AT T TFR gldl gl I vy remains constant throughout the motion.
3R vy Y & G IR AT g v i.e., for conservative system E=K+U= constant
O ty O uz O Vi O Vo .lvc , u
m4 Mo my mso h hy -lw o H
THFR & Ygd | THFPL & 9IG L,
T3 TIE0T & TAIH &anT, Case1:- Consider a body of mass m situated
. _ +\ . at height h & moving with velocity vo. Its total
mlul mzuz_mlvl m2V2 ............ (1) meChanlcal energy W|” be-
= mi(ug-v) =ma(vy-iy) i, (i1) -
ST [ T IRy TEFR H dTfeT ol SXad lw
@m’ %-l sﬂﬁv h
%mluf +%m2u§ :%mlvl2 +%m2v22 LG(iil)
= mi(u - vi?) = my(vyPup?).een (iv) E1= Ur+Ks ,
FHFOT (iv) H T (i) T HIT A W > El=mgh+ "% .. Q)
§H OId § H1- Case2:-When the body falls under gravity
Vit U = Vo F g, (v) through distance y, then it acquires velocity
DU T UY T Vy m Ve, (vi) vy and its height becomes (h-y)
BET-11 (Ml W
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Hence, u = vo

s=y
a=g
and,v = vq

Using the formula, v?=u?+2as
= v12=vp2+2gy

Total mechanical energy in this situation will
be-

E2= U2+ K2
= E2 = mg (h-y) + 12 mv+?
= E2 = mg (h-y) + 12 m (vo*+2gy)
= E2 = mgh - mgy + 12 mvo?+ mgy
= E2 = mgh + 12 mvo? e (i)

Case3:-Now we consider the situation when
body reaches ground with velocity v,

Hence,u = vo

s =h
a=g
and, Vv =v,

Using the formula v2=u?+2as
=> V22=V02+29h

Total mechanical energy in this situation will
be-

E3= U3+ K3
=> E3=0+ 12 mv;?
=> E3 =0+ 12 m (vp?+2gh)
= E3 =12 mvg*+mgh .. (iii)

From above equations (i),(ii) and (iii) it is
clear that E1 = E2 = E3. This proves the law

(101}

of conservation of Mechanical Energy

iy Fo F W F Rgiad # aa=d /g
= & frdt Rz & o 7ifiF 91 39F Fqaa
¥ ¥ A & el @faa e R

: ATTAS Foll TI&TT HT {gIa:-

el goll & fau frer o a&g & arfasr 3R
fEufasr Faat &1 aer qft aifd & ek 3R
@ &

372, TRelr gumelr & ford, E=K+U= 3R

h

E1= U1+K1
mv,
2

Case2:- S U5 J&careh¥or & 37cfdid y
F AT Vi P UTCT BT § IR A
ST 8 |

= E1=mgh+

CRUREINS
(h-y) &

=

Ad:, U = vq
S=Yy
a=g

3R v = vy

T Vv2=u?+2as @ 3UANET HLe -

= V42=v2+2gy

su feufa 3 For At T g
E2= U2+ K2

= E2=mg (h-y) + 12 mv,?
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= E2 = mg (h-y) + 12 m (vo*+2gy)
= E2 = mgh - mgy + 12 mvg?+ mgy
= E2=mgh + 12 mve? e (ii)

Case 3:- 59 fUg v ﬁﬂ@wwf@ﬂ?ﬁ
2l

3d:u = vo
s=h
a=dg
AR, v = v,

T v2=uP+2as  F 3TANET & N
=> Vo’ = vy?+2gh
su Rl o @ity s gef-
E3z = U3+ K3
=> E3=0+ 12 mvy?
=> E3=0+ 12 m (vy?+2gh)
=> E3 = 12 mvg**mgh . (iii)
39gerd FHIEOT (i), (i) 3R (i) ¥ T§ THE §
#T E1 = Ep = E3. Ig A Foil & TLE&IT &
faH 1 g e g

(102}






