Work, Energy And Power
CHAPTER -5 1, 3o 3tk afear

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
Fsind
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By resolving force F into two components :

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

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

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

given by -
W = (Fcosf)s =Fscosb
= 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 = Fscosb
= W=Fs
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Dimension and Units of Work:-
As work = Force x displacement
. [W] = [Force] x [Displacement]
= [MLT?] [L ]=[ML2T]

Its dimensional formula is [ML2T?]
Its Sl unit is joule and CGS unit is erg .
s & R 3k A -
qf #RT = aef x fawue
. [®E] = [§0] x [faTumg]

= [MLT2] [L ] = [ML2T?]
gHerT fadfT g [ML?T?] 8ier & |

gEh S| AEH FoT AR cgs AEH 39T (erg )
BT & |

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- 4w = F.ds

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

W = _[j F.ds = -[j (F cos B)ds
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In terms of rectangular component -

F=Fi+Fj+Fk and ds =dxi+dyj+dzk

B ~ ~ A ~ ~ ~
W= [ (i B+ FRdd + dyj o+ dzk)
X5 Ve ZB
W=\ Fdx+| Fdv+| F.dz
= '[".4 ¥ '[".4 ” Y J‘:A -
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dWw = F.ds
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W= L F.ds = L (F cos O)ds
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F=Fi+Fj+Fk 3 ds =dxi+dyj+d-k

W= [(Fi+ B Fh i+ dyj +dzk)
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Calculation of Work Done by Force Displacement

Graph

Force

O X ] XF i el
i o 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= _|':’ dW — _.':’ Fdx

W = Area under curve Between x; and xr
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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]
AT F-

dier feufaat &, faell o qarr fomam o &
T BIT Bl

1. I FS AU 16 g [s = 0]

2. If g faFumer & Sigad g I, 0 = 90°
3. I AT W S 9o FF A& W @ E [F = 0]
Positive work:-

Work done by a force is positive if the angle
between F and 5 is an acute angle. The
positive work signifies that the external force
favours the motion of the body.
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— Direction of motion
—

0° <@ <90°

; Direction of motion (?Iﬁ' ﬁ %\'?]T)

-

0f =0 -90°

Negative work:-

Work done by a force is negative if the angle
between F and 5 is an obtuse angle.The
negative work signifies that the external force
opposes the motion of the body.

; 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.

I
A B
I1
111
ie., Wisp=Wiop=W,i,p
Path 1 Pathll  Pathlll

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

(i)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=Fi+Fj+FEk

And § = 5,0+ s,f + s,k

Then W = E.s, + E;s, + E;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

. . . 1 .
a spring is given by W = 5 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? - X4?)
e aRfPufaat & BFar = arb-
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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 -

et g Fr FolT & 3TH FR FIA FT &7 7T &
T # gRNT FAT ST §1 T§ TH e Ay
¢l g T §F [MLT?] &R a1 aof 3gur
& ol g7 & T QYT ¥ TR S.. S
El?»f%’&ﬁ?CGS%Hw‘Ié'aﬂ‘r(erg gl

SATAEINF FHISAL:

golaclel dlec (eV), fhetare ger (KWh), e (Cal)
Relation between different units:-

e 1 Joule =107 erg

e 1 eV =916 X107 Joule

e 1 KWh =3.6 X 10° Joule

e 1 Calorie = 4.18 Joule

RffeT sFEal & <o gau-

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?

K=-= 2 —
2™ T

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 Xy
AU = Uy - U, ﬁ—J ' Faodx

X

Flx)=—

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 kx dx = = kx?
b 2
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This work done is stored as potential energy
U of the spring.
. U = %kxz

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:I[I?'F»dszimt.‘g—lmuf:K-—K-:QKE
a 2 ° 2 J

where, Ki = initial kinetic energy
K

V1

final kinetic energy.

initial speed

and v, = final speed

(i) If Whet is positive, then Kf - 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.
FR-FAT TAT:-
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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.
SEIATA-FaAT Jeda:-

HEEENAT & AR, GIAT A Foll F 3R ol
F geAAE F uRatid RAT ST HHAT §| TH
SegHATA m 3T E = mc? & @A gl ¢ T8l
c faTa & gaprer & a1fa g

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.

Fil WI&TOT T FAgieT:-

Foll @l o o F&ATT S o Fehar & 3R T &
oIS fohaT ST Hehcl &, 3 &hddl Tsh &7 & gA
¥ H TAAART Rar ST whar §1 el gues
JUme 3 @ TR T I3 BT AT W T
3R T &

Principle of Conservation of Mechanical Energy:-

For conservative forces the sum of kinetic
and potential energies of any object remains
constant throughout the motion.

ifF F1 G810 F1 RAga-

el sof & fow Rt off axg & aifasr 3k
feufdsr Fatai & e o afa & ehe 3R
& Bl

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 _7 ds
T dt dr( =F.o
=F #=Fuvcosh

If 8@ = 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
arfae:-
ag X form W e iz gany a1 Tu=aRd
ST § W T AT S §, afFd sedrar g1
AFT = FF A | X

_ o e
for T s @ g
dicpifore AfdFd & 38 YR 2T ST &
aw d .. .. .ds
P =E=E(F'S)=F'E
=F#=Fuvcos0

afg o=0°gr @, P=Fv
AT Teh Higer AR . gHA S.|. A dle
¢ 3R goer faelm @3 [ML2T?] glar § | g&ehr
3T ATTS fhelare 3R] 3FATFT (HP) &
e 1 kilowatt = 1000 watt
e 1 HP = 746 watt
freiare uer:-
I5 fegd ot &1 suraa@e AF g UE
feheitare der @8 faegd 3 § S 1000 dfe &
3YFROT EaRT 1 & F @Wad H S B
1 kWh = 3.6 x10°¢ 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.

TFRT -
ar ar &y ¥ 3% Ful & g caa AT A
F IR & AT g arelr WER forar & e
d Teh-g@l T 3UeTTehd AT ool ofand &
TFRT A ar ST T YT TYH 3TdTH 18T ¢

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

{85}

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.

TFR F YHR (ATAST FAT JI&IT & YR W):-
1. IIIEY  TF{ :-dg cFd{ Torgd YUTell &l
Faer AR a1fasT FaT et Wiard Ear &, IRy
IR FEdldl &l Th JcIET TFR #, fAe
et o el oo gld € 3R Fol Foft wfardT
W B

2. IYTEY TFRL:- d THG folAd haol T
|, YT T Fgolld ol

3. qUTHT: 3Ty THFHT-TE T8 ool ¢ Toreed
TFR & a1 & Us 3w & fAauw s €
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.

TFR & PR (TP are st &1 fgam & 3R @):-
1. AT AT AT ( TFAE ) TFR AT Th
3T TFRT:-TE Th VAT TSI ¢ [ordH Thred
grel U3 cFt ¥ ugel 3R TFR & a1 T &l
el Y@ 7 TFoa B

2. oS cFpe-afe eFay @ Ugal AT 9 H ar
g T & Orely YJ@r & 787 g §, a FhT Y
TOREST TFhT Fgl T &l

Velocities in one-dimensional elastic collision:-

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

: Uz : vy : Vo
my mp my mp
Before collision | After collision

By the law of conservation of momentum,

mlul + mzuz = mlvl + mzvz

As K.E. is conserved in an elastic collision,
SO
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1 1 1 1

imlutl2 + Emzug = Emlvl2 + imzvg

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

Velocity of approach = Velocity of separation
Or, ul_uz ='l72—l?1
Velocities after collision-

my—my 2my

v = U+ s U
L™ mpme Y mgtm, 2

o 2m my—m;
And V2=t +m1+m2 Uz

TH AT YA FRT & A9 - A folv
& my SﬁTmzanﬂ'l?ra-TaTﬁ?WQrz w 3R we
(u1>uz) Wﬁw@rmﬂﬁﬂﬁmﬁﬁmﬁ
IHA-THA HT AR caFa glar &l Ifg o
3R v, TFFT F 91 3AGT AT BT ar

Uy uz Vi Va2
o— O— | O— O—
my mo my Mo

cFHRL & Ugd | EFRt & dc
HII EI&T0T & TAH €any,
mquq + Mmooy, = MV + moV2

AT I T YA TFh H Ifael Fer S
glal &, safaT

1 2 1 2 1 2 1 2
—Mmquy + -myU; = -mMyvi + smyv;

2 2 2 2

IRIFA &7 THGIUN HT gol Hieh, Tg fe@RT T
bl ¢ fh T Jcamey T #,

3YIHT  HT AT = GOl HT AT

I, Uy — U =V, — 1y

TF & dIG 3AdT-

my—ms

2my
. uz
my+m,

v = U
17 my+m, ¥

2m my—m
3'ﬁT Vv, = 1 cuy + —= 1. Uy
’ mqy+my my+my

Special case:-

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

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

e If the second body of the same mass
(i.e.,mi= 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=wand 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
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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 = u; and v. = 2u;

¢a U3 ygd TS & YRfAs F oAl
E FT &l gl

3-T?ﬁ?-r,w=03-ﬁT V2 = Uy

o IR m gAT FT UF goal 3 m, gGeIA
% Ush dgd SR T8 ST favmeT 3/aear & § & eahdrdar
%’(_‘ﬂ. Eﬁ)ﬁw_{a'?a'la' V1='M13'ﬂT V2=0m%|
SHHT A & foh goohl U 30el d97 § &1 Tole
X Qudla fgem & srwen AR o s R{uA &
feufa & & wam

o IfE m AT H T& dgd dXT Nz m,

"
TR & (31U, my > > my) d TFR F TG
Vi = U4 and V2=2u1.

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.

Uy — V2 vy — vl

e = — =
Uy —u; |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
YeIaEYT OTTH:-

ar fUsh & T & 91¢ 3% 37T 8led & FTveT
I & IRAT 3R Tag T Ygol 3eIh 3ITIHA
& 98T 99T & URAUT & 37IdT I Thira hi
JeATELTT IVNF FEd Tl T e CCRYNCIIER]
frar s § 3R T7 e arer RS i @l
R AR Far g |

UV — V2 vy — v

e = — =
U —u;  |uy —uy|

o Td: YIRY TFa & fag, e = 1

FMEIRA. — T IF-Hg-30 [Fas fgled RAavor g (2024)
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o U IVARFY THF & AT, e = 0
o T EMTFRI &MU, 0<e <1
Perfectly Elastic Oblique Collision:-

Let two bodies move as shown in figure.

U e
©
Uz
After collision
G

By law of conservation of momentum

Before
collision

Along x-axis,
Mty +,liy =m,v, cos §+m,v, cos ¢

Along y-axis,
0=mv, smé—m,v, sing
By law of conservation of kinetic energy

...(iii)

ﬁsrﬁa%ﬁﬁma’rﬁg‘rafmﬁwﬁ%‘l

s

TFR & Tgd @Ejr‘ch‘( & a6
Uz

x-31eT & 37eIfeRr HAI HETT & A § -
m Uy, +m,l, =m v, cos & +n,v, cos @
y-316T & 3ieferer HAIT TEToT & f3gH 4 -

0=m,v, sin@—m,v, sing
afdsT Fell & EXET0T & f9H ganr

1 2 1 ) 1 2 1 2
—m Uy +—m,yu; =—mv; +Emzv2 ..... (iii)

2 2 2

Head on Inelastic Collision:-

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

Vo TV Relative velocity of separation
where e = = , -

U — U Relative velocity of approach
= Vo TV T e(ul—ug)

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

My +MyUy =MV +M,V,

FHefT-11 (HIhn

By solving (i) and (ii) we get

_(ml—em2> +<(1+e)mz)
Vi — u 125}
m; T ms m; t m;

similarl v Z[(l *e)m, ]u +[m2—em1 ]u
y 2 m; + m» ! m; + my ?
Loss in kinetic energy (/A\K) = Total initial

kinetic energy - Total final kinetic energy

1 1 1 1
= [Emluf +5m2u§]—[5m,vf +5m2v§J
Substituting the value of v and v. from the
above expression

myms
2(my + my)

(uy — uy)* (1-e%)

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 ( GFHE ) IIARY  TFhT-
AT oifeiw fh ar s A 3R B 3wcaey &9 &

TR & IR gycggEuTT Fr UQIUI.ﬁ e %’I
Ve vi JYIHRUT BT ATUE o
T w—w JUTHA &1 Jqrdef AT
= v;—vlze(ul—u»)

vy =v;+ e(u1 —uQ)

mma:mﬂwé?ﬁwnﬁ

muy +myly, =m v, +m,v,

AT (i) 3R (i) F g FA W §H UIed 8IaT &

_ [ m; —em; (1 +e)m2
w = u + us
m; + m; m; + m»

et e @, | L] [ e ],
A 3 @ (AK) = T GRS e

FAt - For it aTfdst ol
= (Lmuw? + Lz |~ Lmovz + Lmyv2
2> 151 2 2882 2 ¥ 2 2V2

IR v &1 AT 3RFd dfFcaiFa &
crﬁwﬁt-raﬂﬁw

mymgy
2(my + my)

e = 1 gfaeafiad et W &7 AK = 0 9red gidar
g 3 quld: gy caat & fav aifasr 3t
HWQI—JMHW TFR ¥ Ugel 3R

FHEIRA. — e I6-Fg-37 Qe fnges R ¥ (2024)
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TFRT & 91 H el Foll 3R Eadr g 6. A force F=3i + bj + 2k acting on a
partlcle causes a displacement s = -21 +
MULTIPLE CHOICE QUESTIONS: 2] + 3% in its own direction. If the work
. done is 6 J, then value of b is -
TgfaTedT ge. a. 0 b. 6
Which of the following is equal to Newton- ¢ 3 . N d. 12
metre? TH ad F=3| +bj + 2k & SR FU A S
a. Joule b. Horse Power =27 +2; + 3% REuws gar ¥ o R
c. Watt d. Pascal T FH 6 JE, b FT AW E -
feafafla & & ol @1 =ea-fe & W 7 a. 0 b. 6
a. S b. 31T AfFA c. 3 d. 12
c. dIc d. Ur&hel 7. An object moves on a smooth inclined plane
The product of force and displacement is ywtr!out s||pp|ng.rfThe work done. by the
called- inclined plane surface on the ball is -
a. Positive b. negative
a. Energy b. Power
c. Momentum d. Work c. zero d. none of these.
F1$ a&] el gF1a are o dd W faar aar
T AR R F oS FEA § werch ¥ e W g g§ Adaw aaw q@nT R
a. Far b. fed AT F BT -
c. HAA d. #H a. UACHS b. HOTMcHS
3. Work will be said to be not done if the force c. WA d. 38 ¥ FIg 6T
and dlsplllaclzement N 8. A particle moves under a force F = ax from
a. paralle = 0 to x = x4 The work done is -
b. perpendicular a. axi? b. ax;?/ 2
c. acting in opposite direction e zero d ax3/3
d. N f th !
orleo ese TH FUT df F = ax & 3tfied x = 0 & x = xq
a. YHAEAR b. dd¥ad g ?
c. Tauda feem & d. SdAH A HIS AGT a. axq? b. ax;2/2
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 9o F = 10 N &1 Brar & agd 10 #fiey gRaderefier 9@ F =x+3x2 g@RT x = Om & x =
# gl 77 e §) A B w50 J § A 2m & ¥ R & Qv @R @ s w10
g afa & fGem & @y fragem  Fior qereem ? X ?
a. 0° b 30° . a. 6J b. 81
c. 60° d. I8 ¥ FI$ 76T c. 10 J d 124
Aforce F=27 +3‘7/'\ + k acts on a body. The 10. Energy is-
work done by the force for a displacement a. capacity of doing work
of (21 + j -k)is - b. rate of doing work
E AT F=2i +3; + k U Rz WA Fwer c. change of work
¥ Reuma (27 +) -k) & Rw a7 g@w d. None of these
S arm FrF = g 2 e
a. 2 units b. 4 units
C. -2 units d. -4 units
Per-11 (FifTdn 58 FMEIRA. — T IF-Hg-30 [Fas fgled RAavor g (2024)
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a. FT HA FI &AAT b. T R HT X d. Work and Energy
c. & IRade d. SIH ¥ FIS FAGT e fradr 3wS § -
11. Potential energy of an object of mass 'm' at a. & 3R afFq b. fed 3 Fa
a height 'h' is- c. §o d. & 3R Far
2
a. mgzh b mv 17. Two bodies of masses 1 kg and 2kg have
c. mv*gh d. mg equal momentum. Then the ratio of their
'm' gegA i B aEg A h' Fa$ w Ryl kinetic energies is -
FAT F4T QN ? ° a. 1:2 b. 21
a. mgh b. mv? c. 1:3 d 14
c. mvigh d. mg 1 fomam 3k 2 fram gegwmer arelt @ awgai @
12. The expression of kinetic energy is- mﬁ;‘:‘f ¢ @ 3 afasr St &1 3regard
1 T [
a. mgh b 5 mv? a. 12 b. 21
c. mvigh d. mg c. 1:3 d. 1:4
afas ST A AW - 18. The kinetic energy of body of mass 1 kg
a. mgh b. 5 mv? and momentum of 4 Ns is -
c. mvgh d. mg a. 6J b. 8J
13. Two bodies of masses 2 kg and 32 kg have c. 10J d: 12 )
equal kinetic energy. What is the ratio of 1 kg GeUATT d4T 4 Ns Hae g s & aifasr
their momentum? ST F4T gt ?
a. 11 b. 1:2 a. 6J b. 8J
c. 14 d 21 c. 10J d 12J
2 fFam 3t 32 fran gegwmer & o RiEh fr aifasr 19, In perfectly elastic collision -
Sl AT 1 3AF HAT FT AT FAT I ? a. Only momentum is conserved
a. 11 b. 1:2 b. Momentum and kinetic energy both are
c. 14 d 21 conserved
14. A spring of spring constant 800 N/m has c. Neither momentum nor kinetic energy is
an extension of 5 cm. The work done in conserved
extending it from 5cm to 15cm is - d. Only kinetic energy is conserved.
a. 16J b 8 o gearey et # -
c. 32 d. 24 a. del G TR g ¥l
fesrar Ruxia 800 N/m & f¥ser &1 fawar 5 cm b. T 3R AT FaT T TWiAT g gl
g1 585 cm & 15 cm a& @ # fFaem w1 c. o ar T AR 7 & e I wEa
FIAT g ? 2rar ¥
a. 16 J b. 8 J d. &ad A FolT TS Eelr B
c. 32 d- 24 20. Area under Force-Displacement curve
15. Out of the following, which is not the unit of represents -
energy - . a. Velocity b.  Acceleration
a. Joule b. Kilo-Watt c. Impulse d. Work done
c. Calorie d.
° v , TA-RATYA aF FT ATB el §-
Arfeaf@a # ¥ w9 31 &1 A a4 2 a. 3 b, =auT
a. o b.  fel-are c. 3 d. I &
¢ d. geFcrE-deT (ev) 21. The relationship between force and position
16. Joule is a unit of - is shown in the figure given .
a. Work and Power
b. Power and Energy
c. Force
efT-11 (TN 5o FMEIRA. — N IF-7g-30R [as f:yed RAaRor ¥ (2024)
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=20} b. Wi < W2 < Ws
g‘lo ) | c. Wi1i=W2=W3
0o I d. W2< Wi< W3
[ON]
210 1 2 13 145 6 23. In perfectly inelastic collision -
x (cm)
L 20 a. Only momentum is conserved
b. Only Kinetic energy is conserved
The work done by the force in displacing a c. Momentum and kinetic energy both are
body from x=1 cm to x= 5 cm is - conserved
a. 20 ergs b. 60 ergs d. None of these
c. 70 ergs d. 700 ergs qofe: HYATET cFaT & -
A e v AT § a@ 3R g F N Fay a. %dd G WA g §
fer@maT I ) b. Fad afasr 3 TI@AT gIar &
20 c. W IR AR S QA W g ¥
~0 s 24. The work done in raising a mass of 1kg
§'10 1 2 |34 5 6 from the ground to a table of 1m height is -
£ 20 X (cm) a. 98 b. 98
c. 098J d 49J
fFdft iz #1 x=1 cm & x=5 cm a% farafa ;Hi E';ﬁa" & a;"#’!'aﬁ' il Wa"";m”# ;mﬂlamlﬁﬂ?lé o
F H 9 @RI fFAT =7 1 F=247 w2 Js | b 98 J '
a. 20 3 b. 60 31 Yy '
c. 70 3t d. 700 3rf c. 098 d.- 4.9
22. If W1, W2 and W3 represent the work done 25. "The rate of doing work Is called-
in moving a particle from A to B along three a. energy b.  power
different paths 1, 2 and 3 respectively as c. force d. pressure
ts::v‘\;:r:gc?gr:ll':ti?n tr_1e gravitational field,find FF FTF T @ FEATd B-
B a. el b. fFa
c. 9o d. gqdra
1 26. A particle of mass 'm' moving with velocity
3 ' v' collides perfectly inelastically with a
stationary particle of mass '2m'. The speed
A of the system after collision will be -
a. Wi > W2 > W3 a. 2v b. 2v
b. Wi < W2 < W3 c. 3v d. 3v
c. Wi=W2=Ws 'm' GSTATT T TH T 'V' T § Tald T '2m’
d. W2 < Wi< W3 GEAT F UH R T F quid: AVeandy w9
¥ THar ¥ T F a1 @ oty a
afE Wi, W2 3R W3 warer: e sraer-arae e 2
TEA 1, 2 3N 3 ¥ IFATHIr 8T A v FOT a. 2v b. 2v
A B d% @ 9l # v a7 1 1 R c. 3v d. 3v
#.m T HTAN sfafafies #3a & (@ d@y 27. What will be the kinetic energy of a body
@ - when its velocity is halved?
B a. Double b. Half
L c. Four times d. One-fourth
5 si9 frdY Rz &1 dor 3rem & Rar e ar sadHr
ST ST 4T gei?
a. b. 3mem
a. Wi >W2>Ws c. IR I d. T At
FefT-11 (oftfadhn 5o FMEIRA. - e dF-we-3m [FaF fnged Bawor 87 (2024)
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28. If the momentum of a body is increased by 2 fRANIH GeUAT & T HT TS fAfR9d &7or
100 %, then the percentage increase in the WAT (3] +47) misec ¥ TR TfAe FalT
kinetic energy is- 7 gRit 2
a. 150%, b. 200% a. 16 J b. 8 J
c. 300% d. None of these c. 25 J d 24 J
afg ﬁr;g‘rflg F1_gaal 100;’% a1 fear Sme ar 34. A perfectly elastic body of mass 'm' collides
aTfer 5 et wifcreret '1? geft? head on with a wall with velocity’ v * The
a. 150%, b. 200./" } change in momentum will be-

c. 300% d. 3 ¥ FIS 8 a. mv b.  2mv

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

Momentum () of a body of mess m - m' g &7 v o e s v 3 &
: P : P TF QAR F THUAT § A TIr A F qRadT

c. K=p¥m d. K =p¥2m 2em?

gegaE m ¥ wF Az & fav afasr st (K) 3k a. mv b. 2mv

AT (p) & i F41 Hewr g ? c. zero d. 3AH & HIS @l

= = 2

a. K _ pzn/2 b. K _ p;n /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 FFalamT aoter #Y 40 §F3 & 10 Hie 400 fHFAA geIAE arell UH FR 72 Y
N Fa§ aF Ior ¥l T Y AFT F T 2 wer Y afy @ et e F 9 RerAveer fr afy
(g = 10 m/s? ?) ¥ T 9 4000 FFAIH FeAA d gF A
a. 100 are b. 200 are mﬁ%lﬁarﬁ#mmmm;rﬁm#

18 frafireer ¥ oy dledl § @ TF
c. 250 are d. 500 gre ¥ ag oF & TR 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.  mv2 b.  Zero 36. What \!vlll be tt.1e I.(met.lc energy of an object
e my? d 2 mv? when its velocity is tripled?
& . ' ofr @ N a. Double b. tripled
m GeqATT Sl TH v & dIan c. nine times d. None of these
Tl 8, @ 9T @Rt flaR W I FE
T ghm ? et avq #1 Ao i e @ W 3w afasr
a. mv? b. =T Folt 7 g
c. mv? d 2r\mv2 a. & b. r—h?r'sgm §
c. @t e d. 98 ¥ FIS 80

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 a 9 x 108 b 9 x 108

c. Gravitational force d. Electrostatic force c- 9 x 107 d. 9 x 1072

Feafofla & & @17 a1 v SOl o T §7 e A Tard Foft # oRaRle 8 ot St s

a. ©YUT §of b. HuhT T T @l 2

C. Ikcaryur g d.  faegd Fo a. 9x 108 b. 9 x 104

33. A 2 kg mass has a velocity of (3’1'\ + 4?7'\) 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. 16 J b. 8 c. Kilowatt hour d. None of these
c. 254 d 24J

HeT-11 ifIdn R FMEIRA. — 7o IF-Hg-3 [as fged Favor ¥F (2024)
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39. 1 Kilowatt-hour (kWh) is equal to-
a. 36 x 108 J b 36 x108J
c. 0.36 x 108 J d. 360 x 108 J
1 fFaare-ger (kWh) fFad v -
a. 36 x 108 J b 3.6 x 108 J
c. 0.36 x 108 J d. 360 x 10¢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 IVARY  TF F 916 -
a. g&qu fAqld feem & =eld &
b. TV 3MIW # AUk Fd &
c. aEqU fasrH & 3T S g
d. SIH ¥ FS g
41. 1 Horse Power=
a. 746 W b. 446 W
c. 766 W d. None of these
1 3reg afFa=
a. 746 drc b. 446 darc 47.
c. 766 drC d. 35 ¥ FS A8
42. Kwh is the unit of the following-
a. Work b. Energy
c. Power d. None of these
Kwh Rfaf@a i =8 -
a. HIA b. Far
c. ofFd d. 3 ¥ FIS g
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 gomelt W @St s@ @R RFAr T w
s TRadT & e g 87
a. dfaer Far b. fEufas Far
c. Tif¥F Foff d. I @ IS FE 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 <F & fAU goyaeye #1 o (e)
T g ? 50.
a. e>1 b. e<1
c. e=1 d e=0
FHefT-11 (HIhn

T 1 FOTSTF SFE §- 45.

Y

drc

5o A HS AL

a. el b.
c. fTFhdare ger d.

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 aEgat F T F TRy T A, w
T Fel WAT FIAT AT 82

a. WEAIE{AE| b "ed i |

c. G AT | d. 3R T

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 s fEta # e Jocarwdor f B &
d6d F@aT ™ ¥ AR W@ ¥ A & gk
fArafaf@a & @ ia @ vl 3R @ 2

a. afasr Far b. fafas =

c. P FifFAS Foft  d. [T HaT

Frictional force is -
a. Conservative

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

ayor 9 § -

a. Gl 9o b. 3TER&N Fo

c. of Wel, o 3ERe d. H A FS G
What is the smallest unit of power?

a. Watt b. Kilowatt

c. Horse power d. Milliwatt

AfFT A I B FHE FAT 82

a. dc b. f&erarc

c. 3 ufaa d. fAdlarc
Dimensional formula of Spring constant is -
a. [M'LT? b. [M'L'T?

c. [M'L?T?] d. [M'L°T]

v R &1 R g7 ¢ -

a. [M'LT? b. [M'L'T?

c. [M'L?2T2 d. [M'L°T]

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

FMEIRA. — T IF-Hg-30 [Fas fgled RAavor g (2024)
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powers is - 56. Dimensional formula of kinetic Energy is-
a. 1:2 b. 1:1 a. [M'L?T? b. [M'L'T?
c. 2:1 d 1.3 c. [M'L?T2 d. [M'L2T]
uﬁa‘r—qﬁ-crAaﬁTBﬁwﬁaFcraﬁ S afasr 3t #1 T g7 8-
h a% 3@ & FAA: 2 V&3 3T 4 V&3 oA &, a. [M'L2T7 b. [M'L'T?
ar 3:1ﬁﬁr2elﬁ?rq’r & 3@1;3 a';n BT" ? c. [ML2TY d. [MIL2T]
a. : . :
c 21 d 1 3 57. During collision between two bodies, which
) ’ ’ ’ 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
Zf th:_'; momentum W|Ilbbe 5_1 b. Total mechanical energy
o ’ ' c. Total linear momentum
c. 14 d. 1:16
1 e 16 R $ @ Ris d. Speed of each body
31eT9Td AT eI - Fia " Tfr g wida @t %’7
a’ 41 b, 2:1 a. o AT FaAl b. T AR Folt
c. 14 d 116 c. AT FIT  d. YIH Wz H afa
52. Area under Force-Disp|acement graph gives - 58. In elastic collision between two masses my
a.  Work b. Power and m,, 100% energy transfer takes place
c. Momentum d. None of these S N
. a. my=m b. mi>m
W—ﬁTWm TAH & H?I?hb ﬂmma?ﬂ - c. mp<m d m =2m;
a. .oR . .
. | Cd A al gegHmEl m1 AR m2 F T TeAEy T A,
. T - B 100% FSiT FUATGROT g Ife-
53. If the velocity of a body becomes double a mi=ms b. mi>ms
then its kinetic energy becomes i c. mi<m, d. m = 2m,
a. Double b. Four times
c. Halved d.  One-fourth 59. A truc.k and car are n.10ving with same Kin.etic
. energies on a straight road.Their engines
gfe Rt Az #1 o1 EEET & S ar SHr are simultaneously switched off .Which one
afas a1 & It 8- will stop at a lesser distance -
a. aT 3;I'U'IT b I 3IU'IT a. Truck
c. 3rem d. TH U 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 TH TH IR FR @ ¥5F W vd gAA Afas
C. ero . one of these 3;‘«#* W@%Iﬂﬁmmwm
Wﬁﬂﬂﬁﬁ%ﬁ@mm dg fFT I & FlT w4 g W T 2
- a. &b
a. YdlcHd b. HUMcH®R b. &R
c. xH d. sAH @ IS A c. el T gl W T
55. For a perfectly inelastic collision the d. fU 31T SeT & AT LT gl ST Fhel &
coeff|0|>en1t of restltutlonb (e) w'<" 1be B 60. Dimensional formula of Potential Energy is -
a. ¢ - © a. [M'L2T7 b. [M'L'T?
c. e=1 d e=0 1 272 R—
oy c. [M'L?2T2 d. [M'L2T]
Ui HYARY  TFN & T T Ry )
T () &= g 7 M‘LzﬁTz ™ = i -M1L1T'2
a. e>1 b. e <1 a. | ] b. [ ]
c. e = d e=0 c. [M'L?2T2 d. [M'L2T]
Per-11 (FifTdn o3 FMEIRA. — 7o IF-Hg-3 [as fged Favor ¥F (2024)




61. Dimensional formula of Power is -
a. [M'L?T? b. [M'L'T?
c. [M'L2T3 d.  [M'L2T]
ufFa &1 AT ¥7 ¢ -
a. [M'L?T?] b. [M'L'T?
c. [M'L2T9 d.  [M'L2T]
62. What is the work done by gravity when an
object is lifted vertically?
a. Zero
b. Positive
c. Negative
d. It depends on the object's mass
g9 f&ift avq # d9Ed orT FA@r ¥ oA
TGCATHYVT GART FAT FE FFaAT ST 872
a. =7
b. YdlcHAs
C. ZRUMlcHD
d. IE aE] & gedAE W AR e B
63. If two objects have the same kinetic energy,
but one has a larger mass, which one will
have a higher velocity?
a. The object with the larger mass.
b. The object with the smaller mass.
c. Both objects will have the same velocity.
d. It depends on the shape of the objects.
Ife & aeqait #r afasr s GAWT &), dAfFT vw
FT GeUAA HOF &Y, At FraET AT HAF Qrem?
a. 3% goIATH arell a&d F|
b. HH GcTA dTel & |
c. Gl aEGIHT & deT FATT BT
d. IE FEIHT & PR W AR L g
64. Which type of potential energy is associated
with the compression or stretching of a
spring?
a. Gravitational potential energy
b. Elastic potential energy
c. Chemical potential energy
d. Thermal potential energy
Y fover & adisa a1 e & F9 &R
ufasr a1 2 g ¥2
a. Iecdrg Rufast it
e
c. TaRfAe UfasT Far
d. o Rufas s
65. Which of the following statements is true
regarding power?
a. Power depends only on the amount of
FefT-11 (oftfadhn

66.

67.

68.

work done.
Power depends only on the time taken.

c. Power depends on both work done and
time taken.

d. Power is unrelated to work and time.

AT & ey ¥ Arfaf@a & ¥ #la @ sua

T &7

a. AP dad FY T FF H AT W AR
FAT gl

b. %Tm hael @l arel TFT W AR Y

I

c. ufFa R A & 3R o T g gEt
R TR AT B

d. ofFd & 1 IR THT F P I AT
gl

If two devices do the same amount of work

but one does it in half the time, which device

has the higher output power?

a. The device that takes less time.

b. The device that takes more time.

c. Both devices have the same power
output.

d. It depends on the type of work.
IfE QY 3YFIOT AT AGT A FH IS § AT

TH I AT H FIAr 8§, O FE STROr FT
forter e s gen?

a. dg 39HIUT St F HI ofdT &l

b. dg 3UHUT Y 3if&¥e FHAT o gl

c. QT 3UaoT &7 fA9Ta ferd T&T grem |
d. I FH & JeR W IR R §.

If an athlete does 500 Joules of work in 4

seconds, what is their power output?
a. 200 Watts b. 125 Watts

c. 1250 Watts d. 4 Watts
I FE vyelic 4 %3 # 500 JT FE @ §,

ar 3geT afFa 41 ghem ?

a. 200 Watts b. 125 Watts

c. 1250 Watts d. 4 Watts

What happens to the output power of a
machine if the amount of work done remains

constant but the time taken to do the work
is increased?

a. The power output increases.

b. The power output decreases.

c. The power output remains the same.

d. It depends on the type of work.

et wefier & et afFa &1 @1 g I} fFe

AT FRA A AET 3T Edl § oA FH F &
T T AT 9% AT §?
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a. faete afea s amar g a. W = FS cosb
b. fetE afFa & & I g b. P. E. = mgh
c. et afda agr war g c. K. E. =12 mv?
d. I€ FA & PR W TR FT g d. All of these
69. Two springs of spring constants 1500 N/m fefafad & @ sia a1 78 72
and 3000 N/m respectively are stretched a. W = FS cosf
wrilthrthe.:atr:e :otr.ce. They will have potential b. P.E. = mgh
‘Z,ej’y.'1 e rafe - o 14 c. K E. =1/2 m
c. 2:1 d. 1:2 d. ST Wl
e 1600 N 3 s000 N e feiy 7 2 foee F e applled on o oy and i
g & U gAe g« ¥ Y ad § 3AF ’
Rufas St &1 qurad F41 ghm ? a. Fxv b Fiy
a. 4:1 S b 14 c. FA? 4. Fxv2
c. 2:1 d 1:2 Ifg frdt Rz W3R sar F @Y sk @@ v a1
70. A stone projected vertically upwards from #W?xaﬂ' e m-b E/
the ground reaches a maximum height h. a. v - PV
When it is at a height 3h/4 the ratio of its c. Fn? 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 -
sl @ d99d 3 D R yART v geUw a. sum of the velocities of the bodies
HOFAH FI1$ h dF 9g9dT &1 o9 I§ 3h/4 b. e times the relative velocity of
9 W Ear g ar sﬂﬁﬂﬁa 3k RafRe == separation after collision
FT AT FAT R 2 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 JAE YA TG A, T & T8
distance x as shown here.The work done by SYIH T WTIET I & g ¢ -
the force in moving the object from x = 0 to a. TSt & de & IeT &
=6mis - b. TFR & S1G JUFRIUT & TIILT A9 T e
F(N)
F 31?-|T
3 | , C. TFRL & dlg GUFHIUT & AMYET 99T &H
1 i *: d. SIH & IS EY
X(m}
Vaakeaer 75. Which one of the following physical quantities
a. 9J b. 45 J is represented by the shaded area in the
c. 10 J d. 135 given graph?
Y a¥q W IRRT 7 F gt x & a1 Jgaar 3
TgaT ¥ St & few R & arar §1 Ty e
FX=0FX=6mdd o I & g8 GaRI =
T I F T4 ?
F(N
‘: ! Distance
2 1 ‘: a. Torque b. Impulse
]n E x(m) c. Power d. Work done
frafaf@a # ¥ #ia @ sifvs ofr R v aw
a. 9J b. 45 & SHIFd &7 gaRT guTE 7 §?
c. 10J d. 135J
72. Which of the following is correct?
efT-11 (TN o5 FMEIRA. — N IF-7g-30R [as f:yed RAaRor ¥ (2024)
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Distance

a. drel el b. 3mmder
c. ofFd d =
ANSWER OF MCQ QUESTIONS

3eaX il
1.a. 2d. 3.b. 4c. 5.c. 6.c. 7.c.
8b. 9c¢ 10.a. 11.a. 12.b. 13.c. 14.b.
15.b. 16.d. 17.b. 18.b. 19.b. 20.d. 21.a.
22.c. 23.a. 24.a. 25.b. 26.c. 27.d. 28.c.
29.d. 30.c. 31.b. 32.a. 33.c. 34.b. 35.b.
36.c. 37.c. 38.c. 39.b. 40.b. 41.a. 42.b.
43.a. 44.c. 45.a. 46.c. 47.b. 48.d. 49.a.
50.c. 51.c. 52.a. 53.b. 54.c. 55.d. 56.a.
57.c. 58.a. 59.a. 60.a. 61.c. 62.c. 63.b.
64.b. 65.c. 66.a. 67.b. 68.d. 69.c. 70.b.
71d. 72.d. 73.a. 74.c. 75d.

VERY SHORT TYPE QUESTIONS:

T oY 3calT wea:

Ans:

Ans:

What is the work done by the centripetal
force? Why?

Zero. This is because the centripetal is al-
ways perpendicular to the displacement.

HM’J&HWMWNWW?

:eransv%v%ara’r%mﬂéw—cﬂ'aaﬂgﬁen

AT % sisad i

A light and a heavy body have equal
momentum. Which one of them has more
K.E.?

The lighter body has more K.E.

TF god IR TF AR a8 H WA Faw @ ar
T ¥ TFES T ARF TAfAST St el 2

Scck:

Ans:

FHefT-11 (HIhn

ot a&q A IfdsT Foll & AT e gl

A conservative force does positive work
on a body. What happens to the potential
energy of the body? Give an example.

Potential energy of the body decreases. e.g.
a body falling freely under gravity.

TH el s ' AT W uyareAms FF FIar
tat Rz Ity saTsrFmenm ? &
3gTEI0T ST

3cdy:

Ans:

g fr Rufas FoT g Fwerm | 3eETr & Fw
IBcAThYUT & ded Tadd &9 ¥ e arer e
fis & Rufds ol e § |

Which physical quantity is conserved during
both the elastic and inelastic collision?
Linear momentum is conserved in both colli-
sions.

ARy AR vy IR F e Fia &@
sifas ofr o adr 82

Scck:

Ans:

Ans:

7.
Ans:

gl earal H YW@ Faar Wiard @ ¢l

What is the S| unit and dimension of work
?

As work = Force x displacement
[W] = [Force] x [Displacement]

= [MLT?] x [L ]=[ML?T?]

Its dimension is [ML?T2]

Its Sl unit is joule.

R T S.I. AEF IR [{AC F=a1 T2

;i I = Fef x e

L [FR] = [§9] x [[AEmHE]

= [MLT?] x [L ]S5[ML2T?]
s faHT g [ML2T2] gieh & |
SEhI S.|. AR Sl BT § |

What is the work energy theorem ?
Work-Energy Theorem:- Work done by a
force in displacing a body is equal to change
in its kinetic energy.

1

dS:E mvé—%mvf:Kf - K; =AKE

w=["F.

I

where, Kj
K¢

v4 = initial speed

= initial kinetic energy

final kinetic energy.

and v, = final speed

F FAT THAT T &7

: F-FOl yAE- fRdr s & feafid s 7

Ry s ganrT foFar arr & 3@ afast Fe
# qRade & SReR g gl

W =JU2F-ds=lmuéflme=K ~K; =AKE
v 2 2 f '

= gRIA® aAfdaT Folr
= 3ifaw aifasr s
vy = IRFAE Ry
AR v, = 3w T
Define Gravitational Potential Energy .

Gravitational Potential Energy:- It is the en-
ergy possessed by a body by virtue of its

ST8T, Ki

FMEIRA. — T IF-Hg-30 [Fas fgled RAavor g (2024)
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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
Tcdiy Rufasr et #r afenf¥a w1

3 Wﬁaﬁa’zﬁr‘r Ig fondll s & qedl

Ans:

Ans:

10.
Ans:

FHefT-11 (HIhn

Fr
e & FaE W Rufy & FRor Al ol &1
geaHAT m & UE g & gl T g & h
FarE W Iecdy S S -

U=mgh

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?.

gfe frelt avg #1 waer faere @ & 3w aifasr
FoT A AT dEATT FOM? FAN?

. AfasT AT 39 YRTAS AT T AT 87 SR

FaifR e FoT KE. « p? @l 3

Define power.

Power:-The rate at which energy is trans-
ferred 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§

=z a9 =Fg

=F.#=Fuvcosh

P

If 8 = 0°, then P = Fv.

afFa & aRefa w3

giFd-ag X ow W FEr W3 carr Far
Wﬁm%mmﬁmm% SIS
FHgardl gl

ATFT = T A ST &I
_ haT IR—T P
forar /= g g

dichifore AfFd & 38 YR 2T ST &
aw d . .. .ds
:E:E(F.S):F.E
=F7=Fuvcos6

gfg 0=0°gr dI, P=Fv
Define coefficient of restitution.

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

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

V1 —Vz [v1 — vy

e =

U — Uy Uy — Ul

YeAaE T & IUTF H IR F

Scck:

JcIGEUT I[0Tieh:- 21 ST & Tohird & §Ig 3eish
37T BT & aTdeT 9T & GRHATT IR TaT A
Ygel 3oh IYINHA & HUET AT F IRAT &
U I TP I FcTaEUTT IUTIh Fgel &
=T e ZaRT AERT BT ST ¥ 3R TE e
arer fEF 7 Tl W AR &ear ¥ |

L ]

vy — 3]

e = =
U~y Uy —uy

SHORT ANSWER TYPE QUESTIONS:

argﬁﬂirm:r:

Ans:

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

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
displacement i.e., 6 = 90°

to the

3. If there is no force acting on the body [F
= O]

;ﬁﬁnﬁwm%mwmﬂ—qwm
?

L e Fr-de Teafadt A, faelr sor qanr R

wa:rérel—zra’m%l

1. afe #I5 AU A8 & [s = 0]

2. Ifg 9o U9 & d9ad & I, 6 = 90°
3.Ouﬁﬁéwﬁéaﬂmaﬁwma‘rw
= 0]

A position dependent force F = (7 —2x +3x?)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.

Ans: Work done =

X 3]
j 2Fdx=j (- 20430 0e =[Tx -2 +2°]] =35-25+125 = 1357
X [

1

2 P geuAET gl T W e Rufa Ak
T F=(-2x+3x )N & FlaT § afF 38

=0 % x =5 m an RAraRa BFar s g
T G@N R aT FE A #Y

FHEIRA. — e I6-Fg-37 Qe fnges R ¥ (2024)
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3ca?: T 9T HI =

X 5
J”Fdx:j (7-20 4350 =[Tx-x2 +x° =35 -25 4125 =135 J
) 0

So, Work done = %m[v% vl =192 J

2 kg GUATT FT TH HUT TH g% &S W

QM 4i+l6kmst @ AT FW @ Y FS WA
& U UH Gl aara:mwsmmavr

3. - Deflnfa Elastic P.otentlal Enf-:rgy of sprlng. 87 +207ms” @Y SET ¥ WA ¥ SH T F
Ans: Elas‘zlcl Irotentlahl Energy.T Agcorc:mgtj ) tg 21T o1 T fFT T FF F AT AT
ooke's law, when a spring is stretche . £ _
through distance x, the restoring force set up 3eat: A E, m= 2 kg
in the spring due to its elasticity is - V=47 + 16/ ms1 = v, =V42 +162 =272
Fxx or F = —kx AR v =8i+207ms™ =, 32 1207 = Ja64
Where k is spring constant of the spring S R S DT
which represents the restoring force set up in T FE = Em[” —vil =192
the spring per unit extension. Its unit is Nm™. 5, A particle moves with a velocity
The work done in stretching the spring through V=5i-3j+6kms™ under the influence of
distance x will be a constant force 7 _¢;+10j+20in- Find the
. ) instantaneous power applied to the particle
W:j kx dx = = kx? i _ - n -
o 2 Ans: Given, F=10i+10j+20kN
This work done is stored as potential energy and v =57—-3)+6kms™
U of the spring. So Instantaneous power=? = Fy
U= lkx?! = (107 + 107+ 20k).(5i — 3} + 6k)
2 =50-30+120 = 140 Js~!
e & gearey Rufasr Fa1 & gfenia &1 UF FUT TF 3T g F =100+ 107+ 20k N. & gera
3 Iy ﬁﬂ'il:l’ﬁ‘r g & fAaA & 3ER, F aquw v=5-3]+6kms™ ¥ afy FT w@ B
WW@::' qfrxaasdlaam%a’rsaaﬁl HUT W JIRWT dlchifas aFd 7 )
ch'{'qc”mjguéim [ # TAIAT AR oo ool TSI IR™AT §, F=10i+10j+ 200 N
8 "k AR {5:5}—3}'+6?:tms_1 -
Foox ATE = ~kx SATIT dicehifereh QAfFd= P = Fv
el k & @ over e g oS e # = (107 + 107 + 20k).(51 - 37 + 6k)
gfd gfae fawar # wuiod W?fl'q?ﬂ Sol ol =50 -30 +120 =140 Js™!
SfaftteT @ear ¥ ga gHE N/m ¥
&5 &1 g x d& diest & farar 3 & g LONG ANSWER TYPE QUESTIONS:
W:kadx:%kxz aﬁ' 3T v
T T T S T A R I U F 1 Define kinetic energy. Find an expression
T F FIET @r ¥ | for the kinetic energy of a body of mass m
1 moving with velocity vo
-'-U=§kx2 Ans: Energy possessed by the body due to the
) virtue of its motion is known as the kinetic
4. A particle of mass 2 kg travels along a curve energy of the body. Kinetic energy possessed
with velocity given by 4i+16k mst After by a moving body is equal to total work done
some time, its velocity becomes 8i+20j ms™ by the body just before coming to rest.
dye to the action of a con_servativg forc&la. Consider a body of mass (m) moving with
Find the work done on particles during this velocity (vo).After travelling through distance
interval of time. (s) it comes to rest.
Ans: Put, u=vo, =0 and s = s in equation
Given, m= 2 kg v?= U+ 2as, we get
Vi=4i +16k mst. > v, =42 +162 =272 0 = vg*+ 2as
And v, =8i+20j ms™' >y, =82 +20° = /364 > 2as = - vt
FefT-11 (oftfadhn 5 FMEIRA. - e dF-we-3m [FaF fnged Bawor 87 (2024)
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;39T a1fd & #Ror [ A Algg Fa &1 s

> a = -vp2s
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. , I_:)by body = - I_:)on body =+mvo?/2s
Therefore work done by body,

W=F. s

=> W = (mve?2s)s.Cos0°

=> W = mve?/2

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

ISt FaAT H IRATT HY| A9 vo F AT

el geTAT m & TH g Y afae FeT &
e FAffaFa Ta HifoA

s 29

T

afas FoT & T & ST AT g1 ATAAT
&1 aifast o e & 37 & @ 8 g {3
ZaNT T AT Fel FA F T Bl ¢

AT of HT m gTAT & Teh U5 I vo & TTU
ol T &1 s U TF el & dlg Ig A &y
ufa & 3 Far gl

Uu=vo v=03R s=s FHM v2= u?+ 2as
H (@ 9 A 9T &

0 = vp?+ 2as

= 2as = - vp?

= a = -Vy/2s

SAfoT U8 W o9 arell Sl glem-
F on body = Ma = - mMvo?/2s

AfeheT wgeat & foham 3R gfdfshar & e s
¥, WS @R oF] o U 9 &0 9T o &
faudia 3 s gl

T, s ganT o & -

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

=> W = (mve?2s)s.Cos0°

= W=mve?%2

3 yhR U3 & FIgia afast Fer -
K.E.= 1/2 mve?

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

{99}

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, (u1 > u, )
in the same direction suffer head-on elastic
collision. Let vy and v, be their velocities
after collision.

Uy uz Vi Va

O O O

my ms my ma
Before collision |

After collision

According to law of conservation of momen-
tum

myu My, = myvi+Hmyv, ... (1)
= mi(uy-v) =ma(vyty) il (i1)

As K.E. is conserved in an elastic collision,
SO

%mluIZJr%mzu% =%mlvf+%mzv§ (i)
= mi(uy? - v?) = my(vyP-up)eeenennene (iv)
Dividing equation (iv) by equation (ii) we get-
Vit ug T Vo F g, (v)
D Up - U T Vot Vi (vi)

ie.,
Relative velocity of approach = Relative velocity of separation
Further from equation (v) we get-

Vo = vt oug -y
Substituting this value of v, in equation (i)
and rearranging we get
Velocities after collision-

mq—Mmy 2my,

v = u
Poomgemy, P Tmpam, 2 (VII)
and,
2m ms—m
vy = — U U,
my+m; mytmy % (V1)

FHEIRA. — e I6-Fg-37 Qe fnges R ¥ (2024)
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Special case:- When masses of two colliding
bodies are equal,

Substituting m1 = m2 in equation (vii) and (viii)
we get-

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

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

& st F fig = e gy T #
TaT AT ei@ & a1g WS & Jo v orEn
ST @Y F I A geaaAT & o R
YO ® § TS &, df 39F dr 9w A
T5d T §

. Ueh HIATHT IRy Tahdd:-

1. Jg Us UHT cFax ¢ forgd el arel s
cFPY H Ugol 3R cFaX & dI Ueh ar Iredr @r
H o gl

2. ¥Ug UH VAT cFax § Toas 9umely T Haer
iR afas FaT et Wiga W@ 8

3T, STIAF & T = JUFHLT HT deT
HHIEAIOT (v) & §H 9 § T

Vo = v toug - uy
vy I UG HTT FHRIOT (i) #H (@ A
FA W gH Ul §

TFH & dIC 9T
myq—m 2m
vl — 1 2 . ul 2
mytm, mtme T (V1N
3R,
2m ms—m
v, = — Uy . u,
my+m; mytmy; 7 (v

ey Fufa:- 39 ar et arel [Eh & gegd T
e &l |
FHIHIOT (vii) 3R (viii) H my = m, 1 gfaeeia
el W EH U g -

v = uy and vy = uy

377, ST AJS ¢ [ I AT GeIAA &
ar s U IR Iy cal IR §, df
3% Q9T 39E H e S &

3. State principle of conservation of mechanical
3. g UH VAT caax ¢ oA anfAa enfae energy. Show that the total mechanical
Tl ool ael a1 g € 3R P Fo Whara energy of a body remains conserved during
@ Bl its free fall.
T TATHT IcITEY e H JI-ATT ollfelT &1 Ans: Principle of Conservation of Mechanical
mqy AR m, gegART & ar s wAT: uq IR u, Energy:-For conservative forces the sum of
(ug >up) AT F Tk &1 G H AdAA § TFaH kinetic and potential energies of any object
HTHA-GTAA 6 AT F gl gl IS vy remains constant throughout the motion.
AR vy TFRT & aIg ekt A & A i.e., for conservative system E=K+U= constant
o4 05| o3 o3 "l
m4 Mo mHy mso h n| H
THFR & TgAd | THF & A1 do
T TIE0T & AIH SanT, Casel:- Consider a body of mass m situated
. _ +‘ . at height h & moving with velocity vo. Its total
myu My, = mvi+tmyVvsy ... (1) mechanical energy will be-
= mi(uy-v) =m2(Vy-ty) o (i1) -
ST o T IRy TE H ATl ol SXfard L
glc 8, safaT \
IS TS IO I
Emlu1 +Em2u2 =Emlv1 +Em2v2 .....(ii)
= ml(ulz-vlz)=m2(v22—u22) ............... (|V) E1= U1+K1 5
THHT  (iv) F THFOT (i) AT A W > El=mght "5% (i)
B 9 & - Case2:-When the body falls under gravity
Vit oug = vyt lge, (v) through distance y, then it acquires velocity
S Ug < Uy = Vy = Vi, (vi) v4 and its height becomes (h-y)
FefT-11 (oftfadhn —— FMEIRA. - wea IF-HE-3W TFAF e Rawor ¥ (2024)
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Hence, u = vo

s=y
a=g
and,v = v4

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

Total mechanical energy in this situation will
be-

Eo= U2+ Ko
= E2 = mg (h-y) + 12 mv4?
= E2 = mg (h-y) + 12 m (vo®+2gy)
= E2 = mgh - mgy + 12 mve?+ mgy
= E2 =mgh + 12 mve? e (ii)

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 v?=u?+2as
= Vy?=v?+2gh

Total mechanical energy in this situation will
be-

E3= Us+ K3
= E3=0+ 12 mv?
=> E3 =0+ 12 m (vy?+2gh)

= E3 = 12 mvy*+mgh
From above equations (i),(ii) and (iii) it is

clear that E1 = E2 = E3. This proves the law

of conservation of Mechanical Energy

FiRF FAT & T@IT F NG F a3 [
= fr el Ris i g 7w 591 39 qFa
™ ¥ IR & ek wefda et 2

: ATTAH Foll TRET0T HT {gIa:-

Hel get & fw AR o awg @ A 3R
RefasT sfiat &1 ar ot aify ¥ Al IR
T &l

3rTa, TXal gumel & fo, E=K+U= 3=

Case 1:-ATT &I m gIHAT &I T U ST h
a8 W f&aa & 3R 397 vp 397 & Ty A9 AR
T ¢ ar 3T Fof FiTAE oAl gl

e

E1= U1+K1
2

> El=mgh+ 5"

Case2:- Sid U3 J&carehyuT & 3icdid y gl T
Wéﬂgwﬁwm%‘aﬂ? Fars (h-y) &
ST & |

o

3Ad:, u = vq
s=y
a=g
IR v = vy
T v2=uP+2as @ 3T ALl -

= V42=vp2+2gy

5a U & o1 FitIw Foft gl
E2= U2+ K2

=> E2 =mg (h-y) + 12 mvy?
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= E2 = mg (h-y) + 12 m (vo®+2gy)
= E2 = mgh - mgy + 12 mve?+ mgy
= E2 =mgh + 12 mvo? s (ii)
Case 3:- 919 fUg v aﬁﬂwwqgﬂ?ﬁ
el
| E
.,

Ad:u = vo

s=h

a=g
IRV = vy,

I v2=u?+2as  HT 3YAET F W/
=> Vo’ = vg?+2gh
=0 Rl & g AfF o -
E3z = U3+ K3
=> E3 =0+ 12 mvy?
= E3=0+ 12 m (vy?>+2gh)
=> E3 =12 mvg**+mgh .. (iii)
39ded FHARIoT (i), (i) AR (i) & Tg T §
$T E1 = E2 = E3. Ig T FaT & TIE&IT &
s & g & gl
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