SECTION - |

Straight Objective Type [:Fp

Thiz section contains 2 multiple choice questions, Each qguestion has 4 choices{ A}, {B)}, {C}, D) out of which QNLY

ONMNE is cotrect

{1 23: A radicactive sample 51 having an activity of 5 17 Ci has twice the number of nuclei 2s another s le &

which has an activity of 10 7 Ci. The half lives of 51 and 52 can be

(M) 20 years and 5 years, respectively
(B} 20 years and 10 years, respectively
{(’} 10 years each

{3} 5 years each

Solution: {A]

4 = AN ]

»
4, =4,[N.] (2:>'

A AIN Sxl 1

A, AJ[N] 10x2 4

== 20 & 4 are the answer

{1 24: Consider a system of three charge 1 nd — — placed at points A, B and € respectively, as shown in
the figure. Take O to be th rcff the circke of radius R and angle CAB = 60°
Figure ©
.
{A) The electric field at point 0 is ———— directed along the negative x-axis

875 R



{BY The potential energy of the system is Zero

]

P
{"} The magnitude of the force between the charges at Cand B is f—j
54xd R
{[}} The potential at point O is L,
1275, R’
Solution: {C}
2943 9

{i} Efective field at 8 is = — = -
4zt R™ amt R

Ly Field due to A & B cancetat O

1 Q73 (29/39{9/3 f
{ii} Potential energy of the system = — [ } - { }{ } - [ =0
4t | {2R) R

: 4

| (=29/33{9/3)
drt  ({3IR)

{itt} Force betwepn B & C =

— B 9-
S4re R
e 1 3 Q;
{iv] Potential at O is = — =
dxt,

Q 2% A transverse sinusoidal w tong a string in the positive x-direction at 2 speed of 20 cm/s. The

wavelength of the wave is ifs amplitude is 20 cm. At 3 particular time t, the snap-shot of wave is

shown in figure, The velocit t P when its displacementis 5 cm is

Figure:
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(C} I mwlx {O} — )

Solution: {A)

2r ¥ 16 2

=—=2"—=27— = —
T AT 05x100 5
2 3 3

¥, =Ef\im- ~5% = 2xa3m/ e

3 *
=——m {e

50

constant K = 2. The tlevel of lig itially. Suppose the liguid level decreases 3t a constant speed ¥, the time

He y education
0l 26: A patallel plate capacitnw s ot unit area and separation d is filled with 2 {iguid of dielectric

constant as a function o et I'i

Figure :
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Soiution: {A]

Fhe two capricious can be considered in series

i i |
- = 4
G SR S

i, i,
= + -

At A k.t A
={:f.*'3—1:r}+{2df3+ vty 'Y
2f 4 {4

A3t + 4053+ 2vt
2¢ 4

Sed P33+ vt B S + 3w

2t 4 6,

Q1 27: & vibrating string o rtaiﬁength L under 2 tension T resonates with @ mode corresponding to the first

an air column of ifength 75 cm inside a tube closed at one end. The string 3iso
generates 4 be onfl when excited along with a tuning fork of frequency n. Now when the tension of the
string is sl the number of beats reduces to 2 per second. Asseuming the velocity of sound in air to be

348 mf cy n of the tening fork in Hz is

fegion 181 Hesgton 1Y
A )
§ Kl

i 8. 18 & m



(A 344 {8} 336 {C}117.3 {0} 109.3

Sofution: {B}]

T increase v ¥ 4 [ also increase

string

Hence, ¥Woping = 11 + 4

UstriDﬁg = 31"'Iu|:ad] {Erd HEFH’EDI‘I:iE;

e
4{
3340
4« 0,75 »
= 340
M =340 -4 = 336 Mp
0] 28: A light beam is traveling from Region | to Region 1V [RefeghFt refractive index in Regions |, B, 131, and
.F‘]'n ”.-_| Hn
IV are 1, . afd , respectively, The angle of i C for which the beam just misses entering Region
1Y is
Figure :
{A) &in +f 3 {B} {0} sin"' :
z : — 1N —
! 3
Solution: {B}]
- W : ﬂ” - i :
n, s = —-5n sinf, = —sn%0"  {sin & = const.)
e

€] 28: A block {B} is attached to two unstretched springs 51 and 52 with spring constants kand 4k, respectively {see
figure |). The other ends are attached to identical support: M1 and M2 not attached to the walls, The springs and

supports have negligible mass. There is no friction anywhere. The Hock & is displaced towards walf 1 by a3 small



distance x (figure I} and reteased. The block returns and moves a maximum distance y towards wall 2.

'b_.l
Displacements ¥ and y are measurad with respect to the equilibrium position of the block 8. The ratio —is
X
Figure :
2 1
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Sofution: {{}
By conservation of energy

{ . .

— Ky =—{4K)¥

2 2

|
= —
v 2

Note supports Af1 & AS2} are mailers an w stretching . 5, does not expand when 5; contracts.
Q 30: A glass tube of uniform int as a valve sepatating the two identical ends. Initially, the valve is

in a tightly closed position, End spherical soap bubble of radius r. End 2 has sub-hemispherical soap

bubble as shown in figure. fust ning the valve,

{#] air from end 1 flows towards and 2. o change in the velume of the scap bubbles
{8} air from end I flows towards end 2. Yolume of the spap bubble at end I decreases

{C} no change occurs



(O} air from end 2 Alows toward end 1. Volume of the soap bubble at end 1 increases

Solution: {B}

PP

46
Py =F +—

5
T;* ry Pp: 3atmospheric pressufe

P B

Air from 1 goes to 2

And since volume is canstant .. volume fro

Q 31: A bob of mass A is suspended a tring of length L. The horizontal velocity ¥ at position A is just

sufficient to make it reach the poj . Th & at which the speed of the bob is half of that at A, satisfies

Figare :

3 3
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Lolution: {0}

By conservation of energy

imvj = %mv; + mgi(l ~cos ) ——— (1}

2

]

R _
Also, mg(2)=—mv} = —mv,,  (given)-=~~(2)
Since the v, is just sufficient

m"f.'u,u

=T +mg =0
gl '

I

From [1) equation

1 T
—m| v ~—f=mell~cosf
i e ,K

3

—L =gl o8P
2 gl )

ey cmﬁ:z
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SECTION - I
Reasoning Type
This section contains 4 reasoning type guestions. Each question has 4 choices
{A]. (B}, {C}, (D], out of which OMLY ONE iz correct
Q 3z STATEMENT-I
For practical purposes, the eatth is used as a reference at zero potential in electrical cir
And

STATEMENT-2

The electrical potential of a sphere of radius A with charge G uniformt E:ﬂn the surface is given
by 2
dze, R 0
(A STATEMEMT-I is True, STATEMEMNT-2 is True; STATE correct explanation for STATEMENT-1
By STATEMEMT-I is True, STATEMEMNT-2 is True; 5T, ME NOT & correct explanation for

STATEMENT-I
{C} STATEMENT-I is True, STATEMENT-2 is Fal

{th STATEMENT-I is Falze, STATEMENT-2 i
Soiction: {8}
Statement I is tree since earth is used asdr t zero potentiat to measure potential difference which is

independent af the reference

Q

47 F R

vl

Statement 2 is tree since the el ential of a spherical shell is But statement 2 sloes not

explanation statement 1

33

STATEMEMT-2

Saoft iton has a high magnetic permeability and cannot be easily magneticed or demagnetized.

(M) STATEMEMT-I is True, STATEMENT-2 is True; STATEMENT-2 is a2 correct explanation for STATEMENT-1

(B} STATEMEMT-I is True, STATEMENT-2 is True; STATEMENT-2 is NOT 2 correct explanation for STATEMENT-
1



{C} STATEMENT-I is True, STATEMENT-2 is False
{I3} STATEMENT-I is False, STATEMENT-2 is True

Sofetion: Statement I is tree since the sensitivity of the moving will galvanometer increases by placing magnetic

material,
Statement 2 there is ambiguity & zero cases wises

Case I cannot be early permanentty migrated f demagnetized soft iron has magnetic permeability aglican be

easily permanently magnetized . Hence it is the corrupt explanation of statement 1. Answer is a

Case 2! can not be easily magnetized / demagnetized during galvanometers operation. They ard @ ot act as

a good electro magnet which is false. Answeris C

Q34: STATEMENT-I

»
Faor an observer looking out throwgh the window of a fast moving trai by objects appear to
move in the opposite direction 1o the train, white the distant obj a) be stationary.

and
STATEMEMT-2

If the observer and the object are moving at ve nd ¥, respectively with reference to a

laboratory frame, the velocity of the object to the observeris vy — W, .

EMTE-2 is a2 correct explanation for STATEMEMNT-1
{B} STATEMEMT-I is True, STATEMENT FEPEMNTE-2 is MOT & correct explanation for STATEMENT-

1
(U} STATEMEMT-I is True, STAT EYT-2 |

(D) STATEMERMT-I is False, STATE True

b5 tTue hen we obscure from a train we 3!l comparing the angular velacity which

»

n of relative velocity

Solution: {B) Statement

is more for nearer object
Statement Eist
Butitis wr nation of statement 2
Qs EMT-I
gasier to pull a heavy object than to push it on a level ground.
and
STATEMENT-2

Fhe magnitude of frictional force depends on the nature of the two surface in contact,



(M) STATEMEMT-I is True, STATEMENT-2 is True; STATEMENT-2 is 2 correct explanation for STATEMENT-1

{BY STATEMEMT-I is True, STATEMENT-2 is True; STATEMENT-2 is NOT a correct explanation for STATEMENT-
1

{C)y STATEMEMT-I is True, STATEMENT-2 is False

{31 STATEMEMT-1 is False, STATEMENT-2 is True

Sofution: {B}

Statement I is tree {by observation & explained also}

gt S

Ay o — *
e t + g
N=mg+Fin & N=mg—Fan

Since N N'=» F» ' =3 it is easier to putl than to push

Statement 2 is alsg true bat it is not the correct explanation

Linked

This section contains 2 paragEa ed upon each paragraph , 3 multiple choice
questions have to , tach gquestion has 4 choices (A}, {B}, (Ci {D} ,out

f which INLY OMNE is carrect

Q1 36-38:FThe nuclear ch

[charge per unit

eifeli -uniformby distributed within 2 nucleus of radius R. The charge density g3 (r}

]is !pendent only an the radial distance 1 from the centre of the nucleus as shown in

figure. The anly along the radial ditection.

Figure :

o R e e



4 36: The electric field at r =R is
{A] independent of a {8} directly proportional to a
{C} directly proportional to al (D} inversedy proportional to 2

{137 fora =0, the value of d (maximum value of j* as shown in the fligure} is

e Ae 47 2
{B} {C} (O}

{A] :
4}&1 .?ER 3..??.3?1 ?!fﬂ]

Q1 38: The electric field within the nucleus is generally observed to be linearly dependent o

2
{A) a=g {B} q = E {C) a=R {0} & :
L
Splution: {A] The etectric field at r = R depends on total nuclear change insj . ch is correct irrespective
of P
Soluvtion: {B)

Netcharge = 7e = I ﬁrﬁ'

_ -' P Adr
= :PH-?': I
:4fjpﬁﬁ
Alsg, E +—=1
of
e J 9



A p S E
12 3
3¢

Spivtion: {C} We know that for a uniformby charged sphere

E = 0zrzR
3

r

Hence we can conclude a = & for £¥ fo be cones

01 39-41:A uniform thin cyfindrical disk of mass M and radius R is attached to tw

i al $3551E55 springs of
hed to the axle of the disk
the springs and the axle

spring constant k¥ which are fixed to the wall as shown in the figure. The spring
symmetrically on either side at 3 distance d from its centre. The axleis m

are in 2 horizontal plane. The unstretched length of each spring is L. The ia2lly at its equilibrium position

with its centre of mass {CM ) at a distance L from the wall. The dis 1l slipping with velocity ¥ = Fﬂ i

The coefficient of frictionis ir.

Figure :

Q3% Then al force acting on the disk when its centre of mass is at displacement » with respect to its
equili is
2kx 4kx
— kx {B} — 2kx {C} —T {D} —T

01 40: The centre of mass of the disk undergoes simple harmonic motion with angular frequency @requal to

AR £ R N LT
A M 3M 3A



Q 41: The maximuem value of v for which the disk will roH without slipping is

{A) #H“IE {8} HE i
X ¥ 2k

Splution: {0}

By Mewton's aw:

2kx —f=ma
-f}':‘:':fi'n‘-ll
fmzlmr

2

q=F

1 i

S fF = —mr—

F 5

i f = — g

f >

== MePftraternal force =

Solution: {0}

+‘Z>

t—r direction as assumed)

i}

HE

||3.|'H

(En #H“l

C)O



d'x  dkx

m— = D {Equaticn of SHAM)
di” 3
4k
Lo = |l—
Am
Soiution: {}

By conversation of energy

]' a i p ] 1
—mv, +— " = —{2K)x"
2 R 2

Am

V4K

Also f = %( for raliing)

fmax 2 ?(ﬁ}r roffing )

ma
i LA S EY




SECTION Iv

Matrix Match Type

Fhis section contains 3 guestions. Each questions contains statements given in two columns, which have to be

matched . 5tatements in Column | are {abelled as A, B, Cand D whereas statements in COLUMN §l are labelled as p,

q, 7 and s . The answers to these guestions have to be appropriately bubbled as illustrated in the fotlo

Q 42:

example .
i the correct matches are A-g,8-p, C-r,.0-q,then the correctly bubbled matrix wilk ook like t 4]
p g r =

..............................

Pent *

Column | gives a list of possibie set of parameters measured in s " ts. The variations of the
parameterss in the form of graphs are shown in Column #. Matc e sefnf parameters given in Column |
with the graphs given in Coflumn I Indicate your answer £ appropriate bubbles of the 4 X

4 matrix given in the ORS.

nction of displacement {x axis}
oi? one dimensional motion at zero or constant

{A) Potential energy of a simple pendeium {y ax
{B} Displacement [y axis) as a function of ti

acceleration when the body is movin
{C} Range of a projectile [y axis) as a func
(I3} Fhe square of the time period |

e pBsitive x-direction
elocity {x anis] when projected at a fixed angle
ple pendulum as a function of its length [x axis)

{P} »



(5} B
Solution:
A-P.S
BE—C, R S
C-5
e,

{i} Potential energy of simple Pendulum o idisplacement from mean paosition)
. Bpth p and s can be correct depending on the displacement of mean Hion
(ii} Displacement o £ {for constant 8)
ot {fora = 3}
At t= 0, displacement may be nor-
.G, T, 5 aFe COFrec

{iii} Range v/= velocity

¥ &in 26
A=—
E
R auy istarts from origin}
L
2»5ic CQ

tstarts from origin}

Jo Qs cofrect,

Q Column | contains a list of processes involving expansion of an ideal gas. Match this with Colemn #
describing the thermodynamic change during this process. indicate your answer by darkening the appropriate
bubbles of the 4 X 4 matrix giver in the ORS.



{A) Aninsulated container has two chambers separated by a valve. Chamber i contains an ideal gas and

A i

YL TE

i
S
R4
ITE

the chamber i has vacuem. The valve is opened.

Pc-:1

{B} Anideal monoatomic gas expands to twice its original volume such that its pressure
where ¥ is the volume of the gas

{C} Anideal monoatomic gas expands to twice its original volume such that its pressur

Pcw:l

rrtis .
where V is its volume
{T*} An ideal monoatomic gas expands such that its pressure P and volume ¥ foll thefehavior shown

— *

FI.

¥ a4y, v

in the graph

(P} The temperature of the gas decre

(q} The temperature of the gas in ST Temadins constant
{1} The gas loses heat
{4} The gas gains heat

Sojution:

A-P

B-fH

C—-P. %

oD-F5

(i} The process is adi
== ¥ increase B T decrease
. piscorrect

(i} nst,

ey
o I

C=C, +P

PV = const, = K & PV = RT => KW' "= RT



K ¥

=0 +
h I-"’"ECT

Lk RV
VT Kd-n)

A R
+—1-n

v-1

Hence (' =

. 2
VT = const since PY = const
Sovincreases 2= T decreases

AsT decreases & Cis + ve
= @ = CAT < (3

=% (335 |gses hea
. Porare cofgect

{C} Py = const

™ T'lu"i.l'3- = ronst @

&

egses =» P is correct




(2} =CAT AF <0 & C= )

i ) = (2

=% 5 i5 CoFrect

{D) P2V > Py Wy tHrom fipure]
22Ty Ty since PY/T = const

.\, g s correct

Work Dons = Area under the graph = €}

as TTos ALV = 02

23 =0

Hence s iYs correct.

Q 44: An optical component and an object 5 placed axis are given in Column | The distance between

the object and the component can be varied. The fimages are given in Column B. Match alf the

e
pMe components given in Colamn L Indicate your answer by
iven in the ODRS,

properties of images from Column #l with the

darkening the appropriate bubbies of the 4

N Q;+

*

{B}

S s

{€}



. (]
(D} &

(P} Real image
{G) Virtuat image

{r) Magnified image
{5} Image at infinity
Solution:
A—-P 0O RS
B-—C
C—P O, HS
D—P, (1,HS
1 1 i
{i} Concave mirror —+ — = —— f = {)
vy |

uxf
i f

Whenwu=1
=3 image at infinity Q
cgbe prea

M= / —
u—f e

mty =

an l

It can form
age uxf
atimage w<f

r. yoofrrect

r

{ii} Convex Mirror Always forms virtual image

11
—_——— =

1
— >0
v ov f



uf

v+ f

1.':-—-

Coforreatobjectu >0 & f20

e ¥ T D
. for real object v € O . Virtual image
¥
M=1= f | <
o |wt f
gl
.. Mo magnification
1 1 1
{iii} Convex fens : —_t—=—

Same as first

{iv} Convexo Concave lens

f

| R. R,

SinceR;=>Ry . f=0

.. it behaves as cu@ EascC
L

1 ] 1
2]
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