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SECTION 1 (Maximum Marks: 12)
This section contains FOUR (04) questions.
Each question has FOUR options (A), (B), (C) and (D). ONLY ONE of these four options is the correct
answer.
For each question, choose the option corresponding to the correct answer.
Answer to each question will be evaluated according to the following marking scheme :
Full Marks : +3 If ONLY the correct option is chosen;

Zero Marks : 0 If none of the options is chosen (i.e. the question is unanswered);

Negative Marks : —1 In all other cases.

The center of a disk of radius 7 and mass mand mass is attached to a spring of spring constant k, inside a ring of
radius R > r as shown in the figure. The other end of the spring is attached on the periphery of the ring. Both the
ring and the disk are in the same vertical plane. The disk can only roll along the inside periphery of the ring,
without slipping. The spring can only be stretched or compressed along the periphery of the ring, following the

Hooke’s law. In equilibrium, the disk is at the bottom of the ring. Assuming small displacement of the disc, the time

2r
period of oscillation of center of mass of the disk is written as T = P The correct expression for o is (g is the

acceleration due to gravity) :

T& 1 01 @2 m S arel 8% @ o @, U R > r (3501 arel aed (ring) & 3T<x FRETgaR U6 k S
ReRT® (spring constant) el AT (spring) W HeTdl fhAT AT T | A & SN BR DI ae1d & R (periphery)
UR ety fopan T & | 9ot 3R 3% QM Uo & Sedier aa H € | o gora 1 siidfRe uRfY & srgfae fam et
DI Jeb Tl © | PAM gad B R & srgfasr €1 gd (Hooke) & Froagar R a1 Rigs dad ¢ |
ATeITaRen ¥, f$%p g @l el # 2 | {530 & araraRen 9§ oy favenus & forg, f$% & s &g & e

(oscillations) @ e &1 T = %[ forRE ST 8 | o @ folg T2 aoia (expression) & :

(g !Rk_c'i I TIR] %)
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g g +£ 2g +£ l g +£ l g +£
(A) 3IlR=r m (B) 3(R—r) m ©) 6\R-r m D) 4\R-r m

Ans. A

Sol.

Torque about COM

f><f=(mzr Ja (D)
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no slipping
o=t )
] -.(2)
From (1) & (2)
ma
f=—o
5 ...(3)

[F_,=ma] along tangential direction
kx +mgsind —f =ma ...(4)
kx + mgsind =f + ma

using eq. (3)

kx+mgsin9:ma+%

kx+mgsin6’:§ma

here x =(R—r1)6

st
B — X=a
3\m R-r

)
o= [——+
3\m R-r

2. In a scattering experiment, a particle of mass 2 m collides with another particle of mass m, which is initially at

rest. Assuming the collision to be perfectly elastic, the maximum angular deviation 0 of the heavier particle, as

shown in the figure, in radians is :

Teh Y1 (scattering) FART H T 2m S 1 BT fAaRmTaRe § Rerd m S & O &0 1 Thedl © | 59
T (collision) BT gui g (perfectly elastic) AT gU, FRETIAR W1R) @91 &1 31ferea faarer @1vr (deviation
angle 0) T H T
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Ans.

Sol.

2m

(A =w

T va

a1 L T
(B) tan @ © 3 D) ¢

(2m)V, sind =mV, sina

2V, sind =V, sine .....(1)

2mv, =mV, cosa +2mV, cos &

2V, =V,cosa+2V,cos8 .. 2)

1 1 1
KE= Emvﬁ + 5(2m)V12 = 5(2m)V02

V; +2V7 =2V,

Using equation (1) and (2)

4V} +4V; -8V, V,cos0=V; ....(4)

From equation (3) and (4)

4V +4V; -8V, V, cos@ =2V, -2V/

6V —8V,V, cos

6+2V> =0
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3VE+ V)
4V, V,

cosd =

a0 _ (6V,)(4V,V,) = (4V,) (3V7 + V)

—sin@
dv, (4V,V,)

do

— =0
for & — max, dv,

O= (6V1 )(4V0V1) - (4V0)(3V12 +Vo )

O =6V -3V:-V?

V,
vV, =—2%
3
2
v
3 (Oj +V;
2 2 0
cosf = W+ Vs 3
4V,V, v, ( V, j
3
cosfd= ALRA ')
4 2
6 =30°
o=
6
3. A conducting square loop initially lies in the XZ plane with its lower edge hinged along the X-axis. Only in the

region y > 0, there is a time dependent magnetic field pointing along the Z-direction, B (t) =B, (cos a)t) k ,

where B is a constant. The magnetic field is zero everywhere else. At time t=0, the loop starts rotating with
constant angular speed o about the X axis in the clockwise direction as viewed from the +X axis (as shown in
the figure). Ignoring self-inductance of the loop and gravity, which of the following plots correctly represents

the induced e.m.f. (V) in the loop as a function of time :

T qAeR ATetd g arel (conducting loop) IR™1 # XZ Tt # 3@ & foraa fRael feR a1 X—are1 & srgfew &
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(hinge) fhan T 2 | Saa y > 0 dTet 9T (region) # U Z—fwm (direction) 373faer w1eMf3@ (time dependent)
graepra &1 (magnetic field), B(t) =B, (cosot)k wisfe &, Siel B, U frareion & | o 9l 8 grrefa &7 g0
2199 t = 0 0= Ul FerArgaR &feromad (clockwise) fa=m (+X a1e1 3 dm wR) # U fad afia arat o 9 X e

& URT: gOH (rotate) Yo D1 © | o< 3iIR U & W—3vehd (self - inductance) 1 SUeT R 8T, 51 RG]
(plots) # A &I AT 3RW Ul # IRT e.m.f. (V) DI THI & e & 1 Iferd wU A o axar 2 :

B

S
o~

- g = - -

v
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Ans. A
z
sol. A | v’
y
at't' time

A=A [— oS a)ﬁ' +sin a)tlﬂ

B= B, cos otk

r
for O to Py [first half]

|

>

$=B.
¢:

AB, sin ot cos ot
AB

¢=—"sin2mt
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So, Emf = ﬂ
dt
=-AB,w cos2mt

T 27
for — to — [second half]
@ @

Emf=0

4. Figure 1 shows the configuration of main scale and Vernier scale before measurement. Fig. 2 shows the

configuration corresponding to the measurement of diameter D of a tube. The measured value of D 1s :

= 1 (Fig. 1) # A9 (measurement) A Ugel 93 YA iR afRR (Vernier) 99 &1 o= faeman a1 & | g&
AfeTet (tube) & <RT D & AU I1 39T A=t (configuration) fora 2 (Fig. 2) # fa@man mar g | D &1 w1fid A 2

0 1cm
| | | | | | | | | | -eeee
I I [ [ [ I I Y I
Fig. 1
0 '8 1cm
| | | | | | | | ] | -eeee
I N I N I O O
Fig. 2
(A) 0.12 cm (B)0.11 cm (C)0.13 cm
Ans. C

Sol.  Least count of

Vernier scale=MSD - VSD

{l—l} mm
10

(D)0.14 cm
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Measurement = Main scale Reading + Vernier scale Reading

:lj{i}l
10

=1.3mm OR
=0.13cm

SECTION 2 (Maximum Marks: 12)
This section contains THREE (03) questions.
Each question has FOUR options (A), (B), (C) and (D). ONE OR MORE THAN ONE of these four
option(s) is(are) correct answer(s).
For each question, choose the option(s) corresponding to (all) the correct answer(s).
Answer to each question will be evaluated according to the following marking scheme:
Full Marks : +4 ONLY if (all) the correct option(s) is(are) chosen;

Partial Marks : +3 If all the four options are correct but ONLY three options are chosen;

Partial Marks : +2 If three or more options are correct but ONLY two options are chosen, both of which are
correct;

Partial Marks : +1 If two or more options are correct but ONLY one option is chosen and it is a correct option;
Zero Marks : 0 If none of the options is chosen (i.€. the question is unanswered);

Negative Marks : -2 In all other cases.

For example, in a question, if (A), (B) and (D) are the ONLY three options corresponding to correct answers,
then

choosing ONLY (A), (B) and (D) will get +4 marks;

choosing ONLY (A) and (B) will get +2 marks;

choosing ONLY (A) and (D) will get +2 marks;
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choosing ONLY (B) and (D) will get +2 marks;

choosing ONLY (A) will get +1 mark;

choosing ONLY (B) will get +1 mark;

choosing ONLY (D) will get +1 mark;

choosing no option (i.e. the question is unanswered) will get 0 marks; and

choosing any other combination of options will get -2 marks.

5. A conducting square loop of side L, mass M and resistance R is moving in the XY plane with its edges parallel

to the X and Y axes. The region y >0 has a uniform magnetic field, B = BOE . The magnetic field is zero

everywhere else. Attime t =0, the loop starts to enter the magnetic field with an initial velocity Voj m/s, as

272
0

shown in the figure. Considering the quantity K = M

in appropriate units, ignoring self-inductance of the

loop and gravity, which of the following statements is/are correct :

(A) Ifv,= 1.5 KL, the loop will stop before it enters completely inside the region of magnetic field.

(B) When the complete loop is inside the region of magnetic field, the net force acting on the loop is zero.

CIfV—Ethl t ttt—ll(éj
C) If v, 1o - theloop comes torestat t=| - | In| 3

1 3
(D) If v, = 3KL , the complete loop enters inside the region of magnetic field at time t = [Ej In [Ej .
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Ans.

Sol.

U L o1, M ST 3R R URRIE &1 aiaR aretd urdl (conducting loop) XY T # 39 YR T © fd
309 RR X iR Y atefl & TR &1 y > 0 9 (region) ¥ T paa gl 85 B=B k 1/ 9 &

I & T R | G ¢ = 0 U U7 RAgR TR &5 7 JRMS 3T v, j m/s ¥ T Gl SR SR 2 |

B’
RM

THETDHYT IR T—IDhe (self - inductance) BT I B §Y 1R IUYH AADI H AT K = PIATR §Y,

ferfeTRad oMl § A = /A A 2 /8

(A) Afd v, = 1.5 KL 2 1 ure1 graepia &7 dlel |1 & 3a% YX) ORE A Ja% S A Usel 81 b SR |

(B) Ife Yol uTe1 Tt &7 drel M1 & 3TaR © A1 UTe R o aTell el 91 T T |
KL 1 5 :
(C) e VOZW%T‘ﬁWW t:(ﬁj In (EJ R fIRTHTGRR H 37 AT 2 |

(D) afe v, =3KL gl t=(%) In (%j Y UR ARG} U7 FRIDII & dlel 91T & 31X HJ9 IR ST |

(B)(D)

Atany time't'

®©__®

__>V

® | ©
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Induced emf=BVL

BVL

I =—
nduced current R

magnetic force (F)=1LB

—>v=y,e"
— loop will not stop.

When loop enters completely mean no change flux. No emf'so no induced current & no magnetic force.

also v= d_}t/ =v,e ™

y t
Idy =v, Ie’ktdt
0 0

'
=V 0 _k
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Ans.

Sol.

Vo —kt
=—"[1-¢
y k[ |
fory=Land v=3KL

\%
—>L=-"[1-¢™
ml ]

—SeM=

—> kt= ln(ij
2
t= lln (ij
k \2

w | N

Length, breadth and thickness of a strip having a uniform cross section are measured to be 10.5 cm, 0.05 mm,

and 6.0 um, respectively. Which of the following option(s) give(s) the volume of the strip in cm® with correct

significant figures :

THAHT STTIR BIC (Cross section) &l T Ug! &l ofaTg, ArsTs iR Arers A 10.5 cm, 0.05 mm, 3R 6.0 um
A STl € | 5991 3§ A i e fadhed ug! a1 Al Anede &idi (significant figures) # g (cm?® #) &1/ A

8/

(A) 32x107 (B) 32.0x10° (©) 3.0x107 D) 3x107
D

V =Lbt

L =length L=10.5cm

b =breadth b=0.05mm=35x 10" cm

t=thickness t=6um=6x10"*cm

Significant figure of length=3

Significant figure of breadth=1

Significant figure of thickness =2
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Volume = (10.5) x 5 x 107 x 6 x 10™*
=315x107

=3.15x 107

=3x10%cm’

So volume will have only one significant figure.
[A] > 2S.G

[B] > 3S.G

[C]—>2S.G

[D] > 1S.G

(S.G: Significant figure)

7. Consider a system of three connected strings, S,, S, and S, with uniform linear mass densities pkg/m, 4pkg/
mand 16 p kg/m, respectively, as shown in the figure. S, and S, are connected at the point P, whereas S, and
S, are connected at the point Q, and the other end of S_ is connected to a wall. A wave generator O is
connected to the free end of S|. The wave from the generator is represented by y =y, cos (ot—kx.) cm, where

y,» ® and k are constants of appropriate dimensions. Which of the following statements is/are correct :

YL % S, S, S, %

o K P m Q 1 g

(A) When the wave reflects from P for the first time, the reflected wave is represented by
y=ay, cos(a)t+kx+7r) cm, where ¢, is a positive constant.
(B) When the wave reflects from P for the first time, the reflected wave is represented by

y=a,y, cos (a)t - kX) cm, where «, is a positive constant.

(C) When the wave reflects from Q for the first time, the reflected wave is represented by

y = a5y, cos (a)t —kx + 7[) cm, where «; is a positive constant.
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Ans.

Sol.

(D) When the wave transmits through Q for the first time, the transmitted wave is represented by

y=a,y,cos (a)t - 4kx) cm, where ¢, is a positive constant.

H11 & Qe e 19 YepvraT ¥ e B (uniform linear mass density) dret &l S, S, 8RS, @
FRETIRIR SR a RIS | S|, S, 3R S, & X1 g wed A pkg/m, 4p kg/m 3R 16 pkg/me 1S,
Td S, 1 fdg P ux o1afe S, vd S, 1 fdg Q R st T 2 SiR S, & gk RR &1 Uep SR IR SiIST RIS | Yeb vl
Sif (wave generator) O @1 S, @ Heh RIY 3 STgl TATE | IS S A S~ Ul y =y, cos (ot —kx) cm A
ot faar SR, STl y,, o 3R k Suged st @ fFadie ©, df Fefafad e 3 & i e aE 2/8

YLX X S, S, S3 %

o K P m Q 1 &

(A) 5T TR UgeR IR P qRiafid (reflected) exfl & &1 wRmaffa @71 @1 y = oy, cos(ot+kx +7) cm &
FrofUd ovd 8, 98! @, To e Madia o |

(B) 519 R g el R P A IR (transmitted) 210 8 @ ORI TRA DT y = a1,y cos (@t —kx ) em 3 Fofia awa
2, S8l @, T gD i 2

(C) 519 T Ugell aR Q ¥ WMERfA (reflected) Bxflt & @1 uRmafia &R @1 y = a,y, cos(@t—kx+7) cm 9
fRftd vd 8, S8l o, o g Hadie o

(D) 519 TR U8 el aR Q 3 IR (transmitted) 1 & A1 TR TRADT y = a,y,, cos (@t — 4kx ) em 1 Frofia
P ©, T8l a, TH garcHD D T |

AD

(A)  Wavereflects from P i.e. wave is reflected from denser medium.

Hence, equation of reflected wave is given by : y = oy, cos ((ot +kx + 7r)

(B)  Equation of transmitted wave from P is givenby : y = a,y,, cos (a)t - 2kx)

e T[T v
: 4u 2\Npu 2
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2
>, ="
A5
=k, =2k

(C)  Equation of reflected wave from Q is given by : y = &,y c0s ((ot —2kx + 7[)

(+ 7z because wave is reflected from denser medium)

(D)  Equation of transmitted wave from Q is given by : y = a,y,, cos (a)t — 4kx)

S A
’ l6p 4\Nu 4

A=
k, =

B o

=
=

SECTION 3 (Maximum Marks: 24)
This section contains SIX (06) questions.
The answer to each question is a NUMERICAL VALUE.

For each question, enter the correct integer corresponding to the answer using the mouse and the onscreen

virtual numeric keypad in the place designated to enter the answer.

If the numerical value has more than two decimal places, truncate/round-off the value to TWO decimal

places.

Answer to each question will be evaluated according to the following marking scheme:

Full Marks : +4 [f ONLY the correct integer is entered;

Zero Marks : 0 In all other cases.

A person sitting inside an elevator performs a weighing experiment with an object of mass 50 kg. Suppose that

the variation of the height y (in m) of the elevator, from the ground, with time t (in s) is given by

. (2nxt
y= 8{1 +sim [Tﬂ where T = 40m s. Taking acceleration due to gravity, g = 10 m/s?, the maximum

variation of the object's weight (in N) as observed in the experiment is
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e Uferdex (elevator) & TSR 93 9R U afth 50 kg SAM &1 9% & YR &I A0 &1 T3 HIAT T | 711

27t

ERTeTeT 3 Torder & S1S y (m H) 1w t (s #) @ e fa=rvr (variation), ¥ = S{HSH{TH A e g,

SR T =40m s 2 | Tod @R g = 10 m/s? i gY, 39 TN H a%g & ¥R 4§ H1erd (observed) stferaaw agara
(N#H) 2 -

Ans. 2.00

Sol. Y=8+8sin (%)

" [27[)2 : [Zﬂtj
y"=—-8x| — | sin| —
T T

B 8x4r?

a_ = _=0.02
16007

Measured weight (W) =mg_.
max -m (g + amax) =50x10.02=501
W =m(g-a_)=50x9.98=499

min

Maximum variation =2

0. A cube of unit volume contains 35 x 107 photons of frequency 10" Hz. If the energy of all the photons is
viewed as the average energy being contained in the electromagnetic waves within the same volume, then the

amplitude of the magnetic field is o X107 T. Taking permeability of free space p =4 < 10”7 Tm/A, Planck’s

22
constanth=6 x 1034Jsand 7 = R the value of o is

Teh SBT3 I arel 4 H 10'° Hz 31MafRi & BISH (photons) &1 §&41 35 x 107 | A A1 BICH &1 $Holl Bl
I 31 H Rerd fagjagraara AR @ SiRId Sl AT ST, A1 a1 &3 &1 3 o, x 1070 T 8 | Jad JMhreT
@1 grapeileld (permeability of free space) p, =4 x 107 Tm/A, wiid RerTa (Planck's constant)

22
h=6x107Js 3R =" A EY, o0 HTAA T
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Ans.

Sol.

10.

22.98

Total energy due to photon = (no. of photon) energy of one photon)

Eppoon =35x107 (hv)

1B

Av. energy density of EM wave = >

. 1 By
energy in Im’ volume = 5, 1
0

0

photon - EEM wave

1 (05><10_9)2

EW:35X107 X6X1O_34 XIOIS
T X

a’ =24x22
a=229782

o =22.98

Two identical plates P and Q, radiating as perfect black bodies, are kept in vacuum at constant absolute
temperatures T, and T, respectively, with T, <T,, as shown in Fig. 1. The radiated power transferred per unit
area from Pto Q is W . Subsequently, two more plates, identical to P and Q, are introduced between Pand Q,

as shown in Fig. 2. Assume that heat transfer takes place only between adjacent plates. If the power transferred

WO

per unit area in the direction from P to Q (Fig. 2) in the steady state is W, then the ratio W is i
S

areet w1 fusi (black bodies) @1 avE fAfdRordR (radiating) &1 7Y wiei P 3iiR Q &1 sHer: frad Uz drasr=i
T, 3R T, W faie (vacuum) & ford 1 & 3rgR v&@m w1 &, ol T, < T, 81 P 9 Q &1 i ==iRd Uiy vl
g faepRd wfdd W, g | deaeand P 3l Q @ A%y a1 3R ©ic, P 3l Q @ 41 4 2 2 & SgRR Xl Ol 2 |
AT {5 301 BT AT & faeacd wiel @ 41 €1 81a1 ¢ | afe <oIm) afaxen (steady state) # P 3 Q @1 iR form

W,
2 & RN ARG Ufl Ueplep alaohet fdenfRa wfdk W &, l srgurd WO 2
S
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Fig. 1 Fig. 2
P Q P Q
W W,
Tp Tq Tp Tq
Ans. 3
Sol. Figurel: W, = A(Tlf —TS)
T, T, T, T,
WS
—
W =A[ T, -T ]
in steady state power transferred per unit area is same.
ATy =T |=A[T'-T; |=A[ T} -T; |
T+ T2 '+ T
fromaboveeq. ——2 =T (1) & T, :%....(2)
from (1) & (2)
T4
T = 2 T +—2
3 2
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I1.

Tlf—i(T§+T4)

Q
&_TS_T;‘_ 2
W, Ti-T: T, - T,
(BT
3 T,-T, 3
W, _,
WS

R
A solid glass sphere of refractive index n = \/3 and radius R contains aspherical air cavity of radius ~ -8

shown in the figure. A very thin glass layer is present at the point O so that the air cavity (refractive indexn=1)
remains inside the glass sphere. An unpolarized, unidirectional and monochromatic light source S emits a light
ray from a point inside the glass sphere towards the periphery of the glass sphere. If the light is reflected from
the point O and is fully polarized, then the angle of incidence at the inner surface of the glass sphere is 0. The

value of sin0 1s

RATTAR TS 1 = /3 3maciia (refractive index) 3R R 31501 & &4 & U S Tl & 377aY % ERRIEIRE

Tireli a1g fRa (air cavity) 3TaRerd & | e e udel oid & ud fawg O TR 39 e AivjS © & arg fea
(3TUacHis n = 1) BId & el & 3T<R & TEdl ¢ | Yo Ifad, Yarfasiig 8iik gaavii (unpolarized, unidirectional
and monochromatic) eI T S &1 @ el & 3Fax Rerd e fdvg 3 Tiel ol uRfY &1 311R Tas yeprer fdhvor ol
Saford axar & | afe gerer fawor famg O I wrafdd 2l & &R gol wu & ¢gfad (fully polarized) € o 31 Rerfa #
BT P el B ARG Y3 UR JTYTH HIVT O I ¥ | sind &1 A &
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A
S AN
o n:v’ﬁ
, ¥
alr .
all' Rr
k\%
4
0
Ans. 3/4

Sol.

Using snell's law

atC,

J3sini = 1xsin 60°

1”=30°
inAOAB
R R
sinf =——= 4.2
R 4
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12.

Ans.

Sol.

A single slit diffraction experiment is performed to determine the slit width using the equation, — = mA

D 2

where b is the slit width, D the shortest distance between the slit and the screen, d the distance between the m®

diffraction maximum and the central maximum, and A is the wavelength. D and d are measured with scales of

least countof 1 cm and 1 mm, respectively. The values of A and m are known precisely to be 600 nm and 3,

respectively. The absolute error (in um) in the value of b estimated using the diffraction maximum that occurs

form=3withd=5mmandD=1mis

) bd
U Yohal f3R) i (single slit diffraction) warT & 3R &) AISTS BT GBIl D mA 3 fRuiRd fearomarg,

STET b B3 Y Arers 2, D =i &Ik 3 & @i o) fA1am g9 ®, d 419 Sfeass (central maximum) 3iR m®
e Sfas & frad IR A dREd § | D 17 1 cm 3R d S Td | mm & 3reqaHia (least count) aret
AT A AT I B | A 3R m & A aRYE wU (precisely) A &2 600 nm iR 3 S € | afX d = 5 mm 3iR

D=1mg arm=3 arell faad 3= & ford b & 3aferd A1 # fRUeT FfC (absolute error) &1 A4 (um #)

g
75.6
bd .
E:mﬁ, given AD=1cm=1x10"m
D=1m,d=5mm Ad=1mm=1x10"m
A=600mm=6x10"m
3)(6x1077)(1
Ly D _( ) )( )18 1oem
d 5%107°
&:A—DJrﬂ:Ab:(A—DWLA—dij
b D d D
_ 0.0lm Imm X§X104m
Im  S5mm
=75.6x10°m
=75.6um

Error in d is 20% so there is another possible solution.
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13.

Ans.

Sol.

error in d is 1mm so value of d can be from 4mm to 6mm.

mAD,,.  3x600x10” x1.01

ax

50D, = T 4x10°

m = 454.5um

b _MAD,, _3x600x10”x0.99m

i d 6x107

=297um

So maximum error is 94.5 um while taking b___in account.

Consider an electron in the n= 3 orbit of a hydrogen-like atom with atomic number Z. At absolute temperature
T, aneutron having thermal energy k T has the same de Broglie wavelength as that of this electron. If this
2 h 2

. . T — . ' .
temperature is given by A mNEB 2 NFB (where his the Planck's constant, k . is the Boltzmann constant, m,
is the mass of the neutron and a is the first Bohr radius of hydrogen atom) then the value of o is

AT {6 Z URATY] ST (atomic number) dTel BTSSRI oI URHTY] B n = 3 Hell § b Soidg = o | A argas T
o Reret 3R k, T i1 Sotl & Uep Y2 ol <-siveil (de Broglie) avveed (wavelength) 91 getas = 1 -siell

Z’h’
ar’a;mN“B

et & FuE ¥ | e g8 aoEe | = ¥ @ frar a8, (STEf h e Reriw (Planck's

constant) &, k,, iesTT Rerie (Boltzmann constant) g, m,, g1 @1 ST & 3R a ETSS ST URATY] b HrH
areR 341 (Bohr radius) ®) a1 oo 1AM 8 .

72

For neutron,

PRI S
“mv DM (KE) J2MK,T - M

For electron,
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2xr
or, 4, _ =t
n
27( n’ tn’
A= a,— wr =2
or, " n ( 0 Zj ( n 7 j
2ra,n
S = Z° ..... (ii)
Ay =4,
h _ 2ragn
oL PMK, T Z
h? 47°a’9
o1, 2MNKBT = 22 ( n :3)
7°hn’
- 2rtalM K,

oo =72 (Answer)

SECTION 4 (Maximum Marks: 12)
This section contains THREE (03) Matching List Sets.
Each set has ONE Multiple Choice Question.
Each set has TWO lists: List-1 and List-I1.
List-I has Four entries (P), (Q), (R) and (S) and List-1II has Five entries (1), (2), (3), (4) and (5).
FOUR options are given in each Multiple Choice Question based on List-I and List-II and ONLY ONE of
these four options satisfies the condition asked in the Multiple Choice Question.

Answer to each question will be evaluated according to the following marking scheme:

Full Marks : +4 ONLY if the option corresponding to the correct combination is chosen;
Zero Marks : 0 I[f none of the options is chosen (i.e. the question is unanswered);

Negative Marks : -1 In all other cases.
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14. List-I shows four configurations, each consisting of a pair of ideal electric dipoles. Each dipole has a dipole

moment of magnitude p, oriented as marked by arrows in the figures. In all the configurations the dipoles are

fixed such that they are at a distance 2r apart along the x direction. The midpoint of the line joining the two

dipoles is X. The possible resultant electric fields g at X are given in List-1L.

Choose the option that describes the correct match between the entries in List-I to those in List-11

g -1 (List-1) % =R fa=am4i (configurations) &1 fazama 11 2 | uxe fa=ama # srree fagya fagai (ideal electric
dipoles) &1 Y& T (pair) T | 94 fgga & fgga ameel (dipole moment) &1 afRHATN p 2 3R 310 fafa=arai
(orientations) BT FRETIAR aT01 (arrows) ¥ e fovan T & | 941 fa=amai # fgega x fen & srgfeer yo v
2r R ReR € | 1 fgyail @1 Sire+ arell Y@ &1 /e famg x & | X o |{=1faa uiRem fagga es g g4 -1l (List-

m#fRATE].

-1 @1 ufaftcal o1 gi-11 3 ufaftcdl & |1 e o drel faee a1 g
List-1 List-11
g

(P) (1) E=0
N
j X
s T . p

Q) i 2 E:_27reor3

S

j

A ____).{_--—.—b ) b o
® | ® B —gre ()

S

J

A

: X =D 2 a

) | —ep-l-—ep ) E__47[eor3(21_J)
S
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() = Te, 1
The correct option is :
e fdwed g—
(A) (P) > (3); (Q —» (1) R) - (2); (S) > (4)
B) ) - @) (Q - (5): R) = (3); (S) - (1)
©) (P) > (2); (Q —» (1): R) —» (@) (S) - (5)
D) P) - 2); (Q — (1); (R) = (3); (S) = (5)
Ans. C
- KP+- -KP,-
T X T B =~ i JLE, = 2 J
Sol. (P) P P; = _2KP.  -P -
(Pl_ Pz) . Enet 1,3 N o < 1,3
B S S B =Nhgp - tRhs
@ P P N '
(P1=P2) . Enet =0
. KP:- 2KPji
T’S — Bi=—F0k r
P, P, . KP/. » » o
(R) (PIZPZ) Enet:_3( _J):47Z'€ r3 (21__])
El _ 21(31)1 ’i‘) EZ _ 2K3P21
r r
Xy | 3KP:
S P, P, oo
©) (P,=P,) P :
e,
©)P) > 2); (Q = (1); R) - (@) (S) = (5)
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15.  Acircuit with an electrical load having impedance Z is connected with an AC source as shown in the diagram.

The source voltage varies in time as V(t) = 300 sin(400t) V, where t is time in s. List-I shows various options

for the load. The possible currents i (t) in the circuit as a function of time are given in List-I1.

RETFRR, o uRue (circuit) d Z ufcere drel Ye d5gd @irs @1 U AC I A Sirsl 11 € | 49 & A1 T
1 faa V(1) = 300 sin(400t) V o sraR RraRd (vary) 211 2, S t (s ) @7 2 15 -1 (List-]) S5gd el o
forg fafi=1 fameu faardh € | uRue # FWIfad 1Y i (t) T99 & Bod & w0 # @ -11 (List-1) § & T g |

Z

(~)
V(t)U

Choose the option that describes the correct match between the entries in List-I to those in List-11.

gt -1 (List-1) @ ufafedi @ gt -1 (List-11) @ ufaftedi & a8 e o= arel faden o g |

List-1

List-11
5 T I I
2.5+ .
i) 0
1) -2.5 1
-5 | l
/2 T 3m/2 2n
4001
s T T T ]
100 mH iy or "
O AT
=S¢ | | | :
/2 s 3n/2 2r
4007
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Ans.

S0pF 300 25 mH

® A RAANA— TO0000

S0uF 60Q 125 mH

© 4 A~ T00000

The correct option is :

e fadden B—

10
5

i) 0
3)

-10

20

10}
4) iy Of

-10
=20

7

A) (P) > (3); (Q = (5); R) = (2); (S) = ()
B) @) - (1); (Q) = 5); R) - (2); (S) - 3)
©) @) > (3) (Q = @) R) > (2); (S) > (D)
D) P) — (1); (Q) - *): (R) > (2): (S) - (5)

A

A
2n

I
T
t

400
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Sol.  (P)

Q

R®)

As load is purely resistive, current & voltage will remain in same phase

.V _300sin400t
R 30

1=10sin400t

2
X, = (30)2+[400XLJ =50, tang = =20
L 10 R 30

X, =50£53°

V  300sin400t

X, 50453°

i= 6sin(400t b 53°)

R =30

X
tan¢9:—“‘ﬁ=ﬂ

_ R 30
x, 240 7

net

. 300sin 400t
50/ -53°
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16.

i= 6sin(400t + 53°)

S X, =X, =50, hence circuit is in resonance
7 = 60./0° .....resonance condition

. _ 300sin 400t
60.£0°

i=35sin400t
Option (A) 1s correct

List-I shows various functional dependencies of energy (E) on the atomic number (Z). Energies associated with

certain phenomena are given in List-11.

Choose the option that describes the correct match between the entries in List-1 to those in List-I1.

List-1 List-11
P) Eoc 72 (1) energy of characteristic x-rays
Q) Ex (Z - 1)2 (2) electrostatic part of the nuclear binding energy for stable

nuclei with mass numbers in the range 30 to 170

(R) ExZ(Z-1) (3) energy of continuous X-rays

(S) Eispractically independent of Z (4) average nuclear binding energy per nucleon for stable
nuclei with mass number in the range 30 to 170

(5) energy ofradiation due to electronic transitions from

hydrogen-like atoms

The correct option is :
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Ans.

Sol.

A -1 (List-I) # S (B) @t u=zH1] 15 (Z) IR =1 et f+9ari (functional dependencies) <1 T € |
@ -1I (List-11) # g8 ulRaesii (phenomena) I TFIId Soiid &1 TN |

A -1 351 yfafteai o g1 -11 o vfaftcdl | 98 s a3 ardl A &1 g |

-1 -1
P) E o 72 (1) srfaeerfdres (characteristic) X-fRot a1 oit
(Q) Ex(z-1) (2) T R 30 170 )RR (range) dTel eIl

DT &1 DT de9 Hotl o1 dggaRAfas wr1/a7e

(electrostatic part)
(R) ExZ(Z-1) (3) wad (continuous) X-fhRoT @ SHoit
(S) =aER® ®u ¥, E &1 A1 Z R R 75 (4) weaAE w30 ¥ 170 &1 IR arel Rl iAol 3
PRATE | gfdl gfFrsii= (nucleon) A BRI e Hott

(5) TTSRIo O GRATILT A Selagii-idh HAHATN
(electronic transitions) @ &RoT fafaxor & ot
el fdoe o

(A) (P) = (4); (Q — B): R) = (1): (S) > (2)
B) (P) = (5); (Q) - 2); R) —» (1); (S) - (4)
© P) - (5); (Q = (1) R) - (2); (S) - (4)
D) (P) - (3); (Q) - 2): R) —» (1); (S) - (5)
C

(1) =Q For characteristic X-rays

Eoc(Zy)

for K shell screening coefficient is 1

Eoc(Z-1)
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2) =R Electrostatic binding energy
For 2 nucleons = no. of pairs will be 1
For 3 nucleons = no. of pairs will be 2
For 4 nucleons = no. of pairs will be 6
For n nucleons = no. of pairs willbe (Z) (Z—1)
E o (Z)(2-1)
3) =S Energy of continous X - rays is independent of 7.

4 =S Binding energy per nucleons for nuclei with mass no. 30 to 170 is almost a straight line and

hence independent on Z.

5) =P For H like atom

2

Zu

E=-13.6
n?

E oc 72

Among all the options given, option (C) is correct
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