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Durcrion: Three Hours Mouximam Marks: 10

Read the following instructions carefully.

1. This question paper contains 24 pages including blank pages for rough werk. Please check all pages
and repon discrepancy, if any.

2. Wrile your registration aumber, your name and name of the examination cealre at the specified
locations an the right half of the Optical Response Sheet (ORS).

3. Using HB pencil, darkenr the appropriate bubble under each digit of your registraiion number and the
letters corresponding to your paper code.

4. All questions in this paper are of objectve type.

5. Questions must be answered on the ORS by darkening the appropriate bubble {marked A, B, C, I}
using HB pencil against the question number on the left hand side of the ORS, For each question
darken the bubble of the correct answer. In case you wish to change an answer, erase the old
answer completely. Mote than one answer bubbled against a question will be trealed as an incorrect
response.

6. There are a 10tal of 65 questions carrying M0 marks.
7. Questions Q.1 - Q.25 will carry 1-mark each, and questions Q.26 — Q.55 will carry 2-marks each.

8. Quesiions Q.48 — Q.51 (2 pairs) are common data questions and question pairs {Q.52, Q.53) and
(€).34, Q.55) are linked answer questions. The answer to the second question of the linked answer
questions depends on the answer to the first question of the pair. If the first question in the linked pair
15 wrongly answered or is un-attempted, then the answer 1o the second guestion in the pair will not be
evaluated.

9. Questions Q.56 - Q.65 belong to General Aptitde (GA). Questions Q.56 — Q.60 will carry 1-mark
each, and questions Q.61 — Q.65 will carry 2-marks each. The GA questions will begin on a fresh
page starting from page 15.

10. Un-attempted questions wiil carry 26ro marks.

11. Wrang answers will cacry NEGATIVE marks. For Q.1 — Q.25 and Q.56 — Q.60, % mark will be
deducted for each wrong answer. For Q.26 — Q.51 and Q.61 - .65, % mark will be deducted for each
wrong answer. The question pairs (Q.52, Q.53), and ({3.54, {).55) are guestions with linked answers.
There will be negative marks only for wrong answer to the first question of the linked answer question

pair ie. for Q.52 and Q.34. % mark will be deducied for sach wrong answer. There is no negative
marking for Q.53 and 3.55.

12. Calculator (without data connectivity} is allowed in the examination hall.
13. Chans, graph sheets or tables are NOT allowed in the examination hall.

14. Rough work can be done on the guestion paper ilself. Additionally, blank pages are provided at the
end of the guestion paper for rough work.
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Some useful physical constants

Speed of light ¢ = 1% 10" ms™!
Plank’s constant A = 6.63I%x107T s
Bolizmann constant _{-# =138 % 10¥JK™!
{Charge of eleciron ¢ = 1.ox107" C

Q. 1~ Q. 25 carry one mark each.

Q.1 Consider an anti-symmelric tensor F, with the indices § and f ruaning from 1 to 5. The
number of independent components of the tensor is

(A)3 {B) 10 () 9 D) 6

Q.2  The value of the integral §£E:lz—}dz, where the contour C is the umit circle:
-

|z—2| =1,is
(A) 2m (B) 4 {C) mi {D} 0
2 3 0
(.3 Thecipenvaluesof thematdx |3 2 0| are
0 01
{Aa)5,2, -2 {(B)-3,-1,-1 ()5, 1,1} fD1-5.4,1
0 forx <3, :
Q4 I flx)= then the Laplace transtorm of f{x) is
x-3 forx=3,
[AY 5™ (B} s'e™ (Cy 5 (D) s7e™

(3.5 The valence clectrons do not directly determine the following property of a metal,

{A) Electrical conductivity {B) Thermal conductivity
{C) Shear modulus {Dn Metallic lustre

Q6 Consider X-ray diffraction from a crystal with a face-centered-cubic (foc) lattice. The
lattice plane for which there is NO diffraction peak is

{A)(2. 1.2} (B} (1,1, 1} (€) (2,0.0) I {3, 1.1)
Q.7 The Hall coefficient, R, , of sodium depends on

(A} The effective charge carrier mass and carrier density
(B} The charge carrier density and relaxation lime
{C) The charge cammer density only

{[) The effective charge carrier mass
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0.8  The Bloch theorem states that within a crystal, the wavefunction, (7). of an eleciron has
the form

{A) w(F}zu(F}e‘E"' where #(F) is an arbitrary function and £ isan arbitrary vector

(B) w{F)=u(¥)e™" where u(%) is an arbilrary function and G is a reciprocal luttice
vector .

(C) w(7)=u(7)e® where u(F) =u(F + A}, A is a laitice vector and G is a reciprocal
lattice vector

{D) w(#) =ul,’F}e”:"_ where w(7) = u(¥ + A). A is a lattice vector and £ is an arbitrary
veclar

Q.9 In an expenment invelving a ferromagnetic medium, the following observations were
made. Which one of the plots does NOT correctly represent the property of the medium?

(7. is the Curie temperature)

(A) ‘ (B)
} % 4
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g e
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£ 8 z
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(2.10  The thermal conductivity of a given material reduces wher it undergoes a transition from
its normal state to the superconducting state. The reason is:
{A) The Cooper pairs cannot transfer energy 1o the lattice
{B) Upon the lormation of Cooper pairs, the lattice becomes less efficient in heut transter

{C) The electrons in the mormal state lose their ability to transfer heal because of their
coupling te the Cooper pairs

(D)) The heal capacity increascs on (ransition 10 the superconducting state leading 1o a
reduction in thermal conductivily

PH Wl



1] ]

PH

Q.11

Q.13

Q.14

Q.15

Q.16

The basic process underlying the neutron £ - decay is

{A)d S ute +V, (B d 5 u+e

(CYy s Sute +¥, (D)u—>d+e +V,

In the nuclear sheil model the spin parily of N is given by

- + -

1 1 3 3
A) — - o) 2 =
(}2 fB]2 (}2 fD}z

Match the reactions on the left with the associaled interactions on the right.

(N x" —»u +v, (i} Strong
(D7 sy+y {ii) Electromagnetic
(W x"+noa +p {ii1) Weak
{A) (L, i), {2,ii), (3,1) (BY{1,1), (2,11}, {3, 1}
(C) {L,11), (2,1}, (3,ii) I (a0, (2,10, (3,10

To detect trace amounts of a gaseous species in 2 mixture of gases, the preferred probing
tocl is

(A) Ionization spectroscopy wilh X-rays  {B) NMR spectroscopy
{(C) ESR spectroscopy {13) Laser spectroscopy

A collection of N atoms is exposed to a sirong resonant electremagnetic radiation with
N, atoms in the ground state and N, aloms in the cxcited state, such that ¥ +N = N,

This collection of two-level atoms will have the following pepulation distribution:
(A) N, << N, {B) N, >>N,

oM o= Y N =N
) N, =N =N/ D) N, -N, =N/

Two states of an atom have definite parities. An electiic dipole transiton between these
stales 1s

{A) Allowed 1f both the states have gven parily
{B) Allowed if both the states have odd parily
{CY Allowed if the two states have opposile parines

{D} Not allowed unless a stalic electric field is applied

'H
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Q.17 The spectrumn of radiation: emitted by a black body at a ternperature H000 K peaks in the
(A) Visible range of frequencies (B} Infrared range of frequencies
{C) Ultraviolet range of frequencies (D} Microwave range of frequencies

Q.18 An insulating sphere of radius a carries a charge density o(F) = g (2’ - r’)cos 8, r<a.
The leading order term for the electric field at a distance 4, far away from the charge
distnbution, is proportional o
(A) d' (B)d” (€ 4 ®) 4™

Q.19 The voltage resolution of a 12 - bit digital to aralog converter (DAC), whose output varies
from —10 'V {0 +10 V 18, approximaiely
(A) Il mV (B)5mV {C) 20V {D) 100 m¥

(2.20 In one of the following circuits, negative feedback does not operate for a negative input.
Which ene is it? The opamps are running from 213 ¥ supplies.
(A) (B}

A 5V
Myt
(©) ) (D) i
i .
—AA—

Q.21 A system of N non-interacting classical peoint particies is constrained to move on the

two-dimensional surface of a sphere. The intemal energy of the system is
3 1 3

(A} ENEHT (B) 5Mc,,:.'" (C) NkgT ) EN.EHT

Q.22 Which of the following atems cannol exhibit Bose-Einstein condensation, even in
principle?
(A) ', (B) “He, (C) "Na,, D) “K,

FH 44
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Q.23

Q.24

Q.25

Q. 26

Q.26

Q.27

For the sct of all Lorentz transformations with velocities along the x— axis, consider the
two stuternents given below:

P: If L isaLorentz transformation then, L' is also a Lorentz transformation.
Q: I i, and L,are Loreniz transformations then, L L, is necessarily a Lorentz
transformation.

Choose the correct option.
(A} Pis true and Q) is false. {(B) Both P and Q are true.
() Both P and Q are false. (D) P is false and Q 15 1rue.

Which of the following is an allowed wavefunction for a particle in a bound state? N js a
constant and &, 8= 0.

—rrr

() w =N (B) w = N{1-™)
r
{C) = Ne"“‘e"ﬁ{f”:”z] Dy g = | MON-2ET0 constant if r< R
(D) ¥ ,
0 if r>R

A particle is confined within a spherical region of radius one femtometer (L0™¥m). Its
momentum can be expected (o be about

(A) zﬂ% ®) zmﬂ © 200¥Y @ EGEV

— Q.55 carry two marks each.

g

For the complex function, f(g}= which of the following slalements is

comrect?

(A} z =0 1s a branch point

(B} z=0 is a pole of order one

(C) z=0 15 aremovable singularity
(D} z =0 is an essential singularity

L)

The solution of the differential equation for w(t): %— v =2cosh{t), subject to the

dy

imtial conditions »(0) =0 and =0, s
di|,.o
1 ;
(A) Eﬂﬂﬁh(f]ﬂﬂmh(ﬂ {B) =sinh{f) + 7 coshir)
(C} tcosh{t) (D) rsinh{t)

(]|
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.28

Q.29

Q.30

Q.31

Q.32

Given the recurrence relation for the Legendre polynomials
2n+l) x P{x)=(n+1) P (x}+n P_(x),
which of the following integrals has a non-zere value?

w] +1
(A) [ # BP0 dx B) | x PP, (x) dx
-1 -l

1] *|
(© [x [P0 dx (D) [ FPxN)P,, (1) dx
’ ’

For a two-dimensional free electron gas, the electronic density n, and the Fermi energy
£, , are related by

(2mE, y* ®) n="Er

Ayn="= A’

_mE » »
{C)n_zﬂq (D}n:zz(r;?}z

Far away from any of the resonance frequencies of a medium, the real part of the
dielectric penmittiviry is
{A) Always independent of frequency {B) Monotonicatly decreasing with frequency

{(C) Monctomcally increasing with (D) A non-monotonic function of frequency
frequency

The ground state wavefunction of deuteron is in a superposition of s and o states. Which of
the following is NOT true as a consequence?

{A) It has a non-zero quadruple moment
(B} The neutrgn-proton potential is non-central
(C) The orbital wavefunction is not spherically symmetric

(D) The Hamiitonian does not conserve the total angular momenturn

The first three energy leveis of mThm are shown below

4" 187 keV
2" 373 keV
0 0 ke¥

The cxpected spin-panty and energy of the nex1 level are given by

{A) (67,400 keV) (B)(67:300keV) ({(C) (2°;400keV) (D) (47, 300keV}

(|

T4
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0.33

Q.34

Q.35

The quark content of ', K™ 7" and p is indicated:

12‘) =|uu.~;}; |K) :|s17}; |JI') =|Ed}; |p}=|uud)
In the process, 7~ + p— K~ +X", considering strong interactions only, which ¢f the
following statements is true?

{A) The process 1s aliowed because AS =0
{B) The process is allowed because A, =0

{C) The process is nol allowed because AS # 0 and AJ, #0

{D) The process is not allowed because the baryon number is violated

The three principal moments of inertia of a methanel (CH,OH) molecule have the
property I, =1, =1 and [_# {.The rotational energy eigenvalues are

H Fmif 1 1 LY
Ay —=Hi+1)+ — - B) —i{i+1
(}21'( ) 2[,{: I] (}M( )

Rmi{1 1 A’ AR
) — | —-— D) —II+D+—L| —+—
© 2(1: I] (]2}'( ) 2[1: I)
A partcle of mass m is confined in the polential i

L forx>0
Vixy=12 ' Vi)

e forx =0,

Let the wavefunction of the particle be given by

1 2
wix)= _TgWﬂ +';IT§'W] ’

1]

where y, and y, are the eigenfunctions of the ground state 0 x

and the first excited state respectively. The expectation value
of the energy is

31

A
(Ilm

25 13 11
il —h D} —k
ha ®) ~ho © he (D) e
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Q.36 March the typical spectra of stable molecules with the corresponding wave-number range
i. Electronic spectra i. 10* cm™ and above
2. Rotational specira ii. 10° ~10%cm™
3. Molecular dissociahon iii. 10" =10%em™
(A)l—i1, 2—-1, 3—1n (B) 1 —ii, 2-iii, 3 -1
(Cy L ~iii, 2-ii, 3~1i M 1-i, 2-ii, 3—ii
Q.37 Consider the operations P:7 — —7 (parity} and T :¢ — ~¢ {time-reversal). For the electric
and magnetic fields £ and B, which of the following set of transformations is correct?
P:FES-ER—BE: P-ESEB-BE
Ay . . . - 8y . .. .
I:E—-EB—+>-B I':E—-E BB
P-ES—-EB-E; P.EmEBo-B
C) . - - - Dy . L. -
T:E—+—-EB—+—-R I' " E—=-EB->=H
Q.38 Two magnetic dipoles of magnitude m each are placed in a plane
s shown.
The energy of interaction is given by
By o
(A} Fero Az &
3ty m’ 3, m
Cy —— D) ———
© 2r & ) 8z d4°
PH
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Q.39 Consider a conducting loop of radius @ and 101al loop resistance R placed in a region with

a magneuc field B thereby enclosing a flux ¢, . The loop is connected 1o an electronic
cirewt as shown, the capacitor being ininally uncharged.

|
G

HEAXXR
A A
B 4 ot -
EAE A A 4

VIZH.IT.

L R i S A

If the loop is pulled out of the region of the magnetic field at a constant speed , the final
output veltage V. is independent of

(A} & {(B) u
(C) R (D) C
Q.40  The figure shows a constant current source charging a capacitor that is initially uncharged.
- —¢— You
If the switch is closed at t = @, which of the following plots depicts comectly the output
voltage of the circuit as a function of time?
(A} {B)
VGI.I[ l"-fr{'_'f'l.l[
! :
(Cy (D)
I} [ 1
VGU'E VDU[
£\ {
PH v
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Q.41 For any set of inputs, A and B, the following circuits give the same output, Q, except one.

Which one is it?
o

A

(ny B

(B)

R > I >

(<)

o—
R
Jruzen bt

Q.42 CO, molecule has the first few energy levels uniformly separated by approximalely
2.5 meV. At a temperature of 300X, the rauo of the number of molecules in the
4™ excited state to the number in the 2™ excited state is about

(A) 0.5 (B) 0.6 (C) 0.8 (b) 09

Q.43 Which among the following sets of Maxwell relations is comect? (I/ - mnternal energy.
# - enthalpy, A - Helmholtz free energy and & - Gibbs free energy)

ol/ /! gl d H
=] =— =] e V=] — -t —
wre(§y)mr{5) @3] mr(5)

g aG dA JdA
= e | — =| — == — dSf=-| —
©r [aVla"” [af’]s 7 [asla" [aPl..

Q.44  For a spin-s particle, in the eigen basis of 5*, 5. 1he expectation value (sm{.ﬁf |sm) i5

N .ﬁ:{.';(s;l]—m:}
(Cy # {s(s+ 1) -m') (D} 2

(B} h={.-,~(s+11—2m=}

FH ' 4
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Q45 A pantcle is placed in a region with the potential V() =%k IS -%x" , where £, A>0.
Then,
k : N
(A) x=0andx= 1 are pounts of stable equilibrium
{B) x = G is a point of stable equilibrium and x :% is a point of unstable equilibrium
{(C) x=0 and x =% are points of unstable equilibrium
(D} There are no points of stable or unstable equilibrium
Q.46 A x°meson at rest decays into lwo photons, which move along the x- axis. They are both
detecied simulianecusly after a time, ¢ = 10 5. In an inertial frame moving with a velocity
V = 0.6¢ in the direction of one of the photons. the time interval between the 1wo
detections is
(A)15s {BiC0s (C) 10s {Dy 20s
Q47 A particle of mass m is confined in an infinite potential well: I
: A
{ﬂ if 0< x< L,
Vix)= .
oo otherwise.
: . . . . 2mx
It is subjected to a perturbing potential ¥, (x)=V, mn(—l—) Vix)
within the well. Let £ and £'% be the corrections to the Yoo
ground state energy in the first and second order in ¥,
respectively. Which of the following are 1rue? 0 L
l:ﬁ} Etl: =ﬂ; E{h <0 (B] Edl }ﬂ; E{h =0
(C) £V =0, E*” depends on the sign of V, D) E" <0, E*<0
Common Data Questions

Common Data for Questions 48 and 49:

In the presence of a weak magnetic field, alomic hydrogen undergoes the transition;

3;P:,’, - 'S}, , by emission of radiation,

Q48

The number of distinct spectral lines that are observed in the resultant Zeeman spectrum is

(A)2 (B) 3 (C) 4 {D) 6
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Q.49 The spectral line corresponding 10 the transition

n 1 | en l
'P}é[m1=+5]—> éﬁ[m_,:——}

2

is observed along the direction of the appiied magnetic field. The emitted electromagnetic
field is

(A} Circularly polanzed {B) Linearly polarized

{C) Unpolarized

(I¥) Not emitted along the magnetic field direction

Common Data for Questions 50 and 51:

The partition function for a gas of photons is given by

2 L
nz = Z YkT)

a5 n'c’
Q.50  The specific heat of the photon pas varies wilh lemperature as
{A) (B)
) ‘ / v
T T
(<) ()
|
C\'r CV
r T
(2.51 The pressure of the photon gas is
a* {(k,TY xt (kT
Ay R i
W ® 5 w0
2 (&, TY %
) = T) @) 2 eT)
45 ke

45 ne
PH
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Linked Answer Questions

Stalement for Linked Answer Questions 52 and 53:
Consider the propagation of electromagnetic waves in a linear, homogeneous and isotropic
material medium with electric permittivity £, and magnetic permeabilily i .

Q.52 For a plane wave of angular frequency v and propagation vector k propagating in the

Q.53

medium Maxwell’s eguations reduce to

(AW k-E=0; k-H=0; kxE=weH;, kxH=-wuE
@By k-E=0, k-H=0 kxE=-weH, kxH=wuk
) k-E=0, k-BH=0, kxE=-wuH. kxH=wcE
O k-E=0, k-H=0, kxE=wuH; kxH=—weE

if £ and g assume nepalive values in a cerlain frequency range, then the directions of the

propagation vector & and the Poynting vector 5 in that frequency range are related as

(A) & and § are parallel
(B) k and S are anti-paralle]
(C) k and § are perpendicular to cach other

(D) k and § make an angle that depends on the magnitude of ¢] and |4

Statement for Linked Answer Questions 54 and 55:

The Lagrangian for a simple pendulum is given by:

Q.54

Q.55

= %m.‘: 8 - mgk{l - cos @)

Hamiltion's equations are then piven by

(A) p, = —mglsing. f=-L2
ol *

o=re
]

(©) pp = -mb; (D) py = -[%]e;

The Poisson bracket between & and & is

(A} 6. 0}=1

() {p.6}=

1
m

{B} po = mplsind,

p=2Le

mfz
p=Fre
il




ML

General Aptitude (GA) Questions

Q.56 -

Q.56

Q.57.

Q.58.

{).59.

Q.60.

Q.61 -

Q.61

Q.60 carry one mark each,

Chonse the most appropriate word from the options given below to complete the following

sentence.
His rather casual remarks on politics his lack of sericusness about the subject.

(A} masked
(B) belied

{7} belrayed
{D) suppressed

Which of the following options ix the closest in meaning to the word below:
Circuitous

{A) cyclic
{B) indirect
{C) confusing
(DY) crocked

Cltoose the most appropriate word from the options given below to complere the following
senfence:

Il we manage to our natural resources, we would leave a better plapet for
our children.

(A} uphold
(B} restrain
{7} cherish
(D} conscrve

25 persons are in a room. 15 of them play hockey, L7 of them play football and 10 of them play
both hockey and football. Then the number of persons playing neither hockey nor football is:

{A)2 {B) 17 (C) 13 (D) 3

The question below consisis of a pair of related words followed by four pairs of words, Select the
pir that best expresses the relation in the original pair.

Unemployed : Worker

{A) fallow : tand

{B) unaware : sleeper
() wit ; jester

{[) renovated : house

Q.65 carry two marks each.

137+ 276G =435 how much is 731 + 6727
(A) 534 {B) 1403 (C} 1623 (D} 1513

15424



Fiilld

FH

Q62.

Q.63.

Q.64.

Q.65

Hari (H). Gita {G), Irfan {I) and Saira {5} arc siblings (i.e. brothers and sisters). All were born on
I”* January. The age difference between any 1wo successive siblings (that is born one after anather)
is less than 3 years. Given Lhe following facts:
i. Hari’s age + Gita's age > Irfar’s age + Saira’s age.
1. The age difference between Gita and Saira 15 | year. However, Gita is not the
oldest and Saira is not the youngest.

iii.  There are no twins.

In what order were they born {oldest firs))?

(A) HSIG (B} 5GHI (C) IGSH (D) HSG

Modern warfare has changed from large scale clashes of armies to suppression of civilian
populations. Chemical agents that do their work silently appear to be spited to such warfare;
and regretfully, there exist people in military establishments who think that chemical agents
are uselul ools For their cause.

Which of the following statements best sums up the meaning of the above passage:

(A) Modern warfare has resulted in ¢ivil steife.

(B) Chemical agents are useful in modern warfare.

{C) Use of chemical agents in warfare would be undesirable.

(D) Feople in military establishments like to use chemical agents in war,

5 skilled workers can build a wall in 2G days; 8 semi-skilled workers can build & wall in 25 days;
L) unskilied workers can build a wall in 30 days. 1f a 1eam has 2 skilled, & semi-skilled and
5 unskilled workers, how long will it take t build the wall?

(A) 20 days (B) 18 days () 16days (D) L5days

Given dignts 2, 2. 3, 3, 3, 4, 4, 4, 4 how many distinct 4 digit numbers greater than 3000 can be
formed ?

(A}S50 {B) 51 (C) 52 (D) 34

END OF THE QUESTION PAPER
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