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Dhurcrtion: Three Houars Moinn Marks: 1(X)

Read the following instructions carefully.

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

2. Wnie your registralion aumber, your name and name of the examination cealre at the specified
locations an the nght half of the Optical Response Sheet (ORS).

3. Using HB pencil, darken the appropriate bubble under each digit of your registration number and the
fetters corresponding to your paper code,

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

3. Questions must be answered on the ORS by darkening the appropriate bubhle {marked A, B, C, D)
using HB penctl 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, eruse the old

answer completely. More than one answer bubbled against a question will be (realed as an incorrect
response.

6. There are a 1otal of 65 questions carrying 14 marks.
7. Questions .1 - Q.25 will camry l-mark each, and questions Q.26 — Q.55 will carry 2-marks each.

8. Questons Q48 — .31 (2 pairs) are common data questions and question pairs (.52, {3.53) and
((J.34, (0.33) are linked answer quesitons. The answer to the second guestion of the linked answer
questions depends cn the answer to the first question of the pair. If the first question in the linked pair
15 wrongly answered or i3 un-attempted, then the answer o the second guestion in the pair will not ba
evaluated.

9. Questions Q.36 = Q.05 belong to General Aptitude (GA). Questions Q.56 - Q.60 will carry 1-mark
each, and questions Q.01 — Q.65 will carry 2-marks each. The GA questions will begin on a fresh
page starting from page 15.

10. Un-atiempled questions wiil ¢arry 2ero marks.

11. Wrong answers will carry NEGATIVE marks. For 2.1 — Q.25 and Q.56 - Q.60, ¥ mark will be

deducted {or each wrong answer. For Q.26 — Q.51 and Q.61 - .65, % mark will be deducted for each
wrong answer. [he question pairs (.52, ).53), and (.54, {).55) are questions with linked answers.
There will be negauve marks only for wrong answer to the first question of the linked answer question

pair L.e. for Q.52 and Q.54, % mark will be deducied for sach wrong answer. There is no negative
marking for €.53 and .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 question paper iself. Addiitonally, blank pages are provided at the
end of the question paper Tor rough work.
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Some useful physical constants

Speed of light ¢ = 3% 10 ms™
Plank’s constant h = 6.63%107] 3
Bolizmann constant A, =138 = 10 TK™'
{harge of eleciron : = 61077 ¢

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

Q.1 Consider an anti-symmelric tensor P with the indices 7 and j running from 1 to 3. The
number of independent components of the tensor 1s

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

Q.2 The value of the integral §E Eﬂqﬂz—]dz, where the contour € is the umit circle:
4

|.: —2‘ =],158
(A) 2m (B} 4m {C) & (D} O
(2 3 D)
0.3 Thecipenvaluesof thematrix |3 2. 0 are
0 0 1}
(AND, 2, -2 {B)-3,-1,-1 (C) 5,1, -] {D)-5.14,1
{ for x < 3
. ] = 1 then the Laplace transform of f{x) is
(04 Fidl {x—i‘r forx 2 3, - ¥ /
(A § 7™ (B} 5°¢™" (O} 57 (D) 5"

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

(A) Electrical conductivity (B) Thermal conductivity
() Shear modulus {D) Metallic lustre

Q6 Consider X-ray diffraction from a erysial with a facecentered-cubic (foc) lattice. The
lathce plane for which there 15 NO diffraction peak 1s

(A) (2. 1.2) (By(1,1, 1) (C) (2, 0.0) () {3, 1. 1)
Q.7  The Hali coefficient, R, , of sodium depends on

(A} The effective charge carmer mass and cuarrier density
(B} The charge carrier density and relaxation ume
(C) The charge carmer density only

([ The etfective charge carmer mass

FH 224
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(J.& The Bloch theorem states that within a crystal, the wavefunction, (7). of an ¢leciron has
the lorm

[A) w(r)= H[F}E‘E"' where u{r) 15 an arbitrary function ang L is an arbitrary vector

(B) w(F)=u(F)e™" where 4(¥) is an arbilrary function and G is a reciprocal lattice
VECIOT

—

(C) wi{7F)=u(F)e"" where u(F)=u{F+ A}, A is a laitice vector and G is 2 reciprocal
lattice vector

(D) w(F)=u(r)e*” where u(r) =u(¥ +A), A is a lattice vector and k is an arbitrary
VeC10r

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

(T 13 the Cune temperature)

(A) (B)
3 :
s :
g | &
3| ﬂ‘
58| s _
S : :
" Magnetic
:?;r 2 ' Field
e — -
17, 17T
L) (L)
A
& 5 i
g = = i
5% - =
= 3 2, | :
E:I'=.‘I ) !

I Ty T

(J.10  The thermal conductivity of a given material reduces when it undergoes a transitton from
s normal state to the superconduchng state, The reason is:

{A) The Cooper pairs cannot transfer energy to the lattice
{B) Upon the lormation of Cooper pairs, the lattice becomes less efficient in heut transfer

{(:) The electrons in the normal state lose their ability to transfer heal because ol Lheir
coupling to the Cooper pairs

(D)) The heal capacity increases on transition 0 the superconducting state leading 1o a
reduchion 1n thermal conductivaly

FH TP
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.11

Q.12

Q.13

Q.14

Q.15

FI-

™ BN T T g

The basic process underlying the neulron /- decay i3

{A) d s ute +V, (BYd s ute
(CY s —u+te v (D) u—d+e +V

[n the nuclear sheil model the spin parity of *N 15 given by

- 17 ) 3
A) = () (D) =
( }E (B) ;

I | L

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

(1) =" = u +v, (i} Strong

(7" > yry {ii} Electromagnetic
(WA +n—a +p {111) Weak
(A) (L, i), £2,i0), (3, 1) (B) {1, 1), (2, 1), (3m)
(C) {L, 1), (2,1, (3, iii) (D) (Lo (2,1}, (3,11)

To detect trace amounts of a gaseous SPE‘-C"IEE in 2 muxture of gases, the preterred probing
toc] 15

(A) Ionization spectroscopy wilh X-rays  (B) NMR spectroscopy
(C) ESR spectroscopy (1) Laser spectroscopy

A collection of N atoms is exposed 10 a4 sirong resonant electremagnetic radiation wath
N atoms in the ground state and & atomns in the cxcited state, such that N¥_+N_=XN.

This collection of two-level atoms will have the following population distribution:

(A) N << N, {B) ¥, == N,
N =Y
(C) N, =N, =N/ (D) N, - N, =N/

Q.16 Two states of an atom have definilc panties. An electnc dipole transiion between these

I'H

states 15

(A) Allowed 1f both the states have even partly
(B) Allowed if both the states have odd panly

(CY Allowed if the two states have opposile pannes

(D} Not allowed unless a stalic electric feld 15 apphed

di74
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2.17 The spectrum of radiation emitted by a black body at a temperatuee 100 K peaks in the
(A) Yisible range of frequencies (B} Infrared range of trequencies
(C) Ultraviolet range of frequencies (D} Microwave range of frequencics

(.18 An insulating sphere of radius a carries a charge density o(F) = p{e° - r'Jcos8; r<a.
The leading order term for the electric field aL a distance o, far away from the charge
distnbulion, 1s proportional 1o
(A) d" (B d7 (C) @ D) 4™

Q.19 The voltage resolution of a 12 - bit digital 1o analog converter (DAC), whose Qutput vanes
from —10 ¥ 10 +10 V13, approximarely
(A) Il mV (B)Y 5 mV (C) 20mV (D) 100 mVY

(2.20 In one of the following circuits, negative {eedback does not operate Jor a negative nput.
Which one 15 it? The opamps are running from 13 ¥ supplies.
(A) (B)

51V

(C) ] (D) )

.21 A system of N nonanteracting classical peoint particies is constrained to move on the

¥ & poim. p
two-dimensional surtace of a sphere. The intemal energy of the system 18
3 1 ’

(A} ENEHT (B) ENRHT (C) NKgl (D) EN.{'HT

(222 Which of the tollowing atoms cannol exhibit Bose-Emstein condensation, even an
principle?
(A} 'H, (B) “He, (C) “'Na,, (D) “K,

FH £
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(.23 For the sct of all Lorentz transformations with velocities along the x— axis, consider the
two stuterments given below:

P: If L isaLlorentz transformation then, £7'is also a Lorentz transformation.
: It L, and L, are Loreniz transformations then, £ L, is necessarily a Lorentz
transtormation.

{_hoose the correct option.

(A} P s true and €) s false. (B) Both F and (Q are true.
(C) Both P and Q are false. (D)) P is false and Q18 1rue.

(.24  Which of the following is an allowed wavefunction for a particle in a bound state? N 15 a
constant and &, 3> 0,

—{Er

(ﬁ}ﬂﬁ":NEJ (E}WEN(I—E”]
I 3
{E] w - NEHHIE-ﬁ.{E+F=+;E] I::D] g = non-Zero comstant 1fr<f
0 if r > R

Q.25 A panticle is confined within a sphencal region of radius one femtometer (107*m}. Its
momentum can be expected (o be about

kel
(A) 20 @®) 2005 () 2004V o 29¢Y

L L i C

). 26 — (.55 carry two marks each.

E"E -a.e"E

Q.26 For the complex funcuon, f(z}= which of the followmg slalements is

COmect”?

(A} z=190 15 a branch point
(B} z =01 a pole of order onc
(C) 2 =0 15 a removable singularity

(D} z =0 1s an essennal singularity

.27 The solution of the differential equation for w(t): %— y =2coshit), subject to the
dy
imial conditions »(0) =0 and =0 s
i ;..
1 -
(A) Eﬂﬂﬂh{flﬂﬂmh{ﬂ (B) =sinh{t) +7coshir)
(C} ¢t coshit) ([}) fsinh{1)

T — _—_........_._.... — mﬂﬂld
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(.28 Given the recurrence relation for the Legendre polynomials
(2n+]) x P{xi=(n+1) P_(x}+u B _(x),
which of the following integrals has a non-zere value?

.| +1
(A) [ X80, () dx (B) | x P.(x)F,(x) dx
Ty -1

i] .|
C) [x [P(0] dx (D) [ X*P(x)E,,(x) dx
- | -1

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

# mk

E!HE == £

{A} H ={ 3?:1;3 {E} n Hﬁl
A ) = 2L

(J.30 Far away from any of the resonance frequencies of a medium, the real part of the
dielectne permitti viry 15

(A) Always independent of frequency (B) Monotonically decreasing with frequency
('} Monotomcally mcreasing with (I}) A non-monotonic function of frequency
requency

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

(A) Il has a nen-zero quadruple moment
(B} The neutron-proton potential is non-central
(C) The orbntal wavetunchon i1s not spherically symmetnc

(12) The Hamiltenian does not conserve the total angular momentum

().32 The first three enargy leveis of mThm are shown below

4+ - — 187 keV
2 — 575 keV
0* ———— O keV

The cxpected spin-panty and energy of the nexi level are given hy

(A) (67,400 keV) (B)(6":300keV) {(C) (2°;400keV) (D} (47, 300 keV)

i B | | 7404
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(.33  The quark content of ', K~ .27 and p is indicated:
1E“) -“—‘HH.'F}; |ﬁ') =|SIT); |JI_> =|Ed}; |p}=‘mui} :
In the process, 7~ + p— K™ +2X°, considering strong interactions only, which of the
following statements is true?
{A) The process1s aliowed because AS =0
(B) The process is allowed because Af, =0
{C) The process is nedl allowed because AS 20 and AJ, # 0
(D) The process is not allowed because (the baryon number is violated
Q.34 The three principal moments of mertia of a methanel (CHOH) molecule have the
property [, ={ ={ and {_={.The rotational energy eigenvalues are
(A E.!'li.!+1]+ ﬁEm‘: (1 -l (B) Ei'qfi'+l;‘|n
21 2 I 1 21
/. 3 - L2
il D) g2 L2
2 \I T 2] 2 i I
Q.35 A paricle of mass m is confined in the polential L
1 £
—meo”x” for x >0,
Vix)=q2 V)
e for x <0
Let the wavefunction of the particle be given by
pr(x)= —J“E-" + —%-w
VAL AL ]
where i, and i, are the eigenfunctions of the ground state () X
and the first excited state respectively. The expectiation value
of the energy is
31 29 13 11
A) — R — fr C}y —hw D}y —haw
{}m m}lﬂ 1{}[I'.'l' l:}H]
ﬁ P2
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(J.36

Q.37

I'H

Match the typical spectra of stable molecules with the corresponding wave-number range

i. Electromc spectra i 10% cm™' and above
2. Rotational spectra i, 10° ~10°cm™

3. Molecular dissociation i1 10" —10%cm™
(A)l—iz, 2—-1, 3—1n (BY1 —ii, 2-1ii, 3 -1
(CYLl-11i, 2=, 3 ~1 (N1-1,2-1, 3—11

Consider the operations P:7 — —r (parity) and T :f — ~¢ {time-reversal). For the elecinc
and magnetic fields ¥ and B, which of the following set of transformations is correct?

P-FEas—-FEB— B P-EaFE B— B
Ay . . {B}] § .¥ }_%#
T-E—»F. B—-H T:E—sEB—H
P-E—=—F B— B P F.-3E B—o B
() _ N - Ly . e -
fF-E—-ERBR—-R f - E—=2-F B—H

Tweo magnetic dipoles of magmtude m each are placed in a plane
43 shown.

The energy of interaction is given by

Ho I
E I
(A} Zero ( Fyr
i, m° 3,
E I . ]
(}md* D) 87 o

Wi
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(.32  Consider a conducting loop of radius @ and 1o1al loop resistance & placed in a region with
a magneuc held B thereby enclosing a flux @ . The loop 15 connected 1o an electronic

eet as shown, the capacitor being initially uncharged.

1}:}::{:-{ xR
iOMOM

X
4
-

M
X

oM

»nox

XA X
~ A

FA
A A A i A
XoE K KT X

Lo AT A
P Al
A i A
LR A A

O A,
LA A A A

V[:FLI'[

A,
-
-
L

it the loop 1s pulled out of the region of the magnetic field at a constant speed u, the final
output voltage V.., is independent of

(A}
(C)

P
R

(B) u

(D) C

(240  The figure shows a ¢constant cumrent soutce charging a capacitor that is initially uncharged.

I — V-l:'_:ut

O

|

[t the switch is closed at t = G, which of the following plots depicts comectly the outpul
voltage of the circuit as a function of time?

(A}

(C)

V-I'.I:IU[

H::-ut

{B)

(L))

VEIU[

10024
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Q.41 For any set of inputs, A and B, the following circuits give the same output, (), except one.
Which one is it?

A—+)
() B — Q
Q

(B)

o ] S

(L)

A
(D)
B——

Q.42 CO., melegule has the first few energy levels uniformly separated by appreximalely
2.5 meV., At a temperature of 300K, the ratwo of the number of molecules in the
4™ excited state to the number in the 2™ exciied state is about

(A) 0.5 (B) 0.6 (C) 0.8 (D) 0.9

Q.43 Which zmonpg the following sets of Maxwell relations is comrect? ({/ - intemal energy,
H - enthalpy, A - Helmholtz free energy and (& - Gibbs free energy)

! b | . ! ‘1. 3
> T = 2 | and F:(ﬂ'f- (B}v=(a—""- and T=[-&H)
kavs’s as;’r HFJ'E ) "
2G 3G dA) HA}
= - 2= V=|— D) P=-|—=| and §=-| —=
{C} r [aylramj [ap]s I: } [agiran [E'IP )

Q.44  For a spin-s particle, in the eigen basis of S 5. the expectation value (sm{.ﬁf |sm) 15

B s(s+1) —m:.}.

2
(1} ﬁ:{.ﬂ:.ﬂ'+ 1} —m:} (D} A m

(A) (B} hz{.f{s+1]—2m=}

e | 10724
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Q45 A particle is placed in 2 region with the poteniial v {x) =%k x" -%,1—" . where £ A >0,
Then,
K . e
(A) x=02and x = g are pownts of stable equilibrium
{B) x = (3 is a point of stable equilibrium and x = ; 15 2 point of unstable equiiibrium
(C) x=0 and x =% are poinls of unstable equilibrium

(L} There are no peints of stable or unstable equilibrium

Q.46 A ' meson at rest decays into Lwo photons, which move along the x- axis. They are both
detected simultanecusly after a time, ¢ = 10 5. In an inenial frame moving with a velocity
V = 0.6¢ 1n the direction of one of the photens. the time interval between the two

detections is
(A) I5s (B) s (C) 105 (D} 20s
Q.47 A particle of mass m is confined in an infinite potential well: i
[0 iIf 0< x< L +
Vix) =4 .
R otherwise.
| _ 7
I11s subjected to a periurbing potential ¥ (x) =V, sin[:iri) Vix)

withinhe well. Let £ and £'® be the corrections to the
ground state energy in the first and second erder in ¥,

respectively. Which of the {ollowing are 1rue? o T

(AY EV =0, E™ <0 (B) EY»0;, ES'=0
(Cy £ =0; E' depends on the sign of V, Dy EM < E <0

Common Data Questions
Common Data for Questions 48 and 49:

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

2.*?’},, — 'S}, . by emission of radiation,

(.48 The number of distinct spectral lincs that are observed in the resuitant Zeeman spectrum is

(A)2 (B) 3 (C) 4 {Lh G

FH 1 2r24

LOLLEGE:



2000 FH

(.45  The spectral line comesponding 1o the transition

1
-p L | ¢4 =
},_:Ihm_, +2]—r 5}5[’”1 EJ

158 observed along the direction of the applied magnetic field. The emitted electromagnetic

fleld is
(A} Circularly polanzed (B) Linearly polarized
{C) Unpolarized (D) Nol emitted along the magnetic field direction

{Common Data for Questions 50 and 51:

The parbtion function for a gas of pkotons is given by

ul L
nz = X YUaT)
45 hwc?

(0.5  The specific heat of the photon pas varies wilh lemperature as

{A) (B)
E"'u" Cv
T T—.
(C) (D)
Cy Cv
! i
(0.51 The pressure of the photon gas is
* (kyT ) 7t (k,T)"
Ay LB
M we ARt
w2 (kT /i
0 =) py = &)
45 h'c 45 h'e’
FH | " | | 3424
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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
matenal medicm with electne permittivity £, and magnetic permaabilily o

Q.52 For a plane wave of angular frequency v and propagation vector % propagating in the
medium Maxwell's eguations reduce to

i

M k-E=0;, k-H=0 kxE=weH, kxH=-wukE
B)k-E=0, k-H=0 kxF=-weH, kxH=wukE
O k-E=0, k-H=0 kxE=-wuH: kxH=wcE
O k-E=0;, k-H=0, kxE=-wuH; kxH=-wcE

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

propagation vector k and the FPoynting vector $ in that frequency range are related as
(A) & and § arc parallel
(B) ¥ and $ areanti-paralle)

(CYk and S are perpendicular (o ¢cach other
(D) k and § make an angle that depends on the magnitude of [¢] and [4]

Statemeot for Linked Answer Questions 54 and 55:

The Lagrangzian for a simple pendulum is given by:

L = %mf: &° — mgi{l —cos )

().54 Hamilton's equations are then piven by

(A) pp = —mglsing; 9 =-L2 (B) pp = mplsing, 8=L2
i el
(C) pp = -m§; 6-L2 (D) p, ={£]m g Pe
i [ el

Q.55 The Poisson bracket between & and & is

(A) 0. 011 (8) 6.6}=—

i

() {g'-.ﬁ?}z.-s; (D) {ﬁ*ﬂ}:%

P | | 14734
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(xeneral Aptitude (GA) Questions
(.56 -

(J.50,

Q.57.

Q.58

(.59,

Q.60

.61 -

(2.01.

().6( carry one mark each,

Chonse the most appropriate ward from the options piven below o complete the following
SERICRCE,
His rather casual remarks on politics .. his lack of sericusness about the subject.

(A masked
(B} belied

(C7) belrayed
(D)) suppressed

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

(A cyche
LB ) inditecl
(L) confusing
(D) crocked

Lhoose the most appropriate word from the options giveri below o complere the following
SEHIPRCE.

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

(A} uphold
(B} restrain
() cherish

(D} conserve

23 persons are in a room. 15 of them play hockey, 17 of them play football and 10 of them play
hoth hockey and football. Then the number of persons playing neither hockey nor football is:

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

{he question below consists of a pair of related words followed by four pairs of words, Select the
peair that best expresses the relation in the original pair.

Unemployed : Worker

{A) Tallow ; land

{B) unaware : sleeper
({2 wil ; jester

(L} renovated - house

().65 carry two marks each.

{137+ 276 =435 how much 15 73] + 6727
(A) 544 (B) 1403 (C} 1623 (I} 1513

13724
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(3.62. Han (H). Guta {(i), Irfan (I} and Saira {8} are siblings (i.e. brothers and sisters). All were born on
1 Tanuary. The age difference between any two successive siblings (that is born one after ancther)
is less than 3 yvears. Given Lhe following facts:

1.  Hari’s ape + (Gita’s ape > Irfan’s age + Saira’s ape.
1. fhe age difference between Gita and Saira 15 | year. However, Gita is not the

oldest and Sara 15 not the youngest.
n. There are no 1wins.
In what order were they born {oldest firs))?

(A} HIIG (B} 5GHI (C) IGSH D) IHSG

(.63, Modern warlare has changed from large scale clashes of armies to suppression of civilian
populations. Chemical agents that do their work silently appear to be suited to such warfare;

and regretiully, there exist people in military establishments who think that chemical agents
are useful tools for their cause.

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

(A) Modern warfare has resulted in civil strife.

(B} Chemical agents are useful in modern warfare.
(C) Use of chemical agents in warfare would be undesirable.

(D) People In nulitary establishments like to use chemical agents in wat,

.04, 5 skilied workers can build a wall m 2G days; 8 semu-skilled workers can build & wall in 25 days;

10 vaskilied workers can build a2 wall @ 30 days. If a team has 2 skiiled, & semi-skalied and
5 unskilled workers, how long will it take o build the wall?

(A} 20 days (B) 1% days (L) 16 days (D) L3days
Q.63 (aven digais 2,2, 3 3 3,4, 4, 4, 4 how many distinct 4 digit numbers greater than 2000 can be
foTed ?
(A} 50 (B) 21 (L) 22 (D) 34
END OF THE QUESTION PAPER
PH 16774
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