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10.

PLEASE READ THE INSTRUCTIONS CAREFULLY

. Do not open the seal of the question paper before 10:00 AM.

. You are given a question paper including a few blank sheets, and a machine readable Optical

Mark Reader (OMR) sheet.

. Enter your registration number on top of this question paper with black/blue pen.

. Part A contains 15 questions, and carry 3 (three) marks each for correct answer, and -1

(negative one) mark for incorrect answer. Part B contains 10 questions and each carries 3
(three marks). These questions must be answered by integers of 4 digits each. Answer these
questions on the OMR by filling in bubbles in the OMR sheet. Note that if the answer is,
e.g. 25, you must fill in 0025 and if it is, e.g. 5, you must fill in 0005. If it is 0, you must fill
in 0000. If the zeros are not filled in (where required), the answer will be not be credited.
There are NO NEGATIVE MARKS for these questions. Part C contains 25 questions, and
each carries 1 (one) mark for the correct answer, and -1/3 (negative one third) mark for
incorrect answer. Multiple choice questions have only one correct answer.

. On the OMR sheet, enter the appropriate Question Booklet Series (X, Y or Z) that is men-

tioned on the top right of the question paper.

On the OMR sheet, enter your name, registration number, and signature at the appropriate
places. Strictly follow the instructions written on the OMR sheet.

. On the OMR sheet, completely darken the bubble corresponding to your answer. Strictly

follow the instructions written on the OMR sheet.

. Only non-programmable scientific calculator is allowed, and exchange of calculators among

the candidates is not permitted. Use of other items like electronic diary, writing pads, pencil
box, beeper, cameras, mobile phones, palmtops, laptops, pagers etc., are not permitted inside
the examination hall.

. For rough work, use only the blank pages attached at the end of the question paper.

At the end of the examination, carefully separate the OMR sheet at the marked position, and
return the original copy of the OMR sheet to the invigilator. Candidates are allowed to take
away the candidates’ copy of the OMR, and the question paper.




List of constants:

Speed of light, ¢

3 x 108 msec™!

Planck’s constant, h

Boltzmann’s constant, kg

6.626 x 10734 JQ

Gas constant, R

Stefan-Boltzmann constant{c | 5.67 x 107 Wm—2 K—*

1.6 x 1071 C

Electron charge, e ®
Electron ma

9.11 x 103! Kg

1.67 x 107" Kg

Proto@vnp
el’ation due to gravity, g

2

9.81 m sec™2

ermittivity of free space, ¢

8.85 x 10712 C2N~'m—2

Avogadro’s number, V4

6.02 x 1023 mol !

Angstrom, A 107°m = 0.1nm
1eV 1.6 x 10~ Joules
1 calorie 4.18 Joules

&



1. Given a matrix M = ( % ; >, which of the following represents cos A&

¢

Part-A: 3-Mark Questions

&
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The wavefunction of a hydro given by the following superposition of energy eigen-
functions V,;,, (7) (n, [, m are quantum numbers):

V2 1
@2 leoo(_) \/—10210(_7 + \/ﬂ%zz(F)-
The ratio of ti

ion value of the energy to the ground state energy and the expectation value
of L? are, respeetively:
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3. Itis found that when the resistance R indicated in the figure below is changed from 1 k€2 to 10 k€2,
the current flowing through the resistance R’ does not change. What is the value of the resistor R’?

10 KO
AVAVAY,
1 kQ R 1 kQ
NN NWN—T VN
R/
— AN
| 10 kS
| AAAY
(A) 5 kQ SV
(B) 100
(C) 10 kQ
(D) 1kQ

4. A hoop of radius a rotates with constant angular velocity w about the vertical axis as shown in the
figure. A bead of mass,mSean slide on the hoop without friction. If g < w?a, at what angle  apart

from 0 and 7 is'the bead stationary (i.e., fl—f = % =0)?

(A) tanf = wg/w?a
(B) sinf = g/w?a
(C) cost = g/w?a
(D) tanf = g/mw?a



5. A spin-1/2 particle in a uniform external magnetic field has energy eigenstates |1) and |2). The
system is prepared in ket-state (|1) + |2))/+/2 at time ¢ = 0. It evolves to the state described by
the ket (|1) — |2))/v/2 in time T'. The minimum energy difference between two leyéls is:

(A) h/6T
(B) h/AT
(C) h/2T
(D) h/T

6. You receive on average 5 emails per day during a 365-days year. The number of days on average
on which you do not receive any emails in that yeatare:

(A) More than 5

(B) More than 2

©O1

(D) None of the above

7. The H, molecule has a reduced mass M = 8.35 x 10~ kg and an equilibrium internuclear dis-
tance R = 0.742°%310%Y m. The rotational energy in terms of the rotational quantum number .J
is:

(A) Ego(J)<.7J(J — 1) meV
B)Exl/) = gJ( + 1) meV
(C) Btor(J) = 7J(J + 1) meV
(D) Eyot(J) = 2J(J — 1) meV

8. The maximum relativistic kinetic energy of 3 particles from a radioactive nucleus is equal to the
rest mass energy of the particle. A magnetic field is applied perpendicular to the beam of 3 parti-
cles, which bends it to a circle of radius R. The field is given by:

(A) 3moc/eR
(B) v2mgc/eR
(C) V3mgc/eR
(D) V3mgc/2eR



9.

10.

11.

12.

The central force which results in the orbit r = a(1 + cos @) for a particle is proportional to:

(A)r

(B) r?

©)r2

(D) None of the above

A gas of N molecules of mass m is confined in a cube of volume V '=,L? at temperature 7. The
box is in a uniform gravitational field —gz. Assume that the petential energy of a molecule is
U = mgz, where z € [0, L] is the vertical coordinate inside the box. The pressure P(z) at height
Z 18t

N mgr ()

WP =v 5 ey
oxp(— ma=L/2)

CECEIE S

(©) P(z) = kg™
(D) P(z) = & mgz

A transistor in common base configuration has ratio of collector current to emitter current 3 and
ratio of collectorito/base current ov. Which of the following is true?

(A) f = aa = 1)
B3 =da~1)/a
O 7 a/(a—1)
(D) 5= (a=1)/a

The energy of a particle is given by £ = |p| + |q|, where p and ¢ are the generalized momen-
tum and coordinate, respectively. All the states with £/ < Fy are equally probable and states with
E > Ej are inaccessible. The probability density of finding the particle at coordinate ¢, with ¢ > 0
is:

(A) (Eo +q)/ B3
(B) ¢/ E;
(©) (Ey — q)/E3
(D) 1/Ey



13.

14.

15.

Consider a quantum particle of mass m in one dimension in an infinite potential well, i.e., V (x) = 0
for —a/2 < x < a/2,and V(z) = oo for |z| > a/2. A small perturbation, V'(x) = 2¢|z|/a, is
added. The change in the ground state energy to O(e) is:

(B) 33 (m* +4)
(C) == (72 + 4)
(D) (72 — 4)

The strength of magnetic field at the center of a regularhexagon with sides of length a carrying a
steady current [ is:

I
® L

(B ) V6uol
(C) et
(D) V3uol

An ideal gas with'adiabatic exponent v undergoes a process in which its pressure P is related to its
volume V' bytherelation P = Fy — oV, where F}, and « are positive constants. The volume starts
from being very'elose to zero and increases monotonically to Py/«. At what value of the volume
during the proeess does the gas have maximum entropy?

P
(Ao 5

(B) aglli()v)

©) i

a(l+7)

P
D) 515




Part-B: 3-Mark Questions

16. A proton is confined in an infinite square well of width 4 femtometer. Caléulate the energy of the
photon emitted when the proton undergoes a transition from the excited state (n'= 11) to the ground
state (n = 1). Find the answer only up to the first four significant digits;

17. The expression

is equal to :

18. A solid insulating ball of radius a = 1 ¢m is sdrrounded by a conducting spherical shell with an
inner radius of b = 2 ¢m and outer radius ¢f= 2.2 cm. The inner ball has a charge (); = 10 uC,
which is uniformly distributed throughout'its yolume. The conducting spherical shell contains a
charge of ()2 = —10 uC. Determinetheglectrostatic potential (in Volts) at a point r = 1.5 cm.
Consider — = 9 x 10° Nm?/C%

19. What is the smallest possible time necessary to freeze 2 kg of water at 273 K if a 50 watt motor is
available and the outside air (hotreservoir) is at 300 K.

20. A bead slides along a ‘sméoth wire bent in the shape of parabola z = cr?. The bead rotates in
a circle of radius 10°em, when the wire is rotating about its verticle symmetry axis with angular
velocity 10 radians/s. Take g = 10 m/s. Find the value of c.

21. A 5V supplytsiacross a series combination of a Si diode, a Ge diode and a 100 €2 resistor. Find
the power dissipated in the resistor.

Si Ge

gy = 100 L2

22. A point like charge ) = 10 uC' is split into two charges 1 £C and (QQ — Q1) pC. What should
be the magnitude of (); so as to obtain maximal repulsive force between the two charges?

23. Consider the matrix M =



24,

25.

The magnitude of the product of the minimum and maximum eigenvalues of the matrix /7 given

by
: Qv
> 1o e Q>

m=1

(where1* =1 ®1® 1 ® - - - k times and ® denotes a direct product n? )is:
A particle (in one dimension) is described by the wave function ¢ (2){= 0 for z < 0 and ¢(z) =
Ce *(1 — e~*) for x > 0, where x is in nanometers and C' iS'a constant. Calculate the average

position for the particle. Express your answer in units of 1

A spacecraft in an orbit about earth has the spped of m/s at a perigee of 6680 km from
earth’s center. What speed does the spacecraft ha & e of 42, 200 km?

10



26.

27.

28.

Part-C: 1-Mark Questions

The adjoint of a differential operator % acting on a wavefunction v(z) for'aquantum mechanical
system is:

(A) £
(B) —ihiL
(C) —4£
(D) ik

In Millikan’s oil-drop experiment an oil drop of.radius , mass m and charge ¢ = 67nr(v; +v9)/E
is moving upwards with a terminal velocity #; due to an applied electric field of magnitude F,
where 7) is the coefficient of viscosity. The acceleration due to gravity is given by:

(A) g = 6mnro/m
(B) g = 3mnrvy/m
(C) g = 6mnruy/m
(D) g = 3mnrts /M

The electieficld £ = Eq sin(wt — kz)# + 2Ey sin(wt — kz + 7/2)) represents:

(A) @dinearly polarized wave
(B) a right-hand circularly polarized wave
(C) a left-hand circularly polarized wave

(D) an elliptically polarized wave

11



29.

30.

31.

32.

An ideal gas has a specific heat ratio Cp/Cy = 2. Starting at a temperature 7} the gas under-
goes an isothermal compression to increase its density by a factor of two. After this an adiabatic
compression increases its pressure by a factor of two. The temperature of the gas at'the end of the
second process would be:

(A)Ty/2
B) V2T,
O 21
(D) Ty/v2

Suppose yz plane forms the boundary between two'linear dielectric media / and /1 with dielectric
constant ¢; = 3 and €;; = 4, respectively. If the electric field in region I at the interface is given
by £; = 42 4 3y + 52, then the electric field £y atthe interface in region /1 is:

(A) 43 + 3§ + 52

(B) 44 + 0.75) — 1.252
(C) —3& + 3 + 52

(D) 32 + 3§ + 52

Given the conditiod V2® = 0, the solution of the equation V2¥ = kV® - V& is given by:

(A) U= kD22
BYW X 02
(C) W= kdlnd

(D) U = kdlnd /2

Circular fringes are obtained with a Michelson interferometer using 600nm laser light. What min-
imum displacement of one mirror will make the central fringe from bright to dark?

(A) 600 nm
(B) 300 nm
(C) 150 nm
(D) 120 A

12



33.

34.

35.

If k is the wavevector of incident light (|k| = 27/, A is the wavelength of light) and G is a recip-
rocal lattice vector, then the Bragg’s law can be written as:

A k+G=0
B)2%k-G+G2=0
©) 2%k -G+k =0
D k-G=0

For the coupled system shown in the figure, the normal €eordinates are z; + x5 and x; — o,
corresponding to the normal frequencies wy and /3wy, tespectively.

TN AL,

Att = 0, the displacements are x; =yA, &, = 0, and the velocities are v; = v = 0. The displace-
ment of the second particle at time %\is given by:

=

(A) z5(t) = g (cos(wot) + c0s<\/§w0t)>
(B) x5(t) = g (cos(wot) - cos<\/§wgt>>
(C) xzo(ty= A (sin(wgt) - sin(\/§w0t>>

2
(D) o (8),= é (sin(wot) - % sin<\/§w0t>)

How much force does light from a 1.8 W laser exert when it is totally absorbed by an object?

(A)6.0 x 107N
(B) 0.6 x 107N
(C) 6.0 x 10°8 N
(D) 4.8 x 107N

13



36. An electron confined within a thin layer of semiconductor may be treated as a free particle inside

37.

38.

39.

an infinitely deep one-dimensional potential well. If the difference in energies between the first
and the second energy levels is 0 &/, then the thickness of the layer is:

(A) \/ 5msm
(B) /537
(©) \/ 3m55
(D) \/ 25

The half-life of a radioactive nuclear source is 9 days. The fraction of nuclei which are left unde-
cayed after 3 days is:

(A)7/8
(B)1/3
(C)5/6
(D) 1/2'/3

Self inductanee per unit length of a long solenoid of radius /2 with n turns per unit length is:
(A) pom RBém?

(B) 2/lgmi*n)

(©)2pem>n?

(D) fio R*n

A gas contains particles of type A with fraction 0.8, and particles of type B with fraction 0.2. The
probability that among 3 randomly chosen particles at least one is of type A is:

(A) 0.8
(B) 0.25
(C) 0.33
(D) 0.992

14



40.

41.

42.

43.

The number of different Bravais lattices possible in two dimensions is:

(A)2
B)3
©5
(D)6

The output intensity / of radiation from a single mode of resonant cavity obeys

d Wp
Sr= 28y
dt oN

where () is the quality factor of the cavity afid wy is'the resonant frequency. The form of the fre-
quency spectrum of the output is:

(A) Delta function
(B) Gaussian
(C) Lorentzian

(D) Exponential

For a quantum mechanical harmonic oscillator with energies, £, = (n + 1/2)hw, where n =0, 1,
2 ..., the partition function is:

ok pT
(A

(B) ehw/2kBT -1
(C) ehw/2kBT +1

hw/2kgT
€
(D) et

If the direction with respect to a right-handed cartesian coordinate system of the ket vector |z, +)
is (0,0, 1), then the direction of the ket vector obtained by application of rotations:
exp(—io,m/2) exp(io,m/4), on the ket |z, +) is (o, 0, are the Pauli matrices):

(A) (0,1,0)
(B) (1,0,0)
(©) (1,1,0)/v2
D) (1,1,1)//3

15



44. In the ground state of hydrogen atom, the most probable distance of the electron from the nucleus,
in units of Bohr radius ay is:

(A)1/2 Q)%

J
v
(D) 3/2 Q
45. For operators P and (), the commutator [P, Q'] is: O
WQPQIQ! Q
®) -Q[P.QQ" %
©Q'[P.QIQ Q)
D) -Q[P,QIQ™! .0
46. The mean value of rand%aﬁgith probability density p(x) = #27 exp|— (22 + pz)/(20%)],

1S:
v &

(B) p/2
© -

(

& spin 1/2 particle is in a state (|1) 4-|1))/v/2, where 1) and |]) are the eigenstates of S, operator.

The expectation value of the spin angular momentum measured along x direction is:
S =

(B) —h
(©) 0
(D) h/2

16



48. A semicircular piece of paper is folded to make a cone with the centre of the semicircle as the
apex. The half-angle of the resulting cone would be:

(A) 90°
(B) 60°
(C) 45°
(D) 30°

49. If the Rydberg constant of an atom of finite nuclear mass 1SierR«,, where R is the Rydberg con-
stant corresponding to an infinite nuclear mass, the ratie of the electronic to nuclear mass of the
atom is:

A) (1-a)/a
B) (a—1)/a
©(1-a)
D)1/«

50. A cylindrical shell of mass# has an outer radius b and an inner radius a. The moment of inertia
of the shell aboutthe axis of the cylinder is:

(A) 5m(bAma?)
(B) Lrn{bA 4 d%)
(C)umb¥+ a?)
(D) m(b* — a?)

17
























