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21.

22.

23.

24.

25.

One of the eigenvalues of the matrix ,4 is ¢, where 4 = . The product of the other two

SO Q
S O O
S { O

eigenvalues of e’ is
(a) ¢ (b) ¢ () e (d)1

The polynomial f (x) =1+5x+3x" is written as linear combination of the Legendre polynomials

@ﬁ)

1L,R(x) :x,@(x):%(bcz —1)) as f(x)= Z ¢,P(x) . The value of ¢; is

n-n-.n

1 1
@ (b) 5 ©2 (d) 4

. dz tanh 2z . ) . T .
The value of the integral Cf)— - where C'is a circle of radius bR traversed counter-clockwise,
z sin 7zz

with centre at z = 0, is:

(a) 4 (b) 4i (c) 2i (d)0

A particle of mass m, moving along the x-direction, experiences a damping force —yv*, where 7 isa

cosntant and v is its instantaneous speed. If the speed at =0 is V; , the speed at time 7 is

7Vt
o v, my, 2v,

(a) vee " (b) (c) (d)y —=

m+ yvt =
1+In(1+7/v‘)t] Vo l+e
m

The integral [ = Iezdz is evaluated from the point (-1,0) to (1,0) along the contour C, which is an arc

of the parabola y = x*—1 asshown in the figure. The value of /is
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26.

27.

28.

29.

30.

@38 IMz
(b) 2sinhl
(c) e” sinh1 (-1,0) (1,0)
Re z
(d) e+e’

In terms of arbitrary constants 4 and B, the general solution to the differential equation

d2
2 Y

o +5x%+3y=0 is

A B 3 4B
(@) y=—+Bx (b) y=dx+—~ (¢) y = Ax+Bx d) y=—+—
X X X X

In a attractive Kepler problem described by the central potential V(r) = -k (where k isa positive
r

constant), a particle of mass m with a non-zero angular momentum can never reach the centre due to
the centrifugal barrier. If we modify the potential to
k_p
r(=-2-2
ror
one finds that there is a critical value of th angular momentum / below which there is no centrifugal barrier.

This value of / is

@ [2k*p]" ) [12k28]7 @ [12km*8] (@ [12km’B]

The time period of a particle of mass m, undergoing small oscillations around x = 0, in the potential

1/4

X
V=V, cosh (zj s

L2 LZ 2 2
(a) = i (b) 27 m (c) 2r mk (d) 27 ol
4 21, 4 4
1

Consider the decay 4 —» B + C of arelativistic spin N particle A. Which of the following state-

ments is true in the rest frame of the particle 4?

1
(a) The spin of both B and C may be )

(b) The sum of the masses of B and C is greater than the mass of A4

(c) The energy of B is uniquely determined by the masses of the particles

(d) The spin of both B and C may be intergal

Two current-carrying circular loops, each of radius R, are placed perpendicular to each other, as

shown in the figure. The loop in the xy-plane carries a current /, while that in the xz-plane carries a

current 2/, . The resulting magnetic field B at the origin is
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(a) /;O—]?[z}wé] (b) ‘;0—11;[2}'—/2}

o

© ’;0—3[—2} 4 k} () ‘;0—;?[—2} —12]

An electric dipole of dipole moment 5 = qbf is placed at origin in the vicinity of two charges +¢ and

~q at (L,b) and (L,-b), respectively, as shown in the figure.

: : . (L :
The electrostatic potential at the point (E, OJ is

A
b(1 2 4gbL ~q(L,b
(a) q_(_z-i_ 2 2) (b) ¢ 3/2 C](? )
meg (L L +4b ne,| L +4b” | +
qb 3qb P 4 | >
(¢) 7, 12 (d) 7, 2 (0] (L/2,0)
o

—q(L,~b)
A monochromatic and lineary polarized light isused in a Young’s double slit experiment. A linear polarizer,
whose pass axis is at an angle 45° to the polarization of the incident wave, is placed in front of one of the
slits. If 7 and 7

min °

respectively, denote the maximum and minimum intensities of the interference pattern

on the screen, the visibility, defined as the ratio M ,18

max + ]min
V2 2 242 \F
(@) =~ (b) 3 © == @ 43

An electromagnetic wave propagates in a nonmagnetic medium with relative permittivity &€ =4. The

magnetic field for this wave is kH. 0 COS ( ot = ax—a3 y)

where H is a constant. The corresponding electric field E (x, y) is

(a) %yOHoc(—\/g;+ }')cos(a)t —ax—a\/gy) (b) %M)HOC(\B;‘F})COS(W—“X—Q\BJ/)

1 7 1 Al
(©) Z,uoHoc(\/gz —])cos(a)t—ax - a\/gy) (d) Z,uOHOc(—\/gz S ])cos(a)t —ax— a\/gy)
The ground state energy of an anisotropic harmonic oscillator described by the potential

1
V(x,y,z) = Emcozx2 +2ma’y* +8maw’z” (inunits of ziw ) is
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35.

36.

37.

38.

39.

40.

41.

5 7 3 ol
@3 (b) - © 5 @ 5
The product Ax Ap of uncertainites in the position and momentum of a simple harmonic oscillator of

h
= . The value of the product Ax Ap in

mass m and angular frequency @ in the ground state |O> 18 5

the state, e " | 0> (where /is aconstantand p is the momentum operator) is

maol? 2

h h
@ 5 (b) © 5 (@

Let the wavefunction of the electron in a hydrogen atom be

w(7)= @m fﬁl %ﬁ)

where @, (;7 ) are the eigenstates of the Hamiltonian in the standard notation. The expectation value

maol?

of the energy in this state is
(a) -10.8eV (b) —6.2¢eV (¢) -9.5¢eV (d) -5.1eV

1
Three identical spin ) particle of mass m are confined to a one-dimensional box of lenght L, but are

otherwise free. Assuming that they are non-interacting, the energies of the lowest two energy eigen
2 hZ
states, in units of ——, are
2mL

(a)3and 6 (b)6.and 9 (¢)6 and 11 (d)3and 9
The heat capacity C, at constant volume of a metal, as a function of temperature, is o7 + BT,

where ‘@ and g are constants. The temperature dependence of the entropy at constant volume is

(a) aT +§ BT (b) af + T © 7 Lorsl /:’T3 (@ 3 Larsl ﬂT3

2

h
The rotatioinal energy levelsof a molecule are £, = 71 (l + 1) ,where [ =0,1,2,....... and / isits
0

moment of inertia. The contribution of the rotational motion to the Helmholtz free energy per mol-
ecule, at low temperatures in a dilute gas of these molecules, is approximately

2 n’ s
e%wﬁ+hJ®%uwM (c) —k,T (d) —3k,Te "
1,k,T
The vibrational motion of a diatomic molecule may be considered to be that of a simple harmonic
oscillator with angular frequency . If a gas of these molecules is at temperatue 7, what is the prob-
ability that a randomly picked molecule will be found in its lowest vibrational state?

ho e
(a) I—e ™" (b) e " (c) tanh 4l (d) lcosech L
kT 2 2k,T

Consider an ideal Fermi gas in a grand canonical ensemble at a constant chemical potential. The variance of
the occupation number of the single particle energy level with mean occupation number 7 is
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(a) 7(1=7) (b) 7 @ @ %

Consider the following circuit, consisting of an RS flip-flop and two AND gates.

JATS prp S p o—

CLK—EI—[
\ J—

K=o B ) R Of—o

Which of the following connections will allow the entire circuit to act as a JK flip-flop?
(a) connect Q to pin 1 and Q to pin 2

(b) connect Q to pin 2 and Q to pin 1

(c) connect O to K input and Q to Jinput

(d) connect Q to J input and O to K input

The truth table below gives the value Y (A,B, C ) where A4, B and C are binary variables. The output

Y can be represented by

O — — — A B C Y
() Y =ABC+ABC + ABC+ ABC 5 = 5 ]

o> __ 0 0 1 0
(b) Y =ABC+ ABC + ABC+ ABC 0 . 5 5

<O _ _ 0 1 1 1
(c) Y=ABC+ ABC+ ABC+ ABC ; 5 0 1

S &N e _ 1 1 0 0
(d) Y=ABC+ABC+ ABC + ABC 1 1 ) )
A sinusoidal signal is an input to the following circuit

VCC

v

L\ ) R
1 o,
(0,0) >/ B

NS

=
nT
aQ

Which of the following graphs best described the output wave function?
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@ (00 £\ . (b) (0,0 W i

N/ /N
(¢) 00 t (d) (0.0) t
\/ / o\

45. A sinusoridal voltage having a peak value of v, is an input to the following circuit, in which the DC

voltage is V,

:

_|

(@) \_/ 7 (b) (0,0) 7

v, |---- V|-

P

() (0,0) t d 0.0 ,
\/ B RN \_/
T T EEREEREA R

2
46.  The Green’s function G(x,x') for the equation 4’y (x) f(x)» with the boundary values »(0)=0

and y(1)=0,is
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lx(l—x'), 0<x<x'<l
(@) G(x,x')=1 2 (b) G(x,x')z{

Ex'(l—x) O<x'<x<l1

x(x'—l), O<x<x'<l
x'(I-x) 0<x'<x<l

—lx(l—x'), O<x<x'<l
(c) G(x,x')z 2 (d) G(x,x')={

Ex'(l—x) 0O<x'<x<l1

x(x'—l), O<x<x'«l
x'(x=1) O0<x'<x<l

47. A 4x4 complex matrix 4 satisfies the relation 44 = 47, where Iisthe 4x 4 identity matrix. The number
of independent real parameters of 4 is
(a) 32 (b) 10 (c) 12 (d) 16

V(z=1)(z-3)

-— in the complex z-plane is shown in the
2
(z - 25)

48. - The contour C of the following integral (ﬁdz

figure below.

The integral is equivalent to an integral along the contours

@ (o ) O L)

O Q (d)@} 1 L)

49.  The value of the integral Ll x’dx , evaluted using the trapezoidal rule with a step size of 0.2, is
(a) 0.30 (b) 0.39 (c) 0.34 (d)0.27
2
50. Themotion of aparticle in one dimension is described by the Langrangian [ = %[(?] —x’ J insuitable
t

units. The value of the action along the classical path fromx=0atz=0tox=x at =4, 1s

(a) % (b) 22 tans, © ~ 2 cotr, (d) xozz
2sin’¢, 2 2 2cos’ ¢,
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51.

52.

53.

54.

55.

56.

57.

58.

10

The Hamiltonian of a classical one-dimensional harmonic oscillatoris H = 5 ( pi+x’ ) , n suitable units.

The total time derivative of the dynamical variable ( p+ \/EX) 1S

(@) V2p—x (b) p—~2x (©) p2x (d) x++/2p

A relativistic particle of mass m and charge e is moving in a uniform electric field of strength ¢.

c
Starting from rest at = 0, how much time will it take to reach the speed — ?

2
1 mec mc mc 3 mc
@ Fep (b) — (V2 @ 5=

In an inertial frame uniform electric and magnetic field £ and B are perpendicular to each other and satisfy

~12 )2 L . R . o
‘E ‘ 5 ‘B‘ = 29 (in suitable units). In another inertial frame, which moves at a constant velocity with respect

to the first frame, the magnetic field is 24/5k . In the second frame, an electric field consistent with the
previous observations is

@) wE) e @)

Electromagnetic wave of angular frequency @ is propagating in a medium in which, over a band of

2
. .. . 0] . .V
frequencies the refractive index is n(@)~1- (—) , where @, is a constant. The ratio —% of the

o, v,

group velocity to the phase velocity at o = % is

1 2
@3 () © 5 (@2

A rotating spherical shell of uniform surface charge and mass density has total mass M and charge Q.

If its angular momentum is L and magnetic momentis 4, then the ratio % is
& 20 9. 30
@ 3m ®) 3y © om @ u
Considser the operator 4. =L p.~L p,, where L, and p, denote, respectively, the components of

the angular momentum and momentum operators. The commutator [Ax,x] , where x is the x-compo-

nent of the position operator, is

(a) —ih(zp. +yp,)  (b) —ih(zp.—yp,) (¢)ih(zp.+yp,)  (d) ih(zp.~)p,)

2
A one-dimensional system is described by the Hamiltonian A = P i | x| (where 4 =(0).The
zm

ground state energy varies as a function of ; as

(a) 15/3 (b) /12/3 (C) 14/3 (d) 11/3
If the position of the electron in the ground state of a Hydrogen atom is measured, the probability that
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59.

60.

61.

62.

63.

64.

11

it will be found at a distance » > g, (g,being Bohr radius) is nearest to
(a) 0.91 (b) 0.66 (c) 0.32 (d) 0.13

1
A system of spin 5 particles is prepared to be in the eigenstate of o with eigenvalue +1. The system

is rotated by at angle 60° about the x-axis. After the rotation, the fraction of the particles that will be mea-

sured to be in the eigenstate of o, with eigenvalue +1 is

1 2 1 o3
@ 5 (b) 3 © 1 @
The Hamiltonian of a one-dimensional Ising model of N spin (N large) is

N
H=-J z 004
i=1

. . . . 1 .
where the spin o, = +1 and J is a positive costant. At inverse temperature S = P the correlation
B

function between the nearest spins (0,0, ) is
e’
AN AN -28J
(a) (eﬁj e ) (b) e/ (c) tanh(BJ) (d) coth(BJ)

At low temperatures, in the Debye approximation, the contribution of the phonons to the heat capac-
ity of a two dimensional solid is proportional to

(a) 72 (b) T (c) 72 (d) 72
A particle hops on a one-dimensional lattice with lattice spacing a. The probability of the particle to
hop to the neighbouring site to its right is p, while the corresponding probability to hop to the left is

g =1- p . The root-mean squared deviation Ax = <x2> —<x>2 in displacement after N steps, is

(@) a/Npg (b) aN\[pq (©) 2a+/Npg (d) as/N

The energy levels accessible to a molecule have energies E, =0,E, =A and E, =2A (where A isa
constant). A gas of these molecules is in thermal equilibrium at temperature 7. The specific heat at

constant volume in the high temperature limit (kBT > A) varies with temperature as

1 1 1
(a) T2 (b) r=) (c) T (d e

The input ¥, to the following circuit is a square wave as shown in the following figure.
which of the waveforms best describes the output?

72 _T My
R
v, A

(O,O)Pl |_| th '_g

a

o
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65.

66.

67.

68.

12

A A
T00r VO,\_/\/\
a) (0,0) > b) (0,0) >
@) 2 3772 ST2 ¢ (BX« T 3772 572 1
A A
Vy 4
¢)(0,0) > (d) (0,0 \/\/\ >
(© 00— 3772 ] () .07 3712 5T/ !

The amplitude of a carrier signal of frequency f; is sinusoildally modulated at a frequency f'< f, .
Which of the following graphs best describes its power spectrum?

A
A
Power Power
(a) (b) ‘ ‘
SO e o / NXo < <A
TETLSzsaR =75
SSSS SsSs 35
A A
Power Power
(©) (d) ‘
A ! T T T ’f I 1 ’/‘
X o o b g'\° (\
ST S P
S5 S e \S]

The standard deviation of the following set of data
{10.0,10.0,9.9,9.9,9.8,9.9,9.9,9.9,9.8,9.9} is nearest to
(a)0.10 (b)0.07 (c)0.01 (d) 0.04

The diatomic molecule HF has an absorption line in the rotational band at 40 ¢m ™" for the isotope

" F'. The corresponding line for the isotope '* F will be shifted by approximately
(@) 0.05¢m™ (b) 0.11cm™ (c) 0.33¢m™ (d) 0.01¢m™

The excited state (n =4,/= 2) of an election in an atom may decay to one or more of the lower

energy levels shown in the diagram below.
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69.

70.

71.

72.

73.

74.

13

1
Of'the total emitted light, a fraction 4 comes from the decay to the state (n =2,1= 1) . Based on selection

rules, the fractional intensity of the emission line due to the decay to the state (n =3,l= 1)

» B L ) D0
@ (b) 5 © 5 (@)
The volume of an optical cavity is 1¢m® . The number of modes it can support within a bandwidth of

0.1nm , centered at A = 500nm , is of the orders of
() 10° (b) 10° (c) 10" (d) 10

Barium Titanate (BaT i03) crystal has a cubic perovskite structure, where the Ba**

1ons are at'the

vertices of a unit cube, the O’ ions are at the centres of the faces while the 7i** is at the centre. The
number of optical phonon modes of the crystal is

(a) 12
(b) 15

(©)5

(d) 18 ‘ &
’

The dispersion relation of optical phonons in a cubic crystal is given by a)(k) =@, —ak’ where ,
and a are positive constants. The contribution to the density of states due to these phonons with

frequencies just below @, is proportional to

(a) (@, )" (b) (@, - ) (©) (0, — o) (d) (o, o)

A silicon crystal is doped with phosphorus atoms. (The binding energy of a H atom'is 13.6 eV, the
dielectric constant of silicon is 12 and the effective mass of electons in the crystal is 0.4 m ). The gap
between the donor energy level and the bottom of the conduction band is nearest to

(a) 0.01eV (b) 0.08¢eV (c) 0.02¢eV (d) 0.04eV
Assume that pion-nucleon scatterina at low energies, in which isospin is conserved is described by the

3/2

effective interaction potential ¥, = F (r) I.,I,,where F () is a function of the radial separation r

= = . . . . . O,_
and /_and 7, denote,respectively, the isospin vectors of a pion and the nucleon. The ratio —=2 ofthe
Orain

1

. . . . . 3 .
scattering cross-sections corresponding to total isospins / = 3 and s

3 1 5 1
(@) ) (b) 1 (c) n (d) )

A nucleus decays by the emission of a gamma ray from an excited state of spin parity 2* to the
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14

ground state with spin-parity 0" what is the type of the corresponding radiation?

(a) magnetic dipole (b) electric quadrupole

(c) electric dipole (d) magnetic quadrupole

The low lying energy levels due to the vibrational excitations of an even-even nucleus are shown in
the figure below.

0* E, =135MeV
2 2 L =125Me
4 E, =1.17MeV
~2AE
it E, = 0.56M
J ,=0. eV
AE

0 4 E, = 0MeV

The spin-parity ;7 of'the level E| is
(a) I (b)y I (c) 2° (d) 2°

ANSWERKEY

21. (@) 22, (¢) 23.  (b) 24, (¢) 25. (b) 26, (d)
27. -~ (c) 28. (¢ 29.  (¢) 30. (o) 31. . (¢) 32. (b
33. (3 34. (b) 35 (o) 36. (d) 37. (b) 38. (a)
39.  (d) 40.  (a) 41. (a) 42, (b) 43. (b) 44. (a)
45, (c) 46.  (d) 47. - (d) 48. (b) 49. (c¢) 50. (c)
51. (a) 52. (a) 53. (a) 54. (a) 55. (©) 56. (a)
57. -~ (b) 58.  (b) 59. < (d) 60. (o) 61.  (a) 62. (¢)
63. (d) 64. (¢) 65. (b) 66. —(b) 67. (b) 68. - (a)
69. (¢ 70.  (a) 71.  (a) 72, (d) 73. (b) 74.  (b)
75. - (d)
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