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ENTRANCE EXAMINATIONS -~ 2019
(Ph.D. Admissions - January 2020 Session)

Ph.D. Physics

Marks: 70
Time: 2.00 hrs. Hall Ticket No.: —‘

I. Please enter you Hall Ticket Number on Page 1 of this question paper and
on the OMR sheet without fail.

II. Read carefully the following instructions:

1. This Question paper has two parts: PART - A and PART - B

2. PART - A consists of 20 objective type questions, each carrying 1.75 marks for
correct answer and a negative mark of 0.5 for wrong answer.

3. PART - B consists of 35 objective type questions, each carrying 1 mark for the
correct answer. There is no negative marking for questions in PART-B

4. Answers are to be marked on the OMR answer sheet following the instructions
provided there upon. An example is shown below

w @06

5. Only Scientific Calculators are permitted. Mobile phone based calculators are not
permitted. Logarithmic tables are not allowed.

6. Hand over the OMR sheet at the end of the examination to the invigilator.

' This book contains 24 pages‘

ITI. Values of physical constants:
c=3x10% m/s; h =663 x107 Js; kg =138 x 1072 J/K
e=1.6x10"YC; po = 47 x 1077 Henry/m; ¢, = 8.85 x 107!? Farad/m
me = 9.1 x 1073 Kg



PART-A

. Given an arbitrary complex number 7,

arg(Z) ..
arg(22%)
A L
B}
C. -1
. |

The real and imaginary parts of the complex number Z = 19—_1_25

A 12 5

1697 169
B. _11629-'-' 129
C. %5

. The function f(z) = 2z*¢** in the interval —4 < z < 4, has

A, exactly onc maxima

B. no maxima or minima.
C. many maxima.

D. exactly one minimum.

If (sind — cosf) = V2, then sin 26 is

A1
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. A real, anti-symmetric matrix M is

A. always invertible

B. always non-invertible
C. detM =1

D. TrM <0

. The probability of finding an electron at the Fermi energy in a metal at

NON-Z2ero temperature 18

A. dependent on the temperature of the sample
B. always half (1)
C. always one (1)

D. zero (0) at any temperature

. The transition from the normal to the superconducting state is accom-

panied by

A. an increasc in cntropy and decrecasc in specific heat at T,
B. a decrease in both entropy and specific heat at 7.
C. an increase in both entropy and specific heat at T,

D. a decrease in entropy and an increase in specific heat at 7.

Ifdx1=4,4%x2=3,4x3=2and4x4=1, then 4 X 6 is equal to

A0
B i
C. 6
D. 4
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9. If z and ¢ are two independent random numbers drawn from the normal

distribution with the variances Az? =< 22 > — < z >2 and Ay? =<
Yy

y? > — < y >2. The variances of z + y and = — y are

A.
B
C.
L3,

Az + Ay?, A? — Ay?
Az® — Ay?, Az? + Ay?
Az? — Ay?, Az? — Ay?
Az? + Ay?, Ax? + Ay?

10. 35 people are siting in a room, with their names are displayed in English.

Then,

A, there are at least four people whose names start with the same letter

B. there are at least two people whose names start with the same letter

C. there are at least three people whose names start with the same
letter

D. there are no two people whose names start with the same letter

11. A laser beam with wavelength 500 nm has an emission bandwidth of

108 Hz. The longitudinal coherence length of the laser is

A
B.
C.
L.

300 m
30000 m
500 m
50000 m

234

12. In the reaction 33°U — 5He + 53*U + X, X represents

B.

3y
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13. The number of distinct normal modes of vibration of a linear triatomic

14.

molecule is

Al
B.
C.
D.

4
2

o

1

A simple pendulum is used to estimate the acceleration due to gravity g

by measuring time period of oscillation 7' = 27:'\,1’% where [ is the length

of the pendulum. In this experiment, measured length and time period

are 1 m with uncertainty of 1 x 107 m and 2 s with an uncertainty of

4 x 1073 s, respectively. The value of ¢ along with the uncertainty is

A
B.
C.
D.

980 £ 10 cm/s*
988 4 4 cm/s?
162 + 2 cm/s

9.8+ 1 em/s?

5. Two water waves of wavelength 0.99 cm and 1.01 ¢cm are superimposed

to form beats whereby a series of envelops are formed. The number of

cycles present in a single envelop is

A.

o o w

25
50
75

100



16. To solve the equation % = f(z) numerically, the method used is
A. Newton-Raphson method
B. Secant method
C. Euler’s method
D. Bisection method

17. Three numerical methods to solve a polynomial f(z) = 0 whose conver-
gence relations are (i) |e,41| = Me2, (i) ene1| = Me, and (iii) |e,41] =
MelO8 respectively. The order in which they converge , from slowest
to fastest is
A. (1), (i) and (iii)

B. (ii), (iii) and (i)
C. (i), (iii) and (ii)
D. (iii), (ii) and (i)
18. The minimum number of cuts required to slice a cylindrical shaped birth-

day cake into eight equal pieces is

A 4
B. 5
v T
. 3

19. Quark model explains the existence of
A. a meson with charge +1 and strangeness —1
B. a baryon of spin 1

C. a meson with same signs of charm and strangeness

-1
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an anti-baryon of charge +2

20. A student tosses a coin twenty times. She then plots a histogram of her

243,

results. The distribution of the plot will be a

A

B
C.
D

D.

0w

beta distribution
Gaussian distribution
Lorentzian distribution

binomial distribution

PART-B

. Laplace transform of the function

it = sint, 0L <L m,

0, t>m
1 ¢
5241 + s2+1
1 gr"F
241 + §2L11
s . seT7F
§2-+1 521
1 [
§2+1 + 5241

. A conserved quantity associated with the Lagrangian L = %(q% +q3G3) +

nl@g@% = IT(QI qi}): iS

Al
B.
C.
D

migz.

masdp-

The clectric ficld lines associated with an uncharged solid mctal sphere

placed in a uniform electric field is represented by the figure

8



24. The dielectric polarisation of a dielectric material

26.

A
B.
C.
D,

varics exponentially with temperature

is independent of the temperature

varies linearly with the temperature

varies inversely with the temperature

. Consider a container of volume 3V, which is fitted with a removable

partition that divides it into two chambers of volumes V' and 2V, re-

spectively. Initially, particle A is in the chamber with volume V' and

particle B is in the other chamber. The change in entropy of systems A
(B) is AS4 (ASp), when the partition is removed. Then,

A.

Q w.

D.

A5y
ASE
»"_\.S,ﬂ,
ASg

>

<1

AS4ASE < 1
NSNS p=1

If a thin layer of water whose surface tension is 7" wets the two glass

plates separated by a distance d over a circular area of radius r, the

force required to separate the glass plates is

A

P

2xr2T AT
—= N



C.
D.

2add N

wr2T N

il
wd?T N

T
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27. A thin convex lens of focal length f = 50 cm projects image of an object

28.

29.

on a screen kept at a distance of 300 ¢m from the lens. If the screen

is moved towards the lens by 50 cm from its initial position, the obejct
should be shifted by

A.

2.5 cm towards the lens
1.5 em towards the lens
2.5 em away from the lens

1.5 cm away from lens

Consider composite states of three electrons

posite states, having a total spin zero, is

A
B.
C.
D.

i

(S}

N I

. The number of these com-

The Lagrangian, describing a particle of mass 2m, moving under the

action of a conservative force F(z) = —2z — 2, is
A. mz? — z? — 5lnz.

B. mzt+2z+ g

C. mz? + 2% + 5lnx.

D. mic= 202 L2,

10



30.

32.

A particle moving under the action of a central potential is described
in terms of canonical variables ¢ and p. A transformation to X = ag —
Bp and Y = —Ag + op. where . 3, A, 0 are constants is a canonical

transformation if and only if

A. 01203520.

B, B=0Xx=0
‘ a _ . . . . :
@ is a real matrix with unit determinant.
AT
x 13 : — B
D. ' is a SU(2) matrix.
A O

. A monochromatic electromagnetic wave of amplitude Fy, angular fre-

quency w and phase angle 0(zero), is traveling along the direction of a
line joining origin to (1, 1, 1) with polarisation in the zy-plane. The real

part of the corresponding electric field is (here, &, § are the unit vectors)

A Zcos(E=(rz+y+z2)—wt)(Z+7)
(

oy a

B. Ejcos(2(z 4y +2) —wt) (& —7)

[

G % cos(7(z +y + 2) —wt)(& — )
D. Ejcos(=2=(x 4
O3

The Poynting vector associated with an electromagnetic plane wave with
E = Aycos(kz)cos(wt)y and H = Apsin(kz) sin(wt)? is

A% i s : V4
A Psin(2kz) sin(2wt )2

A2, i o

2 sin(kz) sin(wt)@

B
C. A?lsin(kx)sin(2uwt)i
D

Al sin(2kx) sin(wt)?

11
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33. Consider a square loop with side a, placed such that one side is parallel

34.

to a straight, infinite wire and at a distance d from it. If both the loop
and the straight wire are carrying a steady current /. as shown in the

figure, the force between them is

]r’a

A 4

wle 2d+a

2 d(d+a)

E:P

uol?a
27d
[uﬂfza.

2r(d+a)
lLf.(}IBC{-Q

2rd({d+a)

o QW

The value of §, zﬁjl: where the contour is of radius % taken in the anti-

clockwise direction is

A0

C, ﬁ-i,—gr\f‘?
e )

D r?r?-ga.\,-S

12
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23 5
35. The matrix A= | 0 2 13 | satisfics
00 2
A (2I-AP =0
B. (2I+A)P =0
C. I-AP=0
D. I-24)%=0

36. In C3 with inner product defined as (z,y) = z'y, the action of an oper-

z1 1 +
ator A is given by the relation A | 25 | = | 23+ 23 | . The action
T3 T3+ T1

of adjoint of Aon | zo | gives

T1 T+ %3
A, Ty + Ty

Z2 T I3

T1+ T3
T9 + T3
T1 1 T2
Lo T+ I3
C. I+ T3

Z1+ T3

T + g

L1+ I3

TN eSS Temag T s
T ok U NS

Io 1+ I3

13



37.

38.

39.

\J—-Gr-

If o, 8,~ are the elements of a given basis of a 3-dimensional real vector
space and (Bx + y)a+ (2—8z+2)f+ (T—x +y)y = za + 2y8 + 27,

(where z, v, z are real numbers), the solution is

Di z=l,y= -4,z =—12

A state of a quantum mechanical system is given by |© >= z|l >
+ye'?|2 >, where |1 > and |2 > are orthonormal basis states and z,y, ¢
are real numbers. The state orthogonal to | > is

A z|l > —ye®|2 >

B. y|l > —ze'?|2 >

C. z|]1 > —ye |2 >

D. y|l > —ze |2 >

State of a particle moving in a harmonic oscillator potential is given by

Y >= ﬁ(lo > +2|1 > +4|2 >), where |n > is the eigen state of the

number operator N = a'a wherc the annihilation operator is given by

R N S Y o expectats . s , o &
= m(mwa + 1p). The expectation value of position operator z in

this state is

A EJEE+V)
B. &+/5(8+v2)
C.%Nf#@+wf)

D.%V A (34 /)

14



40.

41.

V-62-

An electric dipole § = pyi + pej ( 4, are unit vectors in the z and y
directions, respectively) is placed in an external electric field E = -34‘;’;?
Given F' and 7 are, respectively, the force and torque acting on the

dipole, the value of F.7is

A Lpips(z +)
B. 0

C. &(a*+17)
D. £(z—y)

A quantum mechanical harmonic oscillator described by H = fw(N +3)
is kept at a finite temperature 7. Here N is the number operator.
The relation between the partition function Z of this system and the

expectation value < N > of the number operator is (with 3 = T;T)

K. Z =< N e %,

B. Z=< N > ¢,

Fhu

L SN s

Bhw

D. Z=<N>ez.

2. Consider a system of N Ising spins each of which can take values s = *£1.

N —N_

The magnetisation of the system is given by m = ~%—= where N, are

the number of spins with s = =1. The value of the entropy of the system

S{(m). for m = 1,0, —1 , are respectively

> S A 1 |
B. Nin2, 0, Nin2
C. 0, Nln2, 0

. 1, NMind. 1



43.

44,

46.

\ b2

The equation of motion of a system, described by the Lagrangian £ =

%8‘“1(@;’2 _ w2g2): is

§—w?q=0
ot

e®§ — e Mylg =0

G+ ag+wiqg=0

O 0w p

rlj—a-q'—wgq:()

Consider a laser cavity with plane parallel mirrors, and separated by a
distance d, cach with reflectivity R. For a lascr light reflecting back and
forth between these mirrors to retain same intensity, the gain coefficient

of the medium must be

A E
D. 4

5. Which of the following is an allowed process

ptn—3E 4kt +ET
p—>e+—i—ﬂ'0

W_+p%7r0—|—n

o 0w »

= —=n+4+T

A proton beam impinges on a stationary proton leading to the reaction
p+p— H+k™+ k7. The minimum value of the momentum of incident
proton beam to produce the state H of mass my = 2150 MeV is (m, =
938 MeV, my+ = 494 MeV)

A 2104 GeV

16



49,

G

T

B. 4.208 GeV
C. 8.416 GeV
D. 16.832 GeV

7. Two spherical soap bubbles of radii a and b, coalesce to form a single

spherical bubble of radius ¢, without any leakage of air. If P is the ex-
ternal pressure, the surface tension of the liquid, from which the bubble

is formed, is

P (Va+b+c)®
4 (a+b+c)?
P3-pd-d?
4 e 4+b2—c?
Pad+bP+c?
4 a?+b>+c?

L a?+b?e?
;'_i_ C..i _DJ : C{.'S

'-;[}

o o w

. If the change in the volume of a cylinder made up of rubber when

stretched (within the elastic limit) along its axis compared to its shape

is negligible, the value of Poisson ratio is

A0
B. 0.2
C. 0.5
B. 1

The microwave power transmission component that acts as a power

transformer is

A. frequency meter
B. horn antenna

C. magic Tee

D. directional coupler



50. Regular singular points of the differential equation (z —2)74% +
ﬁy =0 are
A 2=2 -1
B. me= 2.0
C. z=-1,0
B p= 0—1.9

51. Fourier transform of f(t) coswyt, where

= 1, for [f <~

{
0. for|t] > 5 i

(]

d*y

\J 62

x? dy
(z+1) dx +

52. A system of two identical spin-0 bosons with two energy levels of en-

ergy 0 and €, (¢ > 0) is in thermal equilibrium at temperature 7". The

Helmholtz free energy of this system is

A kpTin(l+e %o + e_h’%)
B. —kpTIn(l + e FoT 4+ ¢ Fs7)

C. kpTin(l+ 2e” FaT 4 ¢ FaT)

D. —kpTln(l+ 2 %aT + ¢ %aT)

53. The term symbol of Dyt (with outer electronic configuration of 4f°) is

A. 67

rajens

18



B. éf@
(o SS%
D. 6H1?a

o . . y " \ # b et D %
54. Given that F is a function of (7 - 7)*, the correct statement 1s

{63

3 ]

A. it is invariant under rotations in 3-dimensions

B. it is invariant only under rotations in 2-dimensions

(. it is invariant under translations in 3-dimensions

D. it is invariant under rotations and translations in 3-dimensions
The frequency of radiation emitted by the Josephson junction when a
voltage of 10 uV is applied across is

A, 241 x10° Hz

B. 0.61 x 10° Hz

C. 1.21 x 10° Hz

D. 4.82x10° Hz

19



