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Physical Science

Paper Il

Time Allowed : 120 Minutes]

[Maximum Marks : 200

Note : This Paper contains Hundred (100) multiple choice questions. Each question

carrying Two (2) marks. Attempt All questions.

1.

Two identical spinless, non-interacting
bosons can occupy two non-degenerate
single-particle states of energies 0 and
€. Which expression is the canonical
partition function of the two-particle

system ?

(A) Z,=1+ e Pere2he

(B) Z,=1+ DeBeypg2Be

(C) Z,=1+ e Pere2Petg30e
(D) Z,=2+ 2e

Which of the following is an intensive

thermodynamic variable ?

(A) Heat capacity
(B) Entropy
(C) Density

(D) Volume

3. A two-level quantum system is in

state |0) with probability 3/4 and in
the state |1) with probability 1/4. In
the orthonormal basis {|0),|1)}, which
density matrix represents the mixture ?

G

% 0

p:
(B) 0 %

3 1
0 | 4
Yo %

(10
(D)p_ooJ

. A very large system at temperature

T =30Kreceives heat Q = 10~"J without
an appreciable change in temperature.
Using k; =1.38 x 1072 J K™, the ratio of
the final to initial numbers of accessible
microstates is approximately

(A) 2.4 x 10"
(B)
(©)

)

2.4x10"

(0]

C
(D

—

2.4 x 107




5.

In how many ways can three
distinguishable, non-interacting
particles be distributed among seven
distinct single-particle energy levels,
if each particle may occupy any level ?

A point charge qis placed at the origin.
The flux of the electric field that passes
through a square described by the
vertices (0, 0, 1), (1,0, 1), (1,1, 1) and
0,1,1)is

7.
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If Aand V are the vector and scalar
potentials, respectively, then the
Lorentz gauge in time-varying
electromagnetic case is given by

(A) VxA=pe
x Hoo at

In electrodynamics, the vy g is more

appropriately expressed as

(A) a bound magnetization current
density, J:,,

(B) a free current density, J

(C) stationary electric charges

(D) a free current density Jand a
time-varying electric field D




9.

10.

A linearly polarized monochromatic
plane electromagnetic wave is incident
on a plane interface at the Brewster
angle. The reflected wave is
(A) unpolarized
(B) linearly polarized with polarization
direction parallel to the interface
(C) circularly polarized
(D) linearly polarized with polarization
direction perpendicular to the
interface
The total instantaneous power, P
radiated by an accelerated charged
particle at non-relativistic speed
follows the relation
(A) po |2V
dt
L dv
Pociv.—
(B) Foe v
N 2
dv
C) Poc|—
(C) Pecly
NG
(D) Poclv

11.

12.

13.

OCT-32226-C

In a Klystron oscillator the oscillations
are maintained by

(A) Plate —to — cathode external
feedback.

(B) Bunches of electrons passing the
cavity grids.

(C) A helical slow — wave structure.

(D) Cross field magnetic field.

In a Linear Variable Differential
Transformer (LVDT) displacement
transducer is varied
according to displacement.

(A) Capacitance

(B) Resistance

(C) Inductance

(D) Permittivity

Which one of the following options
describes the basic phenomenon

involved in a Pirani gauge for
pressure measurement ?

(A) lonization of gas molecules.

(B) Variation of thermal conductivity of
a gas with pressure.

(C) Deflection of a mechanical
diaphragm.

(D) Hydrostatic pressure of a mercury
column.




14.

15.

16.

Which one of the following material
compositions is used in a Type K
thermocouple ?

(A) Chromel / Alumel
(B) Copper / Constantan
(C) lron/ Constantan

(D) Chromel / Constantan

The Zeeman pattern of a line consists
of six equidistant components. If the
upper state termis 2P, then the lower
state term is

3/2°

A metal crystallizes in a cubic
structure. Its atomic packing factor is
approximately 0.68 and each atom
has 8 nearest neighbours. If the
atomic radius is r, which expression
gives the lattice constant a ?

(A) a=2r

® 2=V
(C) a=22r

© 2=V

0OCT-32226-C

17. The dispersion relation of electrons

in the lowest energy band of a one-
dimensional crystal near the Brillouin-
zone boundary is approximated by

E E,
E(k)=E, +-2—,|| =2 | +4A®cos? (k_aj
2 2 2

Where a is the lattice constant, Eg is the

band gap opened at the zone boundary
and A is a positive constant.

Which one of the following statements
is correct ?

(A) The effective mass is positive
everywhere in the first Brillouin
zone.

(B) The group velocity is maximum at
the Brillouin zone boundary.

(C) Near k = nt/a, the curvature of the
lower band is negative, so the
charge transport is conveniently
described by holes with positive
effective mass.

(D) The density of states becomes
zero at the Brillouin-zone boundary
because the group velocity is
maximum there.




18. A three-dimensional crystal has a

Face-Centred Cubic (FCC) direct
lattice with lattice constant a. Let the
first Brillouin zone be constructed as
the Wigner-Seitz cell of its reciprocal
lattice. Which one of the following
statements is correct ?

(A) The first Brillouin zone has 8
hexagonal faces and 6 square
faces and its nearest zone
boundary from I lies along the
(111) direction.

(B) The first Brillouin zone has 12
identical rhombic faces and the
shortest reciprocal lattice vectors
belong to the 110 family.

(C) The first Brillouin zone is a
truncated octahedron and the
distance from I" to the centre of a
hexagonal face is n/a.

(D) The first Brillouin zone is a rhombic
dodecahedron and the nearest
zone boundary from T lies along
the (100) direction.

19.

20.
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A proton with arestmass m (=1.007 u)
is bombarded onto a stationary target
nucleus of rest mass M ( = 8.0559 u)
to induce a nuclear reaction. If the
Q- value of this endothermic nuclear
reaction is -1.60 MeV, the threshold
kinetic energy of the incident proton
in the laboratory system is closest to

(A) 1.8 MeV
(B) 2.8 MeV
(C) 3.2 MeV

(D) 3.8 MeV

Which of the following expression
correctly represents the standard
Gell-Mann—Nishijima formula for
defining electric charge Q of a particles
interms of I, Sand B. meaning of the
terms; I, -Third component of Isospin;
S-Strangeness ; B- Baryon number ;
Q- Electric Charge

(A) Q=1+ 1/2.(B+Y9S)

B) Q=I,—- 1/2.(B+S)

(C) Q=12.1,+(B+Y9S)

(D) Q= L+ (B-S)




21.

Consider a relativistic spin 1/2 particle

with rest mass m in its rest frame. Let

1 0
imec2 ime2
0 0

be two wave functions at time t for this
particle. c is the speed of light. Which

of the following statements is true ?

(A) Both ¥, and ¥, are valid

wavefunctions.

(B) ¥, is a valid wavefunction but

¥, is not a valid wavefunction.

(C) P, is not a valid wavefunction but

¥, is a valid wavefunction.

(D) Both ¥, and ‘¥, are not valid

wavefunctions.

0OCT-32226-C

22. Consider the free Klein-Gordon

equation. Let

i X/h HEHMR
(P1:e|p.x/he 1 and

5 /5 —ESt/h
(pzze'p'X/he 2

where
-2 2 -2
E,=\P c® +m?c* andE, = P/2m

(m is the rest mass and c is the
speed of light). Which of the following

statements is true ?

(A) ¢, and o, are both solutions of the

free Klein-Gordon equation.

(B) o, is a solution of the free Klein-
Gordon equation but ¢, is not a
solution of the free Klein-Gordon

equation.

(C) ¢, is not a solution of the free
Klein-Gordon equation but ¢, is a
solution of the free Klein-Gordon

equation.

(D) Both ¢, and ¢, are not solutions of

the free Klein-Gordon equation.




23.

24.

Consider scattering from a potential

V() = Vv, forr<a
o forr>a

For low-energy scattering, the total
scattering cross-section ¢ under first
order Born approximation is given by

h2 %
V,a® )

VaZJyZ
0

(A) c=2n

(B) oc=2n 2

mV,
(C) o= 4TE hzag)

(D) o=4n

2mV,a° )
3h?

A system in thermal and diffusive
equilibrium with a reservoir can exist
in only two states: an empty state
with particle number N =0 and energy
E,=0, and an occupied state with
particle number N,=1, energy E.= ¢,
and degeneracy g. Using the grand
canonical ensemble, what is the mean
number of ?articles (N) in the system ?

Here B= kT and z=e is the fugacity,
where p is the chemical potential.
—Ble—n)
(A) <N>:ge—
1+ ge_B(S_H)
—Be
=
1+gePe
—Ble+n)
ge
Ny=—2=2>
© MN=7 e
ge PlEH)
1+ ge_B(S_H)

(B)

(D) (N)=-

25.

26.
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A crystalline one-dimensional solid
contains N identical molecules.

Even very close to absolute zero,
each molecule may remain frozen
independently in either of two equally
probable — or « orientations. What
is the residual entropy S_ of the
solid ?

Auger electron emission can not be
obtained from

(A) Carbon

(B) Sodium

(C) Nickel

(D) Hydrogen




27.

28.

Which of the following statement best
describes the difference between a
quasicrystal and an ordinary crystal:

(A) Quasicrystal has periodic atomic
arrangement with only 2-fold
rotational symmetry while an
ordinary crystal can have periodic
atomic arrangement with 2—, 3—,
4—,6— fold rotational symmetry.

Quasicrystals do not have
translational periodicity.

(C) Quasicrystals have completely
random atomic arrangement with

no long-range order.

(D) Quasicrystals have periodic
atomic arrangement with cubic

symmetry.

A semiconductor sample carries a
current density J along the +x direction.

A magnetic field g is applied along
the +z direction. The measured Hall
coefficient is

R,, =-3.1x10"*m3C~". Which of the
following statement is correct for the
situation ?

(A) The Semiconductor is p-type
and the carrier concentration is
approximately 2 x102°m=3,

(B) The Semiconductor is n-type
and the carrier concentration is
approximately 2 x1022m=3,

(C) The Semiconductor is n-type
and the carrier concentration is
approximately 2 x1023m=3,

(D) The Semiconductor is p-type
and the carrier concentration is
approximately 2 x1023m=3,

29.

30.

0OCT-32226-C

Imagine a one-dimensional crystal
with two different types of atoms in its
each primitive unit cell. Which of the
following statements is correct for this
crystal ?

(A) Only acoustic phonons exist
because the crystal is periodic.

(B) Only optical phonons exist because
there are two atoms per unit cell.

(C) The crystal has one acoustic
branch and one optical branch.

(D) The crystal has two acoustic
branches and no optical branch.

The magnitude and direction of
displacement of a crystalline plane in
otherwise perfect crystal are defined by
burgers vector. Which of the following
is correct statement ?

(A) Burger vector is perpendicular to
the edge dislocation.

(B) Burger vector is parallel to the
edge dislocation.

(C) Burger vector is perpendicular to
the screw dislocation.

(D) Burger vector moves around the
screw dislocation.

10
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31. Consider the Green’s function for the 32. In the Cartesian x, — x, plane, four
guantities vy (where i, j =1,2) are
inhomogeneous wave equation, defined by

62

o* ! : :
(g—cz aX—ZJG(t—t,x—x)=8(t—t)8(x—x) Vi =XE, V=X Xy, Vo =X Xy, Vipo=X5 .

Here c is a real constant.

Using the symmetric Fourier transform,
let

G(t-t,x-x)=

1 (o 0 —io(t=t')+ik(x=x")
o [ dof” dkF(oke

Which of the following gives F(w,k) ?

33.

Which one of the following statements
about Vi is correct ?

(A) Vi is a second-rank Cartesian
tensor and its trace v, ,+v,, is
invariant under rotations in
X, — X, plane.

Vi is a second-rank Cartesian
tensor, but its trace changes
under rotations in x, — x, plane.

v, is not a second-rank Cartesian
tensor, although v, +v,, isinvariant
under rotations in x, — x, plane.
(D) Vi is not a second-rank Cartesian
tensorand v, +V,, is not invariant
under rotations in x, — x, plane.

The area under the curve x3+ 3x? — 1
from x = 1 to x = 2 is obtained using
Simson’s 1/3" method. The error in the
estimated numerical value

(A)
(B)

depends on the step size used

depends on the number of steps
used

(C)
(D)

is zero

depends on the curve used to
estimate the given function

11



34.

35.

The differential equation %Y. = y3 _10

is to be solved to get the sélution y(x)
with the initial condition y(0) = 0 using
the Runge-Kutta method. The error in
the estimated value of y

(A) canbe made exceedingly small by
reducing the step size used for the
calculation.

(B) will decrease with step size initially
but will start to increase again if
step size is reduced further.

(C) hastwo parts depending upon the
truncation of the Taylor series and
numerical errors, both of which
decrease with the step size.

(D) does not depend on the step size
beyond a certain limit.

Consider the Lagrangian of a particle
of mass m moving in one dimension,

L= 1mq2 —1kq2 . Which one of

2 2
the following terms, if we add to the
Lagrangian (L), keeps equation of

motion unchanged ?

1m +lm't
(A) q > q

1 - 1 .

1 1 .
(C) qut+§mqt2

(D) mg+mat

0OCT-32226-C

36. Consider a particle of mass m

moving in one dimensional potential
V(x)=x* — 2x2. The phase trajectory (x,p)
of the particle is best represented by

N7

(A) /ﬁ:
NS

(D)

ant
N

12



37.

The Hamiltonian of a particle in
cylindrical coordinate is given by

1 (02 Po® o> k
H=—|P+—+P, |-——
Zm( P p2 z [p2 +22 ,
then its equivalent Hamilton-Jacobi
equation is

(Where, PP,PSD and P, are conjugate
momenta and S(p, ¢, z, t) is Hamilton’s
Principle function.)

A 1 (6_]1(6_]@
2m [\ op p? \ op 0z
s k4

+8t /p2+22

(B) 2m op p? 0o 0z

s__k
ot p2+22

1 )fesY, a_(a_)
©) 2mllop) P \og) T\oz

s __k__g
ot p?+2z°
2 2 2
2m [\ op p- L 0p 0z
sk g

38.

39.
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A number of degrees of freedom of an
ellipsoid free to rotate about fixed point

Two particles of masses m, and m,
are connected by a rigid massless
rod of length /, and move freely in a
plane. The moment of inertial of the
system about an axis perpendicular
to the plane and passing through the
center of mass is

1 _mm, 2

2 my+m,

3 my+m,

12 m;+m,

(©) 1 mm, 2

mm,
m, +m,

13



40.

41.

Let L = rx 3 be the angular momentum
of a particle. Using the standard
canonical Poisson brackets, evaluate

Lo +L5}-

The one-dimensional diffusion
equation is

on(x,t) D o*n(xt) |
ot ox?

where n(x,t) is the particle number
density and D is the diffusion coefficient.
To obtain a unique solution over a finite
spatial interval, which set of conditions
is generally required ?

(A) One initial condition and two
boundary conditions

(B) One initial condition and one
boundary condition

(C) Only one initial condition

(D) Only two boundary conditions

0OCT-32226-C

42. Three inputs, A, B and C, are given to

a digital circuit as shown below and Y

is the output.

Which one is the correct output Y of

the digital circuit ?

(A A+B+C+AC

(B) (A+B).C+AC

(C) AB.C +AC

(D) A+C)+AB

14
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43. In the following electronic circuit, the | 44. The following electronic transistor
circuit is analysed by using the DC
estimated current flowing through the values of I, V. and V. which represent
the emitter current, emitter voltage and
Zener diode having V, equal to 10 V collector voltage respectively. (Assume
Vge = 0.7V, Current gain = 100)
is
o 45V
30 kQ 10 kQ
|__Vgut
= 4000 0.0 pF 0.1 pF
V=16V 3 1
1k9§§ /ng,:mv 15 kQ 7kQ T 05y
|
Considering these D.C. voltages, the
(A) 3mA collector- emitter voltage V. is close
to
(B) 5mA (A) 09V
B) 11V
(C) 7mA
(C) 13V
(D) 9 mA (D) 15V

15



45.

MOSFETs of enhancement mode
and depletion mode have standard
terminals, drain, source and gate.
Which of the following statement is
correct related to operation of these
MOSFETs ?

(A) In a depletion mode MOSFET,
n-channel or p—channel is
fabricated by diffusing norp
type of impurities into doped
silicon substrates.

(B) In a n—channel depletion mode
MOSFET, applying a positive gate
voltage depletes the n-channel
of its electrons due to the induce
negative charges in it.

(C) An enhancement mode MOSFET
can be operated in both depletion
mode and enhancement mode by
applying the appropriate biasing.

(D) Under proper biasing, an
n-channel enhancement
MOSFET is operated by applying
positive voltage to gate and
the drain current flows due to
formation of electron inversion
layer in the P-region.

0OCT-32226-C

46. The ladder operators for the

one-dimensional harmonic oscillator

are given by a.= (1 ip + mmi) .

2hmo

Given the exact ground state

wavefunction for the harmonic oscillator

Yoo mox®
as y,(x) =(mj e 2" the first
mh
excited state wavefunction vy, (x) is

given by

A
(A) i) = 2”’7‘”(%] xo(x)

B v =(x 2

(C) v:(x)= w/zme (X + miijO(X)

D) == ()

16



47. The Hamiltonian for a certain two-level

48.

system is
I:|=E(|1><1|—|2><2|+|1><2|+|2 ><1]),
where |1> and |2> form an orthonormal
basis and E is a number with the
dimensions of energy. The eigenvalues
of the matrix representing H with
respect to this basis are

(A) +J2Eand-+2E

(B) +2E and —2E

(C) Eigenvalues are degenerate

(D) +E and +E/2

Two operators AandB have two
orthonormalized eigenstates v, and
v, and ¢, and ¢, with eigenvalues a,
and a, and b, and b, respectively.
The eigen states are related as

o 352% andy, - 2¢1£¢2
with, it is assumed that the system

is in such a state that both the
eigenvalues of A are equally likely
if a measurement of observable A is
done. Observable A is measured first
but the value obtained is not known.
Then a measurement of observable
B is done. What are the probabilities
of getting the values b, or b, ?

1 4
A) lang?
(A) 5an s

. To start

(B) Boththe eigenvalues b, and b, are
equally probable.

16 1

d__—
(C) 25 an 25
4 1
D) —and-—
(D) : an s

49.

50.
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An electron is in the spin state

3i
x= A[‘J. The expectation value of

operator §y _ﬁAy in the state y is
2

A particle of mass m is moving in a

finite potential well of height V (V >0)
2mv,
R
where k? = 2mE/n 2 and P=2m(V, —
E)/ 72 with the energy E of the bound
state satisfying O<E<V,,. The bound
state energy further satisfies one of
the two equations /= k tan(ka) or
[ = —k cot(ka). Which of the following
statement is true ?
(A) There may not be any bound state
if the well is very narrow and very
shallow.

and width 2a such that k? + I? =

(B) There are two bound states if
2 2mvV,a’
2 h

(C) There are four bound states if
,  2mV,a? (37:)2

T < > <|—

h 2

(D) There is only one bound state if

)Y 2mvV,a®
E < hz <T

17



51.

52.

Let A be a 2 x 2 complex matrix
satisfying

Az =TI, A3=A

Here II denotes 2 x 2 identity matrix
and 0 is a real number. Which of
the following expressions for e is

correct for 6 = /2 ?

(A) 11

(B) —1I

(C) A

(D) iA

Let A be a linear operator on a finite-

dimensional complex vector space
satisfying

At=A.
If A is an eigenvalue of A, which of the

following sets contains all possible
values of A ?

(A) {0,1,—1,i}

(B) {0,1, eZni/S, e4ni/3}

(C) {1 , eZni/3, e41ti/3}

(D) {1’ ia _I}

53.

54.

0OCT-32226-C

Let A be a real antisymmetric
n x n matrix. Let S be a real
n x n orthogonal matrix. Under the

similarity transformation
A—>A'=S"TAS

which of the following statements is

correct ?
(A) A’is always antisymmetric.
(B) A’is always symmetric.

(C) A'is antisymmetric only if A is

diagonal.

(D) A’ need not be either symmetric or

antisymmetric.

Consider the complex function

e’ -1-z
f(Z):—S'

z

What is the nature of the singularity of
fz)atz=07?

(A) Removable singularity
(B) Pole of order two
(C) Simple pole

(D) Essential singularity

18



55. The residue of the function

56.

f(z)=— atz=0is

z°sinz

(A) 0

(B)

N[ —

© &

1
D) 6

What is the expression for the
characteristic impedance (Z,) of an
ideal lossless transmission line with
series inductance per unit length L
and shunt capacitance C ?

OCT-32226-C

57. The fundamental dispersion relation for

58.

an electromagnetic wave propagating
through low density unmagnetized
plasma is given by o=} +c’k*
where o, is plasma frequency, and c
is the speed of light, k is wavenumber.

What is the relation between phase

velocity (vp) and group velocity (vg) ?

p g

— 2

(B) VpVg=C
(C) Vp=V3

Electric charges Q, and Qg have been
put on two conducting concentric
spherical shells — see the figure.

The charges of each of the surfaces
S,, S,, S;, S, respectively are

(A) 0, Q,, -Q,,Q,+Q,
(B) 0, Q,, Q,, Q+Qq
(©) Q,,Q,, Q,,Q,+Q,
(D) Q,/2,Q,/2,Q 2, Q2

19



59.

60.

In an extended region of space, there
are vector fields, expressed in Cartesian
coordinates as E, =E, {yz,xz,xy} and
E, =E, {xy,xy,yz} , where E  is an

appropriate constant. Then

(A) Both Ii and E, can be electrostatic
fields

-

(B) E,
but not E,

can be an electrostatic field

N

E, can be an electrostatic field
but not E,

(C)

(D) Both Ii and EZ cannot be
electrostatic fields

Two parallel infinite wires are at a
distance d from each other. The force
per unit length on one wire carrying
current 7, due the other carrying current
I, in opposite direction is

(A) Attractive andinversely proportional
tod

(B) Repulsiveandinversely proportional
to d?

(C) Repulsive andinversely proportional
tod

(D) Attractive andinversely proportional
to d?

61.

62.
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Operational amplifiers are widely
used for various electronics-related
applications. Which of the following sets
of parameters correctly describe the
characteristics of an ideal operational
amplifier ?

(A) Zero input impedance, infinite

output impedance, and zero
open-loop voltage gain.

(B)

Infinite input impedance, zero
output impedance and infinite
open-loop voltage gain.

(C) Infinite input impedance, infinite

output impedance and zero
Common Mode Rejection
Ratio(CMRR).

(D)

Zero input impedance, zero output
impedance and finite bandwidth.

Analog to Digital converters are used for
various electronics related applications.
Which of the following Analog to Digital
converter architectures offers the
fastest conversion speed ?

(A) Successive Approximation Register
(SAR) ADC

(B) Dual — Slop integrating ADC
(C) Flash ADC

(D) Counter — Ramp or Digital-ramp
ADC
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63.

64.

What is the most commonly minimized
function in standard nonlinear least-
squares curve fitting ?

(A) The Sum of Squared Residuals
(SSR) between the observed data
and the model predictions

(B) The sum of absolute differences
between the data and the model

(C) The maximum error between any
single data point and the model
prediction

(D) The product of the residuals across
all data points

An instrumentation amplifier has
two stages, constructed using three
operational amplifiers and precision
resistors. Which of the following is a
unique feature of the instrumentation
amplifier that allows it to accurately
measure small, weak signals in noisy
environments ?

(A) A circuit design that minimizes the
differential-mode gain at low input
signal levels while keeping the
common-mode gain high, with a
moderate loading effect.

The ability to decrease the second-
stage amplifier gain from a very
high value by adjusting the gain-
resistor value under high loading
conditions.

Controlling the Common-Mode
Rejection Ratio (CMRR) solely by
applying the input signals directly
to the non-inverting terminals.

A dual op-amp configuration at
the input stage that provides
exceptionally high inputimpedance,
preventing the loading and loss of
weak signals.

65.
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In high-frequency RF transmission
systems, a load matching condition is
achieved when the load impedance is
perfectly matched to the characteristic
impedance of the transmission line.
Which of the following is a direct result
of this ideal matching condition ?

(A) The voltage reflection coefficient
becomes nearly equal to one,
allowing all power to enter the
load.

The Voltage Standing Wave Ratio
(VSWR) reaches a very high value
and therefore all power enters the
load.

The voltage reflection coefficient
reduces to almost zero, and
therefore all power to enter the
load.

(D) A large fraction of the total power
gets reflected at the load boundary
and therefore the

power enters the load.

remaining
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66.

67.

Consider the transformation

Q, =09, +0ap, Q,=0,+ap,P,=p,
P, =p, where a is a constant. Which
of the following statements is correct ?

(A) The transformation is canonical for

every o

The transformation is canonical

(B)

only for =0

(C) The transformation is canonical
only for a=1

(D) The transformation is never

canonical

Two identical masses move on a
straight line and are connected to each
other by a spring, but neither mass
is attached to a fixed support. In the
small-oscillation approximation, one of
the normal-mode frequencies is zero.
What does this mode represent ?

(A) The two masses move with
equal displacements in opposite
directions

The spring undergoes a static
deformation

The equilibrium configuration is
necessarily unstable

Thetwomasses undergoacommon
translation without changing the
spring length

68.

69.
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An electromagnetic wave of angular
frequency o , propagates through
a medium with conductivity ¢ and
permittivity €. If the medium satisfies
the condition, % <1, the material

behaves as

(A) a good conductor
(B) a good insulator
(C) a semiconductor

(D) plasma medium

A constant current is flowing through
a cylindrical wire. Then the Poynting
vector at the surface of the cylindrical
wire is

(A) in the direction of the current
in the radially outward direction
in the radially inward direction

(D)

in the opposite direction of the
current
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70. The Poynting vector, S= l(Ex 5) has

the dimension of Ho
(A) energy
(B) energy/area
(C) power
(D) power/area
71. Consider a three dimensional infinite
cubic well
V(x) = 0 if0<x<a, 0O<y<a, O<z<.a
o0 otherwise
If a perturbation
V. if0<x<2 0<y<a/2
HI — 0 2 ’ y
0 otherwise

is applied, then the first order correction

to the ground state energy E] is given

(C)

(D) 2V

OCT-32226-C

72. Consider E=< \VH\V >, where |y >, is
a trial wave function for the variational
method. If |y> differs from the correct
ground state wave function |y, > by
terms of the order of €, where ¢ is a very
small real number, then the variational
estimate of the ground state energy
differs from the correct ground state
energy by

(A) a constant to any orderin ¢
(B) order of €3
(C) orderofe

(D) order of €2

73. The energy splitting due to spin-orbit

2
interaction between the zp% and Py
energy levels of a hydrogen atom is

given by

(A) mes; < rls >
(B) < = >

(C) -< rlf’ >

O e <>
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74.

Consider two scenarios for a particle
of mass m in the ground state of a
one-dimensional infinite square well
potential of width a. In the first, the
right wall of the well is moved slowly
to make the width of well 2a and in the
second, the wall is abruptly moved to
the distance 2a. What is the relation

between the two wavefunctions v,

and Wsudden ?

(A) They are identical.

(B) Ysow = \fsm( )for (x<2a)and
\Vsudden \/7 ( )for (X < a)

2a) and

g
( Jfor(x<a)

(D) Waow = ( jfor(X<2a) and

\Vsudden \/: ( jfor (X < a)
a

0OCT-32226-C

75. A particle moves in a potential

1mcox forx>0

V(x) =
0 forx<0

Using the WKB quantization condition

—I p(XdX+——nﬂ where n is a

positive integer, p(x)=+/2m (E - V(x))
and x, = 0 and x, are the classical
turning points, the ground state energy

of the particle is given by

(A) (12)m

B) (¥5)no

(C) 2nm

() (%5)he
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76.

77.

Which type of fundamental force binds
quarks together to form protons and
neutrons, and what gauge boson
mediates this interaction ?

(A) Weak nuclear force, mediated by
W and Z bosons

(B) Electromagnetic force, mediated
by photons

(C) Strong nuclear force, mediated by
gluons

(D) Strong nuclear force, mediated by
pions

According to the CPT [C = Charge
Conjugation, P = Parity, T = Time
Reversal] theorem in physics, a particle
and its antiparticle must always have
the exact same

(A) Electric charge

(B) Rest mass

(C) Spin direction

(D) Spatial parity
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78. To test parity conservation in weak

interactions, an experiment was
conducted attemperatures approaching
absolute zero, utilizing a polarized
cobalt-60 radioactive source that
emitted negative beta particles.

During this experiment, which of the
following observations directly
confirmed the violation of parity
symmetry in the beta decay process?

(A) Beta particles were emitted
symmetrically in equal numbers
both parallel and antiparallel to the
direction of nuclear spins.

(B) In the mirror image of the
experimental system, the
beta particles were emitted
antiparallel to the direction of
nuclear spins.

(C) The emission rate of beta particles
from Cobalt-60 changed depending
on whether the applied external
magnetic field was turned on or
off.

(D) In the mirror image of the
experimental system, the beta
particles were emitted parallel to
the direction of nuclear spins.
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79.

80.

Alpha particles *He (A=4 ,Z=2) bombard
a stationary target of Selenium
’6Se (A=76 and Z =34) to induce the
76Se(a, 2n)7® Kr nuclear reaction.

The coulomb barrier between the 76Se
nucleus and the alpha particle when
they just touch is ;

(A) 10 MeV
(B) 12 MeV
(C) 14 MeV
(D) 16 MeV
In a typical decay process, X nucleus
can either decay via 3* decay process
through, 4X —,AY + B* +v,, and/or in
an electron capture process through
"X+e —,4Y+v. If the Q value of

the reaction is 0.9 MeV, which of the

following statements will hold true ?

(A) Decay will occur through purely *
decay process

(B) Decay will occur through electron
capture process

(C) Both decay processes are
possible

(D) Both are forbidden

81.

82.
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Let a be a nonzero real constant.
Consider the integral

jax
@) =—— lim [* ==
2Mien0" ' X+ie

dx-

Which one of the following gives the
correct value of 1(a) ?

(A) I(a)=1fora >0and/(a)=0
fora<O.

(B) I(a) =0 fora> 0 and /(a)= —1
fora <O.

(C) I(a)=—-1fora>0and (a)=0
fora<O.

(D) I(a) =0 for botha>0anda<O.

Consider the scalar function
Z

F(x,y,z =|—
(%,Y,2) R

defined on the surface of the sphere
X2+ y2+ z2= R2 It is expanded in
Legendre polynomials as

F(0) = i a,P,(cosb)
=0

where 0 is the polar angle. Which of
the following correctly identifies the
Legendre polynomials that may have
nonzero coefficients in this expansion ?

(A) Py, P, P, P,...
(B) P, P, P, P,...
(C) P, P, P, P,...

(D) P, P,, P, P,,...
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83.

84.

Consider the integral

I:f X 8(x? —5x + 6)dx -

The value of I'is

(A) 1

Consider the second-order linear
differential equation

d? d
(x—1)3d732/+(x—1)2§+y:0-

Which of the following correctly
classifies the point x =1 ?

(A) x=1is an irregular singular
point.

(B) x =1 is aregular singular point.
(C) x=1is an ordinary point.

(D) x =1 is not a singular point of the
differential equation.

85.

86.
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A discrete random variable X has the
probability distribution

P(X :x):%, X=1234-

Given that X > 1, the probability that
X>2is

(A)
(B)

(C)

ol glw OIN WwiN

(D)

Considering the pure rotational spectrum
of carbon monoxide, one observes
the effect of isotope substitution.
The ratio of reduced mass (u'/u) of
12C'%0 (reduced mass p) to 3C'€0O
(reduced p') = 1.04. What will be the
ratio of B/B', where B and B’ stand for

rotational constants?
(A) 1.04
(B) 2.08
(C) 0.96

(D) 4.16
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87.

88.

Which of the following molecule is

microwave active ?

At what frequency is the Electron
Spin Resonance observed with an
applied magnetic field of 0.3 T ?
(given Be =9.2 x 1024 J T and

g factor = 2)

(A) 9.5 x 106 Hz

(B) 9.5 x 109 Hz

(C) 9.5 x 10% Hz

(D) 9.5 x 105 Hz

89.

90.

0OCT-32226-C

A proton NMR spectrometer operates
with a radiation of frequency 300 MHz.
Hence, the resonance of free proton is
expected to be observed approximately
at:

(A) 0.7T

(B) 70T

(C) 700T

(D) 7T

Helium gas with different partial
pressure is used in both CO, as well
as He-Ne Lasers. The purpose

of using He in He-Ne laser and in

CO, laser is of He atoms
and of CO, molecules
respectively.

(A) Excitation, Excitation

(B) De-Excitation, DE-Excitation

(C) Excitation, De-Excitation

(D) De Excitation , Excitation
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91.

92.

In how many ways can three
indistinguishable fermions be
distributed among seven distinct
single-particle energy levels,
assuming each level can hold at
most one particle ?

A system has three nondegenerate
energy levels E=0, E=1.38 x 1023 J,
and E=2.76 x 1072 J.

If kg =1.38x 102 JK' and

T =1 K, what is the probability that
the system is in the level E ?

93.

94.
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An initially uncharged capacitor of
capacitance C is fully charged to
potential difference V by an ideal
battery at constant temperature T.
If AQ is the heat released to the
is the entropy
change of the universe, which relation

surroundings and AS

univ

is correct ?
Ccv? CV?
AQ=—+AS =——
(A) 2 univ 2T
cv? CcVv?
AQ=—+AS =—o
(B) Q 2 univ -I-
(C) AQ=CV?%AS,,, =CV*T
2
(D) 4Q=CV2a8,, = -

Photon cannot undergo Bose-Einstein
condensation. This is due to

(A) Non-conservation of photon
number

(B) Photon has zero mass

(C) Photon has spin 1

(D) Photons travel with speed of light
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95.

For a two-spin one-dimensional Ising

model with energy given by

E=-J i S.S,.,—H isk
K=1 k=1

The partition function Z with periodic

boundary condition is given by

Z =2¢e*” cosh(2BH) + 2e %"
o1

where kT

If M denotes the total magnetization and
m = M/2 is the magnetization per spin,

which expression is correct ?

(B) m=__cosh(@B))
sinh(2pJ) + e

(C) m=0

(D) m- sinh (2pJ)

" cosh(2BJ) + e "

96.

97.
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A xyz coordinate system is rotating with
respectto afixed inertial XYZ coordinate
system (both having same origin).
At a particular instance of time, the position

vector ¥ =5i+6j+7k. the velocity

in xyz coordinate is 7app =i+ 2]+ 5K,
and the angular velocity vector

o = 2i+ 3j+4k-

. e
The true velocity vector v
frame is

Lin XYZ

tru

(A) —2i+8]j+2k
(B) 4i+3j
(C) Bi+4j
(D) 4i-3j+k
A particle of mass m moves in the
attractive central potential
o, B
Vir)=——+—,a,p>0.
(r) T2 ¢ p

If the magnitude of the angular
momentum is /, which of the following
gives the radius r, of a stable circular
orbit ?

Z2

(A) ro—mOC
B) 1, mp
mao
©) r0:12+mB
mo
mo
B) %o 2 +mp
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98.

Consider a Lagrangian that depends on
generalized coordinates, generalized
velocities and generalized accelerations
L(q, g,q;t). For such a system, the
correct equation of motion is given by the
Euler-Poisson equation

d o) _dfa) o
di?\ 6g ) dtl og

Z -0
oq

... m . Ko, dim.,
L@, q,9;1) ==594-59 + 4 7@

Then, which one of the following

equations of motion is true ?

mq +ka? =0
mq+kq=0
mq+kgq=0

(C)

(D) mMg-kq=0

99.

100.
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Consider a double pendulum in which
the length of the first pendulum varies
as /,=I, e and the length of the second
pendulum varies as /,=e'0. What type of
constraint do they fall under ? (where,
I, is constant)

(A) First: Holonomic-Scleronomic and

Second: Holonomic-Scleronomic

First: Holonomic-Scleronomic and
Second: Holonomic-Rheonomic

First: Holonomic-Rheonomic and
Second: Holonomic-Scleronomic

First: Holonomic- Rheonomic and
Second: Holonomic- Rheonomic

Consider a function

A(dy,Gp) = %a q5+V(a,) , Where a
is some constant. Let B(q,,q, ) be
its Legendre transform. Which one
of the following expressions about
B(q,,q,) is correct ?

[Hint: you may use Legendre transform
B(q1,q3 )= q2q3 - A(q1,q2)]

1
A V() +5-a;

2

1
(B) V(qy)+ Eqﬂ3

2

]
(©) V@) + 5, %,

1T .2
(D) V(ay)- %a 939,
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ROUGH WORK

I~~~

S~~~ S~
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