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With which type of spectroscopy would one observe the pure rotation spectrum of Hz?
(A) Microwave {(B) Raman (C) Ultraviolet (D} NMR

The wibrational frequency of a diatomic molecule of reduced mass u and force

constant k is expressed as

1 |u 3 1 (k& k
2 9| o JEE ficd '_
(A) T ik (B) =\ E {(C) (I "

27\

The point group of benzene molecule is

@) G, (B) Dy, (C) C,, (D) Dy,

The difference between soft and hard X-rays lies in

(A) Velocity (B) Intensity (C) Polarization (D) Frequency

The total number of Zeeman components observed in an electronic transition

) a : : L
°D.,, —»° F,,, of an atom in a weak field is

(A) 4 (B) 6 ) 12 (D) 3

In a thermodynamic process, the gas has the equations of state given by

V=V[l+a(T-T)] [Z—V] =0 and C, is a constant. The change in entropy of the
P Jr

gas in the system is
A) AS,=C,logT-aV,p (B) Zero

(C) AS=C,-aV,p (D) AS=C,-aV,plogT.

What is the change in rotational constant B when hydrogen is replaced by deuterium
in the hydrogen molecule?

(A) 2B (B) 6B (C) B/4 (D) B/2

Raman shift is

(A) Independent of frequency of incident radiation, but depends on Scatterer

(B) Independent of Scatterer, but depends on the frequency of incident radiation
(C) Independent of both the frequency of incident radiation and scatterer

(D) Dependent on both the frequency and intensity of incident radiation.
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What is the nuclear g, factor for F nucleus which has a magnetic moment of

2.6273 u, and whose nuclear spin quantum number, I = 1/2?

(A) 5.2546 (B) 1.3136 (C) 10.5092 (D) 0.6568

Which one of the following molecules will show a microwave rotational spectrum?
(A) CO, (B) SF, (C)y 0OCs (D) CH,

If the Lagrangian for a particle in gravitational field is expressed in eylindrical
; ) | g ] i

coordinates (r,¢,z) as L =-mz" +;J'.'r;|.1"'£|;a‘iE —mgz,, where r is constrained to have a

constant value, then

(A) ¢ 1s a cyclic coordinate (B) ¢ and z are cyclic coordinates

(C) =z is a cyclic coordinate (D) ¢ and z are not cyclic coordinates

The motion of a free particle is described by the Lagrangian equation ¥ =0. Under
the change in the Lagrangian L — L +%, where F =x°, the equation of motion

becomes

(A) %=2xi (B) =2t (C) ¥=0 D) =t

Treating the moment of inertia tensor I as a 3 x 3 matrix if the value of its trace is 13
and the values of two of the principal moments of inertia are 4 and 5, then the value

of the third principal moment of inertia is
(A) 1 B) 2 (C) 3 D) 4

In a three dimensional Euclidean space, the number of Eulerian angles required to
describe the rotational motion is

A) 4 (B) 3 C 9 D) 6

If the Poisson bracket { x.p }= 1, the value of [xz. p } is
(A) 2x (By -2x () 2 Dy -2

In the following transformations from one set of canonical quantities (g, p) to another

set of canonical quantities (@, P), which one is a canonical transformation?-
(A) q=P,p=@Q (B) g=-P; p=Q (C) ¢g=-P;p=-Q@ (D) q=-Q; p=P
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For a conservative system, the equilibrium configuration corresponds to the
(A) Lagrangian being zero

(B) Potential energy being zero

(C) Total energy being zero

(D) Gradient of the potential energy being zero

The relativistic mass of a particle of rest mass 8 g that is moving with a velocity
1.8 = 10% m/s is equal to

(A) 8g - (B) 10¢g €) 2¢g (D) 64g

The kinetic energy of a particle of rest mass m, moving with a relativistic velocity v
18

(A) %m,:,t-'2 (B) mc* (C) me® —myc® (D)  mye®

In the Hamilton-Jacobi theory, the new set of canonical quantities @ and P are such
that

{A) Only @ is constant (B) Both ¢ and P are constants
(C) Only Pis constant (D) @ and P are not constants

Let w(x,t)is the position-space wave function corresponding to the Statﬂhf!{i):l of a

gquantum mechanical particle. If (w{iﬂwfﬁ}) is found to be independent of f, this
implies that |;ar{x, £}2| is

(A) Independent of x (B) Independent of ¢
(C) A constant Dy Zero

A guantum mechanical particle moves freely inside a spherical cavity of radius, K.
The wall of the cavity is a perfectly rigid reflector. In this case, the energy levels of
the particle are

(A) Degenerate (B) Non-degenerate

(C) Continuous (D) Continuous and non-degenerate

If the probability that x lies between x and x + dx is p(x) dx = ae “dx, where
0 < x <, a >0, then the probability that x lies between x;, and x, (x, >x,) is

A) e -e™ B) ale™ —e™) (C) e (D) et
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The degeneracy of the n = 2 level for a three dimensional isotropic harmonic oscillator
18

(A 4 (B) 6 (C) 8 (D) 10

Which one of the following relations is true for the Pauli matrices o,, o, and &, ?

(A) o0, =00, (B) o0, =0, (C) o,0,=-0, (D) o,0,=-0,0

¥

The orbital angular momentum [ takes
(A) Only half integer values (B) Both integer and half integer values

(C)  Only integer values (D). Continuous values

In the Heisenberg picture of quantum mechanics, which is time dependent?
(A) State of the system (B) Operator

(C) Both state and operator (D) Density matrix

In the normal Zeeman effect in the hydrogen atom problem, the application of a

uniform magnetic field causes the Zeeman splitting of energy levels because
(A) The spherical symmetry is intact

(B) It increases the energy of the system

(C) The spherical symmetry is broken

(D)} It decreases the energy of the system

For a particle of mass m in a one-dimensional harmonic oscillator potential of the
form Vix) = %mwzxz, the first excited energy eigen state is w(x) = xe™™ . The value of
ais

1

(A) imwﬁ (B) %mwﬁ © 5-hw D) %mw

If p is the density matrix of a pure state and if the state is not normalized to one,

then it implies
A p'=p B) p'<porp’>p
© Tr(p)=1 D) Tr(p)=0
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The cross-section for emission of bremsstrahlung depends on the target atomic
number Z as

A Z ® Z-1 @ Z-3 D) Z2

The collective model predicts about the rotational levels of
(A) Even — Even nuclei (B) 0dd - Odd nuclei
(C) -Even — 0Odd nuclei (D) 0Odd - Even-0dd nuclei

The spin-parity assignment of Ca*! (Z = 20) according to shell model is
Ay 7°/2 B T7/2 () 512 D) 5/2

The total scattering cross section of S-wave neutrons when the phase shift is 4§, is
(A) Directly proportional to sind, (B) Directly proportional to sin® &,

(C) Inversely proportional to sind, (D) Inversely proportional to sin® &,

The exchange of spin coordinates gives rise to the following potential

{A) Majorana (B) Meson (C) Bartlett (D) Heisenberg

The gamma decay 2° - 0" is a
(A) Pure E: transition (B) Pure M: transition

(C) Mixture of E: and M: transitions (D) Mixture of E; and Ms transitions

The Compton ecross section for absorption of gamma rays by matter depends on the
atomic number Z as

(A) 25 (B) #3 . ) vz D)y 2

ane plate is an physical object used to illustrate
(A) Fraunhofer diffraction (B) Fresnel diffraction
(C) Interference (D)  Polarization

The maximum energy of deuteron coming out of a cyclotron accelerator is 20 MeV.
The maximum energy of proton that can be obtained from this accelerator is

(A) 40 MeV (B) 30 MeV (C) 20 MeV (D) 10 MeV



40. A particle of mass m and charge g enters a homogeneous and stationary electric field
E with a velocity v, perpendicular to the direction of the field. The particles path
will be a
(&) Circle (B) Ellipse . {C) Parahola (D) Straight line

41. The energy stored by each capacitor of Figure are

€, = 2uF
Ry Cy= 3pF
l!l'!l'l'
in
* B
E=NV— RS0 R IT0
-
(A) 2564, 4704 ] (B) 256ud, 470 uJ
(C) 256, 704 (D) 250, 470 1]

42. The current I; and the voltage V. of Figure are

+ =

(A) BA, 2V (B) 0.5A,6V  (C) 2A 6V D) 0.54, 3V

43. Given the current i = 6x107*sin(1000¢), then ¢ = 2 ms, the current is
(A) 0.20939 mA (B) 5.46 mA
(C) 2.052 mA in the negative directiﬂn‘ (D) 5.58 mA

44, If the source current leads the applied voltage, the network is predominantly

(A) Resistive (B) Inductive
(C) Capacitive (D) None of the above
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As the applied frequency increases, the reactance of a inductor ———— and that of
a capacitor

(A) Increases linearly, decreases linearly
(B) Increases exponentially, decreases exponentially
(C) Constant, decreases exponentially

(D)) Increases linearly, decreases nonlinearly

According to Maxwell, the radiation pressure is

(A) Equal to the energy density of the electromagnetic Wave
(B) Equal to the energy density divided by velocity of light
(C) Zero

(D} Proportional to area of illuminating surface

In atomie clock, the atom interferometer or in the focusing of atomic beams, which of
the following is the basis for its operation?

{A) High purity quartz crystal (B) Optical laser cooling
(C) Monochromatic laser light (D) Magnetic lens

The absolute refractive index of a medium is proportional to square root of its
dielectric constant. This statement is known as

(A) Snell's equation (B) Fresnel's relation

(C) Dispersion relation (DY Maxwell's relation

Microwaves are electromagnetic waves having
(A) Wavelength ranging in a few zm
(B) Energy in the range of few uW

(C)  Frequency ranging from 10° Hz to 10! Hz
(D) Frequency ranging from 10f Hz to 103 Hz

Let F = (A + BC}{B + CA'], According to Boolean algebra F'is equal to
(A) A (B) B (wy ¢ (D) A

Orthorhombic ervstal structure is defined by
{A:l a=b=c;a;ﬁ=?=ﬂﬂ° {B} a:ﬁb=t.‘,ﬂ=,3:}‘=9(}“
(©) a#bzec,a=F=y=90 D) azbze,a=f=y=90°
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According to Fermat's principle, light, while traveling from one point A to another
point B across several medium with different refractive indices, traverses the route

having the

{A) The smallest optical path length from A to B

{B) Curved but still minimum distance between A and B
{C)y  Lowest refractive index of the medium

(ID) Straight line path from A and B

The Miller Indices of the planes parallel to a-c plane is

(&) 100 (B) 010 (C) 001 (D) 11k

The number of atoms per unit cell of the reciprocal of bee structure is

A 1 B) 2 : (C) 3 (D) 4

Hydrogen hond is found in
(A)  H: molecule (By HCI molecule
()  H20 molecule (DY HF molecule

Which degeneracy is not permitted for the rotational symmetry in a crystal
(A) 2 fold (B) 3 fold (C) 4 fold (D) 5 fold
The potential energy between two atoms in a molecule is given by U{x]:-f-:-r-—iﬁ

2
x'l

where @ and b are positive constants and x is the distance between two atoms in a

molecule. The molecule will be in stable equilibrium if

a 1/6 '11(1 112 % 1/6
L B T

The lattice constant of Fe with bee structure, density 7860 kg/m? and atomic weight

55.85 is

(A) 0.143 nm (B) 0.286 nm (C) 1.43 nm (D) 2.86 nm
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59. For the matrix A =| B s cexplA) is
LA
e e e 0 0 e e 0
(A B o |, D .
b el elid] ekl
60. The process of contraction of a tensor reduces its rank by
(A) 0 ®) 1 (€) 2 D) 3
ix
61. The value of the integral j-.— using residue theorem is
03+ dcosd
‘} &
A) % (B) 32"’ ©) 2r (D) Zero

62. Let F denote the Fourier transform and let F[f(r}= g{w]], Then, F[f(t]cos{u:r,}] is

equal to

(A) lg{w_a}_l{u_:+ a) (B) lg{r,.-, —a)+ -—I—g(w+ a)
2 2 2 2

(C) %g[w —a) (D) glw+a)

63. Let o, denote the Bessel function. Then, the Laplace transform of J, is

@) —— ®) J&+1 © -1 )

]

5 +1 57 -1

64. Dirac delta function is used when a function exists with
(A) Zero values in a verv short interval
(B} Non-zero values in a very short interval
(C) Non-zero values in a long interval

(D) Infinite values in a long interval
65. The value of the integralﬁ(f —922 - B].-iz . where the contour is the circle with |z|=2
13
A) 27 iy, © 2 (D) Zero
2m

122 10
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The components of an ordinary vector in an N-dimensional space are the components
of

(A)  Vector (B} Mixed tensor
() Cowvariant tensor of rank [ (I} Contravariant tensor of rank 1
cosf —sin rEI'J

are

The eigenvalues of the matrix |
sind cosd

{A} 8—[{?1e--iﬁ‘ {B} er'{?reiﬂ {C} eul‘?:le-il.';" (D} {]; 1

Which of these equation is not a Maxwell's equation for a static electromagnetic field

in a linear homogeneous media?

(A) V.-B=0 ® V.D=0 (©) SGE-EE:M,I (D) VA =p,d

For a linear medil.lm Poisson equation becomes Laplace’s equation when
(A) Charge density is constant

(B) Charge density is zero

(C) Charge density is .uniform

(D) Charge density is spherically symmetric

Two identical coils carry the same current I but in the opposite direction, the

magnitude of the magnetic field B at point on the axis midway hetwelzen the coils 1s
(A) Zero

{B) Twice that is produced by one coil

(C) Same as that produced by one coil

(D) Half as that produced by one coil

The SI unit of magnetic charge is

fA) A.m? (B) Coulomb {(Cy Am (D) Ampere

1 122
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Let a fluid has compressibility k& and a density p and Hook's law holds good for the

fluid. Suppose a one-dimensional wave travels in the fluid, then the wave will be
(A) A non-dispersive wave (B} A dispersive wave

(C) A nonlinear wave (D) A solitary wave

Which of the following appliances do not operate in microwave region?
(A) Microwave oven (B) Satellite Television

(C) Police radar (D) AM Radio

A light pulse propagates through a fiber cable with attenuation of 0.25 dB/Km, the

power of pulse is reduced by 40% after a distance of

(A) B8.874km (B) 88.74km (C) 80000 km (D) 0.25 km

The skin depth in copper for EM wave of frequency 10Hz and 10°Hz is respectively
(A) Same for both frequencies

(B) Skin depth at 10 Hz is higher

(C) Skin depth at 10®Hz is higher

(DY Zero for copper

Which of the following is not a source of static magnetic field?
{A) A decurrent in wire
(B) A permanent magnet
(C) A charged disc rotating with constant speed
(D} An accelerating charge
8w 1w ) By

In eylindrical coordinates the equation —Tt———t—10=10 iz called

o pép 8t
(A) Helmholtz Equation (B) Laplace's equation

(C) Poisson's Equation (D) Lorentz Equation

12
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A particle of mass m moving in one dimension is assumed to have any velocity in the

: o a3 : 1
range [— Ug ,+I'.Jn] with equal probability. So we have the probability density P(L'] el
2v,

The probability density for kinetic energy E goes as

A) E ®) <E

(C) Independent of E (D) =3

JVE

Consider a system of f degrees of freedom of which there are f/3 cyclic coordinates,
Each non cyclic coordinate appears quadratic in Hamiltonian. The internal energy of
the system at temperature T is

(A)

Let C, and C, be specific heat capacities at constant pressure and volume

f ®) T © %M D) %kr

2

respectively. Then, for ideal gas consisting of relativistic particles , LTP is
g

(A) 5/3 (B) 3/5 (C) 3/4 (D) 4/3

Pressure exerted by photon gas is related to energy density u as

(A) u/3 (B) Z2u/3 (C) 3ulbd (D) 5u/3

Mean square fluctuations in energy of a canonical ensemble is related to
(A) Entropy (B) Gibb's free energy
(C) Specific heat (D) Chemical potential

Density of states at E for free electrons in metals is proportional to E”. The values of
@ in 1, 2 and 3 dimensions respectively are

(A) -1/2,0,1/2 (B) 1/2,0,1/2 (C)y -1/2,1/2,0 Dy 1/2,1/2,0

In the reaction called nitrogen fixation given by N, +3H, «»2NH, if the total
pressure is increased, what happens to NHa?

(A) Production of NHs decreases
{(B) Production of NHs increases
(C) Production of NH: remains unchanged
(D) NH: decomposes
13 122
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Two fermions occupy three states of energies 0, £ and 2s. The ground and first
) 2l
excited state energies respectively are

{A) Oand ¢ (B) £ and 2¢ (C) ¢ ad 3¢ (D) 0and 2¢

Consider a system at temperature T and number density n. Quantum statistics 1s

necessary if T <n”, where a is

(A 1/3 (B_) 32 (Cy 1/2 (DY 2/3

Specific heat of two dimensional erystalline solids at low temperature is proportional
to

A T° By T pE) 5

Consider the ordinary differential equation (ODE) y"+ x°y =0 with initial conditions
¥(0)= Aand y'(0)= B. If we apply Laplace transform to this differential equation, we
get I

{(A) A second order ODE with constant coefficients

(B) A second order ODE with variable coefficients

(C) A first order ODE with constant coefficients

(D) A linear or non-linear algebraic equations

If A =’7£: 2-| and |A3| =125 then the value of o 1s
2

—

(A) =1 (B) =2 (C) =3 (D) +5

If f(x) is differentiable and is a strictly increasing function, then lim

x)
0 f(x)-/(0)
equal to

(A) 1 (B) 0 : {6 ") D) -1

. : Zas ;
Let L' denote the inverse Laplace transform. Then, L'I[ is

z 2
o)

(A) tsinfat) (B) atsin(at) (C) t-sinlat) (D) —tsinlat)

14
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For the differential equation 2x°y'+x(2x+1)y'—y =0, the point x =0 is
(A) A regular singular point (B) Not a singular point

(C) A singular point but not regular (D) An isolated singular point

Suppose that one solution y, of the differential equation y"+ p{x]‘}"+q[x}y:ﬂis

known to us. Then, the second linearly independent solution can be found by using

A y= J}—t exp(— Ip{x]dx] dx B) .= _I'Jligexp(j p{x]dx) dx

©C) y,= Ifiexp(—j p(x}dx)dx D) = exp[— I plx }d:c]

The integrating factor for the differential equation (3 3+ 2xy)(f.‘r - [Ex;.a it }dy =0 is

(A) e:;]:{ =1 ] (B) Integrating factor is not obtainable
x+y
1 —x¥
(C) D) e
xy(x+y)

Let y= cx+1, ¢ # 0. If we obtain a suitable ordinary differential equation (ODE) by
e

eliminating the constant ¢, then we get,

(A) First order second degree nonlinear ODE
(B} First order second degree linear ODE

(C) First order first degree linear ODE

(D) Second order first degree linear ODE

We are interested to change the variable from x to t using x =e¢'. If we apply this

2
transformation to the equation x* d :: + Ig— 4y =0, we get
dx® dx

d’y d’y . dy
Ay ——-—4y=0 B — ——4y=0
e T ) az ¢ a7

d’y  _s dy d*y dy
0 =4 =, dy-10 D t 2 44y =0
) ar ¢ oa Y W FTCA TR

15 122



98.

99.

100.

122

The Bessel function of order v and first kind is ./, (x) and that of second kind is
Y, (x). We know that Bessel functions are solutions of the Bessel differential equation

¥y +xy' +(x* —v*)y=0. Then, the general solution of the equation

. 1 ’ ;
x%y" + xy'[xi —E] ¥ =0 is given by

(A) yx)=AJ,,,(x)+BY , (x)
(B) ¥x)= -"‘-Juq (x)+ BJ 174 () + UY1M (x)
©  ¥x)=AJ,,(x)+BY,,(x)
D) yx)= Ay, (x)+ BJ_,,(x)

Let F denote Fourier transform and let F[f(t) |= F(w). Select the wrong statement
from the options.
(A) [Flf ]] 27f(w) is the symmetry property of Fourier transform

(B)  Flexp(iwyt)f(t)]= Flw +w, ) is the w-shifting property

F{:I f {r)dT:| = —F (z¢') is the integration property of Fourier transform

(D) f F|f (e }] (irw)" Flw) is the derivative property of Fourier transform

If we apply Fourier transform with respect to x to the partial differential equation
dulx,t) o2 &% ulx,t)
dt ax*
(A) A second order linear ODE in w and ¢

(B) A first order linear ODE in w and ¢

(C) A first order nonlinear ODE in w and ¢

, We get,

(D) An algebraic equation in w and ¢

How many boundary conditions are required to solve the second order partial

differential equation :?—E + Ef— =07

ox .
(A)  Z2only (B) Minimum 2 and maximum 4
(C) Minimum 4 and maximum any (D) 4only

16



