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Consider the electrical conductivity of silver, copper, gold and aluminum. Then, arrange them in the
decreasing order of decreasing conductivity.

> Ag > Cu >Al > Au
Ag > Cu >Au > Al

Cu>Ag>Al>Au

Oo0oOn0

Cu>Au > Ag > Al

112 PU_2015_122

If we substitute u = \lll_}_ in the differential equation

%—2_}’=xﬁ

we gel

G
C dx 2

|
Code & 2

ﬂ—iuﬂ.
[C dx dx

T B
r o T3

101 PU_2015 122
What is a red shift?

e The shifting of an absorption to shorter wavelength.
The shifting of an absorption to higher energy.

The shifting of an absorption to lower energy.

O o0on

The shifting of an absorption towards the blue end of the spectrum.

133 PU_2015_122

—_

ST unit of electric flux density E is .

£ C/m?



L nie
»

e

Ampere/m?

Ampere/m

168 PU_2015_122

Let 0« ¢ < 27 . Determine the nature of the operator Q‘ where

Q=i

doh
Hermitian and real eigenvalues
Hermitian and complex eigenvalues

Non Hermitian and complex eigenvalues

Oo0onn

Non Hermitian

142 PU_2015_122

The Hamiltonian for a collection of anharmonie oscillators of a solid 1s
3N 2

et 4"

Molar specific heat of such a sohd 1=

c 2f
9
9g

o
8

C o3
3
3p

o3
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The electric charge labels a representation of a local gauge symmetry group that is gauged to give QED.
What is it?

E sup



£ o

L sU@)
> SU(1)

105 PU_2015 122
Which quantum number describes the shape of the region of space occupied by the electron?

> Azimuthal quantum number, |
Principal quantum number, n

Magnetic quantum number, m,

Oo0on

All of the above

125 PU_2015_122

The Lagrangian of a particle moving in a central potential V(_F ) 18 given by
1 (.2 2z o2

L :Em(r +1r%6%) -V (7).

In addition to this potential. if a velocity dependent potential of the form
Vir.v)= }.r|ﬁ| where )\ 1s some constant. 1s introduced. then

only the equation of motion in 8 is changed.
only the equation of motion in r is changed.

both equations of motion are changed.

Ooo0ono

equations of motion remain the same.

189 PU_2015_122

The Rutherford scattering experiment is used to determine the atomic
number Z, of an unknown target nucleus. Cadmium with atomic number

Z., =48 1= taken as a reference nucleus. A beam of a particles of same

energy 1s used as incident beam and the scattering eross sections for cadmium
and the unknown element are respectively denoted by o, and o, . If o,/ o,

1s equal to 9/4, then Z,_ is equal to

Ej30



L 26
L 32
> 72

104 PU_2015 122
Which is the correct order that electrons will fill orbitals?

> 3s 3p 4s 4d
3d 4p 5s 4d
3d 3p 4s 4d

Oo0on

4s 4p 4d 5s

149 PU_2015 122
The use of negative feedback in the op-amp is to:-

> A) Reduce the voltage gain of an op-amp
> B) Make linear operation possible
> C) Both (A) & (B)

£

D) Make the op-amp oscillate

106 PU_2015_122
How many normal modes of vibrational are possible for a benzene molecule?

Ej31

30
12

Oo0on

6

205 PU_2015_122

The magnetic vector potential A in some region of space is equal to 10a
where @, is the unit vector in the ¢ -direction in cylindrical polar coordinate

system (p. ¢. z). Then. the magnetic field in that region is:

e

Inversely proportional to radial distance p
Zero.

Inversely proportional to the square radial distance, p°

S

Uniform or non-zero constant.
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Lasers rod have to have cut at angle to produce polarized light

e

At an angle of 45° to that of the optic axis
Perpendicular to the optic axis

Brewster angle

000

Critical angle

193 PU_2015_122
Consider a process A + B — C + D. Assuming that C and D belong to isospin zero multiplets and further
that, A and B each belong to an isospin 1/2 multiplet and if Isfor A is +1/2, then:-

> can go only via electromagnetic interactions
this reaction cannot go via strong interaction

this reaction can go via strong interaction

S

can go via strong and electromagnetic interactions
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The color group SU(3) corresponds to a local gauge symmetry. Its gauging gives rise to:-

£ QED
Electro weak

QCD.

Oo0on

GUT

156 PU_2015_122
Which of the following type of bonds are directional?

e Van Der Waals.
Covalent.

Metallic.

O o0on

lonic.

144 PU_2015_122

An n-channel FET having a pinch-off voltage V, = -5V shows a trans-conductance g, of 1mA/V, when the
applied gate to source voltage Vgs = -3V. Its maximum trans-conductance (in mA/V) will be:-

L 2.0



L 2.5
L 15
> 3.0
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A solution of 0.001 mol dm™ NiSo, is placed in an optical cell of path length 1 cm, and the absorption
spectrum is recorded. The absorptions have characteristic *max and €max values. What is the correct unit
of Emax?

e
e
e
£

cm mol dm™
cm dm® mol™
mol dm™ cm™

dm®*mol™ cm™

219 PU_2015 122
If light (electromagnetic wave) falls on a perfect conductor, then:-

£

Any magnetic field, if present, on the surface of the perfect conductor should be normal to its surface.

The tangential component of magnetic field H

on the surface of the perfect conductor is zero.

The tangential component of electric field on the surface of the perfect conductor is zero.

£
E
> Electric field, if present, on the surface of the perfect conductor should be normal to its surface.

147 PU_2015_122
The depletion region in diode is created by:-

e lonization
Recombination

Diffusion

Oo0on0

All of these

200 PU_2015_122

Differentiate with respect to x the function y(x) where

logix)

y(x)=3

310g:r:
i %

log3



2 (logx ngugr—l

lo E
e = x
[ 38T,
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Let f(t) be defined and integrable over intervals within 0 <{ <~c and let §

represent delta function. Then. the value of ] 1 :f (t)6(t—a)dt 18 equal to

a

fla)
0

Ooon0on
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When compared to experimental values of heat capacity of solids, the Einstein's theory gives lower
values at:-

e Absolute zero of temperature.
All temperatures

Low temperatures

O o0on

High temperatures

204 PU_2015_122

Consider an unpolarized solid dielectric sphere of radius a and permittivity
which 1s uniformely charged with a volume charge density pp. Then. the

electric displacement vector D on the surface of the sphere 13-

e

A constant and proportional to the radius of the sphere.
A constant independent of permittivity of the sphere.

Directly proportional to dielectric constant and radius of the sphere.

S

Inversely proportional to square of the radius of the sphere.

117 PU_2015_122



Let L[ f(¢)|= F(s) represent the Laplace transform. If k > 0 then..

L[f{kt}]:%F[%
L[f{kf]]:% %

1 _|[s

. L[f(kt)]:EFlE

28 of 100
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At absolute zero of temperature, all the allowed states of energy up to Fermi level will be:-

> Partially filled.

L Hart filea.
e

e

Empty.
Occupied.

29 of 100
196 PU_2015_122

An anisotropic dielectric material 1s characterized by the electric permuttivity
tensor

If we apply an electric field - E,:,dz— to this materal. then the electric
displacement vector D will be

Parallel to (-be +: &3-] vector.

Equal to ¢,E Gy

Paralled to E.

Parallel to {T ax +4 Ez_-f +3&g} vector.

O OO0 o

30 of 100
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A rod moves at a relativistic speed. The direction of its velocity makes an angle of 45° with its length in its
rest frame. If |y is the proper length of the rod and | is its contracted length, then the condition that
maximum speed cannot exceed ¢ corresponds to:-

24
| cannot be less than

L,/N2
L/2

| cannot be less than

| cannot be greater than

k.

OO0 0O 0

| cannot be less than

218 PU_2015_122

Two operators él and (.:JE are found to be commuting. The eigenstates of
operator ﬁl are non-degenerate. Then what can you say about the

elgenstates/elgenvalues of GPEI‘H.t-DI‘éE ?

[T Eigenstates of {32 are not orthogonal to each other.

Eigenvalues of O, are necessarily the same as that of O,

e
[ Eigenstates of Dz are not the same as the eigenstates of é'l
e

Every elgenstate of G‘l 1= also an elgenstate of 6?2 .

145 PU_2015_122

If A and B are two numbers, then, in C or C++ language, A% can be
programmed as-

(2 A**B

[ pwr(A B)
[ A"B

[ pow(A. B)

215 PU_2015 122
Two functions f(x) =1 - e-x* and g(x) = 1 -e™ are plotted in the graph shown. Identify the curves in the
plot.



0.6
0.5
0.4

02 04 06 08 10

The dotted curve is g(x) while that below dotted curve is f(x)
The dotted curve is f(x) while that below dotted curve is g(x)

The smooth curve is f(x) and the dotted curve is not g(x)

Oo0nn

The plots should be shown for larger values of x in order to identify them.

155 PU_2015_122
In a certain crystal, the volume of primitive cell is V. Then, the volume of the first Brillouin zone is:-

E 87°/V
ox? [V
1/V
277V

Oo0on0

166 PU_2015 122
For a free particle, its classical and quantum speeds are related by:-

e

Velassical = Vquantum
Velassical = 2unantum

Velassical << unantum

Oo0on

Vclassical =~ Vq uantum

203 PU_2015_122



The circle of convergence of the power series

_(z=i)
s=)

1s given by

e ki <1
[« -1 <1

E n .

i |Z Fes |

[ |z—1'| =<1

198 PU_2015_122

The problem of determining a polynomial of degree n - 1 that will pass through n number of data points
(%, i) is known as:-

L Method of divided differences.
Interpolation.

Polynomial curve fitting.

Oo0n0

Lagrange polynomial.

143 PU_2015_122

An ideal gas of particle density n approaches equilibrium because of collisions. Consider each particle to
be a hard sphere of radius r. If the mean free path (distance travelled between two successive collisions)
is what is the mean free path if the radius is A reduced to r/2?

> N4

> N2
> 4\
L 2\

116 PU_2015_122

The eigenvector x corresponding to eigenvalue A\=—1 of 4 1s _ where
1 2 1
A=10 1 1].

2 0 1



aE

i1 (1+9)]
i1 -+
: s
- 212
e 1 =1+
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Consider the evaluation of roots of a nonlinear algebraic equation f(x) = 0 in the region a < x < b, by
bisection method.

e

This method requires the condition f(a) . f(b) > 0
This method requires the condition f(a) . f(b) <0

This method requires the condition f(a) . f(b) = 0

S

No such condition is required.

185 PU_2015 122
Because of their charge and large mass, alpha particles are easily:-

> Travel only a few cm in air.
Absorbed by materials, and they can travel only a few cm in air.

Absorbed by materials, and they cannot travel only a few cm in air.

00

Not absorbed by materials, and they can travel only a few cm in air.

176 PU_2015_122
Polarization of light proves the:-

e Quantum nature of light
Corpuscular nature of light

Longitudinal nature of light

O o0on

Transverse nature of light

102 PU_2015_122
What is a chromophore?

e
e

A coloured compound.

A group of atoms in a coloured compound.



£
£

A group of atoms in a compound responsible for the absorption of electromagnetic radiation.

A group of atoms in a compound responsible for smell.

158 PU_2015 122
In the absence of Umklapp process, the thermal conductivity of an insulating crystal is:-

> Infinite.
> Zero.

> Equal to thermal conductivity of a conducting crystal.
E

Non-zero, but finite.

165 PU_2015_122

Let, (x) be the eigenfunction of the Hamiltonian H . Then. the expected

value {rH 1} in the state Z e, ¢, (x) is equal to

n=1

I
E %

Slaf
o Tk
£ E,
[ E|eniEn

113 PU_2015_122
Simplify the determinant.

coshx szinhx 1
sinhx coshx 0

coshx szinhx 0

-1
1

sinh? x + cosh? x

oOoon0on

0
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If three angular momenta are given by j; = j, = j3 = 1/2, what are the allowed values of total angular
momentum J?

> 0,1
1/2, 3/2
0,1,2

1/2, 3/2, 5/2

Oo0on0

169 PU_2015_122
In the figure shown here, consider C as the origin. Then, the coordinates of the point B(x,y) is found to be

b

& b Ath0)
[T (acosfd+b, asinf)
[T (acosé. asind)
[T (ccosf—b. asind)
e

(asind. acosé)

167 PU_2015_122
In a finite square-well potential V, the number of bound states is:-

e 1
Finite

Infinite

S

Zero

114 PU_2015_122



2
- " o d
Ifa and & are constants, the differential equation xzd—“:;+ ax d_y+ v=1
x x

will he elassifiad as-
£

Linear second order variable coefficient homogeneous differential equation.
Linear second order variable coefficient inhomogeneous differential equation.

Nonlinear homogeneous differential equation with variable coefficients.

o0

Nonlinear homogeneous differential equation with constant coefficients.

208 PU_2015 122
At T =0 K, silicon act as a:-

e Insulator
Semi-conductor

Metal

SHeNe

Superconductor

182 PU_2015_122

The octet of light spin-1/2 barvons described 1n SU(3) are n = neutron.
p = proton, X = Xi barvon and other particles such as

£

Quarks and colors.
Tau and theta particles

pi = pi meson and omega hadron

Oo0on

N\ = Lambda baryon and ) = Sigma baryon,

191 PU_2015_122

A quantum particle undergoes small oscillations about its mean position and the force acting on is given
by Hooke's law. What can you say about the degeneracy of the energy eigenstate corresponding to nth
excited state?

e Degeneracy is equal to n
Non-degenerate

Degeneracy is equalton + 1

0000

Infinitely degenerate.

157 PU_2015_122



Phonon is a quantum of:-
> Electromagnetic wave.
Micro wave.

Elastic wave.

000

Magnetization wave.

209 PU_2015_122

How must the two junctions of transistor be biased to be operated in cut-off region?
£ Vge forward-biased & Vg forward-biased
Vge reverse-biased & Vg forward-biased

Vge forward-biased & Vg reverse-biased

000

Vge reverse-biased & Vg reverse-biased

132 PU_2015_122

Ohm's law gives the relation between current density J. electrical conductivity

g and electric field f‘j

E E:' |,-"|I{J'
 E=od
[ E :u:r,f'fj
r E=dls

187 PU_2015 122
The Sl units for Stefan-Boltzmann constant is:-

Ol

J.S.m?K*
E wm2k*
E wWm2K*
E wm2K*

115 PU_2015_122

Given that y(x)= x” is one solution of x°y" —3xy' +4y=0. x>0, then. the

second hnearly independent solution 1s:-



y2 &)=z (A + Bx)
yz(x:}= x2 (ﬂ o Blogx}
yofx)=logx

OoOoo0n

yz(x:}= leogx

103 PU_2015_122

The Lyman series of lines in the emission spectrum of hydrogen correspond to transitions from various
excited states to the n =1 orbit. Calculate the wavelength, in nm, of the transition from the n = 3 to the n =
1 energy level.

e 102.6 nm
975.1 nm

452.7 nm

SHeNe

678.8 nm
216 PU_2015 122
Find the phase difference between two waveforms shown in the figure.

Y
1

0.3
i : X
B g
0.5 -

/9
/12
/3

ooo0on

/6

245 PU_2015 122
The calcite crystal is placed over a dot on a piece of paper and then rotated. On viewing through calcite,
we observe:-

£
e
e

A single dot
Two rotating dots

Two stationary dots



e

One dot rotating about the other

259 PU_2015 122
A multiplet of particles consists of two baryons with strangeness S=0 The charge of each member of this
multiplet is:-

£ 1/2 and O
land-1
1/2 and-1/2

Oo0on0

land O

222 PU_2015_122

In the case of harmonic oscillator, the normalized ground state wave function
u(x) 1s equal to

mh —.J—F-I'
E e g ¥
E it
174 M
Tk o El
i iy e
14 my s
i 4 10 BT
e 2n
| =k
U4 mo s
LT o E_‘:r
E Hu.-'
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The strongest bond is:-

£ Covalent
Metallic

lonic

S

Van der Waals

227 PU_2015_122



The Rank of the matrix

%]

3
4 6
6 9]

ISI-

O0O000 ¢ o=

o W N

225 PU_2015 122
The dielectric constant of a linear, homogeneous and isotropic medium is 10, while its relative
permeability is 0.7. Then, the refractive index of the material is:-

L 3.78
3.16
2.65

Oo0n0

1.325

256 PU_2015_122

Under parity or space inversion transformation. the spherical harmonics
¥"(6.¢») becomes

Y (6.9)

o DY)
[ ¥ (8.0)

rr CD'R"E.0)
223 PU_2015_122

In the rest frame of the positronium atom, after annihilation of the e and e” which of the following
statements is correct?

£
e

two photons are emitted and their wavelength is h/(2m¢c)

only one photon is emitted with wavelength h/(mcc)



e
e

two photons are emitted and their wavelength is h/(m¢c)

only one photon is emitted with wavelength h/(2m¢c)

232 PU_2015_122

If f (t) = t*? then its Laplace transform is:-

E
E T
o
L

o 2
E T

235 PU_2015 122
The Legendre polynomial P,(x )for n =1 is equal to:-

£ 1-x

X

00

1
1-%°

220 PU_2015_122

If o 12 fine structure constant and m the mass of electron and ¢ the speed of
light. then the Bohr radius a can be written as

ah’

i me-
ke

E ma
R
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The independent solutions of the equation y" - 7y' + 12y = 0 are:-

e
e

e and e

e* and e

l and x°

E x
i

sin(3x ) and cos(4x )

238 PU_2015_122

Working in the cylindrical coordinates (r, 8 ,z) a particle is found to be moving in a potential of the form V
=ar? where is a constant. Which of the following quantities are conserved?

L Pe and p,

pr and pe
prand rpg

Oo0on0

prand p,

253 PU_2015_122

The Hilbert space corresponding to a wave function ¢(x) 1s

e

A three dimensional Euclidean space.
An infinite dimensional linear vector space.

A two dimensional phase-space with coordinates x and p

Oo0on

A finite dimensional liner vector space.

258 PU_2015_122

x4+~ and a5 — ut + v, their lifetimes would be .



~1071% sec and =107 sec respectively
=10%sec and =107 sec respectively

221071% sec and =107% sec respectively

o0 0Oo0o

Almost equal.

255 PU_2015_122

In quantum mechanics, the total probability of finding a particle in the possible region of space is
obviously given by the normalization condition. What is the physical dimension of the wave function of a
particle moving in two dimensional space?

e Mass x length x (Time)'l
(Length)'l

(Length)2

000

It is dimensionless.

251 PU_2015_122

Let the complex number be i =+/—1. Then. simplify the expression

[ﬁ+i)14+(ﬁ_i}14

ol4
14

Ooonono

_212

257 PU_2015_122
Which of the following statements is incorrect?

e No eigenstate can be constructed in such a way that it is an eigenstate for both the position
and momentum operators.

A non-trivial eigenstate cannot be constructed in such a way that it
gives non-zero eigenvalue for the x -component of spin angular

momentum operator SJL . and zero eigenvalue for other two components
[ $, andS,

An non-trivial eigenstate can be constructed in such a way that it gives

NOn-Zero mgerwalue for the x -component of angular momentum

[C operator L and zero eigenvalue for other two components L andI.



> A nontrivial eigenstate can be constructed in such a way that the eigenvalues of all the three
components of angular momentum operator are zero.

236 PU_2015_122

Consider the Levi-Civita tensor €, . If p, v, A are even-permuting. then the

value of the tensor €,y 1s equal to

co0on
o N

244 PU_2015 122
Polarization cannot occur in:-

L Sound waves
Light waves

X-Ray

Oo0on

Radio waves

282 PU_2015_122
Since the nuclei have a definite parity, ignoring the weak interactions:-

e only the nuclear electric quadrupole moment vanishes
both the nuclear electric quadrupole and magnetic moments vanish

only the nuclear magnetic moment vanishes

Oo0on

nuclear electric dipole moment vanishes

262 PU_2015 122

Consider a spherical capacitor whose inner conducting surface has a radius of 1 cm while the outer
surface has a radius of 2 cm Also, consider a cylindrical capacitor of length L whose inner and outer
conducting cylinders have 1 cm and 2 cm radii respectively. If the capacitance of these two capacitors
should be equal, what should the length of the cylindrical capacitor (in cm)?

e 2 loge 2
4 |Oglo 2

4loge 2

0000

2cm
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A rigid cubical block rotates in such a way that one corner of the cube is always in contact with the
surface on which it rotates. If that point of contact does not move, then how many generalized
coordinates do we need to describe its motion?

297 PU_2015_122

Let Q be an orthogonal matrix. Then:-

e
£
£
£

QQ'=Q'Q=1
Q'=-Q
Q=Q’
QQ'=Q'Q

298 PU_2015_122

Let x be a coordinate system and x’ be rotated coordinate system through an

angle ¢ such that x = Rx'. Then. the corresponding rotation matrix R is
ag1ven by

—cogf sinf

£ sinf cosé

cosfd —sind

[ sinf cos#d

 cosd  =Ind
[ |—zn# casﬂ]

| cosd  —sinf|
[7 |—siné cosd }

266 PU_2015_122



Let S be a oriented piecewlze smooth surface and C be a simple. closed.

piecewise smooth curve that bounds the surface S. If A is a vector function
whose components have continuous dermvatives. then, the Stokes theorem
states that

”A .ds= -ff)‘;cuﬂﬁ dV
E i ‘.g al -T;

AT [[lesid)
et d

.z
[3:7 = ff st 2)av
o ]

e

£ :
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Let four different vectors in a certain vector space be given by
xp=(4; 0, 2), x;=(2 2; 0).
%=1, 8, =51, 2

Then. choose the correct option.

£

The set of vectors form a basis for the 4-dimensional vector space.
The information is insufficient to evaluate.

The set of vectors are linearly independent.

Oo0on0

The set of vectors are linearly dependent.

283 PU_2015 122
The four types of Bravais lattices viz., primitive, body centered, base centered and face centered exists in
only one crystal system. Identify the crystal system.

> Cubic
Trigonal

Orthorhombic

000

Tetragonal

294 PU_2015 122
A scalar is a tensor of rank:-



One
Zero

Three

Oo0oonono

Two

269 PU_2015_122

The value of integral
T o8 13
g 24 cosé

&

e

W
=]

n
&l

1

=

)

a
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Given, one *°U nucleus yields an energy of = 200 MeV the complete fission of one gram of U nucleus

can yield a total energy of:-

E 1011J

10'tev
10°eV

Oo0on

10°J

289 PU_2015 122
The units of dielectric constant is:-

e
e

Fct

Fm™



£
E o

Dimensionless

271 PU_2015 122
Two particles are constrained to move on the surface of a sphere of constant radius. The number of
degrees of freedom to describe their motion is equal to:-

265 PU_2015_122
What is the degeneracy of the energy level with n = 6 in a hydrogenic atom or ion?

EIG

25
36

O 00

9

272 PU_2015_122

A particle undergoes simple harmonic oscillation and 1ts motion 1s described

0

by the equation r, ;: +w’x=0.If A and B are two real numbers. then the
;2

general trajectory of the particle as a function of time may be written as

[ x(t) =A™ + Be ™

2 x(t)=Ae™

[ x(t)= Asin(wt)+ Bcos(wt)
[T x(t)=Be ™

295 PU_2015_122
What is the value of Lande g - factor for the state with L=1 and J = 3/27?

> 4/3
> 2/3
> 2
L 1
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A real matrix is unitary if and only if it is:-

> Unitary
Diagonal

Orthogonal

000

Skew Hermitian

290 PU_2015 122

If f(x) is continuous and even-periodic, then, the trigonometric Fourier series of the function will be:-
> A pure sine series.
Non-converging series.

A pure cosine series.

Oo0on0

A series containing both sine and cosine terms.

299 PU_2015 122
Choose the correct statement.

A matrix A 1s said to be 1n echelon form if the nonzero elements 1n
[Z each row is one.

The determinant of a square matrix of size n xn has n cofactors.

e
1
pz If A is a non-singular matrix, then ( A‘l)m =(A™] form=12..,
pz Let A be any matrix. Then. rank(4) = rank I:AT}.
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For a rigid body, the sum of the diagonal elements of moment of inertia tensor is found to be equal to 8.
After the principal axis transformation, two of the principal moments of inertia are found to be 3 and 1.
The third principal moment of inertia is equal to:-

Ly

S

8
4
2



