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The booklet contains OMR sheet and having two
seals. Candidates will first open the booklet by
removing the seal at the top to get the OMR sheet.
Second seal will be removed two minutes before the
commencement of the examination.

Before starting the Examination, the candidate must
write her/his Roll Number in the Question Booklet
and the OMR Answer Sheet; in addition to putting
signature at the places provided for the purpose.

This Question Booklet consists of this cover page, and
a total 120 items. Use Blank pages available at the
end of Question Booklet for rough work.

There are four alternative answers to each item
marked as (a), (b), (c) and (d). The candidate will have
to select one of the answers that is considered to be
correct by her/him. S/he will mark the answer
considered to be correct by filling the circle.

Use black/blue ball point pen to darken the circle.

See the following illustrations.

Illustration:

1. Thesumof20and 12 is

(@ 32 (b)38(c)31(d) 34

The Correct answer of item 1 is (a), which should be
marked in OMR Answer Sheet as under:

| @CXO()

Half filled, faintly darkened, ticked or crossed circles
will be read as wrong answers by the optical scanner
and will be marked as incorrect.

The OMR Answer Sheet must be handed over to the
invigilator by the candidate before leaving the
Examination Hall.

Keep OMR Sheet straight. Do not fold it.

All questions are compulsory, each question carries
one mark.

Use of calculator/mobile/any electronic item/
objectionable material is NOT permitted.

Controller of Examination
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Please note that in case of any confusion, the question printed in English will be considered final.






56.

57.

58.

59.

60.

Aaditya can make 50 cakes in 25hours,
Aaditya and Arnav together can make 75
cakes in 15 hours.How many cakes Arnav can
makein 15 hours ?

a. 25
b. 45
c. 20
d. 10

If 7 spiders make 7 webs in 7days, then 1
spider will make 1web in how many days?

a. 1
b. 7/2
c. 7

d. 49

Which of the set of three sides can't form a
triangle?

a. S5cm,6cm,7cm

b. 5cm,8cm, 15¢cm

c. 8cm,15cm, 18 cm

d. 6cm,7cm, 11 cm

A point P lying inside a triangle is equidistant
from the vertices of the triangle. Then the
triangle has Pas its:

a. Centroid

b. Incentre

c¢. Orthocentre
d. Circumcentre

If angles of measure (5y + 62°) and (22° +y)
are supplementary, then value ofy is:

a. 16°
b. 32°
c. &8°
d. 1°
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62.
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65.

Given that the ground state energy of the
hydrogen atom is —13.6 eV, the ground state
energy of positronium (which is a bound state
of an electron and a positron) is

a.+6.8eVv
b.-6.8eV
c.-13.6eV
d.-27.2eV

The ratio of intensities of the D1 and D2
lines of sodium at high temperature is

a. 1:1

b. 2:3

c. 1:3

d. 1:2

Consider two diferent systems each with
five identical non - interacting particles. Both
have single particle states with energies

€, 3¢, and 5¢ . One system is
populated by spin 1/2 fermions and the other
by bosons. What is the value of E.—E; |,
where E,. and E, are the ground state
energies of the fermionic and bosonic systems
respectively?

a. 2¢,
b. 3¢
c. 4g
d. 5¢

A binary star system consists of two stars

Bl and B2, with masses m and 2m
respectively separated by a distance r. If both
B1 and B2 individually follow circular orbits
around the centre of mass with instantaneous
speeds v1 and v2 respectively, the speeds ratio
v1/v2is

a. 1

2
3
172

eIy

. 2 2 4 0
The reaction [D+D-,He+s cannot

proceed via strong interactions because it
violates the conservation of

a. Isospin

b. baryon number

c. electric charge

d. angular momentum
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66.

67.

68.

69.

70.

The Intrinsic electric dipole moment of a
nucleus 45X -

a. increases with Z , but independent of A.
b. decreases with Z , but independent of A.
c. Isalways zero

d. increases with Z and A.

A particle, which is a composite state of
three quarks ,u d and s , has electric charge,
spin and strangeness respectively, equal to

a. 1,1/2,-1
b. 0,0,-1

c. 0,1/2,-1
d -1,-1/2,1

The spin-parity assignments for the
ground and first excited states of the isotope
5aA, in the single particle shell model,

are

a. % and %_
b. % and %

C. %+ and % '
d. %_ and %_

Choose the CORRECT statement from the

following :

a. Neutron interacts through electromagnetic
interaction

b. Electron does not interact through weak
interaction

c. Neutrino interacts through weak and
electromagnetic interaction

d. Quark interacts through strong interaction
but not through weak interaction

The isospin and the strangeness of
(2" baryon are

1,-3

0,-3

1,3

0,3

fan o
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71.

72.
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74.

75.

Let @ and b be two distinct three
dimensional vectors. Then the component of

b thatis perpendicularto @ is given by

N a><(bz><a)
a

b bx(;xb)

. a(béa)
a

d b(béa)
b

An electromagnetic wave is incident on a
water-air  interface. The phase of the
perpendicular component of the electric field
of the reflected wave into the water is found to
remain the same for all angles of incidence.
The phase of the magnetic field H

a. does not change

b. changes by 3/2

changes by /2

d. changesby =&

n

Four equal point charges are kept fixed at

the four vertices of a square. How many
neutral points (i.e. points where the electric
field vanishes) will be found inside the square?
a. 1

4
5
7

/an o

Which of the following is Lorentz
invariant?

a. |]_§><l_§|2

b. |EI~|B[’

c. |E*+|BJ

d. |EP|B[

The magnetic field at a distance R from a
long straight wire carrying a steady current I is

proportional to
a. IR
b.

(@]
;U|~ WN|~I\J .;UN|~

22

71.

72. Slet

73.

74.

75.

g Afdr @ @R b < faw By
gRaEIdd b PUHME d Waoad
SR feaT T 8

ax(bxa)
aZ
N bx(axb)
_»b
. a(bza)
a
d b(béa)
b

o

-a1g R Tep fIe[d graehid A
S it &1 I 4 WRTfid a9 b feld &3
& cidad e BT A0 qH P b fofy FHA

P Ff F IRl it ) IR I
39T fRR WY W] &1 o & iR fobe el
fiig (ereifd fiega &7 e B Al fig) g
STET?
a. 1
b. 4
c. 5
d. 7
=1 5 9 B AT AN MURATHIT 87
a. |p::><1§|i
b. |E[~|Bf
C. |]:J|2+LB|2
d. |E’|Bf
U fE2R &RT I aTel oid Hiel IR § R
W YIHIT & & FHAATCH BT &
a. IR
b, —
R
R
I
d =



76.

77.

78.

79.

The Lagrangian of a free relativistic

particle(in one dimension) of mass m is given
; X

by L=—mv1-% :% CIf

such a particle is acted upon by a constant

force in the direction of the motion, the phase

where X

space trajectories obtained from the
corresponding Hamiltonian are

a. ellipses

b. cycloids

c. hyperbolas
d. Parabolas

A magpnetic field B is in the region x > 0

and zero elsewhere. A rectangular loop, in the
xy-plane, of sides 1 (along the x-direction) and
h (along the y-direction) is inserted into the x
> 0 region from the x < 0 region at a constant
velocity v in x direction. Which of the
following values of 1 and h will generate the
largest EMF ?

a.1=8,h=

An unbiased dice is thrown three times
successively. The probability that the numbers
of dots on the uppermost surface add up to 16
is

2 L
16
1
b. —
36
o L
" 108
1
4 216

Consider the three vectors v,=2 i+3k,

\7'2:f+2j+21A< and V3:5f+j+alA<

where ;,} and Kk are the standard unit
vectors in a three-dimensional Euclidean
space. These vectors will be linearly
dependent if the value of a is

a. 31/4

b. 23/4

c. 27/4

d. 0
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Which of the following limits exists ?
LS|

i —+In N

o lm (Y, i)

b, lim (¥, =~InN)

n-=>o0

Vol

i —+InN

c nl-gc}(zmzlm-i-n )
1

d. lim (>, —)

Let y(x) be a continuous real function in
the range 0 to 2*pi , satisfying the
inhomogeneous differential equation:
dzy dy
=5(x—=
of dy/dx at point

sin X —=-+C0s X =~ . The value

X—]_t
2

is continuous

has a discontinuity of 3
has a discontinuity of 1/3
has a discontinuity of 1

/AN ow®

A ball is picked at rando m from one of

two boxes that c ontain 2 black and 3 white
and 3 black and 4 white balls respectively.
What is the probability that it is white

a. 34/70

b. 41/70

c. 36/70

d. 29/70

The equation of the plane that is tangent
to the surface xyz=8 at the point (1,2,4) is
a. x+2y+d4z =12

b. 4x+2y+z=12

c. xt4y+2=0

d. x+y+z=7

Consider the matrix A=

_ = e

_ e

_ = e
,_]
=
2

eigenvalues of A are
a. 0,1,2
b. 0,0,3
c. 1,1,1
d -1,1,3

The number of degrees of freedom of a
rigid body in d space-dimensions is

a. 2d

b. 6

c. d(d+1)12

d. d!
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86.

87.

The bob of a simple pendulum, which
takes small oscillations, is immersed in water.
Which of the following figures best represents
the phase space diagram for the pendulum

A

<
A
NV

Let A, B and C be functions of phase
space variables (coordinates and momenta of a
mechanical system). If {,} represents the
Poisson bracket, the value of
{A,{B,C}}-{{A,B},C} is given by

a. 0

b. {B,{C,A}}

c. {A,{C,B}}

d. {{C,A},B}

25
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89.
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The radius of Earth is approximately

6400 km . The height h at which the
acceleration due to Earth’s gravity differs from
g at the Earth’s surface by approximately 1%
is

a. 64 km

b. 48 km

c. 32 km

d. 16 km

Two events separated by a (spatial)
distance 9x10° m, are simultaneous in one
inertial frame. The time interval between these
two events in a frame moving with a constant
speed 0.8c (where c is the speed of light) is

a. 60s
b. 40s
c. 20s
d. Os

- -

The Poisson bracket { |r|,|p| }has the

value
a. |7||p|
p

ap o
_w Y

The acceleration due to gravity “g” on

the surface of Earth is approximately 2.6 times
that on the surface of Mars. Given that the
radius of Mars is about one half the radius of
Earth, the ratio of the escape velocity on Earth
to that on Mars is approximately

a. 1.1

b. 1.3

c.2.3

d.5.2

The potential of a diatomic molecule as a

function of the distance r between the atoms is

Vir==2+5
r

given by — . The value of
r

the potential at equilibrium separation between

the atoms is:
2

a

. 4L

a b

b _20_2

’ b
C. b
d ——
4b
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94.

95.

96.

The ground state energy of a particle in
the two-dimensional potential

V(x,y)Z%m a)Z(x2+4y2) is

a. 2hw
b. 37w
3
. —h
C 5 W
5
. —h
d 5 W
: d
Consider the operator, o= X+d_x

acting on smooth function of x. Then
commutator [ «a,cosx ]is

a. —sinx

b. cosx

C. —COSX

d. 0

A particle of mass m moves in one
dimension under the influence of the potential
V(x)=—ad(x) where «a is a positive
constant. The wuncertainty in the product
(Ax)(Ap) inits ground state is

21
1]
2
T

C. \/E
d. V2n

Suppose that the Coulomb potential of
the hydrogen atom is changed by adding an
inverse-square term such that the total
2
—Ze + %
r r
constant. The energy eigenvalues E
the modified potential
depend on n and 1, but not on m
depend on n but not on 1 and m
depend on n and m, but not on 1
depend explicitly on all three quantum
numbers n, 1 and m

potential is V(7 )= ,where g is a

in

nlm

/an o
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98.

99.

An electron is in the ground state of a
hydrogen atom. The probability that it is
within the Bohr radius is approximately equal
to

a. 0.60

b. 0.90

c.0.16

d. 0.32

The commutator [x*, p°] is
a. 2ihxp

b. 2i%(x p+px)

c. 2ihpx

d. 2i%(xp—px)

Let v, p and E denote the speed, the
magnitude of the momentum, and the energy
of a free particle of rest mass m. Then

a. dE/dP=constant
b. p=mv
c. v=pc/p+m’c®
d. E=mc’

100. A gas of N non-interacting particles is in

101.

thermal equilibrium at temperature T . Each
particle can be in any of the possible non-
degenerate states of energy 0Oe , 2¢ and
4 € .The average energy per particle of the
gas, when fe<l1, is

a. 2¢€
b. 3¢
c. 2/3¢
d. €

An ideal Bose gas is confined inside a
container that is connected to a particle
reservoir. Each particle can occupy a discrete
set of single-particle quantum states. If the
probability that a particular quantum state is
unoccupied is 0.1, then the average number of
bosons in that state is

a.8

b.9

c. 10

d. 11

102. Consider the melting transition of ice

into water at constant pressure. Which of the
following thermodynamic quantities does not
exhibit a discontinuous change across the
phase transition?

a. Internal energy

b. Helmholtz free energy

c. Gibbs free energy

d. entropy
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a. 0.60
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103.

104.

105.

106.

107.

The number of ways in which N identical
bosons can be distributed in two energy levels,
is

a. N+1
(N-1)
N——~
. 2
N(N+1)
2
d N

Consider black body radiation contained

in a cavity whose walls are at temperature T .

The radiation is in equilibrium with the walls

of the cavity. If the temperature of the walls is

increased to 2T and the radiation is allowed to

come to equilibrium at the new temperature,

the entropy of the radiation increases by a

factor of

a. 2

b. 4

c.8

d. 16

Let W be the work done in a quasistatic

reversible thermodynamic process. Which of

the following statements about W is correct?

a. W is a perfect differential if the process is
isothermal

b. W is a perfect differential if the process is
adiabatic

c. W is always a perfect differential

d. W cannot be a perfect differential

If the number density of a free electron

gas in three dimensions is increased eight
times, its Fermi temperature will

a. increase by a factor of 4

b. decrease by a factor of 4

c. increase by a factor of 8

d. decrease by a factor of 8

Consider a Maxwellian distribution of

the velocity of the molecules of an ideal gas.
Let V., —and V, o denote the most
probable velocity and the root mean square
velocity, respectively. The magnitude of the
ratio V,/V, . is

a. 1

b. 23

c.V2/3

d. 3/2
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108.

109.

110.

I11.

112.

113.

The voltage resolution of a 12-bit digital

to analog converter (DAC), whose output
varies from -10 V to +10 V is, approximately
a.1lmV

b.5mV

c. 20 mV

d. 100 mV

A 2x4 decoder with an enable input can
function as a

a. 4x1 multiplexer

b. 1x4 demultiplexer

c. 4x2 encoder

d. 4x2 priority encoder

A Zener diode with an operating voltage

of 10 V at 25 degree C has a positive
temperature coefficient of 0.07 % per degree C
of the operating voltage. The operating voltage
of this Zener diode at 125 degree C is

a. 120V

b.11.7V

c.10.7V

d.9.3V

An RC network produces a phase-shift of

30 Degrees . How many such RC networks
should be cascaded together and connected to
a Common Emitter amplifier so that the final
circuit behaves as an oscillator?

a. 3
b. 6
c.9
d. 12

When two identical zener diodes are
connected in series, what happens to
the breakdown voltage of the combination
a. It remains same

b. It becomes zero

c. It is halved
d. It is doubled

The full scale voltage of an n-bit Digital-
to-Analog Convener is V . The resolution

that can be achieved in it is
\%

2"-1
\4
n+1
v

2n

da.

b.

N

S I<N
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114.

115.

116.

117.

The transistor in the given circuit has hfe

= 35Q and hie = 10009. If the load resistance
RL = 10009, the voltage and current gain
are, respectively.

+
v, =

-35 and +35
35 and -35

35 and -0.97
0.98 and -35

pp o

In the op-amp circuit shown in the figure
below, the input voltage is 1V. The value of the
output VO is

1K
M
1K
o—WA—
%1[{
a 033V
b. -0.50 V
¢ -1.00V
d. 025V

Using Hund’s rule the total angular
momentum quantum number J for the
electronic ground state of the nitrogen atom is

a. 0
b. 1/2
c. 1
d. 372

Which of the following transitions is
NOT allowed in the case of an atom,
according to the electric dipole radiation
selection rule?

a. 2s-1s

b. 2p-1s

C. 2p-2s

d. 3d-2p

114.

115.
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117.
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118.

119.

120.

To detect trace amounts of gaseous
species in a mixture of gases, the preferred
probing tool is

a. lonization spectroscopy with X-rays
b. NMR spectroscopy

c. ESR spectroscopy

d. Laser spectroscopy

In a rigid rotator of mass M , if the
energy of the first excited state is (1 meV ),
then the fourth excited state energy (in meV )
is

a. 5

b. 10

c. 15

d. 20

The wavefunction of which orbital is
spherically symmetric

a. p,

b. p,

c d,

d. s
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