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PART-B
Physics

31. The functions e 1%*, e*i%* cos (ax) are
a) linearly independent

b) linearly dependent

¢) odd functions of x

d) even functions of x

32. If p is a skew-symmetric ORTHOGONAL
operator in two-dimensional vector space, then
the eigenvalues of p are

a) *I b) +1

c)land-I d) -1 and +i

33. Given P,1 — P,I — P~1 are all non-singular
matrices, then [I—=P)" 1+ I—-P 1) 1]is
equal to

a) P+ P! by P — P!
c)I+P d) I
34. If Vr™ = —%, then m must be

al b2 c¢-2 d-1

35. If a force F is derivable from a potential
function V(r), where r is the distance from the
origin of the coordinate system, it follows that

AVxXFE =0

DV-F=0
)V =0
d) V2V = 0

36. Two point masses, each m , are fixed at
(1,0,0) and (—1, 0, 0) of a cartesian frame. A
test mass M that can move freely only along the
X - and the y - axes is at the origin. Which of
the following statements is true?

a) The system is not in equilibrium.

b) The system is in a stable equilibrium.

c) The system is in a state of unstable equilibrium.
d) The system is in a stable equilibrium for motion
in one direction and in unstable equilibrium for
motion in another direction.

37. In nuclear reactions, when Q is positive,
what does this indicate?

a. Energy is absorbed by the system

b. Energy is released by the system

c. The reaction cannot occur spontaneously

d. The mass remains constant

38. For what value of a will the transformation
Q=2p+3q;P= g + aq be canonical?

a): b)—: s d)-:

39. Energy stored by a continuous charge
distribution is given by & = 2 | |E|2dV,
symbols having their usual significance. Then

the energy stored by a compound system of
such charge distributions is

a) gcomp = Zi &
1
b) Ecomp = ;E‘gi

C) gcomp * Zi &

d) Ecomp = /izi e7

40. For a surface current, which one of the
magnetostatic boundary conditions is not true?
a) Normal component of the magnetic field is
continuous.

b) Normal component of the magnetic vector
potential is continuous.

c¢) Tangential component of the magnetic vector
potential is continuous.

d) Tangential component of the magnetic vector
potential is not continuous.

41. The potential difference between the sides
M and N of a uniformly polarized infinite slab
with dielectric constant €, shown in the figure
IS



WA

p
a) €o(er—1)
b)

pd
€Eo—€Er
pd
C) o
d(er+1
d) pd(er+1)
€o

42. The second order maximum for a
wavelength 600 nm in a transmission grating
coincides with the third order maximum of an
unknown light. The wavelength of the
unknown light is

a) 400 nm

b) 450 nm

c) 500 nm

d) 550 nm

43. Coherent radiation is characterized by:
A. Random phase and frequency

B. Same frequency but different phase

C. Same frequency and fixed phase difference
D. Different amplitude and frequency

44. An accelerating point charge with non-
relativistic velocity emits a radiation whose
angular distribution is proportional to

a) Sind

b) Cos6

c) Sin26

d) Cos?8

where 6 is the angle made with the direction of
motion of the point charge.

45. Consider a system of N non-interacting
particles. Each particle can have two energy
levels : 0 (nondegenerate) and E (doubly
degenerate). Let u be the total energy of the
system. The number of microstates is

2WEN)

C) —n
NI(g)!
d) 2U/EN)

46. If n is the number of electrons per unit
area, the Fermi velocity of a two-dimensional
non-relativistic electron gas is proportional to
a) n'/3 b) n?/3 c) n/? d)n

47.What is the minimum energy (threshold)
required for deuteron photodisintegration?
a. 2.225 MeV
b. 1.115 MeV
c. 4.450 MeV
d. 0.511 MeV

48. The partition function of a system is

7 = eaT’V

where a is some constant. Then the pressure
and entropy are

a)P o T3,S o T3

b) P oc T4, S oc T*

c) P o T3,S o« T4

d)P o« T4 S o T3

2
49.If H = 571 + V(x), the commutator
[[H, x], x] is
hZ

h? h? h?
a)% b)—% C); d)—;

50. If a Hamiltonian is invariant under rotation
then it commutes with

a) all component of the position vector, T.

b) all component of the momentum operator, p.

c) all component of the angular momentum, L.
d) the operator representing the magnitude of the
total angular momentum but not with its
components.

51. The H-a line in the Balmer series
corresponds to the transition:

a) n=3 — n=2

b) n=2 — n=1

C) =4 — n=2

d) n=5 - n=2



52. For a particle scattering from a potential,
the phase shift §; for a I-wave resonance is

a) 0 mg m d) 2w

53. The degeneracy of the n-th energy
eigenvalue of a three dimensional isotropic
linear harmonic oscillator is

a) e b) n(n+1)

) D) d) 3n2 + 1)

54. For the atomic level  2D3, the expectation
value of J. L is (in units of #2)

a) -2 b) -1 0= d) =

55. In a one-dimensional box of length L the
ground state energy of two non-interacting

identical spin % particles isEg. If four such

particles are confined in a box of length 2L, the
new ground state energy is

a)Eo b)2E, ¢) 2E, d) 2E,

56.For the DE (2xy + y)dx + (x*2 + x)dy = o,
find the integrating factor.

ax by ¢l d)x"2

57. Which selection rule applies to Raman
spectra?

a) AJ =0, £1

b) AJ=0, £2

C) Al ==+1 only

d) AJ ==2 only

58. The minimum and maximum angular
frequencies of the optical branch are

a) (fn—‘i)m 2k (m1 + miz) e
o) )]
@) (-]

(ﬁ 1/2’ ZK(L_L) 1/2

59. Alkali metals, which show free electron like
behaviour, become transparent below a critical
wavelength A.. For potassium with electron
concentration of .40 x 108 /m3, 1, = 287nm.
What is the value of 4. for sodium with
electron concentration of . 65 x 1028 /m3 ?

a) 315 nm b) 215 nm

c) 152 nm d) 209 nm

60. In the Debye theory, the vibrational specific
heat of a two-dimensional solid at low
temperature varies with temperature as

a)T b)TY? c) T2 d) T3/?

61.Microwave region is primarily
associated with:

a) Electronic transitions
b) Rotational transitions
c) Nuclear transitions

d) Vibrational transitions

62. Which one of the following interactions is
responsible for the saturation of nuclear
forces?

a) Tensor interaction

b) Spin-orbit interaction

c) Exchange interaction

d) Wood-Saxon interaction

63. A nuclear decay chain is given by
ZPA -y 5 QA—4— —7 1 R*A—4 -2 SA—5
What is the possible sequence of emitted

particles?
a) af”y b) pf~p
C) apy d)ap™p

64.p + m* - p + wtproceeds through the
production of an intermediate A**baryon with
guark content uuu. AT - prrtis a

a) electromagnetic interaction.

b) both electromagnetic and weak interaction.

) weak interaction.

d) strong interaction.



65. Which of the following is conserved in all
known interactions?

a. Strangeness

b. Electric charge

c. Isospin

d. Lepton number

66. Due to finite size a of the nucleus in a heavy
atom, the binding energy of the electrons in the
k -shell

a) increases

b) decreases

c) remains unchanged

d) becomes e~2/20 times the original value, where
a, is the Bohr radius

67. Hydrogen in liquid state is kept in a
container at a temperature of about 20 K for a
long period. Then it is warmed to room
temperature and is exposed to rotational
Raman spectral observation. The separation of
successive Raman lines is nearly (where B is
the rotational constant)

a)2B b)4B c)8B d)6B

68. The nuclear density for most nuclei is
approximately

a) 107 kg/m3

b) 105kg/ms3

c) 1013 kg/m3

d) 10 kg/m3

69. Carbon-dioxide is a linear molecule
possessing three normal modes of vibration
(one of which is doubly degenerate) with
normal frequencies v4, v, and v;. The
variation of polarizability () with the normal
mode(Q) for the three modes are shown below:

o Lo o
™) 1 (Vz)\\\ T / ~) ‘[ Q

T

BEgD

Then

a) v; mode is both Raman and infrared active.

b) v, and v; modes are Raman active butinfrared
inactive.
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c) v, and v, modes are Raman active but v; mode
is infrared active.

d) v, mode is Raman active; v, and v; modes are
infrared active.

70. For spherically symmetric molecule

a) both microwave spectra and pure rotational
Raman spectra are observed.

b) pure rotational Raman spectra are observed but
not the microwave spectra.

c) microwave spectra observed but not the pure
rotational Raman spectra.

d) neither microwave nor pure rotational Raman
spectra observed.

71. From the observed absorption spectra of
iodine molecule in the visible region

a) both frequency of the 0 — 0 band and
dissociation energy can be determined.

b) frequency of the 0 — 0 band but not the
dissociation energy can be determined.

c) dissociation energy but not the frequency of the
0 — 0 band can be determined.

d) neither the frequency of the 0 — 0 band nor the
dissociation energy can be determined.

72. How many lines in the hyperfine structure
of the ESR spectra of hydrogen atom in its
ground state are observed?

a4 byl ¢)3 d)2

73. Mesons are classified as
a. Leptons b. Fermions
c. Bosons d. Hadrons and leptons

74. Which one of the following statements is
incorrect in connection with positive feedback?
a) It increases the gain of the amplifier.

b) It is used for oscillator circuit.

c) it is used in Schmitt trigger circuit.

d) It increases the bandwidth of an amplifier.

75. Which is the correct form of output when
RC is much less than the time period of the
input square wave?



output

(A)

1 T
B Ll
(C) J- L
(D) ’ ey

76. Identify the device from the cross-section of
its structure.

T

n
p-substrate

a) BJT

b) JFET

c) MOSFET
d) SCR

77. The above curve for a p — n junction
represents the variation of

——> distance
: from the

junction

space charge region of a p — n junction
a) electric field

b) electric potential

c) carrier density

d) charge density

78. Which of the following is a valid Boolean
relation?

a) A(A+ B) = AB

b)A(A+B) =A
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¢)A(A+B) = (1+B)
d)A(A+B) =B

79. Find out the correct statement for the
position of the Fermi level in the band
structure of a lightly doped n-type
semiconductor.

a) At the centre of the band gap

b) Close to the valence band

¢) Inside the conduction band

d) Close to the conduction band

80. What type of A/D is the above circuit?

clock ——

Digital output

Analog mput
a) Successive approximation
b) Tracking type
c) Dual slope type
d) Counting type

81. If a proton and a nucleus 3Li” are
accelerated from rest through the same
potential V , the ratio of the de Broglie

wavelengths (j—p) will be

Li
a)V7:1 b) v3:1
c)v21:1 d)1:1

82. The Lagrangian of a point particle,
dropping dimensionful constants, is given by
L = x* — x?. Which term, added to the
Lagrangian will not change the equation of
motion?

a)x b)(x+x)* c)xx d)xx?

83. In magnetostatics, the scalar potential ¢
a) Is always zero

b) Equals the vector potential

¢) Is undefined

d) Can be set to zero

84. A particle of mass m moves on X -axis
under potential V(x) = a + bx + cx? [a, b, c



are positive constants]. If the system is
displaced slightly from its equilibrium position,
then it

a) performs simple harmonic motion with period

2 \/E
2c

b) performs simple harmonic motion with period

ma
2T ’E
c) moves with constant velocity.
d) moves with constant acceleration.

85. If the generating function for a canonical
transformation is F, = ); q;P;

Qi =qupi =P

b)Qi=q; *pi=P *

) Qi =qupi = —P;

d) Qi =—qup: = P

86. A satellite moving in an elliptical orbit is
400 Km above the earth’s surface at its farthest
point and 200 Km above at its closest point. If
Radius of Earth = 6.4 x 103Km, the
eccentricity in the satellite's orbit is

a) 0.015 b) 0.025

c) 0.030 d) 0.035

87. A cube at rest has edges of length L. If it
starts moving parallel to one edge at velocity

J = % what will be the fractional change in

volume?

a) Zero b) 1 —‘/;
1 33

C):1 d) 1 — T

88. The Kinetic energy of a particle is equal to
its rest energy. Its velocity is

e
s b c){{ d)%

89. Three identical batteries, each of e.m.f. 10 V
and internal resistance 1Q, are connected in
series and short-circuited as shown. What is
the reading of the ideal voltmeter?
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v
+/ A\ =
@,
I It It
Il " It
1io0v
10
a)0
b) +30 V
c)-30V
30
d) +%V
90. The circuit
. || (00000
S VL

Output

a) is a low pass filter.

b) is a high pass filter.
c) is a band pass filter.
d) is a band stop filter.

91. In an electromagnetic wave, the electric
field E = EqkCosm(0 - 4y — 1000¢t). The
magnetic field B will be

a) (0 - 40)EyCosm(0 - 4y — 1000t).

b) (4 x 107°)EyiSinm(0 - 4y — 1000t).

c) (4 x 107")EyiCosm(0 - 4y — 1000¢).

d) (4 x 107*)EyjCosm(0 - 4y — 1000¢).

92. If the electric field associated with a plane
wave is given by

E,=20Sin(1-5m x 107t — 0 - 1mz)Vm~1*
the velocity of electromagnetic wave
propagation is
a)3-0x10°ms™!

b)5-0x 10"ms™!



c) 1.0 x 10'ms™!
d) 1.5 x 10ms™!

93. Maxwell's Equation
L
XE=——
dt

is the mathematical statement of which law?
a) Gauss' b) Faraday's
c) Ampere's d) Biot-Savarts'

94. A point charge e is flowing along the x-
direction with a velocity v and passes through
the origin at t = 0. The one-dimensional
current density at any time t is

a) ev b) ed(x — vt)

C) evd(x — vt) d) evéd (x)

95 . The sum of two oppositely rotating
circularly polarized waves of equal amplitude
will be

a) a linearly polarized wave.

b) a circularly polarized wave.

c) an elliptically polarized wave.

d) an unpolarized wave.

96. At the boundary of two dielectric media,
the electric field lines are refracted according
to the relation

a) €;sin B, = €,sin 6,

b) €,/sin 6, = €,/sin 6,

C) €,tan 6, = e,tan 6,

d) €,cot 8, = €,cot 6,

6, and 6, are the angles of incidence and
refraction of the respective media with relative
permittivities €; and ¢,.

97. Two containers are at same temperature;
one contains hydrogen and the other oxygen.
The ratio of average speed of hydrogen and
oxygen molecules is

a)l:1 b)1:4 c)4:1 d) 16:1

98. An ideal gas expands isothermally from V
to 2V. The work done is

a) RTIn 2 b) 2RTIn 2

C) RT d)0
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99. The peak of Maxwell-Boltzmann
distribution for velocity shifts towards a higher
value of velocity

a) at higher temperature along with decrease in
height.

b) at higher temperature along with increase in
height.

c) at lower temperature along with decrease in
height.

d) at lower temperature along with increase in
height.

100. For a Bose gas, which of the following
statements about its chemical potential p is
necessarily correct?

ayu=20

byu<o

c) u < €y, Where ¢ is the minimum energy of the
system.

d) There is no restriction on .

101. At the transition temperature of a first
order phase transition for a system,

a) the specific heat diverges and the entropy
remains the same.

b) the specific heat diverges and the entropy has
finite discontinuity.

c) the specific heat remains unchanged and the
entropy has finite discontinuity.

d) the specific heat has finite discontinuity and the
entropy diverges.

102. Which of the following is an example of a
doubly magic nucleus?

a) Carbon-12

b) Nitrogen-14

c) Helium-4

d) Neon-20

103. Compute $42cos z / (z (22 + n?) ) dz.
a) 2i/n

b) 0

¢) —2iln

d) i



104. f(z) = log(1+z) / z2 has which singularity at
z=0?
a) Removable b) Simple pole

¢) Branch point d) Essential

105. Find the solution of the ODE y'" —y =0
with y(0)=2, y'(0)=3.

a) y=2eMx} +etM—x}

b) y=eMx} +eM{x}

C) Yy =2cosh x + 3sinh x

d) y=2eMNx} + 3eMN{—x}

106. Evaluate $(z + 2z)dz over |z|=2.
a) 0

b) 8mi

c) lémi

d) 4mi

107. Euler’s formula states that:
a) e™if} =cos O +1isin0
b) e"{i6} =sin O +1icos 6
c) eMif} =cos 0 —1isin0
d) e*{if} =tan 0 +isec 6

108. What is the operating frequency range of
transmission lines?

a) Only high frequencies

b) Only low frequencies

c) From DC to very high frequencies

d) Only certain specific frequencies

109. The Stern-Gerlach experiment
demonstrated

a) Wave nature of electrons

b) Particle nature of electrons

c) Spin nature of electrons

d) Mass of electrons

110. The time-dependent perturbation theory is
most useful for

a) Static energy calculations

b) Transition probability calculations

c) Ground state corrections

d) Degenerate state analysis
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111. In a JK flip-flop, what condition maintains
the previous output state?

a) J=1, K=1

b) J=0, K=0

c) J=1, K=0

d) J=0, K=1

112. One giga (G) is equivalent to
a) 106 b) 10°
c) 10*2 d) 10%°

113. What is the dimensional formula of

energy?
a) [MLT 2] b) [ML?T?]
c) [MLT '] d) [ML*T ']

114. The Schrddinger equation contains the
term 72/2mV?y. If v (wave function) has
dimensions [L>/?], what are the dimensions of

Vay?
a) [L7/7] b) [L=/]
c) [L=/2] d) [L /7]

115. How many significant figures are in the
number 0.00340?
a2 b)3 c¢)5 d)4

116. When adding numbers with different
significant figures, the answer should have

a) The same number of significant figures as the
number with the most significant figures

b) The same number of decimal places as the
number with the least decimal places

c¢) The same number of significant figures as the
number with the least significant figures

d) One more significant figure than the number
with the most significant figures

117. What is 0.000506721 written to two
significant figures?
a) 0.00050
c) 0.00049

b) 0.00051
d) 0.00052

118. Which configuration will give the lowest
total resistance?

a) Two 100Q resistors in series

b) Two 100Q2 resistors in parallel



c) One 100 resistor alone
d) Three 100Q resistors in series

119. Which assumption is NOT required for
least squares regression?

a) Linear relationship between variables

b) Independent observations

c¢) Normal distribution of residuals

d) Equal spacing of x-values

120. What phenomenon characterizes the
Geiger-Muller region?

a) Partial ion collection

b) Complete avalanche throughout the gas
c) Linear energy response

d) Minimal gas amplification

121. What is the typical operating voltage
range for an ionization chamber?

a) 1000—2000V b) 800—1000V

c) 150-300V d) 2000—-3000V

122. The bubble chamber operates using
a) Supersaturated vapor

b) Superheated liquid

c) Compressed gas

d) lonized gas

123. What is the primary advantage of using
pulse height analysis in radiation detection?
a) Faster counting rate

b) Lower power consumption

c) Energy discrimination capability

d) Better timing resolution

124. The ideal gas equation PV=nRT is an
example of

a) Boyle's law

c) An equation of state

b) Charles's law
d) Gay-Lussac's law

125. A plane has Miller indices (31 0) in a
cubic crystal of lattice parameter a. What are
the intercepts of this plane on the
crystallographic axes (in units of [A]?

a) a/3,a, o

b) a/3,a/l, al0

C) 3a,a,
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d) 3a,4a0

126. In a cubic crystal, the set of planes
equivalent by symmetry to (200) is:

a) (200), (020), (002), (200), (020), (002)
b) (200), (220), (111), (200) only

c) (200), (020), (002) only

d) (200), (020), (002), (222)

127. There is one atom per primitive unit cell in
a BCC structure and the valency of the atom is
one. Find the nature of the solid:

a) Metal

b) Insulator

¢) Semiconductor

d) None

128. Which of the following materials is a
direct band gap semiconductor?

a) Silicon

b) Germanium

c) Gallium Arsenide

d) Carbon

129. Which of the following statements about
the Kronig-Penney model are correct?

1. It assumes a periodic potential.

2. It explains formation of allowed and forbidden
bands.

3. It uses a delta-function potential.

4. It only applies to metals.

a) 1, 2, and 3 only

b) 1 and 2 only

c) All 4 statements

d) 2 and 4 only

130. For a non-linear molecule, how many
vibrational modes are present?

a) 3N-5 b) 2N-5

c) 3N-6 d) N-1









