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Instructions for the Candidates

. Write your Roll Number in the space provided on the top of this page.
. This paper consists of one hundred (100) multiple choice type of questions. All questions are compulsory.
. At the commencement of examination, the question booklet will be given to you. In the first 5 minutes, you are requested

to open the booklet and compulsorily examine it as below :

(i} To have access to the Question Booklet, tear off the paper seal on the edge of this cover page. Do not accept a booklet
without sticker seal and do not accept an open booklet.

(ii} Tally the number of pages and number of questions in the booklet with the information printed on the cover page.
Faulty booklets due to pages/questions missing or duplicate or not in serial order or any other discrepancy should
be got replaced immediately by a correct booklet from the invigilator within the period of 5 minutes. Afterwards,
neither the Question Booklet will be replaced nor any extra time will be given.

(ili} After this verification is over, the Test Booklet Number should be entered on the OMR Answer Sheet and the OMR
Answer Sheet Number should be entered on this Test Booklet.

. Each item has four alternative responses marked (A), (B), (C) and (D). You have to darken the oval as indicated below on

the correct response against each itemn.
Example: (3> @ (C (D where (B) is the correct response.

. Your responses to the items are to be indicated on the OMR Answer Sheet under Paper — II only. If you mark your

response at any place other than in the oval in the OMR Answer Sheet, it will not be evaluated.

. Rough Work is to be done in the end of this booklet.
. If you write your Name, Roll Number, Phone Number or put any mark on any part of the OMR Answer Sheet, except

for the space allotted for the relevant entries, which may disclose your identity, or use abusive language or employ any
other unfair means, such as change of response by scratching or using white fluid, you will render yourself liable to
disqualification.

. You have to return the original OMR Answer Sheet to the invigilator at the end of the examination compulsorily and

must not carry it with you outside the Examination Hall. You are however, allowed to carry original question booklet and
duplicate copy of OMR Answer Sheet on conclusion of examination.

. Use only Blue/Black Ball point pen.
10.
11.

Use of any calculator or any electronic devices or log table etc., are prohibited.
There shall be no negative marking.
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PHYSICAL SCIENCES
Paper - II

1. A periodic function f(t} is defined in the interval (- &, wt) as

0 -nm<t<O
f®)=1ov 0<n<n
0

Fourier coefficients (a, and b_ for sine and cosine parts) of the Fourier series
of the signal are

4V
(A) a_=0,b_=0foreven n’, b = n—;c’ for odd ‘n’

4V,
(B) a,=0,b_ = H—;‘;—for even n’, b_ = 0 for odd ‘n’

4V,
(C) a, =2V, a,=0 (forn>0), b, =0foreven n’, b = n—;:for odd ‘n’

4y
(D) a,=2V,a =0(n>0),b, = n—;[’ for even ‘n’, b_= 0 for odd ‘n’

A coin toss experiment is conducted using a biased coin with only 30% chance
of returning ‘head’. The probability of getting exactly 2 heads in 5 trials of the
experiment is

(A) 13% (B) 21%
(C) 31% (D) 44%

Consider a function f{z) = 2z — 3iz? + 4, where z is a complex variable. Which
of the following statements is TRUE ?

(A) f(z) is holomorphic everywhere in the complex plane
(B) f(z) is not holomorphic
(C) f(z) is holomorphic in some regions of the complex plane

(D) f(z) is holomorphic only near z = 0 but not elsewhere

. Matrix A = [g ﬂ , then 4m? - 6m + 5I (where I is the identity matrix) is
(A) m?

(B) 3m?

(C) m? - 6m + 5I

(D) 3m? - 6m + SI




£

5.

9. The residue of the function f(z)= (
Z

The value of the integral G (F)=-[5(x)€”"™ dx where §(x) is the Dirac
delta is o

(A) G (F)=0
(B) G (F) =1
(C) G(F)=F
(D) G (F) = 2xF

. A complex number satisfies the condition z2 + 2z + 1 = 0, then the value of Z

for which the real and imaginary parts are non-zero is,
(A) z=-1+1i

B)yz=-1+2i

(C) z=2+1i

D)z=1+2i

2

Second term in the Taylor series expansion of around 0 is

(A) 1
(B} n
(C) 2n
(D) - n?

n‘+2n+1

Bisection method is used to estimate the roots of n? — 4 = 0 with initial values
of a = 0 and b = 6 (points between which the root is to be estimated). The value
of the estimated root after 5 iterations of the method is

(A) 1.52 (B) 1.875

(C) 2.062 (D) 2.250

4z’ for a simple pole at z = 1 is
Y +2)z-1) plep
(A) O

(B)

= A

(€)

D) 5




10. Value of third order ( n = 3) Laguerre polynomial L(n) atn =1 is
Al _2
-3
B) 2

3
© -3

3
o) 3

11. Which of the following is true for a covariant tensor ?
{(A) It transforms using inverse of the Jacobian matrix
(B) It transforms using the Jacobian matrix
(C) It does not transform under coordinate changes

(D) It transforms as a covariant vector

12. In electrical circuits, the Laplace transform is used to analyze the circuit’s
behavior. If V(s) is the Laplace transform of the time varying voltage what does

the variable ‘s’ represent ?

{A) Frequency of the voltage source

(B) Complex frequency, including to the decay and oscillation
(C) Time variation of frequency

(D) Resistance in the circuit

13. The Coriolis effect is most noticeable
(A) At poles of the earth
(B) At the equator

(C) At mid-latitudes

(D) Everywhere on earth equally




B

€3

14.

15.

16.

A B
A particle of mass m moves under the influence of the potential V(n) = — - o
n

where the constants A, B > 0. The frequency o of small oscillations around the
equilibrium point will be

2A
A) Vo
2B
B Vma
B4
(C) E

At
(D) SmBo

The lagrangian (L) for a particle of mass ‘m’ moving in a central force field is given
by L = % (1"2 +1r? 62) + k , which of the following represents a conserved quantity ?
r
(A) mr26
(B) mré*_ X
2
(C) mr’6”
(D) mr

Consider two masses m, and m, connected by three springs with spring constants
K,, K, and K,, where the masses are free toc move in one dimension.

The number of generalized coordinate for the description of motion are
(A) 1 (B) 2
(C) 3 _ (D) 4




17. For a rigid body, the diagonal components of the moment of inertia tensor
represent
(A) Products of inertia
(B) Principal moments of inertia

(C} Mass of the body
(D) Angular momentum

18. In a two body collision problem of two masses m,; and m, moving with velocities
v, and v, respectively, the velocity of the centre of mass is given by

(myvy +myvy)

o L
(vq +v3) (myv, + mgv, )
S )

19. A rigid rod of negligible thickness has N rotational degrees of freedom in a
3-space coordinate system. Then N equals to

(&) 1 (B) 2 (€3 (D) 4

20. A two dimensional dynamical system is governed by the Lagrangian
L = k? (X + v?) - m?(x + y)°. The Hamiltonian in this case becomes
(A) m*(& + %) + k*(x + y)?
(B) 2K26¢ + ¥?) + m2(x + y)?
(C) 21 +37) + m( + )
(D) m?(x + y)* + K2(%* + y?)

21. In the recent SOLAR mission by ISRO, Aditya L1 is believed to move in a “halo”
orbit around an axis connecting the SUN and the EARTH.
Select the correct statement from below on the “Halo Orbit”.

(A) It is an elliptical orbit in 3-space
(B) It is an elliptical orbit in 2-space

(C) It is a circular orbit in 2-space

(D) It is a circular orbit in 3-space
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22. The Legrangian L(q, q/, t) is defined for all cyclic coordinates. Select the correct
statement from below.
(A) The canonical conjugates pi to gi are conserved
(B) The canonical conjugates pi to gi are not conserved

(C) The energy remains conserved

(D) The applied force remains conserved

23. The time dependent Hamilton-Jacobi equation for a harmonic system described
with two degrees of freedom is given by

ow  Iw ow
A) Hiqy, 95, 93--.9pyy =5 —-.. | +—=0
( ) [ql q2 q3 qn aql aq2 J at

dw dw dw
B) H » Ao, Qa---Qp s , e =0

© H{a;, az)+ ¥ =0

dt
D) H(ql, qz,ﬂ,ﬁ‘ﬂ}iw_zo
dq; 64, ot

24. The proper time (T) in special theory of relativity is given as
dT? = (- c? dt? + dx? + dy? + dz?)
Select the correct statement from the options below.
(A} dT? > O for space-like and dT? < O for time-like
(B) dT? < O for space-like and dT? > O for time-like
(C) dT? < O for space-like and dT? = O for time-like
(D) dT? > O for space-like and dT? = 0 for time-like

25. Electromagnetic wave of wavelength 532 nm, polarized parallel to the plane of
incidence is obliquely incident at an angle of 49° (with respect to the surface
normal) at the interface between two non-magnetic dielectric mediums of
refractive indices n, = 1.33 and n, = 1.53 {em radiation travels from medium
of ri, n, to ri n,). The percentage of incident light which is reflected is

(A} O (B) 5
(C) 7 | (D) 26.4




26. ‘N’ charged drops each of charge ‘q’ and radius ‘r’ coalesce to form a big drop of

radius ‘R’ and charge ‘Q’. If V is the electric potential and E is the electric field
at the surface of the drop, then

2
_ N3

(A) Ebig = N Esmall
3

(B) Vi = N*E e

2

(C) Esmall =N Ebig
2

(D) Vbig =N Vman

27. A beam of linearly polarized light passes through two polarizers. The first is set
at an angle of 45° to the initial polarization direction. The second is set at an
angle of 90° to the initial polarization direction. The fraction of light intensity

after second polarizer is

1 3

) 3 B) g
1

€) 5 (D) O

28. Consider a uniformly magnetized circular cylinder of radius R with its axis
._.)
coinciding with the z — axis. The magnetization inside the cylinder is M = M 2

7o =2 = . .
H(r) and B(r) everywhere in space is
- A
(&) H(T) =0, B(T)=py M2 forr <R
_)
(B) H(T) =0, B(T)=0forr <R
=2 A 2o
(C) H(r) =p Mz, B(r)=0forr<R

= M
(D) H(T) = M2, B(T)=0forr > R




29. A pair of scalar (V) and vector ( A ) potentials are given by

_>
v(?,tJ=o A(F’,t}=— 1 q—,:?
4neg r

Where r is the unit vector along r which of the following is TRUE ?

(A) The pair of potentials satisfy Coulomb and Lorenz gauge conditions
(B} The pair of potentials satisfy Coulomb gauge condition only

(C) The pair of potentials satisfy Lorenz gauge condition only

(D) The pair of potentials does not satisfy either Coulomb or Lorenz gauge
conditions

30. Divergence of Maxwell stress tensor represents
(A) Net force per unit area
(B) Net force per unit volume
(C) Net charge per unit area

(D) Net charge per unit volume

31. Poynting’s theorem states that in a volume containing charges

(A) Work done on charges by em forces = Decrease in energy remaining in the
fields — Energy flown out through the surface

(B) Work done on charges by em forces = Decrease in energy remaining in the
fields + energy flown out through the surface

(C) Work done on the charges by em forces = Decrease in energy remaining
in the field

(D) Work done on charges by em forces = Energy flown out through the
surface

32. A point charge is moving with a speed of 0.1 C (C is the speed of light in vacuum).
It changes its speed to 0.75 C. Ratio of the electric fields of the charge at a point
perpendicular to its direction of motion (After and before increase in speed)
(A) O (B} 1
(€) 1.25 (D) 1.5

-
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33.

36.

Two linearly polarized plane wave fronts with an angle of 60° between their
planes of polarization are superposed. If the intensities of the two beams are
I, =1, and [, = 0.7 I,. The visibility (or contrast} of the resulting interference
fringes is

(A) O (B) 0.25

(C) 0.5 (D) 1

34. On an average the intensity of sunlight received by earth is 1380 W/m?.

The force exerted by sunlight on a perfect reflector of area 1m? kept normal
to it (on the surface of the earth) is

(A) O~N (B) 4P ~ N
(C) 92~ N (D) 184 ~ N

35. The power radiated by a single hydrogen atom, considering it an electric dipole

(electron and proton are separated by a distance equal to one Bohr radius) with
electric dipole moment of 10 x 10~*%m, when subjected to a field oscillating at
frequency & = 10!°> Hz is

(A) 1.1 x 10°¥W (B) 7 x 1074 W

(C) 5.3 x1012W (D) 1.7 x 10°11'W

Electron number density (n) of a laser induced lead-calcium plasma is
102%/m3. The cut-off frequency (y_,, ) for this plasma is

[given € ; = 8.85 x 107"2F/m, m_=9.1 x 103 kg, e = 1.602 x 107? C]
(A) 0.36 x 10! Hz (B) 0.71 x 1012 Hz
(C) 1.43 x 1012 Hz (D) 2.85 x 1012 Hz

37. A subatomic particle produced in a nuclear collision is found to have a mass

such that mc? = 1228 MeV, with an uncertainity of + 56 MeV. If it travels
with a speed of 10® m/s after being produced, how far can it travel before it
disintegrates ?

(A) 1.72 x 105 m (B) 3.51 x 10°m

(C) 4.81 x 102 m (D) 5.86 x 10716 m

L



38. An electron moves in a one dimensional potential well of width 8 A and depth

12 eV. Find the number of bound states present.
(A) 3 (B) 4

(C) 5 (D) 6

39. A pair of virtual particles is created for a short time. During the time of their
existence a distance of 0.35 fm is covered with a speed very close to the speed

of light. What is the value of mc? for each of the virtual particle ?
(A) 243.31 KeV

(B) 12.52 MeV

(C) 140.56 MeV

(D) 281.12 MeV

40. An electron in the n = 2 state of hydrogen remains there on the average time
of about 107® s before making a transition to n = 1 state. Estimate the width of

this line in the spectrum of hydrogen atom.
(A) 3.93 x 10" nm
(B) 1.32 x 10 nm
(C}) 2.74 x 102 nm

(D) 5.41 x103 nm

41. The expectation value of x component of spin angular momentum of a fermion
in state [ 2 J

1-i

(A} 2R (B) #/2
(C) n (D) 3K/2
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42.

43.

a4,

45.

The Hamiltonian of a two-electron system is perturbed by an interaction
o S,.S,, where a is a constant and S, and S, are spin angular momenta of
electrons. Calculate the splitting between the S = 0 and S = 1 states by first
order perturbation where S is the total magnitude of the total spin.

(A) o h?/4 (B) 2 o #’
(€) ar’ D) o A
Estimate the kinetic energy of the particle trapped in a delta function potential
2 2 2
__r d ~ —ad(x) using a Gaussian trial wave function ¥(x) = Ae™
2m dx
b’ n*b
A B} —
® 7 ®) o
b’ b
© S D) 3

A particle of mass m is confined in the potential
V(x)= % mo’x’ forx>0
=q forx<0

Let the wave function of the particle is

v(x)= 715—% +%w,

Where y, and V¥, are eigen functions of the ground state and the first
excited states, respectively. The expectation value of the energy is

3

) = ho B) 15 ho
13

(©) 1o ho (D) % ho

The recoil momentum of an atom is P, when it emits an infrared photon of
wavelength 1500 nm, and it is P; when it emits a photon of visible wavelength

P
500 nm. The ratio of P—" is
B

(A) 1:1 (B) 1:4/3 C)1:3 (D)3:1
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46.

47.

48.

49,

If x and p are the x components of the position and momentum operators of a
particle, respectively, the commutator [x?, p?| is

(A) if (xp - px) (B) 2i (xp - px)

(C) in (xp + px) (D) 2i7 (px + xp)

If S; and S; are the spin operators of the two electrons of a Helium atom, the
value of <§1 . §2> for the ground state is

3., 3., 3.,
(a) -5 7 B) - (o D) 57

The scattering of particles by a potential can be analyzed by Born approximation.
In particular, if the scattered wave is replaced by an appropriate plane wave, the
corresponding Born approximation is known as the first Born approximation,
such an approximation is valid for

(A) Large incident energies and weak scattering potentials

(B) Large incident energies and strong scattering potentials

(C) Small incident energies and weak scattering potentials

(D} Small incident energies and strong scattering potentials

For a system of ‘N’ independent, quantum harmonic oscillators, the canonical
partition function is given by

—Nﬁhm]
_ 2
1-exp (—Bha))N

exp [

The internal energy of the system will be

[ 7o ho } [ 1o Ao ]

(A) U=N_2 er:)(wm)_1 (B)U=N-—+

U=n| @ o exp (_ NQBH(D) —ha) xP (_ Nighm
= — + - —_—
© 2 1 - exp (-Bro) (D) U=N 2 " exp (Phw) -1




- 50. Consider a system with two energy levels E; = 0 and E, = €. The system is in

contact with a heat reservoir at temperature T. With a parameter defined as

B= é , the canonical partition function of the system will be
(A) e (B) ebe

(C) 1+ ePe (D) 1 - ebe

51. Identify the correct statement.

(A) The entropy of a system always increases when it undergoes an irreversible
process

(B) The entropy of a system always decreases when it undergoes an irreversible
process

(C) The second law of thermodynamics follow directly from the principle of the
conservation of energy

(D) The internal energy of an ideal gas do not depend on temperature

52. If the number density of a free electron gas in three dimension 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

53. The Helmholtz free energy (F) for a system of N’ independent harmonic oscillators
in a canonical ensemble is given by

F=NKkT In [ﬁ—?] . What will be the entropy of the system [k - Boltzmann constant,

T - temperature and other symbols have their usual physical meaning | ?

ho
ho

) s= Nk[ln[ﬁ] +1}
ho
(D) S=Nk [ln(—hk%]+l}




54. Consider a triatomic molecule of the shape shown in the figure below in 3

dimensions. The heat capacity of this molecule at high temperature is

[Temperature much higher than the vibrational and rotational energy scales of
the molecule but lower than its bond dislocation energies]

(B) 3k, () %ks (D) 6k,

55. Consider two independent systems of identical particles. The mass of
the particles in system 1 and system 2 are m,; and m,, respectively. Also
m,=4m,. If the densities of these particles (m, and m,) at a given temperature
are equal, which of the following are true for the mean thermal wavelengths
for the particles in the two systems ?
(A) A, = A, (B) A,= 44,
(C) A, =A,/2 (D) A, =24,

56. The maximum value of fugacity of an ideal Base gas is
(A) 1/2 (B) 1
(C) 3/2 (D)

57. The correct range for values of fugacity of an ideal Fermi gas system is

A)0=z < w B) /,<zs®
(C)0=z <=1 D)/, =z=<1

58. Partition function for a gas of photons is given as Inz =%2-g(:3‘3—'£ .
The specific heat of the photon gas varies with temperature as
(A) Coc T '3 (B) C < T2
(C) C T3 (D) C o T /3
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- 59,

Consider a system of N atoms of an ideal gas of type A at temperature T and
volume V. It is kept in diffusive contact with another system of N atoms of
another ideal gas type B at the same temperature T and volume V. Once the
combined system reaches equilibrium

(A) The total entropy of the final system is the same as the sum of the entropies
of the individual systems

(B) The entropy of mixing is 2 N k; In 2

(C) The entropy of the final system is less than that of sum of the entropies of
the two gases
(D) The entropy of the mixing is non zero when the atoms A and B are of the

same type

60. In a thermodynamic system in equilibrium, each molecule can exist in three

61.

possible states with the probabilities %,% and %, respectively. The entropy per

molecule is

1 2 1 1
(A) 5k31n3+§k3 In2 (B) EkB 1n2+gkB In3
o 2 2 D) ~k,In3
(C) 5k31n2+§k81n3 (D} 5 B

Which of the following does NOT pertain to digital systems ?
(A) Binary numbers (B) Calculus of differences
(C) Quadrature shift keying (D) Second order differential equations

62. Find out the differential input voltage (V,,) in the negative feedback amplifier

shown below. Given A = -500, f =-0.1 and V_= 0.1 V.

T~ v
/
p

(A) 0.001 V (B) 0.01V
(C) 0.002 V (D) 0.02 V




63. Which of the following is analog communication ?
(A) Quadrature phase shift keying method
(B) Medium wave radioc communication

(C) Pulse amplitude modulation method
(D) Frequency shift keying method

64. The network shown below is a

VS

=C, ==C,
(A) High pass active filter (B} Band pass active filter
(C) Band reject active filter (D) Low pass active filter

65. The missing counts in the binary irregular counter shown below are

Q2 Ql QO

3l

O
Q-
Q

FF2 FF1 FFO

o ||

(A) 100 and 101 (B) 011 and 111
(C) 100 and 110 (D) 010 and 101

=
>
o
S

—
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66. Find out which of the following is more versatile.
(A) OR
(B) NOR
(C) XOR
(D) AND

67. Thermocouples are
(A} Passive transducers
(B) Active transducers
(C) Both active and passive transducers
(D) Output transducers

68. A solar cell has an open circuit voltage (V) of 0.6 V and short circuit current
(Isc) of 2.5 A and fill factor of 0.7. If the incident power of light on the solar cell
is 20 W, its efficiency is
(A) 2.25%

(B) 5.25%
(C) 10.71%
(D) 14.32%

69. A silicon photodiode has a resposivity of 0.67 A/W at 850 nm. If light of
850 nm is incident on the photodiode and the measured photocurrent is
0.0134 mA, the power of the incident light is
(A) 10 mW
(B) 20 mW
(C) 40 mW
(D) 80 mW

70. The target of X-ray tube is subjected to excitation voltage V. The wavelength of
the excited X-rays is proportional to

(A) (B) V

(C) (D) WV
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71. The emission wavelength for the transition 'D,— 'F, is 3122 A. The ratio of

72.

73.

population of the final states at a temperature 5000 Kis { h = 6.626 x 1073 J S,
Kg = 1.380 x 10023 J K}

(A) 4.02 x 1075
(B) 2.03 x 1075
(C) 9.83 x 10°
(D) 7.02 x 1075

The hyperfine structure of Na (3 2P%) width nuclear spin [ = % has
(A) 1 state

(B) 2 states

(C) 3 states

(D) 4 states

Light of wavelength 1.5 um incident on a material with a characteristic Raman

frequency of 20 x 10?2 Hz results in a stokes shifted line of wavelength
(A) 1.47 pm
(B) 1.57 um
(C) 1.67 pm
(D) 1.77 pm

74. In a laser system transition occurs from higher energy band E, to lower energy

band E,. If the energy widths of the higher and lower levels (AE, and AE ) are
0.01eV and 0.0025eV respectively the coherence length of the emitted laser line is

(A) 0.1 mm
(B) 1 mm
(C) 1 cm

D) 1 m




75. A sample shows an ESR signal at magnetic field 0.2 T and frequency 5.6 GHz.
The f - factor of the sample is [Given p; (Bohr Magneton) — 9.274 x 1072 J/T]

(A) 1.8
(B) 1.9
(C) 2.0
(D) 2.1

76. An atom with polarizability a = 2.5 x 1072? m?3 is placed in an external electric
field of 10° %n Calculate the energy shift due to quadratic stark effect.
(A) 0.39 eV

(B) 0.78 eV
(C) 1.56 eV
(D) 3.12 eV

77. Is the reaction PP - n* n~ allowed
(A) Yes
(B) No
(C) Allowed only under weak interaction

(D) Allowed only under electromagnetic interaction

78. According to liquid drop model, the binding energy per nucleon
(A) Increases with increasing mass number for all nuclei
{B) Decreases with increasing mass number for all nuclei
(C) Remains same with increasing mass number

(D) Increases with mass number and then decreases slowly

79. Which of the following particles has hyper charge Y =0 ?
(A) Proton
(B) Neutron
(C) Pion
(D) Kaon




80. What is the weak isospin quantum number of a left-handed electron neutrino ?

1
(A) O (B) + 5

1

81. What is the quark content of 2* baryon ?
(A) uds
(B) dds
(C) uus
(D} uss

82. A nuclear reactor produces 100 MW of power by fission of Uranium - 235.
If each fission releases 200 MeV how many Uranium atoms must undergo fission
per second to produce this power ?

(A) 3.125 x 1018
(B) 6.25 x 1018
(C) 12.50 x 10'®
(D} 25.0 x 10'8

83. Among all four fundamental forces in nature (gravitational, electromagnetic,
weak and strong), the long range force is

(A) Weak and electromagnetic

(B) Electromagnetic and gravitational
(C) Weak and strong

(D) Strong and gravitational

84. The deuteron has a magnetic moment of 0.857 uN. What does this suggest
about the contributions from the proton and neutron ?

(A) Only proton contributes to magnetic moment
(B} Only neutron contributes to the magnetic moment

(C) Both proton and neutron contribute, but proton’s contribution is
dominant

(D} Both proton and neutron contribute, but neutrons contribution is
dominant




85. For a nucleus exhibiting rotational spectra the energy levels are given by
E, = g_Z;J(J +1)- If the moment of inertia (I) is 3 x10™*"kgm?, what is the
energy of the first excited rotational state ?

(A) 0.11 MeV
(B) 0.22 MeV

(C) 0.44 MeV
(D) 0.88 MeV

86. The primary reason for the short-range nature of nuclear force is
(A} Exchange of virtual photons
(B) Exchange of pions
(C) Exchange of gluons
(D) Exchange of W and Z bosons

87. In the nuclear shell model, what is the primary reason for occurrence of

magic numbers ?

(A) Spin-orbit coupling

(B) Pauli exclusion principle
(C) Coulomb repulsion

(D) Nuclear deformation

88. Determine the spin parity of ‘“Ca20 nucleus in its ground state.

® (%) B (%2)
© (74) o) (%)

89. In superconducting state
(A) Entropy increases and thermal conductivity decreases
(B) Entropy and thermal conductivity decreases
(C) Entropy and thermal conductivity increases
(D) Entropy decreases and thermal conductivity increases
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90. The relation gives the potential energy of a diatomic molecule

91.

92.

93.

_a_,b
(A) o o
a _b
(B) R

(C) ar™ + br®
(D) ar™ - br®

The equilibrium concentration of a Frenkel defect in crystals is given by
E
(A) n, =N exp[— %(T}
(B) n; = NN'exp —E%{T]
i oer| E
(C) n, =NN'exp| - %KT}

, [ 2E
(D) ;= NN'exp _— %{T}

The dispersion relation for electrons in the conduction band of a semiconductor
is given by E = E;, + ak? where a and E, are constants. If @_ is the cyclotron

frequency of the conduction band electrons in magnetic field B, calculate the

value of a.

(a) Po, ®) %
2eB 4eB

€ o ) 2o
eB eB

The crystal structure is NOT studied through the diffraction of
(A) Electron

(B) Proton

(C) Neutron

(D) X-rays




[

94. The graph between penetration depth (A) and temperature (T) is given by

{A) (B)
A Ao
by A
A A
Ao
Ao
(©) (D) \
> T > T

95. At low temperatures (T), the specific heat of common metals is described by
(oo and P are constants)
(A) BT®
(B) aT + BT3
(C) oT? + BT
(D) T3+ BT

96. In order to estimate the specific heat of phonons, the appropriate method to

apply would be

(A) Einstein model for acoustical phonons and Debye model for optical

phonons

(B) Einstein model for optical phonons and Debye model for acoustical

phonons
(C) Einstein model for both optical and acoustical phonons

(D) Debye model for both optical and acoustical phonons




97. The maximum allowed frequency (wy) ___for optical branch in one dimensional
diatomic lattice with force constant K is given by

&) (00) = [QK[ﬁ +iﬂé B) (o), = K(—I\IT 1_111—)]2
(©) (O ) = [%} (D) (01) = %]

98. lonic crystals are excellent insulators at room temperature but become

conductors at high temperatures because

(A) The ions gain more electrons at higher temperatures

(B} The crystal lattice breaks down, allowing ions to move freely
(C) The covalent bonds between ions strengthen with heat

(D) The electrons become more tightly bound to the nuclei at higher

temperatures

99. For an electron moving in a one-dimensional periodic lattice of periodicity a,
which of he following corresponds to an energy eigenstate consistent with
Bloch’s theorem ?

(A) v (x)=A exp(inx/a)(cos2nx/a)+cos(2nx/a)
(B) v (x)=Aexp(inx/a)

(C) w(x)=Aexp(i2nx /a)+cosh(2nx /a)

(D) w(x)=Aexp(inx/2a)(nx /2a+ ir/2a)

100. The nature of the interaction that gives rise to the van der Waals force in a
molecular crystal is

(A) Dipolar (B) Nuclear
(C) Magnetic (D) Quadrupolar
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