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Instructions for the Candidates
1. Write your roll number in the space provided on the top of this page.
2. This paper consists of seventy five multiple-choice type of questions.
3. 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 the cover page. Do not accept a
booklet without sticker seal or open booklet.

(i) 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.

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 item.

® 6 @0

where (C) is the correct response.

Example :

Your responses to the question of Paper Ill are to be indicated
in the OMR Sheet kept inside the Booklet. If you mark at any
place other than in the ovals in OMR Answer Sheet, it will not be
evaluated.

Read the instructions given in OMR carefully.

Rough Work is to be done in the end of this booklet.

If you write your name 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, you will render yourself
liable to disqualification.

You have to return the test OMR Answer Sheet to the invigilators
at the end of the examination compulsorily and must NOT
carry it with you outside the Examination Hall.

You can take away question booklet and carbon copy of
OMR Answer Sheet soon after the examination.

Use only Blue/Black Ball point pen.

Use of any calculator or log table etc., is prohibited.
There is no negative marks for incorrect answers.

In case of any discrepancy found in the Kannada

translation of a question booklet the question in English
version shall be taken as final.
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PHYSICAL SCIENCE
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Note :

This paper contains seventy-five (75) objective type questions. Each

question carries two (2) marks. All questions are compulsory.

1. Sij and A; represent a symmetric and an
antisymmetric real valued tensor
respectively, in six dimensions. The
number of independent components of

S;and A;are

(A) 20 and 16 respectively

(B) 21 and 15 respectively
(C) 18 and 18 respectively
(D) 30 and 6 respectively

2. The Kronecker delta §'; = 1 !f IZJ in
0 if i#j

3-dimensional Cartesian co-ordinate

system transforms like

(A) atensor of rank one

(B) atensor of rank two

(C) an axial vector

(D) a pseudo scalar

3. The Jacobian corresponding to the
transformation

Xj =X, coshX +ix, sinhX

X} =—ix; sinh + x, cosh %
is given by

(A) sinhy coshy,

(B)
(C) 1
(D)

sinhx— cosh

X, coshy + |x sinh

Paper Il @

4. Given the components of 3-dimensional
Cartesian rank-1 tensors A and BJ., which
of the following is irreducible under
rotations ?

A) A B + AB

B

C

D

AB AB

(
(
(
( AA+BB

)
)
) A
)

5. The Simpson's % rule gives exact

analytic result for the numerical

integration of the function

6. Which of the following numerical methods
is used to find root of a function ?
(A) Runge-Kutta method
(B) Simpson's 3/8 rule
(C) Newton-Raphson method
(D)

D) Trapezoidal rule
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7. The 3 x 3 matrix corresponding to the
transformation of spatial co-ordinates
X—>-Xy—>-yandz > -z.

(A) does not belong to the group O(3)
(B) belongs to the group O(3)

(C) is a continuous transformation of
spatial coordinates and hence,
belongs to a matrix group

(D) does not have inverse and hence
cannot be an element of any matrix

group

8. The number of independent real
parameters characterizing the group

SU(2) are
(A) One (B) Two
(C) Three (D) Four

9. A classical particle is moving in an
external potential field V(x, y, z). Identify
the conserved quantities under the
symmetry operation

o)l

Where R, denotes the 2 x 2 matrix

corresponding to rotation about the

z-axis.

(A) x and y components of linear
momentum; z component of angular
momentum

(B) z component of angular momentum
and energy

(C) x and y components of linear
momentum; energy

(D) z component of linear momentum
and z component of angular
momentum

K-2515
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10. In autonomous Hamiltonian systems one
finds that the fixed points are

A) Stable and unstable spirals

)
B) Elliptic and saddle
) Stable nodes
)

Unstable nodes

11. Ifthe co-ordinate q and the corresponding
canonical conjugate momentum p
undergo a linear transformation :
Q=aq+ppandP=yqg+g§p
The transformation is Canonical if

(A) a5—By=0
(B) a=pand y=35
(C) ad-By=1
D) a=Bp=y=8=1

12. In the Hamilton-Jacobi theory, canonical
transformation (q, p) — (Q, P) is sought
such that the new canonical pair (Q, P)
satisfy the dynamical equations

_HQP) 5 _,

P:
) Q

oH(Q,P)

(B) P=0,Q= P
(C) P=0,Q=0

_ HQP) _ 2HQP)

) P
Q oP
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13. Lagrangean of a simple pendulum is given
by L= % mlzé)2 —mgl(1—cos0) . The

Poisson bracket between g and § is
given by

14. The function F(q,, P)) = q.P, where g, are
the old generalized coordinates and P,
are new generalized momenta,
generates the transformation

(A) g, >Qandp — P
(B) 9 —»P.andp— Q
(C) g, >-Q.andp.— P
(D) g »-P.andp — -Q

15. Conservation of energy is a

manifestation of

A) Isotropy of space

C) Inhomogeneity of time

(A)
(B) Homogeneity of time
(C)
(D)

D) Homogeneity of space

Paper Il
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16. If an observer measures an uniform
electric field of 4 wunits (CGS)
corresponding to a static charge
distribution and a second observer,
moving relativistically with respect to the
first observer, measures an electric field
of 5 units. The second observer should
find a magnetic field of strength

(A) 2 units
(B) 1 unit

(C) /41 units
(D) 3 units

17. Under the transformation C : q ——q

(charge conjugation), p- 7 _s _ Y (parity)

and T :t ——t (time reversal), the force
on a particle of charge q, subjected to an
external electric and magnetic fields gets
transformed to

9
vx B

(A) a| E- c

K-2515



18.

19.
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A current carrying loop lying in the plane
of the paper is in the shape of an
equilateral triangle of side a. It carries a
current | in the clockwise sense as

viewed from above. If k denotes the
outward normal to the plane of the paper,

. —>
the magnetic moment m due to the
current loop is

(A) = aik

®) m=-Yjallk

(C) r_ﬁzﬂazlk
2

(D) r_ﬁ:—%azlk

In an inertial frame of reference, it is found

N
that the electric field E(r,t) and the

%
magnetic field B(r, t) are perpendicular
to each other at all points i.e.,

—> -
E(r, 1) B(r, t)= 0. If the fields observed
in some other Lorentz frame of reference

== —>
are denoted by E'(r', ) and gy’ 1)
- -
(A) E'||B’ atall points
- - )
(B) E’-B’=0 at all points

- -
(C) E'-B’>0 at all points

- - .
(D) E'-B’<0 at all points

20.

21,

22.
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A charged particle with charge q and
mass m is given an initial velocity v, in
the X-direction in a region, with an electric

field E also in the X-direction and a

magnetic field E in the Z-direction. The
Y-component of the velocity after

t= (“%qBj will be

(A) -V, + E/B
(B) zero

(C) 2E/B

(D) -V, - E/B

Total power radiated by an electric dipole
is proportional to w" (w denotes the
frequency). The value of n is

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

The cutoff frequency of a transverse
electric mode TE,, in a rectangular wave
guide (specified by the sides a, b of its
rectangular cross-section) is given by

21/u8 \ a

1 | 2 N 3
2./ue a® b2

: Jﬁ
2./ue a® b2

1 | 9 N 4
2./ue a® b2

(A)
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23. The first excited state of the hydrogen
atom, in the presence of spin-orbit

coupling term H o §f is denoted

spin-orbit

25+1 _ _ 1 _
byn3+lj,wheren_2,s_/2,I_0,1

and j = yz % As a consequence of
spin-orbit coupling it is found that

2p
yz states are

() "S5 Py

degenerate

(B) S and P states split, but ZP% and

2 .
Pyz states are still degenerate

(C) The energy of 23% remains

2 2
P P
unaltered, but 3 and JA states

split into two
2 S 2P
(D) JA and JA have same energy

2
and are above the P% level

24. The relativistic Klein-Gordan equation

(A) is not covariant under relativistic
Lorentz transformation

(B) could result in non-positive
probability density

(C) always results in non-positive
current density

(D) successfully explains hydrogen
energy spectrum with relativistic
corrections

Paper Il
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25. The Heisenberg equation of motion
dX 1 [ ]
in

with the Dirac

Hamiltonian H = C.p +pmc? results in
the identification of the following velocity
operator of a free relativistic electron

(A) 3/m

(C) CB

26. The Dirac Hamiltonian H= Ca.p+ pfmc?
commutes with

27. In the Dirac's relativistic theory of
hydrogen atom, the first excited states
with total angular momentum and orbital
angular momentum quantum numbers

i=Y ()1=0and i)l =

(A) have different energies
(B) are degenerate

(C) agree with the non-relativistic
Schrodinger treatment of hydrogen
atom (with spin-orbit term added)

(D) agree with the non-relativistic
Schrodinger treatment of hydrogen
atom, without spin-orbit coupling
term

K-2515



28. The expression [p—qA}x[p—qA},

where 5 is the linear momentum
operator, K denotes the vector potential,
simplifies to
(A) ingB
(B) —ingB
(C) ih pxB
(D) —ih pxB
P

(Giventhat B = Vx A )

29. The Dirac matrices o.,,o,,«, and 3 are
transformed into new matrices

a, = TocXT+, OC;, = TOCyT+, al, = TocZTJr
and p'=TpT*, where T is a unitary
matrix. The new set of matrices

(A) Do not have the same eigenvalues
as those of old matrices

(B) Are not Hermitian, like the old set of

matrices
(C) The new matrices are antihermitian

(D) The new matrices obey

12 2 12 _ n2 _
ay =ay =a; =" =I

K-2515

Total Number of Pages : 16

30. Tr [OCXOCyOCzBOCXOCyOCz B] for Dirac
matrices simplifies to
(A) 1
(B) 2
(C) 0
(D) 4

31. Which of the following is a first order
phase transition ?

(A) Vaporization of liquid at its boiling
point

(B) Ferromagnetic to paramagnetic

(C) Normal liquid Helium to superfluid
Helium

(D) Superconducting state to normal
state

32. The susceptibility of a diamagnetic
substance

(A) increases linearly with temperature
(B) decreases linearly with temperature
(C) remains constant with temperature
(D)

D) varies non-linearly with temperature

33. Iron possesses the following magnetism
(A) Pure ferromagnetism
(B) Ferromagnetism and diamagnetism
(C) Paramagnetism and diamagnetism
(D)

D) Ferrimagnetism and diamagnetism
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34. In the random motion of Brownian
particles, the Einstein coefficient of
diffusion is proportional to

A

C

(A) T
(B) T°
©T
(D)

Independent of temperature

35. A drunkard performs a one dimensional
random walk. If he starts at the origin, the
probability that after taking six equal
steps, he will be back at the origin is

() 2%,
®) Y54
©) %

©) o4

36. Below the critical temperature, the
number of Bosons occupying a state,
above the ground state varies as

(A) T

(B) 1%
(C) T

©) 1%

Paper Il

Total Number of Pages : 16

37. A silicon diode is used as a transducer
to measure low temperature, where the

following property is measured
(A) Change in energy gap
(B) Change in carrier concentration
(C) Change in forward bias voltage

(D) Change in minority carriers

38. An amplifier whose bandwidth is
100 KHz, has a noise power spectrum
density input of 7 x 102! J. If the input
resistance is 50 KQ and amplifier gain
is 100. What is the noise output voltage ?

(A) 1.183 mV
(B) 11.83 mV
(C) 0.83mV

(D) 118.3mV

39. At the input, an amplifier has a signal
voltage level of 4 pV and the noise
voltage level of 2uV, the signal to noise
ratio at the input is

(A) 2 uV
(B) 8 uV
(C) 4 uV
(D) 0.5 uV

K-2515



40. Grounding problem include
(A) A varying voltage

(B) A varying current and unwanted
voltage

(C) Resistance coupled devices can
have interference through a
common power source, such as
power spikes or brownouts caused
by other devices in a factory

(D) A varying temperature

41. The Fourier transform of a function x(t) is

. d
X(F). The Fourier transform of Fx(f)

will be

A) %X(f)

(B) j2nrfX(f)
(C) =it X(f)

X(f)
i f

42. An FM signal with modulation index m
is passed through a frequency tripler. The
modulation index of the output signal will
be

Total Number of Pages : 16

43. Consider the following statements

1) The bandwidth of the A.M. wave
depends on the bandwidth of the
modulating signal.

2) The bandwidth of the A.M. wave
depends on the modulation index.

3) The bandwidth of F.M. wave, for all
practical purpose, depends on the
modulation frequency.

4) The banwidth of FM wave, for all
practical purpose, depends on the
amplitude of the carrier.

Of these statements, the correct
statements are

44. The ratio of frequencies of the first line of
the Lymann series and the first line of
Balmer series is

(A) 27/5
(B) 27/8
(C) 8/27
(D) 4/27
45. 10723 Am? is approximately equal to
(A) 100 Bohr magneton
(B
(C
(

D) 10° Bohr magneton

1 Bohr magneton

1072 Bohr magneton

)
)
)
)
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46. Electronic spectra of molecules are
observed in the

(A) Visible region
(B) UV region
(C) Visible and UV regions
(D) Infrared region
47. The Lande g-factor for the 3S, level is
(A) 2 (B) 4/3
(C) 172 (D) 3/2

48. The degeneracies of the J states arising
from the 3P, term with spin-orbit
interaction are

(A) 1,3,5
(C) 3,5,7

B) 1,2,3
(D) 1,2,5

49. In HCI molecule, the zero point energy is
0.18 eV, then the energy gap between
the two vibrational levels is

50. You are shown a spectrum consisting of
a series of equally spaced lines. This
could be

(A) The rotational spectrum of CO

(B) The vibrational spectrum of N2

(C) The NMR spectrum of CH4

(D) The Mossbauer spectrum of Fes)SO4

Paper Il
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51. Under the LS coupling scheme, the
possible spectral terms 2s*1L for the
electronic configuration 2s'3s’ are

’S,,, %P;,, °P
A= e Ty
(B) 'S, s,

(C) 1801 1811 3801 381

(D) °S,, °S,

52. The sodium doublet lines are due to

transitions from 2P9/ and 2P, levels to
2 Y%

ZSy level. On application of a weak
2

magnetic field, the total number of
allowed transitions becomes

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

53. For a molecule with principal moments
of inertia |, =, = I< 5, the eigenvalue of
the first excited state of the rotational
Hamiltonian is

(A) n2/2l
(B) n2/1

A S )
© 7,

K-2515



54.

55.

56.
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Packing efficiency in a crystal is

maximum for
(A) BCC
(B) FCC
(C) BCT
(D) SCcC

When the Molten zinc is cooled to a solid
state, it crystallizes in HCP structure. The
number of nearest neighbours of zinc

atom will be

A substance AXBy crystallises in fcc lattice
form in which A atoms occupy each
corner of the cube and B atoms occupy
the centre of each face of the cube. Identify
the correct composition of the substance
AB,.

(A) A,B,

(B) AB

(C) AB,

(D) AB,

57.

58.

C.'L‘F
—-—f
i)
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The structure factor of a single cell of
identical atoms of form factor is given by

Spa =Y 6" (hx; +ky; +1z;), where
j

(x;, ¥;» Z) are the co-ordinates of an atom
andh, k, | are the Miller indices. Which of
the following statement is correct for
diffraction peaks of bcc and fcc lattice

(A) bcc (210

)
fec  (111) (311) (400)
(B) bcc  (200) (110) (222)
fec  (111) (311) (400)
(C) bcc  (200) (110) (222)
fec  (111) (211) (400)
(D) bcc  (200) (210) (222)
fec  (111) (211) (400)

The total specific heat of a metal at low
temperature is plotted as a function of
temperature which is shown in figure
below .

———D
= 4 b
The electronic specific heat can be
obtained from

(A) The slope of the graph

(B) They intercept

(C) Cw. a T=6,(6, is Debye
temperature)

(D) The x intercept
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59. The electrical resistivity of a metal at 300 K
is 4.9 x 108 (Q-m). If the Lorentz number
is 2.45 x 108 W-ohm/K?. The thermal

conductivity of the metal will be
(A) 150 W/m/k

(B) 600 W/m/k

(C) 12W/m/k

(D) 25 W/m/k

60. It is difficult to determine the Hall
coefficient for a metal as compared to a

semiconductor because, the
(A) Hall coefficient will be too small
(B) Hall voltage will be very high

(C) Hall effect will not be exhibited in a

metal

(D) Lorentz force will not act on free

electrons

61. At low temperature, the Seebeck effect

is mainly due to

(A) Phonons

(B) Electrons

(C) Change in fermi level

(D) Phonon drag of the electron

Paper Il
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62. Due to the breaking of periodicity at the
surface of a semiconductor

(A) Impurity states are created in the
band gap

(B) Doping of the semiconductor takes
place

(C) Surface states are created in the
band gap

(D) Extended states are created in the
band gap

63. In an indirect band gap semiconductor,
for an electron to get excited to the
conduction band only when

(A) a photon of energy higher than the
band gap is required

(B) a phonon is required

(C) a photon of energy higher than the
band gap and a phonon are
required

(D) a photon, phonon and temperature
are required

64. Josephson effect provides a standard for
A) temperature

B) voltage

C)

D)

(
(
(C) resistance
(

energy

K-2515



65. According to shell model, the ground
state spin-parity of 150 is

A 3,
B Yy
©) Y,
(D) 35

66. The nuclear asymmetry energy term in
the liquid drop model is a consequence
of

(A) The Pauli exclusion principle

(B) The short-range nature of the
nuclear force

(C) Saturation property of the nuclear
force

(D) Charge independence of the
nuclear force

67. The experimentally observed spin
g-factors of proton and neutron indicate
that

(A) both proton and neutron are
elementary point particles

(B) both proton and neutron are not
elementary point particles

(C) while proton is an elementary point
particle, neutron is not

(D) while neutron is an elementary point
particle, proton is not

K-2515

(13)

Total Number of Pages : 16

68. If pion-nucleon scattering at low energies
is described by an effective interaction
potential of the form

e
r

Voo & T(m)« T(N)

where T(n),[(N) denote the pion,

nucleon isospin operators respectively.
Here, | denotes the total isospin of the
pion-nucleon system. What is the ratio of

the scattering cross-section o, = % and

G| — yz 9

A Y
3

(B)

©) Y,
(D) 3,

69. '°Be nucleus in its first excited state has
spin-parity 2*. It gets de-excited to the
ground state (which has spin-parity OY)
by v-decay. The multipole value carried
by the y ray is

(A) M2

(B) E1
(C) E2
(D) M1
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73. Which of the following has an internal
structure ?

70. It is experimentally observed that three
of the low lying energy levels of an

even-even nucleus have spin-parity O*, (A) Photon
2* and 4*. The ratio of the energies (B) Muon
E‘%f is found to be ~3.33. This (C) Electron
feature can be explained by (D) Pion

A) Shell model

74. The reaction y »e” +e” (for E, >

B) Vibrational model

2meC2) cannot take place because it

(A)

(B)

(C) Rotational model , )
violates the conservation of

(D)

D) Fermi gas model

(A) Charge
71. Nuclear magnetic moments are (B) Parity

A (C) Charge conjugation

1072 times smaller than
10 (D) Lepton number

B =3 times smaller than

(A)
(B)
(C) 10* times larger than
D) 75. Which of the following is true for g -decay

D) of the same order as the magnetic
of the neutron ? The process
moment of the electron

(A) Violates both parity and lepton

72. Which of the following decay is forbidden ? number conservation

_ _ _ (B) Violates parity, but conserves lepton
(A W >e + v, +V,
number

B) m" > u’+v, (C) Conserves parity, but violates

lepton number conservation
C) n" > e’ +v,
(D) Conserves both parity and lepton
(D) n* 5e"+e +e” number
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