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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 fifty multiple-choice type of questions.

3. Atthe 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 :

() 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.

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.

4. Each item has four alternative responses marked (A), (B), (C)
and (D). You have to darken the circle as indicated below on the
correct response against each item.

Example : @ ‘ @

where (C) is the correct response.

5. Your responses to the questions are to be indicated in the
OMR Sheet kept inside the Paper | Booklet only. If you
mark at any place other than in the circles in the OMR 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.

9. 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 after the examination.

11. Use only Blue/Black Ball point pen.

12. Use of any calculator, Electronic gadgets or log table

(if)

oNe®

10.

etc., is prohibited.
13. There is no negative marks for incorrect answers.
14. 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 SCIENCES
Paper - I

Note : This paper contains fifty (50) objective type questions. Each question carries
two (2) marks. All questions are compulsory.

1. The absolute value of the integral 5. The value of the integral
Fxdr i 1 dz
(P r xdr around an equilateral 9= where the contour C is
triangle of side ‘a’ with the origin at me z -
its cegter is , a circle of radius a # 1, with origin as
(A) a (B) 2a centre is given by
J3 o 5 (A) 1, independent of a
C) Sa (D) na B) 1,ifa>1
(C) 1,ifa<t1and0,ifa>1

2. If F [f(x e "dx, then (D) 0, independent of a

;=
)] = Jon '[of(X)

F2[f(x)] is equal to
(A) f(x) (B) —f(x) 1 1 3

6. Consider the matrix

f(x) + f(—x) A=| 5 2 6. The product of
(C) H(x) D) ——— o _1 _3
df the eigen values of the matrix is
3. The Fourier transform of dx is related to (A) 1 (B) zero
X (C) —1 (D) —6

7. The average value of a function

the Fourier transform h(k) = je""‘f(x)dx
- f(x) = sin x in the interval 0< x<m is

f the function f
of the function f(x) by (A) yz (B) %
@ 6 ) [hiak : 4
dk © ¥ D) 4/
(C) =ik h(k) (D) ik h(k) _ _
8. Eigen values of real 3 x 3 matrix
4. The value of the integral (J') z? dz, where (A) must have at least one of the eigen
c values real
Cis a unit circle, is (B) must be all real
C) must have at least two real eigen
A) 1 B (
() /3 (B) zero values
3 .
(©) 2ni (D) ZA (D) .must. have all three eigen values
imaginary

Paper I (2) K-2517



9.

10.

11.

12.

13.

14.

A 3 x 3 matrix has eigen values 0, 2 + i
and 2 —i. Which of the following
statements is correct ?

(A) The matrix is Hermitian

(B) The matrix is unitary

(C) The matrix is singular

(D) The matrix is non-singular

There are 40 persons in a room all
born in the month of April. The
probability that at least two of them
share the same birthday is closest to
(A) 0.4 (B) 0.7

(C) 0.8 (D) 0.9

A particle of mass m is thrown upwards
from the surface of the earth with initial
velocity components u,, u, along the
horizontal and vertical directions,

respectively. The trajectory therefore is

given by x() = u, t, y(t) = ut- %gtz.
The instant of time at which the

acceleration and velocity vectors are
perpendicular to each other is given by

(A) u,/g (B) u,/g
(©) |u-u,|/g (D) (u,+u,)/g

The phase curve of a freely falling body
under gravity is

(A) ellipse (B) hyperbola

(C) stable node (D) stable star

The fixed point of a one-dimensional
harmonic oscillator obeying the
dynamical equation X + w?x =0, is
(A) unstable spiral (B) saddle

(C) stable spiral (D) elliptic

A planet is revolving around a starin an
elliptic orbit. The ratio of the farthest
distance to the closest distance of the
planet from the star is 1.5. The
eccentricity of the orbit is given by

(A) 1.5 (B) 0.2

(C) o (D) 0.4

K-2517

15.

16.

17.

18.
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If a particle experiences a force F=rr
(where Tt denotes the instantaneous
position vector of the particle) the force
is identified to be

(A) central and conservative

(B) non-central and non-conservative

(C) non-central and conservative

(D) central and non-conservative

2
The Lagrangianis L = 1/1 + (%] ,

where y(x) is a function of x. The
stationary condition on the action,

X2
S= JL dx with fixed end points Xx;, X,

Ieads1 to one of the following
expressions with a, b constants.
The correct option is

(A)y=ax+b (B)y=ax’+b
(C)y=ax+b (D)y=aX+b
A particle of mass m is subjected to
one-dimensional potential

V(x)=- T 4 %x“ . If the particle

executes small amplitude oscillations
about the minimum of the potential
the frequency of oscillation is,

[A and k are positive constants.]

R ®)
©) M ©) {2/,

The elements of a moment of inertia tensor
of a rigid body expressed as a 3 x 3
matrix in the body fixed co-ordinate

I,b, 0 O
systemas, I=| 0 21, I, |, where
0 I, 2I,

I, > 0 the rigid body is
(A) spherical (B) symmetric
(C) asymmetric (D) hyperboloid

Paper I



19.

20.

21.

22.

Which of the following gives valid upper
and lower bounds on the angle 6
between the angular momentum L and
the angular velocity @ of a rigid body ?

(B) 0<0<3m)

(C) 0<6<7T. (D) 0<6<T/

Volume of a sphere is V, in its rest
frame. Its volume V in an inertial frame
moving with a speed c/2 along x-axis
relative to the rest frame is

(A) V<V0 (B) V=V0

(©) V=2V0 (D) Voo

(A) 0<06<m

The electric flux through any closed

surface is a measure of

(A) the total charge inside the surface

(B) the total charge outside the surface

(C) the total charge at the surface

(D) the total charge, both, inside and
outside the surface

Which of the following Maxwell’s
equations need modification on
assumption of the existence of the
magnetic monopoles ?

(A) V.D=p (B) V.B=0
- - 0B . -~ - oD
C) VxE=-— (D) VxH=J+—
(C) Vx 5 () o
23. Match the following :
P) Biot-Savartlaw 1. (_ﬁl?.alzo
- dIxF
Q) Gauss’ law 2. dB=1 chZ
R) Ampere'slaw 3. V.E=p/e,
S) VxE=0 4. VxB=p,J
(A) P-2,Q-1,R-3,S-4
B)P-1,Q-3,R-4,S-2
(C)P-2,Q-3,R—4,S—1
(D) P-4,Q-2,R-3,S-1
Paper I
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26.

27.

28.
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A plane polarized light is refracted by a
dielectric medium of refractive index, [L.
If the angle of incidence is i=tan~'u , the
angle of refraction is

(A) r=m/2 (B) r= tan"'pt

T -1 1
(C) r:E—tan W (D) r=n—tan'p
A parallel plate capacitor is filled with
insulating material of dielectric constant,
€,. As a result, the following effects are
observed
(A) the dielectric will reduce electric field

and potential difference
(B) the dielectric will reduce electric field
and increase potential difference
(C) the dielectric will increase electric
field and the potential difference
(D) the dielectric will not alter the electric
field and the potential difference

The electric field in a source free
region is given by E = xi + byj.
The value of b is

(A) -1 (B) 0

(C) 1 (D) e

Consider three charges 2q,—q, —q kept
at (0, 0, a), (0,0, 0) and (0, 0, —a). The
electric dipole moment is

(A) zero

(B) 3qga along the z-axis

(C) ga along the z-axis

(D) dependent on the origin

An electrostatic field is said to be
conservative, when

(A) divergence of the electric field is zero
(B) curl of the electric field is zero

(C) curl of the electric field is equal

(D) the Laplacian of the electric field
is zero

K-2517



29.

30.

Magnetic field of an infinitely long
ideal solenoid of radius R, carrying a
current 1

1
(A) is constant inside and decays as .

outside the solenoid

(B) is constant inside and decays as
exp(—r) outside solenoid

(C) increases radially (i.e. proportional
to r) inside and zero outside the
solenoid

(D) is constant inside and zero outside
the solenoid

The electric field of an electromagnetic
wave (in Sl units) is given by

E =2XE, sin l:(ct + z)%] +

3y E, sin l:(ct +2) %] _

The magnetic field of the
electromagnetic wave is

(A) B=x(E,w)sin [(ct +2) %] +

y (2E,w) sin [(ct +2) %]

(B) B=% (2E° )sin [(ct + z)%] -
y [2§° )sin [(ct +2) %]

©) é=—ﬁ[3'§° )sin[(ct+z)%]+
y [2E° )sin [(ct +2) %]

(D) B=% [35° )sin [(ct +2) %] -
y [2E° )sin [(ct +2) %]

K-2517
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32.

33.

34.
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The expectation value of the z

co-ordinate (z) in the ground state of
the hydrogen atom (wave function of

-
which is given by y(f)= Ae /a0 , Where
A denotes the normalisation constant
and a, is the Bohr radius), is
(A) a, (B) zero

©) 24 (D) 2,

A particle is placed inside a one
dimensional box with rigid walls. The first
excited state energy of the particle is
4 eV. The ground state energy is

(A) 2eV (B) 3eV

(C) 1eVv (D) 0eV

If the wave function in momentum space

is given by o(P)= , (o is a

P2 4ol
constant) then the corresponding wave
function in the configuration space (aside
from a multiplicative constant) is

~o%x/a (B) cos (P%)
(D) efoc\x\/h

(A) e

© sinP%;)
The eigen state of momentum p with

eigen value |3o for a particle of mass m
in momentum representation is

Paper I



35.

36.

37.

38.

If operators A, B commute then, which
one of the following is true for their
common eigen state.

AAAB>%
AA — AB %0

AA+AB>0
D % indet inat
(D) AB 'S indeterminate

The first excited state of a two
dimensional harmonic oscillator under
the potential

V (x, y)—lmw (x2 + 4y?) is
(A) 2 hw (B) 3 hw
C) 3% nw D) %5 hw

The wave function of the hydrogen
atom is given by

]
|‘If> = ﬁ (Wat0 + Wat0 + Wazo) where

Vume are the energy eigen functions.
This state is an eigen state of

(A) linear momentum PZ

(B) linear momentum PX

(C) orbital angular momentum LZ

(D) orbital angular momentum L

At a given instant of time, a rigid rotator is

3
An sing sin¢d.

A measurement of L, in units of 7, will
find which of the following possible

in the state v (6, 0) =

values ?
]
(A) 0 ®) Jo—5
) 1,-1 (D) 1,0, -1
Paper I
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1
Hamiltonian of a spin 5 system is given
by H=—06.B, o.> 0, where B denotes
the external magnetic field. The energy
eigen values are

(A) —o(B, 7B, +B,)

B) o[B, +iB,)

(C) ta|B]

(D) +aB,

Suppose we have two non-interacting
particles, both of mass m in the one
dimensional infinite square well
0<x<a. If the particles are identical

Bosons, then the wave function of the
first excited state, y(x,, x,) is given by

m Z4sin(™94 Jsin(™%4 )
® 2027 Jon ()
)
()
()
()

A quantum system with energy levels
nhaw,n=0,1,2, ... »isin
equilibrium at a temperature T. The
partition function characterising the
system is given by

(A) in ()

_hw 1
(C) [1—9 /KT) (D) m

(C)

(B) e—hw/KT

K-2517



42.

43.

44.

45.

46.

Statistics of indistinguishable particles

goes over to statistics of distinguishable

particles when

(A) the number of states is much larger
than the number of particles

(B) the number of particles is much
larger than the number of states

(C) number of states and number of
particles are equal

(D) number of states are less than
half of the number of particles

A reversible adiabatic process is
(A) Isobaric (B) Isochronic
(C) lIsentropic (D) Isothermal

The average energy for a photon gas

i, where the

KB
energy levels are given by
E,=jiw,j=0,1,2, ..

at temperature T =

Aw
(A) KT G

Aw
(C) 3,KT (D) m

There are 3 possible energy states for
a system of two particles. Assuming
Maxwell Boltzmann (distinguishable
particles), Bose Einstein and Fermi Dirac
statistics, the number of possible states
for the system respectively are

(A) 9,6,3 (B) 9,9,3

(C) 9,3,6 (D) 6, 3,2

N particles are distributed among
three states having energies E = 0,
E = KT, E = 2KT. If the total
equilibrium energy of the system is
1000 KT, the value of N is closest to

47.

48.

49.

50.
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A small concentration of minority

carriers is injected into a homogeneous
semiconductor crystal at one point. An
electric field of 25 V/cm is applied across
the crystal and this moves the minority
carriers a distance of 3cmin 10 U sec.

cm?
of the

The mobility (i” Voll —Sec

minority carriers be
(A) 120 (B) 12000
(C) 33.3x10° (D) 33.3 x 10°

Avalanche photodiodes are preferred
over PIN diodes in optical
communication system, because of
(A) higher sensitivity

(B) larger bandwidth

(C) larger power handling capacity
(D) speed of operation

In 8085 microprocessor system with

memory mapped 1/O,

(A) 1/O devices have 8-bit addresses

(B) 1/0O devices are accessed using IN
and OUT instructions

(C) There can be a maximum of 256
input devices and 256 output
devices

(D) Arithmetic and logic operations can
be directly performed with the 1/0O
data

A diode that has a negative resistance
characteristic is the

(A) Schottky diode

(B) Tunnel diode

(C) Laser diode

(D) Zener diode

(A) 4500 (B) 1500
(C) 7500 (D) 2400
K-2517
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