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SECTION A

L. Answer any three of the following -

Cal

Two identcal spherical ball: are placed on the same horizontal

line. Ore of the balls is stationary and the other one ig moving

towards it with a speed of 10 ms-L After the collision. ihe
cdirection of each ball makes an angle of 30" with the original line
of metion. Calculate the speeds of the two balls after the collision

and also show that the collision 1s an inelastic one.

A liguid of mass 2m is divided into two equal portions, each having
a mass equal to m. The two portions of tie liquid are then raised
to two different temperatures T, K and T, K and mixed with cach
other. Calculate the toral change of entropy of the universe,

A string of length 60 em Swed at both the ends is vibrating to
form a srationary wave which can he mathematically represented
bv the equation

N e
Vo= o4 osin - X | cos 196 x|
) | 15 7]

|

Find the

1 maximum displacement of a point at ¥ = 100 em:
1 positions of the nodes aleng the string
M veloeiry of a particle at ¢ < 150 em ard at t = 025 5 and

‘vl oequations of the component waves which constitute the abnove
stationary wave.

A Fraunhoffer  diffraction pattern is formed by a slit of width
003 cm. I the wavelength of light used in the experiment is
58090 A caleulate the angles at which tie first dark band and the

next bright band are formed.
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A nucleus with a toval charge Ze is stationary at a particular
point. An o-particle of mass m and charge 2e is approaching the
nucleus with a velocity v, Show that the Rutherford scattering
angle o iz glven by
r
N TR O
0= 2 [;111 1 . a

where v 1s the Impact parameter.

A thermally insulated cylinder is divided into two compartments by
a porous plug and is fitted with two non-conducting pistons. The
cvlinder contains a gas which is subjected to Joule - Kelvin effect.
Assuming that the gas obeys Van der Waal's equation, derive

conditicns for heating effect, cooling effect and no effect.

Jhow tiat the locus of a point in the bright fringe of the
interference pattern formed by Young’s double slit experiment, is a
byperbuia. Hence, determine the width of any two consecutive

hright fringes.

."X
height I from the earth's surface. Deduce the expressions for the

atetiite Is rotating in a circular orbit around the earth at a

]

orbital veiccity v and the orbital period T in terms of h, g and R,
the radins of the earth. Also, show that the conservation law of

angular momentum holds good here.

What wzre the assumprions made by Planck for introducing his
quantum theory of radiation ? Obtain an expression for the average
energy of an oscillator in terms of h, v, k and T where all the

symbols have their usual significances.

You are given a beam of light of unknown polarisation. Outline a
complete scheme of analysis to determine the state of polarisation

of the given beam of light.
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4. {2y A rod at rest in a reference frame S has a length [ and is inclined

at an angle o to the x-axis. Find the

(1y  ltergth of the rod a: measured by an observer in another
frame 5" moving ar a speed v relative to 8§ along the

(x — x'J-axis;

a

L]

tiyangle of inclination to the x-axis as measured by the observer,

by What is the probability thz: the speed of an oxygen molecule will
lie between 995 and 1003 ms! at 200 K

tec)  Two coherent scurces of light having intensities I, and I, are

superposed to produce interference fringes. If I, = 6415, what is

the ratio of maximum to m‘nimum intensities °

www.upscportal.com
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SECTION B

5. Answer any three of the following :

(a) Two particles of masses my and m, and velocities uy and kus
&k = 0; make an elastic collision. If the initial kinetic energies of

11
. - ]

the two particles are equal, what should be the ratios |— | and
C s
L )

‘my . ] o

| —> 1 so that ny will be at rest after the collision 2

| m,

2

(b The amplitude of an oscillator having a time period of 3 s decreaszes
by 5% during each cycle.

(i) By how much does its energy decrease in each cycle 7

(ii; Find the values of the time-constant and the Q-factor.

i Find the resonant frequency at which the displacement amplitade
will fe muasimum for the forced harmonie caeillations o nave

. - . . 1
equal displacement amplitudes  at frequencies @, = 400 =7+ and

(2, = 600 51

(d, The refractive indices of glass and water are 134 ard 133

rezpectively. Calculate the polarizing angle for a beam of light from

—

Coawvater to glass;
(111 glass to water;

(ii: glass to air: and

fivi air to glass.

6. | For the streamline flow of an incompressible and non-viscous fluid,

D.

establish the following equation
1 2
Proprm + pgh = constant,

where all the svmbals have their usual meanings.

www.upscportal.com
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(b) Two simple harmonic waves having the same f{requency .
amplitudes a, and a, and phase difference ¢ moving in the same
divection are linearly superposed.

(' Find the resultant amplitude A and phase y;
{iin Discuss the results obtained when o = 0 and 0 = 1.

i The refractive indices for the ordinary and the extra-ordinary ravs
in mica are respectively 1.386 and 1-592. What thickness of a mica
cheet will be required to make a quarter-wave plate for a light of
wavelength 5460 x 1078 cm ?

7. (a1 Three particles, each of mass M, are situated at the vertices of an
equilateral triangle of side ‘a’. The only force acting on the particles
are their mutual gravitational forces. It is desired that each
particle moves in a crcle while maintaining the original mutual
separation of ‘@’ Find the initial velocity that should be given to
each particle and also the time period of the civcular motion,

‘b1 Show that, in a Galilean transfurmation, a particle possesses rthe
same acceleration on inertial frames moving relative to each other
with a constant velocity.

ie) Prove that the Fraunhoffer diffraction  pattern is  the
two-dimensional Fourier transform of the aperture function.

s

VWrite short notes on any fhree of the following :
(17 Michelson-Morley cxperiment;

1 Carnot’s cyele;

(iiiy Deleye’s theory of specific heats;

{iv) Beats:

ivi Huygen’s principle; and

(vi) Folography.

www.upscportal.com
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PHYSICS
Paper 2

Pooe D0 Mo [ Maximum Marks - 500

INSTRUCTIONS

Each question is printed both in English and in Kannada.

Answers must be  written  in the wmedium specified
English or Kannada) in the Admission Ticket issued to
voro which must be stated clearly on the corer nf the
orseer hook in the epace provided  for this pirpese. No
credit will be given for the answers written in a medium

afaer than that specified in the Admission Ticket,

Candidates should attempt questions 1 and 5 which are
compulsory, and any three of the remaining questions,

selecting at least one question from each Section.

Al questions carry equal marks,
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SECTION A

1. Answer any fhree of thie folliving
ar Two dsidated charges +Q and +4Q are located at a distance d
apuart. Wlat will be the nagnitude, sign and location of a third
charoe which will keep the system in electrostatic equilibrium 7
b Apply Gauss law to enleulate the electrie field intensity due to a
wnilormly charged non-conducting sphere at ponts
i outside the spheres and
G ar the surfuce of the sphere; and
i inside the sphere.

Qe that the product of upcertainties in position and moementum

o af the order of Plancks constant.
. . . . . T 21 vy L
An elestron is moving with a velocity of 3 < 10" m=" . What 18 the

araiiest pe).ﬁ:&il'lh} Lneertainty in its position ?

0 Tnothe cireuit shosn in the figure below, assumie Thal the poinrs A

S
sl Boare conrected 1ooa hattery and V, = Voo bina the net
reestance between the puints A and B,
D
S S N S _
| r i R SRR
i L
| >
\ -
‘.0‘.——'\———0{ :» ! e — —a B3
i ! < l
| |
1{ h r I;I.' - '
- R S T
i I
9 a1 Srate  and  explain i1 Faraday’s law  and Lenz's law  of
slectromagnetic induction Derive an expression for the coefficient o

nurual mnductance Lotween two colls,
B RN T .
reactor consuries 10 kg of U=7 per dav. Assuming thar

b A nuclear of
eneruy released per U=? flesion is 200 MeV. caleulare

the average
the power produced by the reactor.

www.upscportal.com
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3.t BExphlaun, with a neat cireatt diagram, the operation of a transistor

a= an cmplifier.

o A phorton having a wavelength of 3750 A is absorbed by an atom
whicrh —mmediately  emits another photon of wavelength 5300 A,
Liow much energy is absorbed by the atom in the process 7
\

4. tas A suadght wire AB of length { carries o cwvent 1.0 Calenlate the

rrumetic Held

I+ at a point P owhich iz at a distance / from the point A also,
AP ix perpendicular to AB;

dicoat a point @ which is at a distance ! from A and AQ 1z along
the avis of AB, but on the other side of B.

he o Whint 1voa Povnting vector 7 What s its significance 7 Derive an

vapression tor the Poynting vector.

e Cave a commparative account of the properties of oerays, Beravs and

R R
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SECTION B

50 Answor any fthree of the tollowing -

YA small ball o S M s suspendad from a pivot throuph o 1.s,
nsslosy, extensihle Insulated string of fength /7. If the hall 4.
the pivot ape ghven the sane amount of charge + Q each wige

be: the jime period of the ball for small ozcillatipns »

b What s Raman effecr » Give an L‘fL‘I‘IlEL‘I]EClI‘}' theary of Raman ey

How 15 ip t=eful i the fh:‘tm'mination of molecylar struciure 7
AR electran s MUVINg  in  gnp tnfinitely high ODe-Cimensiyn 1

Petential box of wideh 1 A Caleulate the energy of (i, wlectrng

tel) Distinguish between nirinsic  angd eXNIIIN e semi-conducroy e

explaining tle Phenonienon of conduction ip them.

6oy UL T e < o] POtential srep is defined by

=v, fur x s

(:"fjrlsi-r:['uri11,@;‘ the influence of O particle of cnergy E from the fip S1iio
the baryier caleulare thy reflection and transmizsiog costiiciomts B v
T when B oo Voo Also, find the value of R+ T

=1

-t What were the Postulates mnde by Bohr to explain the Sroctru
hvirogon © Using these Poitulates, calenlare the
U radiioof (he permitted orhys:
Ui velocity of the electron in any orbit:
I energy of the electron in any orbit; and
(v orhital frequency of tho electron.

the Explain the vperation of g Zenep diode. Indicase With a cihrends

diagram how g Zener diode cap be used as a voltage stanitizer

WWW.upscportal.com
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8. {a+ Expluin the phenomenon of ¥ superconductivity. What are  the
important properties of superce2 conductivity materials % State their
11533,

it An  Xeray tube operaling at J kY emits a continuous  X-roy

: R, Ty T lu-t}_l i 1 ; — {}.- } .
spectrum with a short wavelers®gth limit 4 . = 6.310 A Fipq the

value of Planck’s constant.

; : S el o ds wi o on

(ci  Explain the tand theory of solx —d ith the help of 5 fgure showing
the various energy bands. E—=dow can this theory  be

diztinguish conductors, insulato TS and semi-conducrors °

used to
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