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PHYSICS (PAPER-])

Maximum Marks : 250

Time Allowed : Three Hours

QUESTION PAPER SPECIFIC INSTRUCTIONS

(Please read each of the following instructions carefully before attempting questions)

There are EIGHT questions divided in two Sections and printed both in HINDI and

in ENGLISH.

Candidate has to attempt FIVE questions in all.
Question Nos. 1 and § are compulsory and out of the remaining, THREE are to be attempted

choosing at W question from each Section.
The number of marks carried by a question/part is indicated against it.

Answers must be written in the medium authorized in the Admission Certificate which
must be stated clearly on the cover of this Question-cum-Answer (QCA) Booklet in the
space provided. No marks will be given for answers written in a medium other than the

authorized one.
Assume suitable data, if considered necessary, and indicate the same clearly.

Unless and otherwise indicated, symbols and notations carry their usual standard meanings.
Attempts of questions shall be counted in sequential order. Unless struck off, attempt of a

question shall be counted even if attempted partly. Any page or portion of the page left blank

in the Question-cum-Answer Booklet must be clearly struck off,
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THIE T 9T c = 3x10%® m/s

e T, k = 1:38x1072 g/K

RSIE AT RRIED h = 6-627x103* Js

T ST Y Tregafiern (RISgT) E; = 8-854x107'2F/m

T ST IO ko = 4nx1077 H/m

ARG H A ' | e =1.6x107° C

Toiag 1 TR e m, = 9:1x1073! kg

b T faais R = 8314 Jmol' K™
CICIECRIE A LAERRIES G = 6-67x10711 Nm?/kg?

Physical Constants :

Velocity of light ¢ = 3x10® m/s
Boltzmann constant k = 1.38x107 8 J/K
Planck constant h = 6-627x103% Js
Permittivity of frec'er space £y = 8.854x107 2 F/m
Pemeébility of free space o = 4m %1077 H/m
Charge of the electron e = 1.6x1071° C
Rest mass of the electron m, = 9.1x107%! kg
Universal gas constant R = 8314 Jmol™ K™
Universal gravitational constant G = 6.67x107" Nm?/kg”
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where M is the total mass, V.,

~ velocity of the particles about the centre of mass and m; is the mass of the
ith particle.

S

is the velocity of the centre of mass, V; is the

10

(c) SSHME 273 m, 1 TF SARM n-eit fameen § wogfA § oiv fwm wsmmm

207m, % TF p-MEE § af| a2 p-teh ) i s AR gl A 91 F@ i)
(m, A *1 form s R)

A charged n-meson with rest mass of 273m,, at rest decays into a neutrino and
a p-meson of rest mass 207m,. Find the kinetic energy of the n-meson and
the energy of the neutrino. (m, is the rest mass of the electron)

(;l) T f3-fore wam A hn w dfda v S mdsm 2 x107° W/ m2 R R R ¥
) A . )
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The intensity at the central maximum observed on a screen in a double-slit
experiment is 2 X 1072 w/ m?. If the path difference between interfering waves

reaching a point on the screen is %, where A is the wavelength of the light used

in the experiment, determine the intensity at that point. 10
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A telescope has an objective lens of diameter 10 cm. Determine whether thig

telescope can resolve two stars having an angular separation of 2-4_%
arc. (Assume the wavelength of starlight as 550 nm)

o
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§ Briefly discuss the Kepler’s laws of planetary motion;,

¢ () A % 9ot 0 W W v IV, = 3R 3, 76 =98 m /52 AR R g #
e R)

Show that the escape velocity V, on the surface of the Earth is given by
V. =29gR, where g=9.8 m/s2 and R is the radius of the Earth, +”
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Two satellites A and B of e orbiting the Earth at@
R and 5R, respectively, where R is the radius of the Earth. Assuming fheir

orbits to be circular, calculate the ratios of their kinetic and potential
- energies.
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g Show that the angular momentum of a rigid body consisting of n particles of
a\! | masses m,, 1 =1,2,3, ..., n rotating with an instantaneous an lar veloci o
about an axis passi&g_t@cmghih&origin O of i '
given by L=1.q, where I is know he inertia tensor,

n as the inertig tensor,

SHE m =005 kg, &M s
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A weakly damped harmonic oscillator consisting of spring-mass system has the

following parameters : ol ol
: -1 N - 4 4”/
Mass m = 0-25 kg, Spring constant k =100 Nm ™}, , v f
Damping coefficient y =1 Nsm ™! Y S &
et
A periodic force F =5cosot (newton) is applied to the system. Determme (i) the
amplitude of the oscillator at resonance and (i) the Q-value of the oscillator. 15 )
—— + §
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Ix
f awﬁqqﬁqmﬁmaﬁrﬁm UHTeHsh 3T FTene foReeet 1 B €7 I Tem
Explain the phenomenon of double refraction. What are positive and
negative crystals? Give their examples. 5
(zygemtmi'cmé 3T 1 A &7 T Wk w9 & Yferd THT 0-2 cm e % T wes frew
RIS (A1) 31t % srgfem Wt ¥ | 2R i (wge) 99 yfva ik am (Awe) 34 3R
T -GSl o T St § 3R 7 x 1075 § @R o H q0med 0-5 um 2, A gEm F 21-(-14 A
Fo 1 ToE iR 4’z 7

What do you understand by optical activity? A linearly polarized light is
propagating along the optic axis of a quartz crystal of thickness 0-2 cm. If
the difference in the refractive-indices corresponding to right circularly
polarized and left circularly polarized beams is 7 x 10°° and the
wavelength of the light is 0-5 pm, calculate the angle of polarization. 10

}mﬁmmﬁaﬂmﬁ Y T A 27 &fvF & foIY -9 Q@ w1 SaErh §7

What do you understand by attenuation in optical fibers? What are the
factors responsible for the attenuation? P20 " 5

(u) #iUF 0-5 dB/km %I 50 km @r=ft T% SER s 3 T et 10 mW < 0% o 49
< R ey 3 & o i ik (TeR) < ToE AR

Consider a 10 mW laser beam passing through a 50 km fiber link of
attenuation 0-5 dB/km. Calculate the power of the laser at the end of
the link. 10

(yy%mmm@@ﬁmmmﬁmﬁmlwmmﬁm@w
argferan % fere wieaa-fagfa Yarfm 6 st A 98w § ==t HifR)

State and explain the Hooke’s law of elasticity. Briefly discuss the features
of stress-strain diagram for the behaviour of a wire undergoing
increasing stress. 10
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Explain the Poiseuille’s equation for the rate of flow of a liquid through a
capillary tube. From this, show that if two capillary tubes of radii n andr,
having lengths L and 1,, respectively, are connected in series, the rate of
flow of the liquid is given by

10
b (@) el e 2 i i s o s (e ) e o
A B @ R T we R T SRR
Write down the system matrix for a

combination of two thin lenses in
paraxial approximation. Hence obtain the focal length of the combination
and the positions of unit planes.

10

(i) 25 cm{ﬁ'ﬁ‘g%‘aﬁlm=m?ﬂhﬁ fi=+10em 3R £, = + 20 cm ¥ 3 72 =59
éﬁ%mﬁsﬁmlmﬁvﬁm{h R T e Rt Rt SRR

Consider a thin lens combination of two convex lenses of focal lengths

fi=+10cm and fa=+20cm, respectively, separated by 25 cm.
Determine the focal length of the combination and the positions of unit
planes. .

(b) @ﬁﬂﬁz%%ﬁuﬁnmmz-4mm%m&600nmatﬁaiéamm%a@ﬁaa\a
I we R} 5-0mﬁ{&mr@mﬁ,ﬁumuﬁmﬁf§rﬁeﬁmaﬁﬁm

The diameter of central zone of a zone plate is 24 mm. If a point source of light
of wavelength 600 nm is placed at a distance of 50 m from the zone plate,
calculate the position of the first image.

10
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ConISId.er thre.e inertial frames of reference O, O’ and O”. Let O’ move with
?)}Te];)i;y “;‘lﬁglziilt;?pect .to O and O” mctve with a velocity V’ with respect to
mation equations al'le 1.1’1 the same d1r<laction. Write down the transfor-
relatiig Tyl tr’e at.mg x:'y, ”z, t”w1/t’h x',y, 2z, t' and also those
between x ’y ;; t’andWIE'h f ,,1,4 ,”z ,t”. Hence obtain the relations

» Y 4y x”, y", z”, t”. (The direction of velocity is chosen
along the x-axis as per convention)

(ii) ARTHSH 36t AR F v swm-m () 15000 km /s %7 & geeht A @ R AR
ﬂ@mﬁmmﬁhmﬁ e qote # A T 550 nm ¥, @ 9eE T a3
HIYT TR G e /87

A galaxy in the constellation Ursa Major is receding from the Earth at
15000 km/s. If one of the characteristic wavelengths of light emitted by
the galaxy is 550 nm, what is the corresponding wavelength measured
by astronomers on the E r

e Earth? J:(ﬁ/ Ag(‘,\[‘:ug()

/-——”—’_t
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5. (a) vﬁt—ﬁaﬁ%sﬁaﬁuvn-«ﬂﬁ,mzcmm@mmv:-zsvaﬂzf=3scque@iw

‘=RV=150V%|W%ﬁs,=3-12ﬂ@ﬂﬁgﬁ%iwﬁmwmmﬁ
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In spherical coordinates, V =-25V on a conductor at 7 = 2cm and V=150V
The space between the conductors is a

on another conductor at 7 =35 cm.
the surface charge densities on the

dielectric for which &, =3-12. Find

conductors.

ML%@WW@%RWW&HﬁW(H)WWI

Find the magnetic field strength (H) at the centre of a square current loop of

side L.

gwﬁﬁm%mmgw%a@mﬁm:ﬁmﬂaﬁwﬁmmwmmm
150 N/c%,ﬁlgﬁi%%saaﬁ i freaa: TdRa R g &N e T e g8 @Y A
27 gl M Th F@H A AR (gt A B 6-37x10% m ?)

The'magnitude of the average eleciﬂcﬂ E?E _rﬁrgiall'ylpresent in the Earth’s
atmospmt above the surface of the Earth is about 150 N/C, directed

radially inward, toward the centre of the Earth. What is the total net surface
charge carried by the Earth? Assume the Earth to be a conductor. (The radius

of the Earth is 6.37 x10° m)
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Prove that the work done by g perfect gas during a quasi-static adiabatic A
ansion is b 8
exp given by QM T
=)
W = ﬂ 1- (.Pi) Y ‘>
v-1 P, x S
where v is the ratig of specific heats 10
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Using Maxwell’s equations, obtain Po1sson S eéquation and

6. (q

Laplace’s equation.
The region ——<—<g has a charge density p=10" cos( J(C/m)
2\_2_0___, 20
sewhere the charge de

ero. Find the electric potential V V and electric
field E from the Poisson’s equation

15
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What is anomalous d dispersion? How does the phenomenon of dispersion
lead to the separati

ion of white light into its constituent colours? .
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(1) sFEems e v B - by e s ) <, s
O Frala &3 ¥ st grb v w1 =i, r < g 3 R o SRR

' )D&dg a uniformly magnetized @of radius a and magnetization

= M, ' = Mo#surrounded by a vacuum region. Obtain an expression for scalar
magnetlc potentxal for r<a.

& 10
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Define internal
energy U, Helmholtz’s function F, enthalpy H, Gibbs’_poten-

tial G and hence i
al ( obtain the four Maxwell’s thermodynamic relations. 20
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How d ’
oes Planck’s law resolve the ultraviolet catastrophe predicted by classical
gy € of an oscillator of frequency

physics? Calculate the average ener
0. 14 -1 _ S

60 x101* s! at T =1800 K, treatingit as (i) classical oscillator and (i) Planck’s
oscillator. et i3

——
%7 g 3 T |

s? Briefly explain. 5
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What do you understand by macrostates and microstate
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(ii) e AT T 7 550 nm %
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caiel

A three-level laser S
the population of the upper level excee

determine the negativ ture characterizin

ight at a wavelength of 550 nm. If
ds that of the lower level by 25%,
g the system. 10

ystem emits laser 1
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_ The wire PQ has magq
: ot in the figure below lel rails se ™
Consider a situation shown norizontal paralle parate 1,

resistance r and can slide on the ano?t}:egligible. A uniform magnetic figly B
a distance I The resistance of rails 18 R connects the rails Outsige

; istance :
exists in the rectangular region a;((j) ?Srszlshed towards right with a speeq |
the field ion. At t =0, the wire ced of the wire pry.
Fi;dI(;i) tl'lx-et:3 gcurrent in the loop at an instant when the sp Qis v

. is instant :
and (i) the acceleration of the wire at this in

e s A

x Px  x

X X
X X X
o R
x | X X X 5
X

xHx x X

X

20

8. (@) (i) ScHoli Tk ¥ R T- s tanfm i wmen Hiv 3 f i $5 B e 6 T s
T Hifsw |

Explain the T-s diagram for the reversible Carnot cycle and hence obtajy,

the expression for the efficiency of the Carnot engine. 10

({) T3 Ao R S Rt e wR O = AT 102 I Y, T AT R

R R T9W AR m gm % 38 T A9EA 300 K & 500 K T Tq0 § 3w v 6
AT IR |

The specific heat of a solid at low temperatures is given by the relation

Cy = AT®, where A is a constant and T is the absolute temperature, How

much heat will be required to raise the temperature of m gm of the solid
from 300 K to 500 K? :

(b) aﬁmmommmx%ﬁﬁamwﬁ%aﬁa@‘mﬁmm%ﬁE,B,DsﬂIH%
for = ot Rl 9 T 6Ra

Obtain the general bound

ary conditions for fields E, B, D and H at a boundary
between two different me

dia carrying charge density 6 or a current density K. 15

. -
(c) ’@WWWE=E,C&,C@ gafedR ream € =4, u,=1 06=03 z-fem #

ﬁaﬁa%um%ﬂﬁaﬁm,‘,u@ﬁ 100 MHz ¥ w19 Sras6i & aik ¢ =

0 q z=—;— (m) W
SHH I AR 1074 (v /m) 3

(i) Tl o ¢ ain 2 % T arearfore; E ¥ =ivs il

(i) TR H % T s R
(ii) ﬁat=10‘8(s)%,3?313®ﬁq‘iaﬁﬁa‘?ﬁaﬁﬁﬁ,aﬁ3x YT e 2|
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A uniform plane wave with £ - 4
X

. =4,
=1,06 =0) in the z x Propagates in a lossless medium €,
Br =55 7 -

direction. Assume that E , is sinusoidal with 2 frequency
100 MHz and has a maximum value of 10*(V/m) at t=0 and Z=¢ i

(i) Write the expression for instantaneous E for any ¢ and 2.
(i) Write the expression for instantaneous H.

. . g — —8 .
(i) Determine the locations where E, is a positive maximum, when t =107

* &k *

2588—540
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