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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.

Questions no. 1 and 5 are compulsory and out of the remaining, any THREE are to be
attempted choosing at least ONE 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 (i 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 (QCA) Booklet must be clearly struck off.
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Physical Constants :
Velocity of light
Boltzmann constant
Planck constant
Permittivity of free space

Permeability of free space

Charge of the electron

Rest mass of the electron

Universal gas constant

Universal gravitational constant

Si1 PM-P-PHY

-noisnime:3
c = 3x108 mss
k = 1-:38x 10723 J/K
h = 6627x10734Js
gg= 8854 x 10712 F/m
Wo= 47 X 107" H/m
e = 16x10719C
m= 91x 103 kg
= 8314 J mol 1K1
G = 667 x 101 N m¥/kg?
c = 3x108 m/s
k = 138 x 1023 J/K
h = 6627x1034J s
gg= 8854 x 10712 F/m
o = 47 X 10~ H/m
e = 1:6x10°19C
m= 91x 103 kg
R = 8314 J mol 1 K}
G = 667x 10711 N m¥/kg?
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SECTION A

Tk TS R ¥ T Jeq o se (fafeier) =it <fifSe | srdeam r 1 o Bl
3 AT T&q Ao & IR o1 BT QAT & | BIS st shl T shT FHIHT
Feifa il |

Consider a large stationary cylinder of inner radius R. A smaller solid

cylinder of radius r rolls without slipping inside the larger cylinder.
Determine the equation of motion of the smaller cylinder.

FAWH M 3R TG R ¥ U THUHM 31 Tiet 1 TTecd 1 A51-3x11 o {o1g sdsieh
I I |

Derive the expression for the gravitational self-energy of a uniform solid
sphere of mass M and radius R.

formTereer geamH 1 kg 3R 0-9¢ TRETOT 3 ST T Teh T fomTaeer & 599 2 kg
% Ueh 0T U THAAT & | §EIET o GTETd T 0T Heatdd af SITd & 371 gea|™ M o
ATV 3T U Uehel 0T a41d & | M 3R V Fuifa Al |

A particle of rest mass 1 kg and velocity of magnitude 0-9c collides with
a particle of mass 2 kg at rest. After collision the two particles coalesce
and form a single particle of mass M and velocity V. Determine M and V.

ue f3-ficte wsRw faad™ w2 §, fisie S1sTE 0-12 mm ® 3R ST fetei & o9
IR 0-48 mm ® | Reidl & A T g 15 m ® | I ST TeRRT HT e
600 nm &, d (i) AfdeRor 3feass & < 0, 3R (i) F21a T 3R ToF
Tt o sfter ot gl sa shifse |

In a double slit Fraunhofer diffraction experiment, the slit width is
0-12 mm and the spacing between the two slits is 048 mm. The distance
of the screen from the slits is 1-5 m. If the wavelength of the light used is

600 nm, determine (i) the missing orders of the interference maxima,
and (ii) the distance between the central maxima and the first minima.

T 20 mW ISR E1d 1T 3cq~1 qUTeed 600 nm T TF 1T G T Fcel 2901 T
arafa @ | it i :

(i)  3dor el EdE ¥ TR Sid HeUS WHIZHI i HeT |

(i) U7 O WIS YT ST STeAT 7T e |

A light beam of wavelength 600 nm produced by a 20 mW laser source is
incident on a plane mirror. Determine :

(i)  number of photons per second striking the surface of the mirror.
(i1))  force exerted by the light beam on the mirror.
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Q2.

Q3.

(a)

()

(c)

(a)

o fig fomr forelt siet o 31ef weh foreg 07 o aft@: TfquM 2 | O” W Sfged o Hed
AEU 3A, 5A 3N 6A T | yEI &l % UNa: ARfWE FoME AT % HIE
co1=n,(o2=03ﬁtm3=nﬁlmtiwqﬁa€f@QWml,m23ﬁ'{w3aﬁ
1 I |

A body moves about a point ‘O’ under no force, the principal moments of
inertia at ‘O’ being 3A, 5A and 6A. The components of the initial angular
velocity about the principal axes are ®; = n, o9 = 0 and @3 = n. Find the

components o1, ®9 and o g for large values of time t.

e GTd 3Tad1 aleteh Heferfiad aierr gro fefua 2

2
mi—{+y§§+kx=0;
dt? dt

¥&f m = 0-25 kg, y = 0-07 kg s~1 3 k = 85 Nm~! & | fuff@ Fifsre (i) qem
T TR, 3 (ii) ST ht ST FSH IHHT ST IHeh TTTeh AT o 18T &

ST |
A harmonic oscillator is represented by the equation
2
m Lx +y o= + kx = 0;
dt2 dt

where m = 0-25 kg, v = 0-07 kg s~ and k = 85 Nm™1. Determine (i) the
period of oscillation, and (ii) the number of oscillations in which its

amplitude will become half of its original value.

2RI foh TAREsT TR0 o 3Tefi forega-rarehia aim wfientor fFeer 2 |

Show that the electromagnetic wave equation is invariant under Lorentz
transformations.

Ua TG SH1d UV o U IH o s W U Wik HIEH o Uoh oISt e bt
AT | ASR % e g Trawaes Jeat (IRTies) SHEET oravl & fog T
sTeh I IfSTT | |

Consider a laser system consisting of an active medium placed between

a pair of mirrors forming a resonator. Obtain an expression for the
threshold population inversion required for the oscillations of laser.
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Q4.

(b)

(0

(a)

(b)

(c)

T He — Ne osR ey o forg, afg e1mdt amafed o) = 3 x 1010 51 3fi amshm
T = 300 K , AT Ao, 3T GRHET0T FT BT ST @1 3ATHfT e glo) F FWHM
et sar 8 2

For a He — Ne laser system, what will be the magnitude of Awp which

represents FWHM of the line shape function g(o), if resonant frequency
o= 3 X 101% -1 and temperature T = 300 K ?

ZEWH M 3T ST ‘a’ 3T T B x-3H& o AT 379 Tk foAR & it iofia 9 o
H YU R TET | I8 HIOT G S G TSt el o g e i ar
hifs |

2 Ma2 1 Ma2 = _ 1 a2
(Mg, Iy = 5 Ma?, Iyy = -~ Ma A Iy = - Ma?)

A cube of mass M and side ‘a’ is rotating with angular velocity ® around
one of its edges, which is, say, along the x-axis. Obtain the expressions
for its angular momentum and kinetic energy.

; 2 2 1 9 A | 9
(leenthattheIXX=§Ma, IYX=_ZMa and IZX“_ZMa)

AT eI n % Tk et § Ffid @1ers ¢ & ue 7ie o i fifsre | 9 s
fo 3wk 2 gs3i i ka1 % TG R, 3R R, & | <\ I b Afdaw (3e)
e

Consider a thick lens of thickness t made of a material of relative

refractive index n. Let R; and Ry be the radii of curvature of its two
surfaces. Obtain the system matrix of the lens.

AT ny IR AIE h FH TF GHad TR hed ¥ 8 a1t 98l a1 &l
AISIE SR e o 958 § &1 dTefl et qlradehar o g sisteh i eafe i |
Consider multiple reflections from a plane parallel film of thickness h

and refractive index ny and derive an expression for the total reflectivity
from the surface of the film.

Teh ZHH M, TS [ 3R TS r o 319 F9e (¥ Tl G0H vl [ 3 qu
V0 I e, SRl ¢ Ta-gW 3R 0 A& 0T 7, F TF goh GEd F9H GRT
fcreTiaa foram ST 2 | Afe @iaet 9 1 el STSeTE 36 ST JHoard il
21 TAT &, A1 36 FoAHH § aerd ST T 3TTeha ey | 71 Siiforg fof 7a ek il
SfcreeTiia e T 9aTe T 2 |

A solid shaft of mass M, length / and radius r is to be replaced by a
lighter hollow shaft of the same length / and having the same ratings of
/0, where t is the couple and 6 is the angle of twist. Estimate the
percentage reduction in mass of the hollow shaft if the outer radius of
the shaft is twice the inner radius. Assume the material of the new shaft
is same as that of the replaced shaft.
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Q5.

(a)

(b)

(c)

(d)

@us B

SECTION B

I T % Tk ATewt Seeh T (z = 0) ¥ 1 m I W Id 5 nC F 0
foreg e =1 <fifSIC | @ forg (2, 2, 0) m W forga-am Fra HifSg 3 awifsy fo 7=
HHA o TIEd ¢ |

Consider a point charge of 5 nC placed at a distance of 1 m from a perfect
conducting plane (z = 0) of infinite extent. Find the electric field at a
point (2, 2, 0) m and show that it is normal to the plane.

HHFHAT & § T4 T 50 B i T JIATHR FSeit T f50E 0-5 m x 04 m F |
584 1-5 A o faga amr yefed 2idt @ | afe o o g 89 B = 0-1 T 36
ST S TR STl & fof bt & o famT et & wwad & |mE 60° 1 T
ST €, o1 rerehi &5 SR HSell Tt SR Set- 31101 T @ 2

A rectangular coil consists of 50 closely wrapped turns and has

dimensions of 0-5 m x 0-4 m. It carries a current of 1-5 A. If a uniform
magnetic field B = 0-1 T is applied such that the direction of the
magnetic field makes an angle of 60° with respect to the plane of the
coil, what is the torque exerted on the coil by the magnetic field ?

TR o g fem 3R fort@is o dieedT M &l Seoia 3T mea hifsre | 21T
HTEOT IR Fro1t T < Frgrei & 5 gt i sgeate hifer |
State and explain Kirchhoff’s current law and Kirchhoff’s voltage law.

Derive these laws from the principles of charge conservation and energy
conservation.

G 10 cm T FARR TSI ¥ T Teh THIR TTgeht GeTiE ot A7afyra form
ST T € | Ffe Gerfier o 31t fopelt &or ot faga-&m 5-0 V- m-1 s~1 it s uftafda
BIAT 2, 1 Wi o 3 e s |ﬁ)| 61 T I |

A parallel plate capacitor having circular plates of radius 10 cm is being
charged. If the electric field at any instant within the capacitoz) changes
at the rate 50 V m~! s71, calculate the magnetic intensity |H| inside

the capacitor.
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(e)

(a)

(b)

Ueh IcshAUIE ST S99 300 K, 400 K 3R 1200 K 9 19 HeRT o 9ref d@fshad # |
IE 1200 K W 9K & F9T & G H 1200 kJ i1 TN haT & 3N 400 kJ T
1 Y2 HAT 2 | 37T 3 YR o 91 FHSAT A= fsharat o1 fAuifa fifse |

A reversible heat engine operates with three reservoirs at 300 K, 400 K
and 1200 K. It absorbs 1200 kJ energy as heat from the reservoir at
1200 K and delivers 400 kJ work. Determine the heat interactions with
the other two reservoirs.

forga am I yafed ot L o Uoh W8 el qI ol Wi | d1 9 gl x T Srafierd
forg P i wfe v A AR

Consider a long straight wire of length L carrying a current I. Determine
—
the magnetic vector potential A at a point P located at distance x from

the wire.

S foh foer o awifar T 8, U 200 V, 60 Hz A5 ¥ g U Auii gfmer § 30 Q
i enfar gfeena o1 vk G, 44 Q %7 U i ufetiees 31 36 Q gfadrer qur
90 Q T JfoT wfaeTa i T Feet & |

Xc=30Q
||
N
200 V
® R, =440Q
60 Hz
FoeAl Xp,=900Q
Ry =36 Q
BICEAISIE

(i) ofger s vrierd oTien
(i) oo gr ramifya v
(iii)  Feelt § afd vl
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As shown in the figure, a series circuit connected across a 200 V, 60 Hz
line consists of a capacitor of capacitive reactance of 30 Q, a
non-inductive resistor of 44 Q and a coil of inductive reactance 90 Q and
resistance 36 Q.

Xc=30Q
| |
|
200V
A’) Rl = 44 Q
60 Hz
Coil with X;,=90Q
Ry =36 Q
Determine :

(i)  Power factor of the circuit
(i1)) Power absorbed by the circuit
(iii) Power dissipated in the coil

(¢) U CHIHIE 19 A F N T[T 3R U O T4 B % Np 3T & TF
ﬁwﬁ?ﬁﬁmwﬁrw%%q,%mgwmﬁagrmmml

(T THATHIV T o T o Hfear e ® g = (2“;:;1"1‘]5 V).

Consider a mixture of N, molecules of a monatomic gas A and Ny
molecules of a monatomic gas B. For this mixture, obtain the Helmholtz

free energy and pressure. (T3he particle partition function for a

2n II;kT }2 V).
h

monatomic gas is q = [

Q7. (a) U Pt ek & 2 wreremsdt o @y wqe § O He (A, B 3R C) € | firest
T fr ST ST Sk TEdEar S ifed it dear faif Hifsg S grewn
(T T ATa AT ATISHH o Forerott o e o6l ferer=rm shifsi |

A ternary system consists of three components (A, B and C) in
equilibrium with two phases. Determine the number of degrees of
freedom using the Gibb’s phase rule and discuss the effect of pressure
and temperature variations on the phase equilibrium.
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) 3 FffEl e fi dgy & w=t five SR aret 9w Fi T g @
Gnfera s 3 fore Uita foram | ush 1o o shifaes ferieh o € 2 et aTed SHieRT
% Frerdient & uet & 3 fAerdiehi o W ol TUET RIfSTT |
Discuss briefly the considerations which led Van der Waals to modify
the gas equation. What are the critical constants of a gas ? Calculate the

values of these constants in terms of the constants of the Van der Waals
equation.

() U CHaH e B i STded ‘o ¥ e e e i | e o i
gl A S {0 i ot Bsr wfewr ¥ogw sifveaba fag P w
faga-am B frefea i |
Consider a conducting sphere of radius ‘a’ in a uniform electric field E

Find the induced surface charge density on the sphere and determine

_9
the electric field E at a point P characterized by radius vector T

Q8. @ @ gwmﬁ@ﬁgﬁéﬂﬁ)ﬁmﬁﬁ@ammwmw%:

E =10 cos (ot — 100x)} V/m
I SR o 3T e gry 91 i |

_)
In free space, an electric field (E ) is given by the following
expression :

E =10 cos (ot — 100 %)} V/m
Find the angular frequency o and the displacement current.
(i) U FRA-Jrarehiy Tl &1 geehid & (§| = 55 x 1078 T & | @ afew
T QIATOT 1 Y |
An electromagnetic wave has its magnetic field |T3>| =55x 1078 T.
Determine the magnitude of the Poynting vector.

(b) AT FIfNU o6 w1, GraTEET W UH "k o qEEiHE fave ol wefarme
T3t  TREHT ST =TeT | U 5t e fehr o fore vramafien ferver o oai
¥ wrTaE widse i sgeafd e |
Explain why, at equilibrium, the chemical potential of a component must

be the same in all coexisting phases. Derive the equilibrium condition

for a binary liquid-vapour system in terms of chemical potential.
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(0)  SIE-3TGHEI sie et hl SANT stk shfsureht faifertor o forg wieh ferferor fvam <t
e g | Yor-siimg foram & Sgea= Feiehl TRomdt § fohg ger Fies wifeasht
it fir= €, seeht st I |
Derive the Planck’s radiation law for blackbody radiation using the
Bose-Einstein distribution function. Explain how results from quantum
statistics differ from classical results derived from the Rayleigh-Jeans

law.
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