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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 compulisory and out of the remaining, any THREE are to be attempted
choosing at least ONE 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.
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Assume suitable data, if considered necessary, and indicate the same clearly.
Unless and otherwise indicated, symbols and notations carry their usual standard meaning.

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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SECTION A

Q1. Tr=feRaa auft wvat & v divTo
Answer all the following questions : 10x5=50

(a) Tk H 6 FHF1, @F a1 AR HIOA Gor & o0 IO THIAT HI, IH
TR ¥ % @1, IRI[GATYEH AiEg |
Write down precisely the conservation theorems for energy, linear

momentum and angular momentum of a particle with their
mathematical forms. 10

(by g & § fag FU fb v o & el Wt 9 1 g AR 0 T b
T S GTY AT hadA Gk HTIN § Yeb1¥l ok a7 hl [A&cII HLdl 8 |
Prove mathematically that the addition of any velocity of a particle to

the velocity of light in free space merely reproduces the velocity of light
in free space only. 10

(0 UH figd av (WE) & GU¥, I ¢gd & Ui gedl &1 i 49 JI
7-292 x 1075 sec! fohe YR & W &A1 8 ? 394w AT 1 Tihed FA il e
Aot fafer st sEmsT | -75;?
How does one obtain the angular velocity of the Earth about the North @
Pole with respect to a fixed star as 7-292 x 107 sec™! ? Explain your "':
method of calculating the above value. 10 T

(d) 20 cm BIHT E;'ﬁ F1 Ueh 3T &9 0-5 mm =SS & Uk @nsg (=) & o1
@l g | afe atnded 5000 A #) U G U1 W@THe W ArEdd AMfad gl "
%’jﬁ F5E If@Esd & gHl AR gy Wil & &9 gysm %1 qiehad 1'
Sh (191U |

A convex lens of focal length 20 cm 1s placed after a slit of width 0-5 mm.

o

If a plane wave of wavelength 5000 A falls normally on the slit, *
calculate the separation between the second minima on either side of the ?

central maximum. 10 g

(e) I H UHh TR HAAGH i &1 {Hehl BIdl 8 ? Tohiid 371G hl =T |
Qudd U o S, dishd cdol ! I} dtailg of WAl 8 ?

What is the role of an optical resonator in a laser ? Why does one prefer |
curved mirrors instead of plane mirrors in designing an optical l
resonator ? 10
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Q2. (a) I Ush JUSHA I53 T P hIV o FUSL o Ueh ohIUl QX Ykl <l Teh HHII
frogs st € aw wwafda it srafda el & e w5 @ it
orsz hifore o6 31T 39 I1EYUUN HI @i Yiad TR 3ead HE H OHH III
2
Find out the angle between the reflected and refracted rays when a
parallel beam of light is incident on a dielectric surface at an angle equal

to the Brewster’s angle. Explain how do you use this concept to produce
linearly polarized light. 10+10=20

(b) WHE A Bl ST HTeH CISY fob BIaTal r13ﬂ1 rzdmamsm ZlaﬂT lzﬁ’r
3 FyAformel 1 T Aot @ g wfd d0g ERd U AT OIS 1 % T
2 &7 AT Tg I BT B

_ ll 32 _
Q = Lr 2l
8 4 4
L I Ty

S8l p At & IR werrel ST § |

Using Poiseuille’s formula, show that the volume of a liquid of viscosity
coefficient n passing per second through a series of two capillary tubes of
lengths I and [/, having radii ry and ry 1s obtained as

€= 8 Z}l N % ’
I o Ty
where p 1s the effective pressure difference across the series. 15

() zwe T geamm M 3 = R i U JOR 56 &1 Fgod i Suh
%ﬁﬁwgﬁkmﬁ%maa%wﬁa:%m2%|

Show that the moment of inertia of a circular disc of mass M and radius

R about an axis passing through its centre and perpendicular to its

plane is % MR2. | 15

Q3. (a) UF TI Ware GiEet, §& & g g’ Ul & Ush ATAGa g9 & Jeh!vid ]
ey |

Draw a neat diagram to explain the scattering of an incident beam of
particles by a centre of force. 10
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(b)

(c)

(d)

Q4. (a)

(b)

(c)

Zwise T Taehel THIVFH STYEY-Ti=ag 38 ThH oAt T ST Hehdll B :

S ds
c(d) = — |,
o sin @ | dO
SIEl s HUE = & 31 § Wehiula @iy B |
Show that the differential scattering cross-section can be expressed as
S ds
0) = — 1,
o0 = Gne | a0
where s is the impact parameter and 0 is the scattering angle. 15

eaige fob uh Foigea 1 form o Fwit 0-51 MeV & (Wit ureei %
4% A1 &l 3T Hig) |
Show that the rest mass energy of an electron is 0-51 MeV (use the

standard values of the physical parameters). 10
| 2
, W : , -
AYGHTF n = \[ -2 ¥ JMed (WUdgd Hiemw i wE) # argha
(W

o = V2 o F T e T % FHeN N GG AW KT I | T o
HGHSH! AT AGRT 2 |

Find out the phase and group velocities of a radio wave of frequency
® = ¥2 @, in the ionosphere (as a dielectric medium) of refractive index

2
4)
n = V1 ,g . Here, oy, is the 1onospheric plasma frequency. 48
®

P

WA & TFEaT Okl AR YA TAAT Sl GRETEG hifsy | @ 3R
g 1 8 7

Define coefficients of viscosity and kinematic viscosity of a fluid. What

are Poise and Stokes ? 10

e g3 &I faflge ot o el 4 @ g9 & Y918 1 {GveN0 S 5 39S
dmTEel 1 Jeerd T |

Write down Poiseuille’s formula and mention its limitations in analyzing
the flow of a liquid through a capillary tube. 10

gl a B yuFHd Hiend giEl £, 3£, % & G TEl & FISA & oI, AR
(#fgam) fatt =1 semTe FXd U, THGed HihE gl JT =hilag |
Using matrix method, find out the equivalent focal length for a

combination of two thin lenses of focal lengths {1 and fy separated by a
distance a. 10
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(d) T e % AU ek fg-wam wrfvds FeR & foft, A=A % A 3R
B TUTih] s Hehodl 1 FHAIA hd §U, &d: 3 IEMYq IoaaA & forg, g

W (eaed) o, 9id The MG TS hi T&AT H I MG hIaT |
SEET Yiaedd (3999) 1 Hgra 50 TR s R % Giha aread |

afedy fsrarfafy 1 SRoT S9a1 € 2

Using the concept of Einstein’s A and B coefficients for a two-level
atomic system under thermal equilibrium, determine the ratio of the
number of atoms per unit volume in the two levels experiencing
spontaneous and stimulated emission. How does the principle of
population inversion lead to the gain mechanism in the active medium of

the laser ? 10+10=20
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SECTION B
Q5. frafeiRga asdt wweit & s i @
- Answer all the following questions : 10x5=50
™ N - p X g
(a) U IqHG E&I0 & A9 Ew u4cd &3 T 8 p(x) = %; &l p,, T Fraa

(b)

(c)

(d)

A ~> . <

AR FAE § | I x = 0 W Agd-&F |E | =03M x =5 W fawg V=07,
- - Tl

dl V3R | E | 5 shilag |

Under one-dimensional configuration, the charge density is given by
Py

p(x) = . where P is a constant charge density. If the electric field

—> >
| E | =0 at x=0 and potential V=0 at x=5, determine Vand | E |. 10

5 om I % UF AEE TR o USS W FA A& 12 nC Gk HAHR I THH
w0 A f9aRa 2 | 35k g5 T 3R et Mo & F3 ¥ r g0 W, T9eamd Hicy

—p _
D STd =hiisid |

A conducting sphere of radius 5 cm has a total charge of 12 nC uniformly
distriblﬂed on its surface in free space. Determine the displacement
vector D on its surface and outside at a distance r from the centre of the
sphere. 10

ws Hiid RLC 9fme &1 gfaa 100 Q o wfeamar 210 Q 8 | afe 39 gftuy
! FHAT-HS dleedl 220 V & THI. Hid 8 d@5g ohal A1dl g, df 9ey ¥
feha+1 371ad Wike (raX) &Rd gl 8 ?

A series RLC circuit has a resistance of 100 Q and an impedance of

210 Q. If this circuit is connected to an a.c. source with an r.m.s. voltage
of 220 V, how much is the average power dissipated in the circuit ? 10

GHM a9 T'oh Q1 et A 3T B 9 T, % amarery § W MW (A T> T, |
M TF & e % 91 gu 8, ofed B Bemed r, e g & 0 % |
&HM — SlogaHM 9l 1 3&ae hid gY, Hutitd I {6 301 8 H-
Mo fafester s gry A4 dsit | Fsa1 @ |

Two spheres A and B having same temperature T are kept in the
surroundings of temperature T,. Consider T > T,. The spheres are made
of same material but have different radii r, and ry. Using
Stefan — Boltzmann distribution, determine which of these will lose
heat by radiation faster. 10
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(e) Ve d1-&t aicd 1 ol Je1-hicad TR 50 atm < @ B9 & @Y a1 & | A
0% ARTHE Y 300°K &, a1 361 Af<H a9 [ sive | (few 7o 3
e aTcd HIa a = 0:136 Pa m® mol™!, b = 365 x 106 m3 mol L,
C,=30J K1 mol~l, R=83J K moll)

A Van der Waals gas undergoes Joule-Kelvin expansion with a pressure
drop of 50 atm, If its initial temperature is 300°K, determine its

final temperature. (Given Van der Waals constant a = 0-136 Pa m® mol™!,
b =365x 10" m?mol~!, C; =30 J K~ mol"}, R = 8:3 J K~ mol™!) 10

W

Q6. (a) TIET YHE I RO FA FTST THIBLT ] ST DHIC | TR T Hildeh
e 8 ?

Derive the equation that represents Poynting’s theorem. What is its
physical significance ? 20

(b) U Tsdl ®¥H 200 kW I A18d ¥ith & €19, @9 ®9 ¥, HGgq-greaia
qUT ! FoMd HE 8 | T98 5 km 1 g R, iUhdn ToT@-83 &1 3iEa
qftaTT 377 <MY |

A radio station transmits electromagnetic waves isotropically with an
average power of 200 kW. Determine the average magnitude of the
maximum electric field at a distance of 5 km from it. 15

(c) UHh HEMD (Ah) qg1d &1 40°C W I 216 50 x 103 Pa 8 | 3q&
YOS 9994916 80°C 8 | I 39 ggrd <l amsw yraeer ¥ 37ey dg i wifd
q= &, 1 9erd o aTedieRtor S I HEHT FTd Shitarg |
The vapour pressure of an organic substance is 50 x 103 Pa at 40°C. Its

normal boiling point is 80°C. If the substance in vapour phase can be
treated like an ideal gas, find the latent heat of vaporization of the

substance. 15
]
&
A ~~ * N r = - :
Q7. (@) T +z % ey 9@ &1 88 & THaa foga-gehE q@1 AT
Aiz<0)IR ATl B(z>0) & &9 z = 0 W &q ofeftw (IR «@
ATISTEd: MYfad & | T & fofu, stad o 3 qrome Tones @ fafor
oy |
N
A plane electromagnetic wave propagating along +z direction is
incident normally on the boundary at z = 0 between medium A (z < 0)
5];_- and medium B (z>0). Determine the reflection coefficient and
: transmission coefficient for the wave. 20
K
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Q8.

(b)

(c)

(a)

(b)

(c)

s RLC &% ufy #, R=2 Q% | whoy & g=fia S, S & wfa armad
HT H 1% FH 8 1l & | I Yrepicreh HufEd Mgfd 2 kHz & | I L
3 ToreT e & HHT Rl i i |

A series RLC circuit has R = 2 Q. The energy stored in the circuit

decreases by 1% per period of oscillation. Its natural undamped
frequency is 2 kHz. Determine the values of inductor L and the quality

factor. 15

i % e A 1 T B 99 ¥ feuT frm 6 sgata Firg
7g fam frm voR @ g @1 ©F dR (WR) % TEE q9 H SFAAE A H
ETIS g1 8 7

Using Planck’s radiation law, deduce Wien’s displacement law. How
does this law enable one to estimate the surface temperature of the Sun

or a star 7 15
fra feu T aftay 4, g 1), 1, 3 1 9H %l Jid Hisg |
In the circuit given below, find the values of currents 1, Iy and I. 15
6V
9 Q
6 Q 3V —/
§ 5 Q
L) Iy

W™ THOE o Tdame ANAHT T E ? Th §gd Gaod! ThHAUl TR H
fpogs W wu W Iafad @ | U g WhUR 1 WER A § A1 AE, AT
gHfyaa = & foe, e aran gfis oty geme |

What, are the characteristic features of Rayleigh scattering ? A very thin
monochromatic beam of light is incident on a particle. Suggest a simple
experlmental method to ascertain whether the scattering by the particle
is of Rayleigh type. _ 20

T Ji-el el W % o, staeen wiften fafay | swifds ger B % ok

%1 fAyito i |

For a Van der Waals gas, write down the equation of state. Determine

the coefficient of critical expansion f3. 15
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