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Question Paper Specific Instructions

 Please read each of the following instructions carefully before attempting quesﬁans

There are EIGHT questmnf; 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, THREE are to be attempted |
choosing at least ONE from each section. '

The number of marks carried by a questwn / part is indicaled agamst 24

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 prour,ded No
marks will be given for answers written in @ medium other than the authorized one. ~

Assume suilable data, if considered necessary, and indicate the same clearly.
Unless and otherwise indicated, symbols and notations carry their usual standard meaning.

Altempls of questions shall be counted in chronological order. Unless struck off, atiempt of a
 question shall be counted even if attempted partly. Any page or portion of the page left blank in the
Question-cum-Answer Booklel must be clearly struck off.
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SECTION A

Q1. frfrfan %t % I AR

Answer all of the following : | - I 10 x5=50

(a)=-'ﬁw3%®3ﬁﬂlﬁ@r%mma p:p‘;a % g WeH 2, &l p, U8 W
Hcd ® M rohg @ g0t R | 3@ A F FWUI, Iqk hg H 2a H W W,
eI &7 F1d AT | -

Po &
| | r
Py is the density at the surface and r denotes the distance from the

, wherc

'The density inside a solid sphere of radius a is given by p =

centre. Find the gravitational ficld due to this sphere at a distance 2a

from its centre. o | 10

by AR T SR I Ok e () q@ d & T g T e -
3 Hefdshg (HeX 31T #rE) H 4§ 7oRd §U Th TG A& & 3o-iq Th TUs
¥ W9 ool @, o awizy £ [ = MR2 + I, 5@l R wes T % "N
e g w1 et afdw & ik M fis w1 zomm 3 1 '

If I and I be the Moments of Inertia of a body about an axis passing

through an arbitrary origin and about a parallel axis through the centre
_>

“of mass respectively, show that I' = MR? + I, where R is the position

vector of the centre of mass with respect to the arbitrary origin and M 1s

the mass of thé body. - ' | - 10
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(c)

(d)

~ _- ()

~ A sphere of radius R moves with velocity u
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‘non-viscous 1deal fluid. Calculate the prés_sure distribution over the
| surface of the sphere. Do you think that a force is necessary to keep the

sphere in uniform motion ?

in an incompressible,
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why it is more difficult to achieve Lasing action at X-ray wavelength

than at infra-red wavelength‘. |

@E@%m'@ﬁﬁmmé@%m,mm.(ﬁﬁ?ﬂé@w)
152 3R firrens (havre) gEFH® 3 0-0017 | I8 dg H 1 km TR &
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hITT |

For a multimode step index optical fibre, the core refractive index is
1-5 and fractional index difference is O- 001 Célcﬁiate the pulse
broadening for 1 km length of the fibre. Over a length of 2 km of the
fibre, calculate the mlmmum pulse scparatlon that can be transmitted

without overlap.

C-DRN-N-RIZA 3

- What is the physical-signiﬁcance of Einstein’s A-coefficient ? Explain |
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Q2.

Q3.

(b)

()

(2)
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Consider a rigid body rotating about an ai:is passing through a fixed

point in the body with an angular velocity ® . Determine the kinetic

| energ}rf of such a rotating body in a coordinate system of principal axis. If

the Earth suddenly stops rotating, what will happen to the rotational

~ kinetic energy ? Comment in detail.

w i3 u frd fomg & 5 sedn @ | sy 1+ e e fag & 3e-fig
Gﬂé;wﬁﬂéﬂaﬁﬂaﬂiw%WHﬁﬂH%ﬂ%aﬁﬂaﬂwmrgﬂw
B |

A body turns about a fixed point. Show that the angle between its

angular velocity vector and its angular momentum vector about a fixed

point 1s always acute.

T 3F I H o fagra =1, Rt seem af augrse | Rl

$ifou foh fopm o 8 TR T/ H TG A B |

1Explain the working principle of a 3-level laser with a specific example.

- Comment on why the third level is needed.

wﬁx-%mﬁ m?aéﬁﬂﬁ%v% a1y s Tt (de) F we i et
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(i) mqﬂaﬁaﬁzﬁﬁmiw%?
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A mirror is moving through vacuum with a relativistic speed v in the .
x-direction. A beam of light with frequency ®; is normally incident |
(from X = o) on the mirroi‘. | |
(i) What IS the frequency of the reflected light expressed in terms of

w;, cand v ? | o

(ii) -What is the energy of each reflected photon ? 25

) WE 3(a) #, R smifia RRons w1 ot wel wwEd P, @/md &, @
Wﬁamwmmmwmv

In quest_lon 3(a), 1f the average cnergy- flux of the incident beam is

P, (watts/m?), what is the averdge encrgy flux of the reﬂectod beam 2 15

(c) qaﬁéaqﬁ,ﬁmﬁ 10 em IATH = T, FEEE SHM gaT 8 lﬁméﬁ
e W wF AR @ R | RF AR F w3 R am R, AR
%ﬁaﬂ?ﬂ%mwﬁm%Hﬁﬁqﬁ@m? .

_.In a certain engine, a plston undergoes vertical SHM with an amplltude

of 10 cm. A washer rests on the top of the plston As the motor is slowly

speeded up, at what frequency will the washer no longer stay in contact

- with the piston 7 10
‘ - | | | | | ; | : | 1 I ;
Q4. (a) FIY &9 & g QNG HU & FhvA (Thefr) Hl goen w == hiflsg 1
_am\q wﬁéﬁ#ﬁ%%ﬂwmmmm@rﬁoﬂﬁm o
1 Hged 8 ? -1
Discuss the problem of scattering of charged particle by a coulomb field. 1
Hence, obtain an expression for Rutherford scattermg cross-scction. f
What is the importance of the above expression ? . 25 '
C-DRN-N-RIZA 5
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(b) o 3rafia s w g Ty (gfeasrm) % ywa & oefiF id @ R |
quigy fb wur R wen (IAffelR) T JEed B | G & SrEIY-H
(erzn i) ) 3 i |

- A charged particle is moving under the influence of a point nucleus.
- Show that the orbit of the particle is an ellipse. Find out the time period
of the motion. | 15

(© U gHaa g fad i (gt feleua 4fén) w faar % ge, @
4 3w Yaifed A B @ A g @, m B e i o s
W%Wﬁaﬁqwé,wa%q¢mﬁﬁm%mﬁnﬂa
w-ﬁm%wmm. ' .

Considering a plane transmission diffraction grating, where d 1s the
distance between two consecutive ruled lines, m as the order number
and 0 as the angle of diffraction for normal incidence, calculate the

angular disperéion j—i for an incident light of wavelength A. 10
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SECTIONB -
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Q5. Fafuifea gt %wzﬂﬁq _ |
Answer all of the followmg - | 0 10x5= 50 -

(a) W am gfﬁzmﬁ gy dw rfesay, v = 2cm%§m%@ﬂaaﬁwé
farzerida gt @ |aﬁfﬁa%ﬁamm@ﬂqﬁ®m 0-1 mm 3N
1 m &, @ ShINT 1 TR F1d I |

‘In a Young double slit experiment, the first bright - maximum 1is
- displaced by y = 2 cm from the central maximum. If the spacing between
slits and distance from the screen are 0 1 mm and 1 m respoctwoly, find

the wavelength of hght : | 10

= il

(Y. e .

(b) @Fﬂaﬁqﬁmmﬂﬁqaﬂtm%asmmm(ﬁa%ﬂm)ﬂ 1
qfafda wdt @ |

Define Enthalpy and show that it remains constant in a throttling
process. . | 10

© mmmmmamm% ‘@Fhmu%ﬁmaﬂt |

93T & [T 191 STavIhard & ?
‘How does holography differ from convontlonal photography ? What arc -
the requirements for the formation and reading of a hologram ? 10

r b -
e WD ey Dol i

A AT amAr — & -

i g mpah o " g

(@ ﬁﬁmﬁaﬁﬁwﬁﬁ aqmawﬁtﬁlmﬁﬁﬁuigqmv‘-
%@Wmmﬁanm%lﬁqﬁmﬁwﬁmﬂaﬁmaﬁﬁﬁﬁa
qe] &1 gfiehed Shifse | |

In deriving radiation laws, we consider a cubical container of volume V
containing a photon gas in ecquilibrium. Calculate the differential

- Ll
e o ST R e

- number of allowed normal modes of frequency w. ._ ‘ 10 i

t

- ) d
(e)~ﬂwﬁa%wﬂwwﬁgg€m%§q§?ﬁmﬁﬁga$ﬁ ¥ forg @ ;,
g 3R fgq- 83 E = E, (x, y, 2) 2 & T 39w a1 T 9w

Starting from Maxwoll’s equation, obtain the wave equation for the -t

—> x-

electric ﬁeld E in free space and appmprlato wave oquatlon for the o 1{

electric ficld E = E (%, y, %) 7. | 10 | :
C-DRN-N-RIZA - | - - . 7
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Q6.

Q1.

(a) Eﬂm%ﬂ%éﬂ(gqﬁ?ﬁm)méﬂ%_mam% | &1y g Fg of fag
W%ﬁﬁmw%c,m%éﬂ,%wﬁm% ]

Show that the grdﬁp velocity is equal to particle velocity. Also prove that
the group velocity of the photons is equal to ¢, the velocity of light.

(b) wﬁresﬁgﬁm )e;snaﬁl_laﬁn 0 W dt—oéﬁ%m aaﬁgqﬁmr

hHt LCI{qﬁqaéafaqmmaméﬁwaﬂmﬁgﬂm
() ldu%ﬁgn ok gmﬂaﬁ%

I=1, [1 + %) o M2

[ - 0 ;
W =—, = ©> ! 3ﬂ'{tan6=——'(.
- N I 20

For initial current conditions I = 1, ‘and E =0 at t = 0, show that the

dt .
time dependent current in the critical damping case for an LCR circuit 1s
given by |

I=1, [1+—§)e"*f“2

| A U . .
Where Y—E ®2 = ; T ' and tan=—-.
L’ o @ ‘v, ° 4 20

| &=
b
sk

(c) trtﬁm%aﬁwaﬂtwmﬁwwwsﬁmawﬁgq wﬁq%%ﬁgﬂ
YaTg (Shic) Bcd I FTE I BT @ |

Using Ampere’s Law and continuity equatmn show that the divergence
of the total current density 1s zero.

(a) WEHA-SeTHH R & w99 Fifm o Igw wE hifve | gl f

ldg1l’:=legK+4logR,GI_ﬁﬁPm_(ﬁﬁﬁ)%mmﬁﬁmﬁﬁéﬁ

R Shfsurent =1 9ieiy 2, K fadies 3

State -and  explain  Stefan-Boltzmann  Law. Show  that

log P =log K + 4 log R, where P is the powef emitted by black body and
R is the resistance of the black body, K 1s a constant.
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) ® 20°thtn=ﬁéa@mmﬂ (kg)ﬁﬁaﬂmm 10ﬂcma¢ﬁ deol STl fi*"--i?-
%'Wﬁmm(ﬁW)4200Jﬂ{gK%3ﬁIﬁﬁmmﬂ?ﬂ

2100 J/kg K2 | 0“CWE¢‘6%W (FEer) 61 391 335 x 108 J/kg R |
aa‘ﬁﬂzrd‘lﬁugfqﬁaéqwqﬁmqaﬁﬁm |

£ G e

One kg of water at 20°C is converted into 1ce at -10°C at constant
pressure. ‘Heat capacity of water is 4,200 J/kg.K and that of ice is
2. 100 J/kg.K. Heat of fusion of ice at 0°C 1s 335 X 10° J/kg. Calculate the

total change 1n entropy of the system. - 5 15

(¢) & Ww ¥ M@ 71, 99 Ly, C; Y @ JFA AR R, aﬁmﬂaﬁﬁm
Lo, Co 3l & |%W%-aﬁ@mﬁwmﬁ¥ﬂﬁaﬁa‘rﬁﬂam-

_ﬁmm,aﬁmw&wﬁaﬁaﬁwaﬂqﬁ‘{#ﬁﬁﬁmqﬁwﬁﬁ
3 feet i off ot |

- When connected in series, L, C; have the same resonant frequency as
- Ly, Cy also connected in series. Prove that if all these circuit elements
are connected in series, the new circuit will have the same resonant

frequency as either of the circuits first mentioned. | - 15

@ QERY T T qUAd aéséﬁam mem ¥ 2 & 1Y g WG
waﬁmgaﬁaw%mﬁmﬁmﬁﬁaaﬁmm% |

7/ —E— E cosz(ky — wt),

O

T k 3 o B ARy o wvofe sty ¥, B, Ree.09 s R, omem
ﬁmﬁf‘%mmm(ﬂﬁrq%fﬁzﬁ)%

Show that the energy flow due to a plane e]ectromagnetlc wave

' propagatlng along z- dlrcctlon 1n a dielectric medium is gwen by

KLE COS (k/—mt) | - | o
Ou | | |
‘where k and® are the propagation vector and angular fréquency, E,1s

clectric field amplitude, u is the relative permeability of the medium. 10

'
=l o - 1
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Qs. ﬁaﬁqwd#dlﬁfﬁﬁdmgrﬁﬁﬂmwwﬁﬁlﬁﬁ%\@ﬁw
mm#mwﬁwmmmw
f:r’CPQ A
\CV J -
aﬁcpaﬁcvm:Waaﬁmemwmﬁﬂuﬁﬁmmﬁl i
gz%%w%aﬂtﬁwﬁﬁ%mmmﬂaﬁﬁm L

Consider a éystem of free gas particles having f degrees of freedom. Use
cquipartition theorem to establish the relation

f =
/Cp 1]’
\CV

‘where C and CV are molar specific heats at constant pressure and

constant volume respectively. Obtam the values of —— c P for diatomic and
v ,

triatomic gases. 15

b) o B T BT LR S A s 9 R s frefafan
a? oI 9&d 8
f(E) 2~ expl(n — E) / kgT},

Gl%Tf(E)méﬁragaaﬁa% 1 AR kBTurnrr@mqum%maaﬁtwﬁa
Sl gl

Show that both Fermi-Dirac and Bose-Einstein distribution functions at
an encrgy k& are given by : - . o

f(E) ~ expl(u - E)/ kgTl,

where f(E) is much smaller than unity, u and kgl are the chemical

potential and thermal encrgy of the atom. 10

(c)- flggael % 9N FSMGH ey Wy HIFT | W w1 sEEe wd gL,
FA TG -FAULT THIRLT
dP |

dT  T(V, - V)

| YTH 1T |
C-DREN-N-RIZA - 10


https://prepp.in/

www.prepp.in prepp

Your Personal Exams Guide

. Explain the fouir thermodynamlc relations of Maxwell. Usmg the same, ...
obtain the Clausius- Clapeyron equatlen s o ""15

dP .

=

dT = T(V;- V)

(@) ‘mmmmwmmgmmeﬁaﬂ

Wmmqﬁe‘fm% 1

Using Maxwell BBoltzmann dlstrlbutlon law prove that there cannot be
any negative absolute temperature . N S 10
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