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Question Paper Specific Instructions

. Please read each of the following instructions carefully before attempting questwns .
There are EIGHT quesuons 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 remammg, THREE are to be attempted '
choosing at least ONE from each section.

The number of marks carried by a que stion [ part is indicated agams‘t 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 prour,ded No
marks will be given for answers written in @ 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 meaning.

Attempts of questions shall be counted in chronological 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. Frffen w3 A -

| Answer all of the following : , | : - - 10 x5=50
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The density 1n51de a solid sphere of radius a is given by p = , where
P is the density at the surface and r denotes the distance from the
centre. Find the gravitational field due to this sphere at a distance 2a

from its centre. - - ' 10
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If ' and I be the Moments of Inertia of a body about an akis passing
through an arbitrary origin and about a parallel axis through the centre
| df méSs respectively, show that I’ = MR‘2 + I, where ﬁ is the position
vector of fhe centre of mass with respect to the arbitrary origin and M is

the mass of the body. ‘ o ' : 10
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(c)
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(d)

(@

- A sphere of radius R moves with velocity W in an ihcbmpres'si'l:‘)'lc,-'
“non-viscous ideal 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 ?
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"~ What is the physicalAsigniﬁcance of Einstein’s A-coefﬁciént ? Explain,

why it is more difficult to achieve Lasing action at X-ray wavelength

than at infra-red wave]ength. _
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For a multimode step index optical fibre, the core. refractive index is
1-5 and fractiona] index - difference is 0 001 Célcﬁiate the pulse
broadening for 1 km length of the fibre. Over a length of 2 km of the
fibre, calculate the minimum pulse scparatlon t;hat can be transrmtted

without overlap.
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Q2.

Q3.

(a)
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.
Consider a rigid body rotating about an aﬁis passing through a’fixed

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

" energy 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.
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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 is always acute.
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‘Explain the working principle of a 3-level laser with a specific example.

" Comment on why the third level is needed.
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A mirror is moving through vacuum with a relativistic speed v in the o
x-direction. A beam’ of hght ‘with frequency w; 18 normally incident

(from x = =) on the mirror. '
(i) What~ 1s the frequency of the reﬂected light cxpressed in terms of
m,, candv?

(ii) What is the energy of each reflected photon ? 25
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In questlon 3(a), 1f the average energy. flux ‘of the incident beam is

P (watts/m?), what is the avcrage encrgy flux of the reflected beam ? . 15
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_'In a certain engine, a p1ston undergoes vertical SHM with an amplltude
of 10 cm. A washer rests on the top of the p1ston. As the motor is slowly
speeded up, at what frequency will the washer no longer stay in contact

- with the piston ? 10

Q4. (a) Wm.%maﬁﬁmwa;uaﬁﬂq(ﬁrﬁn)ﬁmmﬁml o
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Discuss the problem of scattering of charged particle by a coulomb field.
Hence, obtain an expression for Rutherford scatterlng cross-section,

What is the 1mp0rtance of the above expression ? . 25
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(b)

(c) ,
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- 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 mofion.
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Considering a plane transmission diffraction grating, where d is 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 dispersion g—i for an incident light of wavelength A.
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Qs.

('a)'

(b)

(c)

(d)

(e) -
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SECTIONB

P 3 AR
Answer all of the followmg
| wmﬁfﬁﬁzmﬁ 999 G0 NPT, y = 2 cm % R Hhe "Aftkan |
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'In a Young double slit experiment,. the ﬁrst bright - maximum is
- 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 respectlvely, find

the wavelength of llght

" 10x5=50

10
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' Define Enthalpy and show that it remains constant in a throttlmg

process. -
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‘How does holography differ from conventlonal photography ? What arc

the requirements for the formation and reading of a hologram ?
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In deriving radiation laws, we cons1der a cubical container of volume V
containing a photon gas in equilibrium. Calculate the differential

" number of allowed normal modes of frequency .
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Starting from Maxwells cquatlon obtain the wave equation for the
electric ﬁeld E in free spaco and approprlato wave equatlon for the

_electric field E E (X, y, %) Z.
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Q6.

Q.

(a)

(b)

(©)

(a)
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Show that the group velocity is equal to particle velocity. Also prove that

the group velocity of the photons is equal to ¢, the velocity of light.
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% R 2 s 7 =Y
EH] y:i_, mozi—é-’ ®= (no-—-:i—m R tanam%.

-For initial current conditions I = I(,and%—iI:—"= 0 at t = 0, show that the

time dependent current in the critical damping case for an LCR circuit is
given by ‘ '

1=1, [1+%)e—yt’2

| . 2 .
WheI‘Q‘-’Y=E, w2,=i, o=o? -1 and tanazi.
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Using Ampere’s Law and continuity equatmn show that the divergence
of the total current density is zero.
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log T = log K + 4 log R, &l P o (e ael) % g Sewifola wii 3 afk
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State and  explain’ Stefan- Bolt/man'n‘ Law. Show that‘

logP=log K+ 4 log R, where P is the power emitted by black body and
R is the resistance of the black body, K is a constant.
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(b)

(c)

@
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2,100 kg K 2| mcqza%%w (W)'&?IWB% x 103 J/kg ® |
mﬁ@ﬂﬁ@qﬁaﬁqwmml

One kg of water at 20°C is converted into ice 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 is 335 x 108 J/kg. Calculate the

total change in entropy of the system.

v it A A €, 99 Ly, ¢ F 8 agAd e g, Ghlﬂﬁmﬁmﬁa
Ly, Cy %1 2 1 Rig R Fs af} 3 ol oftaw srewall ) i 3 A w0
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- 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
15

frequency as either of the circuits first mentioned.
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Show that the energy flow due to a plane electromagnetlc wave

'propagatlng along z- dlrectlon in a dielectric medium is given by

7z i E cos2(k/ - mt)
W _

clectric field amplitude, p is the relative permeéability of the medium.
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-'where k and © are the propagation vector and anguiar frequency, E, is
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Q8.

(a)

(b)

{c)
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Consider a System of free gas particles having f degrees of freedom. Use
equipartition theorem to establish the relation

2

C ?
&)
Cy

f:

,where C and CV ar¢ molar specific heats at constant pressure and

C
constant volume respectively. Obtam the values of — for diatomic dnd

v
triatomic gases.

e 5 i B Rk oie dra-amgere R R e Pttt
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f(E) ~ expl(n - E) / kyTl,
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Show that both Fermi- Dirac and Bose- Emstem d1str1but10n functlons at

an energy E are given by :
f(E) ~ expl(p ~ E)/ kpTl,

where f(E) is much smaller than unity, p and kgT are the chemical

potential and thermal energy of the atom.
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~.Explain the four thermodynamlc relations of Maxwell Usmg the same,
obtain the Clausius- Clapeyron cquatlon '

dP L
dT ~ T(Vy - Vp)’
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Using Maxwell Boltzmann dlstrlbutlon law prove that there cannot be

any negative absolute temperature 10
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