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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 atternpt FIVE questions in all,

Buestions no. 1 and § are compulzsory and out of the remoining, any THREE ore to be attenpied
choosing at lenst ONE question from each section.

The number of marks carried by a question | part is indicated against it.

Anzwers must be written in the medinm authorized in the Admission Certificate which must bhe

stated clearly on the cover af this Question-cum-Answer QA Booklet in the spoce provided. No
marks will he given for ansnwers written in o medium other than the authorized one.

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

Attemnpts of questions shall be counted in sequential order. Unless struck off, attempt of a question
shall be counted even if attempled partly, Any page or portion of the page left blank in the
Bueston-cum-Answer Booklet must be clearly struck off,
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If a particle of mass m is in a central force field fir) T, then show that its

path must be a plane curve, where T is a unit vector in the direction of
position vector T.
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A block of mass m haﬁng ne.glig;ih]e dimension is sliding freely in
x-direction mt.hvelm:lt:,r vV =vi as shown in the diagram. Wh.ul.mlta
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angular momentum Ln about origin 0 and its angular momentum L‘._
about the point A on y-axis 7
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When the two waves of nearly equal frequencies interfere, then show

that the number of beats produced per second is equal to the difference
of their frequencies.
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A current carrving circular wire loop of radius 1-0 cm has a magnetic

moment 2:0 mJfT. Determine the magnetic field at an axial distance of
3-0 cm from the centre of the loop.
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A plane transmission grating has 3000 lines in all, having width of
3 mm. What would be the angular separation in the first order spectrum

of the two sodium lines of wavelengths 5890 A and 5896 A ? Can they be
geen distinctly ?
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Use Gauss’s theorem to caleulate the gravitational potenmtial due to a
solid sphere at a point outside the sphere. Caleulate the amount of work

required to send a body of mass m from the Earth's surface to a height
R/2, where R is the radius of the Earth.
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A rod of length L has non-uniform linear mass density (mass per unit
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the distance from the end marked ‘0" (as ashown in the figure). Find the
eentre of mass of the rod. 15
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Two capillary tubes of lengthas 2! and ! with internal radii r and 2r
respectively are connected in series. Water flows through them in

streamline. If the pressure difference across the first capillary is P, find
the pressure difference across the second one. 10
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A water drop of radius 0-04 mm is falling through air. If the coefficient of

viscosity for air iz 1-8 = 1074 poise, find its terminal welocity. If
100 such drops coalesce, what will be the new terminal velocity 7 10
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Explain the principle and working of He-Ne laser. What is the role of He
gas 7 Why is it necessary to use narrow tube ? How many longitudinal
modes ean be excited for an He-Ne laser in a cavity of length 30 cm and

having half width of gain profile of laser material 2 % 102 nm ? The
emission wavelength is 6328 A. 15
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Distinguish between positive and negative crystals in terms of double
refraction. How are these erystals used to make guarter wave plates 7
Explain how the quarter wave plate is nsed in producing elliptically and
circularly polarized light. 15
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Describe how Michelson Interferometer can be used to determine
refractive index of a gas.

In a Michelson Interference experiment, a tube of length 25 cm
containing a gas of refractive index y iz introduced between the upper
mirror and the beam splitter. 150 fringes cross the centre of the field of
view when the wavelength of light used is 5890 A. Find the value of . 20
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A rod of length [ is kept at rest in x'y" plane of its rest frame making an
angle 6, with x" axis. What is the length and orientation of the rod in a
laboratory frame (%, ¥) in which the rod moves to the right with
velocity v 7
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Discuss the intensity distribution in Fraunhofer diffraction pattern due
to a single slit. Obtain conditions for maxima and minima of the
intensity distribution. Show that the intensity of the first maxima i=
about 4-95% of that of the principal maxima.
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What do you mean by spherical aberration of a lens ? Show that if two

plano-convex lenses are kept at a distance equal to the difference of their
focal lengths, the spherical aberration would be minimum.
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A 12-0 V battery is connected at t = 0 to a series combination of a
resistor R = 10-0 @ and an inductor L. = 5-0 H. At what rate is energy
being stored in the inductor when the current in the circwit is 0-4 A ?
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Two solencids have 500 and 800 turns of wire and are placed co-axially
close to each other. A current of 5-0 A in the first solenoid produces an
average flux of 200 uWh through its each turn and a flux of 100 Wb
through each turn of the second solenoid. Find the self-inductance of the
first solencid and the mutual inductance of the solencids.
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A star is receding with a speed of 3000 km/s and emitting spectral line of

hydrogen, H,, of wavelength 656-1 nm. What would be the wavelength
observed by an observer on the Earth 7
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Ome mole of a gas obeys the following equation of state :
[P+ iﬂ] (v —b) = RT,
v

where v 18 the molar volume and, a and b are constants,

Show that internal energy of the gas increases as the volume increases,
with the temperature remaining constant.

4°C A9 W 9 ¥ oea Aftwan TR W # | fag il T 4oc W ori
oo fem =@ o sy it fﬂp}fﬂnmmmmﬁm (e,) % wora wRll
21

At 4°C temperature, the density of water is found to be maximum. Prove
that heat capacity at the constant pressure ley,) is equal to the heat
capacity at constant volume (c,) for water at 4°C.
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Define a plane electromagnetic wave. A plane polarized wave is incident
on the interface between two dielectric media, Obtain expressions for the
amplitudes of the reflected and transmitted waves when the incident
wave is polarized with its electric field E vector perpendicular to the

plane of incidence. Digcuss the phase relationships of the reflected and
transmitted waves with respect to the incident wave.

iy " HrE ¥ AT % e 7 s =9 9 ol fem o
ditard # 7 wagmee i fee w3 dftend weis & fafeo w9 g el
What are the limitations of Rayleigh~Jeans law in explaining the
gpectrum of radiations from a blackbedy ? Explain how these
limitations were overcome in Planck's radiation law.

(i) e % Fafeo fam & e % e P 6 sefy fifim
Deduce Wien's displacement law from Planck's radiation law,
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Write down Maxwell's equations in integral form. Explain the
significance of each of these equations.

(i) U OO uiEw waiE W uEe 89%H = 440 cm? 30 ufgEm
Ui = 20 mm § | UEES F AWAW UF WeEEdl aeed
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A parallel plate capacitor has plate area = 40 cm? and plate
separation = 2-0 mm. An a.c. voltage V = 20 sin (5 » 109 t) volts is
applied acroas the plates. If the dielectric constant of the medium

between the plates is e.=20, calculate the displacement
current.
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If the temperature variation of heat capacity iz known, how do you
caleulate the change of entropy during an isochoric process 7
According to Debye's theory of specific heat of a solid, the molar heat

capacity of diamond erystal at constant volume varies with temperature
{T) as follows :

3
12 T
o= % R (g)
where H is the molar gas constant = 8-315 J/mol-K and 8 = 2230 K for
diamond,

Caleulate the change in entropy of diamond of 0-36 g mass when it is
heated at constant volume from 0 K to 300 K.
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(b) 100 g 38 #f8 = 3@ Ft ¢ W FAfFrim 3 oafs e H 0 &
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The pressure on 100 g of solid copper iz increased quasi-statically and
isothermally at 0°C from 0 to 0-5 x 10® Pa. Assuming the density and
isothermal compressibility to remain at constant values of 8-96 glem?®
and 7-16 » 1012 Pa-l, respectively, caleulate the work done. Comment
on the sign and magnitude of work. 15

(c) ﬁ"ﬁfﬁﬁ—%ﬂﬂméﬂ; A = 10 meV ¥, 100 K % 798 # f a9
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A system having two energy levels, - % A and + % A with A = 10 meV is

populated by 1000 particles at a low temperature close to 100 K. Obtain
the average energy per particle using classical distribution law, 15
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A 05 m long ecylindrical medium between two conducting plates has
uniform charge density of 100 nC/m®. The axis of the cylindrieal medium
is along z-axis. The left plate is at z = 0 and has a potential of 10 KV and
the right plate is grounded. Determine the electric field at axial distance
z=0-2m. 15
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A uniformly magnetized sphere of radius R has magnetization
H =M, Z. If the scalar magnetic potentials inside and outside the
sphere are given as under

Ml]
%=TE H r=R

M, Rr®
ol A .
and ¢, = 3 3 cosB;r>R
where, r, B are two spherical coordinates, find the magnetic field inside

and outside the sphere.
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Schematically, show the wvariation of density of states, D(£) and
distribution funection, fle, T), of particles in a non-relativistic Fermi gas
at high temperatures.

At a temperature T, an electron ocecupies a state with energy 100 meV
above the Fermi energy (&p) with the probability of 1%. Find the
temperature T.
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