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Candidates showld attempt CQuesfion I and Y whick are compulsory, and amy three of the remairng
gquestions selecting at least one question fram each Section All guestions carry equal maris.

(a)

(h)

(c)
(d)

2.(a)

(b}

(c)

ETEY]

(h)

PP - 0
SECTION A

Attempt any three of the foll owing

4 satellite moves round the earth at a distance of 3884 x 10° km from its celdsad Find its period of
revolution in days Proceed dto deduce the distance for a geostation smgstellite

Write down Lorentz transformation relations and prove that
e +;|;2+z2—|::2.t2
1z invariant under this transformation.

An event occurs at x =0 m at t'=8z10~ sin arefereflee fame 5" whichis moving along the common
¥ ot ¥ axis with a speed 35 with reference to aWationa’y from 5. The origing of the two frames
comncide at =0, t° = 0. Deduce the space tume fooiinats ofthe event in the frame 3.

& neutron of energy 1.00 MeV collides wth a@ationary helium nucleus and 15 scattered. Deduce the
momentum ofthe neutron and the helium 1l ensin their centre of mass system.

Calculate the mean free path of mdlecfiebot Hy gas a 20” C & atmospheric pressure. Assume the
molecular diameter to be 2.00 z €07 (o

& thin vniform rod of length 2 Wmwass m 15 hinged to the floor a its lower end. It begins to fall
from a vertica positongDdiuce an expression for the angular speed of the road when it hits the

foor. How would vou Ssplad that the rod would suffer less damage if the floor 15 soft than 1f the
floor 15 hard?

Define differential\scati®ring cross-section. Wnte down the dependence of Rutherford scattening
cross-section olEmehthe scattering angle 8 and sketch this dependence graphically.

In the nredent Case the total scattenng cross-section U=IU[5‘)¢£D turns out to be wnfimte
Coggment 08 s result.

Priwe thetaddition theorem of welocities in Special Theory of Relativity.

Twid bodies & and B are moving away in opposite directions each with a speed of 0.70 ¢ with respect
a stationary ohserver. Deduce the speed or B as measured by &

Slate Kepler's laws of planetary motion. Assume the law of gravitation to be of the form F=mMG/™
where n 12 some number. Find the wvalue n which will be consistent wath Keplet's third law. For this
you may assume planetary orbits to be circul ar,

Define solar constant and say which of the vaues 1.34 Wimn®, 1.34 2 10° Wim®, 1.34 2 10° Wim® is
valid for it

Calculate the total energy radiated by the sun in one second and hence the decrease in its mass per
second.
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Thermal energy of a solid is given by the relation

v h
Py ot

where vm=keg E/h8p heing the Debye temperature. Given g(v)=6Nh® wikgp), deduce the
expression for E for T << 8 and discuss the temperature wanation of specific heat for T << &g

[I "g"ﬁ; - 2.404]
o

i

& pipe of varying diameter 12 uzsed to lift water by 7 1 the area of crossz-zection of thefpipe at e
hase is 125 cm® and the pressure here is 2.5 x 10° Nim®. The area of cross-section of fia pipett the
top is 25 cm®. The rate of flow of water is 3 = 107 m®/s. Calculate the pressure p@gteriat the top
neglecting energy losses.

Write down the M axwell-Bolzmann law for the distribution of speeds © of glolecules®il a gas. Show
the distnhution graphically for the temperatures T and 2T, also write olwn the expression for
average value of .

Discuszs how stars arc classified on the basis of their spectral BaClly mention what different
informations ahout stars can be obtained from the study of theigeedi®a

SECTION B

Answer any three of the following:

& gyetemn 15 composed of two-level 28ns, e excited state 1, heing 010 €V ahove the ground state
0. Find the fraction of al atoms wiichfwill he in state 1 1f the system 13 1n thermal equilibrium at
temperature 300 K.

For a certain wave, system the an i@ velocity 8 and the wave vector k arc related as follows:

. kg
il = al fsm—z*’ ﬁw% -::kc:%

Determine and plotthe phase welocty and the group velocity for this system.

Two transvgrse wnotraves each of amplitude 4 mm wavelength 2m and time peniod 1 5 and in-phase
at x=0, 00 g yravelling along the x-amis in Opposite directions Obtain the equation of the
resultdigware and comment on its nature. Calculate the mazimum displacement at x=2 .3 m. Also
lopage the afinodes and nodes.

A Wngle “shit of width 0.14 mm is illuminated normally by monochromatic light and diffraction
by are observed on a screen 2 m away. If the centre of the second datl band 12 1.6 om from the
tihddle of the central bright band deduce the wavelength oflight.

Cdculate the work done in compressing adighatically 107 kg of ar intially & STP to one-half its
origina volume. (Give density of ar at STP=1.293 kgim® and v = 1.4.

Mine Kilograms of mercury 18 poured into a glass U-tuhe of uniform internal diameter of 1 2cm. It
nscillates freely about its equilibrium position. Calculate the period of oscill abion.

What 15 hologram? Explain how the itnage ofthe object 1z formed when one looks through it

Exzplain mathematically how left and right circulatly polarized light 13 produced by combining two
lineatly polarized beams.
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Civen abeam of light, how can one expenmentally test whether 1t 15 unpolanized or circularly
polanzed?

Write down the differential equation for a damped simple harmonic ozcillator. Solve it and discuss
the characteristics of dead-beat motion.

Show schematically the intenaty distribution for a 2-slit Frannhofer diffraction-interference, 1 slit-
widths are 24 each and centres of slits have separation 64 Assume incident light falling nonmally,
and limit the discussion to the central diffraction band range.

Write notes one any three ofthe following:

(a)
(b}
(c)
(d)
(&)
()

Gyroscope and 1ts applications.

Experimental wverification ofwanation of mass with vel ocity.
Dilution refrigeration.

Enthalpy as a thermodynami ¢ potential,

Fuby laser

Eayleighs criterion and resolving power of atelescope.
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Candidates should attempt Quesion I and Y whick are compulsory, and army three of the remoirng
gquestions selecting at least one question from each Section

(a)

(h)

(c)

(d)

2.(a)

(b)

PR - 3
SECTION A

Anszwer any three of the following:

4 charged particle moving horizontally towards the east with a(relgfitg of 107 mfs enters into a
reginn where there 13 a honzontal electric field E intensity 1 000ltiGn directed towards the north as
dlso a magnetic field B, The particle continues to move in the sar@e direction as before. What can
vou san ahout the field B? Is it completely determined@gd@iat wfll be the path of particle if the
tagnetic Field be swatched off?

State de Brogue hpotliesis and use it to deduce thg energgdCvels of a particle in a one-dimensiona

boxz. Calculate the mean energy per electrogmgt CWK 1f electrons arc enclosed in a long-chain
molecule of length 50 4.

Starting from Biot-Savart law, calculateé®he magnetic field at the centre of a solenoid of length 1
meter, radiuz 2 om and having 25 pils pog centimeter, the current through the solenoid bheing 1

arnp ere.
State the important points in Bole's thgedy of the hydrogen atom winch depart from classical ideas.
Flow 15 the idea of Bohr orbhits o din Schrodinger’ s wave mechanics?

LS

The components of an dlectystati field in vacun are given as

a hx
B =
X .?'3 I}%

oy
E{=50
N
‘_
..‘_—rj

wigie ab,c, and f are constants x,v,=7 the rectangular cartesian coordinates and r2=x2+y2+zj. Jsing
the basic equations oheyed by the electrostatic field in wacuo, find he relations between ab,c and £
and determine the charge density a a general point in space. Would that explain the observed field?

& circular coil of wire hawing 100 turns and radius 10 om 15 rotating about a vertical axis in its own
plane uniformly at rate of 450 revolutions per tminute There 15 a honzontal magnetic field of
intensity 0.01 Whim®. The terminals of the coil are connected to the ends of an inductor having
inductance 0.01 henry. Assuming that the resistance in the circuit can he neglected, find the current
i the circuit a the instant the plane ofthe rotating coil 15 perpendicular to the magnetic field.

Write brief scentific notes on any three of following:

{a) Ferrimmagneti sm and ferrites.
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{h} Elementaty particles and their classification.
{c) Linear particle accelerators.

() Logic gates and their applications.

(E) Transistor as an amplifier

What are the transitions leading to the etnizsion ofthe D lines of Sodium? Deduce the expression for
the Lande splitting factor. g and cal culate 1ts values for the states involved in the emizsion of D lines,
Hence find the change of energies of these levels when a sodium source 15 placed 1n amagnetic field

which iz not too high.

SECTION B

Answer any three of the following:

What are anti-Stokes lines? Do they occur in both Raman and Compton scalesings? Explain how
they arise and how tetnperature affects their intensities.

Give an example of nuclear fusion and explain how energy s t@ldased in the process. In nature
fusion reactions are often brought shout by height temp eraturfs. Expld#fthe role of high temperature
and the relevance of quantum effect in this.

What 1z superconductivity? In what kind of matenalsfs #0fund to occur? Name some param eters
which characterise a superconductor. Cite anyd twiol migor use 1f we succeed in taking
superconductors with T, not far atmospheric temp eriures.

Two 1sotopes of oxygen have nudear masged 15 580523 amou and 17994768 amu Calculate the
bhinding energy per nucleon in the two(Case@uin MeV. What do you expect about the relative
ghundances of the two 1sotopes?

Set up Schrodinger’s equation for g ongfdlmensiona harmonic oscillator. Assuming that the solution

iz of the from y = 4™ %) Where(t id a constant and %) iz a polynomial in = find the energy
eigen values and the groundeiat sioenminction. Comtnent on the relation between the ground slate
energy and Heisenberg’ s ymgertaitty principle.

State the laws followel sl coidecay by different radioactive nuclelr and outling the theory which
explaned o-decay

Fadiurn has adelf e 01600 vears and the daughter mucleus Radon also decays with a half-life of
382 days. dn ah ellosure contaning radium and radon gas, the amount of radon appears to be
constant fy oWglvations extending over a week. Explain this and calculate the ratio of the numbers
of radi@me ncler. Will the amount of radon remain the same even after 400 years?

Hewis an-njunction prepared? Explain the charge and potential distributions in such a junction in
opE circiit Explain how a p-n junction can beused to build a solar cell.

Lesiithe the mechanism of the increase of conductivity of Germanium by doping it with Arsenic




