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SECTION A
| Answer any [our of the followng
{ 40)
(a) The Lagrangran for a system with two degrees of freedom 15 given by

(h)
(6]

(d)

(e}

2 ial

(h)

3 fa)

I 4 (u)

(b}

Lox +y o xy«x"~y (x and y being Cartesian)
Show that the system executes simple harmonic motion with res be psheralized

coordinates x and v and hence find the angular frequency of oscillan
Obtain the 2+ 2 matrix for refracton through a sphencal surface

Using Fermat's principle obtain the Snell’s law of refracu ligh*mcident on a plane
surfoce.

Explain what is optical activity. How is it quantified”, rotatory and leavo
rotalory eryvstals?

A 25 cm leng tube contamng sugar solution
illuminated by light of wavelength ). = 6500 AT
rotation produced 15 107, what is the streng

Show that a ngid body has only six om. How are these six degrees of
freedom chosen™ What is the relevan angeles i this connection”

Derive the following equation of rocket which suffers vanation in mass dunng

een two crossed Nicols and
sifie rotation 15 40° und the optical
n?

Show that the central force problem can be reduced to an equvalent one body

problem,

'Y (20)
icles of half life 28 « 107 travels in the laboratory frame with a speed of 0,96
velocity of hight. How much does the beam travel before the particle Mux falls 1o 1/4
value?

(20)
ow that there are two positions of a converging lens to form real images of an object on a
screen kepl at a fixed distance D such that D > 4f. Hence, prove that the size of the object 1s

given by Jith,, where hy and h;are the sizes of the two real images.

(20)
Lixplain unpolarised, linearly polatized and circularly polarized light How is unpolarised
light converted into circulary polanzed hight and analvsed?
(20
Derive an expression for the fineness coeffioent (coetheient de finesse) in the multiple beam
mterferometry,
(20}
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Answer any four of the following:

Jufo

SECTION - B

(4 « 10 = 40)
Consider a neutral system of point charges Qy, Q2 Qs )y which are located al the
end points of a set of vectors 7.5, 7 .. drawn from the ongin of a coordinate system
Show that the dipole moment w =207 ismdependent of the origin of the coordinate system.
Two reversible heat engines Ey and E; are connected i series between a hot reservoy
temperature Ty of 600 K and a cold reservoir at a temperature T: of 300 K Egg
recerves 500 kJ of heat from the hot reservoir, If ), and n); are the efficiencies o

respectively, are of the same magnitude. determine

(i) the temperature at which heat is rejected by E,.

{1t}  work done by E; and Ez,

(i)  heat rejected by engine Ez to the cold reservonr, and o

(iv)  efficiencies 1), and 1 of the engines

Explain why adiabatic demagnetization of a pararnagnetic m ausgs cooling.

What 15 the practical application of this phenomenon?

The hysteresis loap of a specimen of won weighing 1084 15 ent in area lo 250 J/m’ of

iwon. Find the loss of energy per hour al the rate of 3 He/sBAssume density of won as 7.5

kg/m’
Find the form of Maxwell's equations in for a linear and 15otropic medium
The potential due to a linear quadrupole :&

doos’8-1
V= QHI—}L} i

lGnEy Y
where Q i15-a constant. Compute 1Nl static field for this potential.

Qz § (20

At agiven instant, a 11°5) s 4 current density given by

ider the total charge Q contamed wathin a sphere of radius a centred at the ongin
this instant. what is the rate at which Q is changing in time?
(20)
do vou understand by covanance of Maxwell’s equations? Wnite the co-vanant ¥ and
ntravariant Fy comlionents of electromagnetic field tensor in matrix forim.
20)
Cive the proof of Stefan-Boltzman law from thermodynamic considerations
(20)
Duscuss with necessary theory the J—K effect for a van der Waal's gas. What 15 the practical
apphication of the J—K (Joule-Kelvin effect)?
(20}
Denive an expression for the average energy of an oseillator on the basis of Einstein’s theory
Show that at high temperatures

E=FT.




How Debye modified Emstein’s Theory?

Useful Constanis
Electron charge te = 1602 - 107 coul
Electron mass sy = 9,100 - 107 kg
Vaceum permittivity ‘g = 8.854 ¢ 10°7 Faradim
Vacuam permeability Mg = 1257 < 10" Henrvim
Velocity of lght e =3 10%m/s
Eleetron volt veV = 1,602 « 107177

Boltzmarin Constant k=138 - 10% K, O

@ .
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Useful Constants

Mass of proton = 1,673 < 107 kg
Mass of neutran =1,675= 107 ke
Mass of electron =911 = 10 ke O
Planck constant =6.626 10" Js
Boltzmann Constant = 1,380 = 10 Ik
Bohr magneton =9273 = 10" A/m?
Electronic charge = 1602 10" C @ ¢

Atomic mass unit (amu) = 1,660 « 107 kg
=931 MeV

Velocity of light in vacuum, o= 3 » 10" mg’!

| Answer any four of thg

fa)

(b)

e

2.014102

m(1H) = 1.007825 amu @
m(iH) =

. mes
(i)

m(28Ne)

mi(4He)

The eleciron s

operatorgr = 25,

6,0, =-0,0, =10,
6,0, =00, =i0;
0,0, =-0,0; =i0,

(100}

State and explain the Heisenberg's uncertainty principle Show that the natural hine width of a
spectral line follows from this principle,

(10)
State Franck-Condon principle and discuss its applications in molecular spectroscopy

(10}




Seln
(d)  Explain the role of molecular hy drogen 100 spectrum in astronomy

(10}
e) Discuss the applicaton of Raman effect to molecular structure:

(L)
ta)  Whal s WKB approximation’! The potential seen bv an alpha particle inside & nucleus can be

represented as shown below.
T ----- X E-
Vir) 'y
,'..n R ; o —
|

Vi) =-W forr<R
:?.ZEE
"

where R 15 the nuclear radius, 2 and Z represen! the atormc
the nucleus. Assummg / = 0, obtain an expression for thydg

forr=R

(by  Wnite down the Schridinger eguation for a lin
agenvalues,

Hator and obtam the energy

{20
&» it demonstrates the discrete nature of the

(15)
ure Correction” Caleulate the energy shift due to spin-

(a)  Describe Stermn-Gerlach experiment
magnetic moment of an alom,

(b)  What 15 the significance of (i
orbit nteraction term m H-
(15)
()  Assuming LSJ cough olds: list the possible fine structure terms lor the lollowing
conligurations;
(10)
M 2p
(11)
E

*(2s)" (2p)’

underlying principle of nuclear magnetic resonance spectroscopy. Why does a
precess in a magnetic [eld? Describe NMR spectrometer.

(a)

(30)
v that a diatormic molecule can not have any arbitrary value of rotational energy.
(10)

SECTION B

Answer any four of the following

(a) Delermine from the given data whether the following reactions are exothermic or
endothermic -

(10
) H+ M S
@ o o > {iNe+iHe




0,

(h)
(c}

{el)

(e)

(@)

(b)

{a)

(b)

hofb
Calculate the réecoil energy of ) #e nucleus when 1t emits a gamma photon of energy 14 keV
(10)
Beam of thermal neutrons 15 emploved in crystal structure studies. Justify this starement
{Room temperature = 300 K) (10)
Which of the following reactions are permitted or not pernutted by vanous conservabion
laws?
0)
M) K+p a2 rr
'[f'f']l Kr+n 5+ o
-+ p 4K+ 2

() m* — u* 4 v
On the basis of band model, explain the flow of charge carriers 0 g2 @ der the

influence of an external bias.
(10)

am the siemficance of cach

Write down the semi-empinical mass formula for a nucleus,
7  What effect of the

term occurring in il. Discuss the stability of a nucleus ag
pairing term on stability”

(25)

What are mirror nueler” How does the charge in E@f nuclear forces emerge from
this concept”

(15)
Give some charactenstc propemes of es which distinguish them from non-
strange ones,

Write the Gell-Mann-Nishijima r andWhow how this 1s used for the classification of
elementary particles.

(15}
What 15 @ Joseph son g lain the phenomenon of tunneling of charge carners
across such a junction@Ho this tunneling differ from a single-particle tunneling

between two supe

Discuss DC u@se
= Mh
h

whe b@ts have their usual meanings.

arated by an msulator?
son effects Derive the ralation

(25)

expression for the gan of an operational amplifier in the inverting mode. Explan
it ¢an be emploved as (1) an adder, (i) an mtegrator and (1) a differentiator
(15)
xplain the functions of ALU, primary memory and secondary memory in a computer
systent.

(15}
Find the Boolean expression for the output (X) in the following circunt

,u—-——__D__
¥ A = oo
e

(10}

i




