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SECTION A

| Avswer any Tour of the Tollowmng

e Lagrangian for a svstem with two degrees of freedom 15 given by

L« x +y" +xy «x" =y (x and y being Cartesian) Q
Show that the system executes simple harmonic motion with he ggherabized

coordinates x and v and hence find the angular frequency ol oscillau
Obtain the 2 © 2 matrix for refraction through a sphencal surface

Using Fermat's principle obtain the Snell’s law of refract ligh‘mcidcnt on a plane
surface

Explaan what is optical activity. How is 11 quantified?, mn rotatory and leavo
rolalory erystals?

A 25 cm long tube contmmng sugar solution
illuminated by light of wavelength ). = 6500 A
rotation produced 15 107, what is the strengt
Show that a ngid body has only six
freedom chosen” What is the relevan

Derive the following equanon of
is ﬂu_ﬂtt

“ﬁﬂ F-ﬂ*{““”j'l dt

two crossed Nicols and
afie rotation s 40° and the optical
n?

om. How are these six degrees of
angles in this contiection”

rocket which suffers vanation i mass dunng

Here M 15 the mass of r any mstant of time 1, u s the velocity of ejected gis mass
and v 15 the veloai

(20)
Show that the central force problem ean be reduced to sn equivalent one body
problem,

(20}
:iﬁ of half life 2.8 - 107 travels in the laboratory frame with a speed of 0.96
vetoeity of light. How much does the beam travel before the particle Auxs falls 10 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 fined distance D such that D > 4f Henee, prove that the size of the object 1s
given by \Jith,, where hy and h; are the sizes of the two real images.

(20)
Lxplan unpolansed, linearly polanzed and circularly polanzed light How is unpolarised
hight converted into circularly polanzed light and analvsed?
(20
Denive an expression for the fineness coefficient (coeflicient de finesse) i the multiple beam
mierferometry,
(20)




SECTION-B
A Answer any four of the following;
(4« 10 = 40)
fa)  Consider a neutral system of point charges. Qy, Qs, Ch, 0y which are located al the
end points of a set of vectors 7.7, 7 . drawn from the ongin of & coordinate system
Show that the dipole moment u =307 isindependent of the origin of the coordinate system:
ih) Twao reversible heat engines By and E: are connected i series between a hot reservoy
temperature T; of 600 K and a cold reservoir at a temperature T: of 300 K
receives 500 kJ of heat from the hot reservoir, If nj, and n; are the efficiencies o
respectively, are of the same magnitude. determine
(i) the temperalure at which heat 1s rejected by Ej.
(i)  work dene by E; and Ez,
{in)  heat rejected by engine Ex to the cold reservoir, and O
(v}  efficiencies 1) and 1)z of the engines

(¢} Explan why adiabatic demagnetization of a pararmagnetic m aus@s cooling
What 15 the practical application of this phenomenon?

(d)  The hysteresis loop of a specimen of won weighmng 106 15 ent in area to 250 J'm’ of
won Find the loss of energy per hour al the rate of ssume density of won as 7.5
ke/m'

()  Find the form of Maxwell’s equations in @fnr a linear and 1sotrapie medium

. ta)  The potential due to a linear quadrupole 1::%
2
v-g o)
nEg Y
where Qg 15 a constant. Compute 1gel static field for this potential,
(20
(b}  Atagiven instant, a 115 as a current density given by
J =&{ra£+y Y +2'z
where A |5 pos t
(1) Tn wh Il A be measured?
(1) this in what is the rate of change of the charge density at the pomt (2, -1, 4)
¢! ¢
{11 der the total charge Q contamed within a sphere of radus a centred at the ongin
this instant, what is the rate at which Q 1s changing in time?
(20)
7 do you understand by covanance of Maxwell's equations? Wnite the co-vanant Fy and
ntravariant Fy comlionents of electromagnetic field tensor in matrix form.
(20)
ih Chive the proof of Stefan-Baltzman law from thermodynamie considerations
(20)
B {u} Mscuss 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)
ib)  Derve an expression for the average energy of an oscillator on the basis of Einstein’s theory

Tofb

Show that at ligh temperatures
E=#T.




How Debye modified Emstein’s Theory?

Useful Constanis
Electron charge e = 1.602 - 107 coul
Electron mass cmg =9.109 « 107 ke
Vaceum permuttivity sg= 8.854 - 10" Farad/m
Vacuum permeability o= 1,257 « 107" Henrv/m
Velocity of light e =3 10%m/s
Electron volt eV = 1,602 < 10177
Boltzmarin Constant k=138 « 10% j°K,
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Useful Constants
Mass of proton = 1,673 < 107 ke
Mass of neutron = 1,675 107 kg
Mass of electron =911 « 10" kg
Planck eonstant =6.626 < 107 Js
Boltzmann Constant =1,380 = 107 J&'
Bohr magneton =9273 « 10 Alm*
Electronic charge =1.602%10"C ¢
Atomic mass unit (amu) = 1,660 « 107 kg
=931 MeV

Velocity of light in vacuum, ¢=3 » 10" ms”!
m{}H) = 1.007825 amu
. < e
m (1) = 3.
(%)
m(i5Ne)
m(iHe)

L. Answer any Tour of the @l '
i) The electron s
operatorgg = 25, W

ﬂ*ﬂj = "ﬂ',ﬂg_ = -I:G-]
6,0, =00, =0,
0,0, = 0,0, =i0,

(103
(b}  State and explam the Heisenberg's uncertainty primnciple Show that the natural line width of a
spectral line follows from this principle
(10}
fe)  State Franck-Condon prineiple and discuss its applications in molecular spectroscopy,
(10}




[

Foln |

(10)

(d)  Explain the role of molecular hydrogen 1on spectrum i astrononmy

e} Discuss the application of Raman effect to molecular structure.
{10y

fa)  What s WKB approximation! The poteniial seen by an alpha particle inside a nucleus can be ||
represented as shown below.

I o L2 ~E
Vir x

wfs * T

| O
Vi) =-Vy forr<R O
—22€7  farrsR

m
where R 1s the nuclear radius. 7 and Z represent the alomic @nm alpha particle and

the nucleus. Assuming / = (. obtain an expression for e [g¥ alpha decay.

(20)
lator and obtam the eneray

{20)
&4 it demonsirales the discreie nature of the

(15)
g correction” Calculate the energy shift due to spin-

{by  Wnie down the Schridinger equation for a h
egenvalues,

(a) Describe Stem-Gerlach experiment
magnetic moment ol an alom.

(b}  What 1s the significance of (]
orbtt interaction term m H-
(15)

(¢)  Assuming LS8J co > list the possible fine structure lerms for the following

conligurations:

{10
m  2p
(i) “(2s) (2p)

(a) underly ing principle of nuclear magnetic resonance spectroscopy. Why does a

Exp
I eus precess in a magnetic feld? Describe NMR spectrometer.

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

(10)
SECTION B

Answer any four of the following

{a)  Determine from the given data whether the following reactions are exothermic or
endothermic -

)]
i) H+H n4iH
(i) o= e —{Ne +He




hofh
{(h)  Calculate the recoil energy of ) e nucleus when it emits a gamma photon of energy 14 keV
(10)
(e}  Beam of thermal neutrons 15 emploved in crystal structure studies. Justify this statement
{Room temperature = 300 K) (10)
id) Which of the following reactions are permitted or not pernitted by vanous conservabon
laws?
0}
M) K+p 2 +x
() K'+p 5+ o
i+ p 4+ K + £

(iv) = — pr 4= g
(e)  On the basis of band model, explain the flow of charge carriers in a_g-n @ der the

influence of an external bias.
{10}

ain the siemificance of 2ach

{8)  Wnite down the semi-empinical mass formula for a nucleus.
r > What effect of the

term oecurring in il, Discuss the stability of a nucleus ag

pairing term on stability?
(25}

(h)  What are murror nuele? How does the charge in E@f nuclear forces emerge from
this concept?

(15)
(a)  Gave some charactenstic propermies of m& es which distinguish them from non-

sirange ones.

Write the Gell-Mann-Nishijima r and®how how this 1s used for the classificanon of

elementary particles

(15}

(b} What 15 a Joseph son pm@n lain the phenomenon of tunneling of charge camers

across such a junction@ Ho this tunmeling differ from a single-particle tunneling

between two super arated by an msulator?

Discuss DC m@s& son effects Derive the relation

= ;#j...
h

whe b@s have their usual meamngs

(25)
expression for the gain of an operational amplifier in the mvertmg mode. Explain
it can be emploved as (1) an adder, (1) an mtegrator and (111) a differentiator

(15)
) xplamn the functions of ALU, primary memory and secondary memory in & computer
system.
{15)
{¢)  Find the Boolean expression for the output (X) in the following circun
{10y

A :E}‘—' #
sw-—-:[}_‘






