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Use a separate answer script for each group.

GROUP - A

Answer question no{é and any fwo from the rest.

_ _ . ' 3x3=9
LAnswer any three: |

(a) An electron of charge “~ ¢’ is constrained to move along the axis of a ring of chargc
Q and of radius a. Show that the electron will executc 51mple harmonic motion about

~ the centre of the ring when x << a; here X Is the posrtzon of the field point P from the

centerofthering. o 3]

(b) Show that any initial charge den31ty in a conductor will dlSSlpate ina charactenstxc
€ :
time T = po where ¢ is the_dlelectr_xc constant and o is the conductivity of the

inateria!. Show how the characteristic time provides _an' index concerning the quality -
of a conduetor. | - - j241=3)

(c) Do the electric field (E ) and magnetic induction ( 5 ) vectors represented by scalar and

vector potentials V and ﬁ_ unique? Comment on your answer, [2+1 =3]

(d) Show that the time average of energy flux densny s ) over a full perlod or large

interval of time is expressed as : .
(S) = ~Re(E xH )» where E and H are harmomcal]y varymg complex elecmc and
magnetic fields rcspectlvely R L [3]

(e) What is skin depth (6)? Show that for a good conductor b==, where A is the

wavelcngth of the electromagnetic waves in the conductor. | {112 =3]



2. (a) What is displacement current? Why Ma:xwell meodifi ed the Amperc s circuital law for
steady current to include dlsp!acement current? _

{b) Consider a paraliel plate capacitor immersed in sea water and driven by a voltage

Vocos 2zut, The sea water at frequency v =4, 0 x 10° Hz has permittivity ¢ = 81 g,

| permeabihty # = o and resistivity p = 0.23 Q m. Calculate the ratio of conduction current to
 displacement current densities, [80 8.85x 10V CNTm?) [2+3+3=8)

3u(a) Write down Maxwell's field equations i m free space Obtam the wave equation for
electric field intensity from them.

{b) Show that for a plane electromagnetrc wave propagatmg in frce space, the unit vector in
the direction of propagatlon the electrlc ﬁeld and the magnetxc ﬁcld vectors are mutually

‘ ‘perpendlcular

- (c¢) What is wave 1mpedancc‘> Obtam the exprcssmn of wave Impedance for the
elcctromagnettc wave propagatmg in free space . (1 +2 +3 +2 - 8]

4. {a) Derive Poy'nting’s theorem in the form :
| - 6U :
=+ v.§=0

where the symbols have usual m.eanmgs Compare this equatlon with the equation of
- continuity to interpret the vector S

(b) Assummg that all the energy from a 1000 ,vatt lamp is radlated umfonnly, caleulate the
| “average values of the mtensrtles of electrlc and magnetic fields of radtatlon at a distance of 2

"mcterfromthe Iamp [go=4xx 107 N/Amp £ sssxw”c?N‘m] [4+1+3=38]

5. Obtain the éxp_ressions for reflection and transmission coefficients When a linearly
| polarized light is incident obliquely at the interface of two'hombgeneous dielectric media.

(Consider the electric field vector to be perpendtcular to the plane of mcxdencc) Hence show
 that the sum of the reflection and transmission coefficients is unity. How the phenomenon of

“tofal internal reflection” in optacs is arrived from the ratio of the amphtudes between the
reflected and the incident beam. ' - | | [S+1+2=8]



GROUP -B

Answer question no. 6 and any fwo from the rest.

6. Answer any three: I - 3x3
(a) Briefly explam the doublet structure of sodium D-lines, |
(b) What is centnfugal distortion effect in rotatlonal spectroscopy'? Define the relevant
constant. |
(c) What is magnetic moment? Derive an expression for Bohr magneton.'

(d) State Larmor’s theorem. Why is it of considerable importance in atomic physics?

7. (a) Write down the-expression_for isotope shift. Describe in brief the effect of isotopic
substitution on rotational spe_ctra of diatomic molecules. (b) What are thé cond’itions'_fbr
occurance of normal and ahomalous Zeeman effects? Describe :the phenomenon of ‘andmaious
Zeeman effect with necessary energy. level dtagram (c) Why ground state of an atom is always a
singlet? . o 313
8. (a) Denve the necessary theory of Stern- Gcr]ach experiment.” Why was silver used in the
experiment? b) Draw the phase space dlagram depicting the radial motion of the electron
according to Sommerfeld. (c) Write down the spcctral notation for a single electron atom having
principle quantum numbern 3. o o At 42%

9. (a) Derive the expression for Landé g-factor considering the interaction of orbltal and spin
angular momenta. (b) Discuss in brief the selection rules governing transitions in atomic energy
levels. (¢} What is Raman shift? Why are the anti-Stokes lines less intense? 3221






