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1.  Attempt any six questions: (3 x 6 - 18)

(a)  If the  electric  field  intensity  for  an  electromagnetic  wave  is  expressed  as  E =
200 sin(109 t) V/.in. Calculate the magnitude of displacement current density and
conduction current density. Given: cr  =  4 mho/in and €r = 1.

(b) Find the skin depth, if the frequency of a plane EM wave is 8 x 109 Hz and it
propagates through a conductor with conductivity cr = 5.8 X 107 S/in and Llr = 1.

(c)  A parallel polarized wave propagates from air to a dielectric at Brewster angle of
60°.  Find the relative permittivity €r.

(d) A ray of light is incident normally from air to glass. Calculate the reflection and
transmissioncoefficients.

(e)  Distinguish between a left-handed and a right-handed circularly polarized light.
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(D  Calculate  the  minimum  thickness  of calcite  plate  which  would  convert  plane
polarized light into circularly polarized light. Given: A  ,=  8000 A°, 7io   =  1.5533
and77e   =  1.5443.                                                                                                      ,

(g) Calculate the plasma frequency and minimum penetration depth for co`11ision free
plasma having 1012 electrons/m3.

2.  (a)   State  and prove the Poynting Theorem  for electromagnetic  fields  for  a generalized
mediuni and give the physical meaning of each term.  Explain that it is a representation of
law of conservation of energy.                                                                                               (12)

(b)    The average radiant power received by an area of 1 m2 of earth surface is
1.35 x 103 Wcitc/m2 .  Calculate the r.in.s values of E and a in the sun's rays, assuming
the rays to be monochromatic.

(6)

3.  (a)   What is a c7z./"rep/czs'77ccr?  Obtain an expression for the electrical conductivity of ionized
gases at low pressure and explain its physical significance. Hence, obtain an expression for
its total cunent density.                                                                                                           (12)

(b)  A ray of light is  incident  on the  surface  of a glass plate  of refractive index  1.5  at
polarizing angle.  Calculate the angle of refraction of the ray.                                          (6).

4.  (a)  Derive  Fresnel's  relation  for  reflection  and  transmission  of plane  electromagnetic
waves at an interface between two  dielectric media when the electric field vector of the
incident wave is perpendicular to the plane of incidence. Discuss the phase relationships of
the reflected and refracted fields w.r.t. the incident field.                                                  (12)

(b)  Explain the working of a Nicol prism. How it is used to analyze plane polarized light?

(6)

5.  (a)   Deduce  the  following  expression  for  Fresnel's  formulae  of  wave  normal  in  an
anisotropic medium, symbols having their usual meaning within the context.

k2x         `        k2y         `        k2z

VZ  - V2  '   vZ - v3  .   VPZ - Tizz
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What is double refraction and how can it be explained in the light of the above expression?

(12)

(b)   For calcite, the refractive indices of ordinary and extra ordinary rays are 1.65836 and
1.48641 at Ao  = 5893 A respectively. A left circularly polarized beam of this wavelength
is incidentmormally on such crystal of thickness 5-.141 #m  having its optic axis cut paralle.1
to the surface. What will be the state of polarization of the emergent bealn?

(6)

6.(a)   Starting   from  Maxwell's   equations,   obtain  the   eigen  value   equation   for  wave
propagation through a symmetric planar optical waveguide having thickness of the core to
be  cZ  and solve it for symmetric TE mode.   Also,  obtain an expression for wave guide
parameter.  What is its significance?                                                                                    (12)

(b)   A symmetric planar dielectric waveguide of 5 #m thickness has  a core of refractive
index  1.53  and cover of refractive index  1.50.  Calculate the maximum number of TE
modes in the waveguide for free space wavelength Ao   =  2 44771.

(6)

Value of constants :

po = 4IT  X-10~7 Hi;ni:yfi=
rty    -= .----- r_ife

€o  =  8.85   X  10-L2FCLrczcz/in

c = 3  x 108 in/sec

me  =  9.1x|0-31kg.

e  =  1.6 X 10-£9Couzomb


