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Instructions: 
   i) Part A is compulsory Question for 20 marks. 
   ii) Part B consists of five questions with “either” “or” pattern. The student has to answer any   
        one. However students have to answer five questions from Part B (numbered from 2 to 6) 
 

PART - A 
(Answer all sub questions) 

                5 × 4 marks = 20 
 
 

1.a) Starting from Maxwell’s equations, derive the circuit law for capacitors dvi C
dt

= , 

 and the circuit law for inductors div L
dt

= . 

  b) Given a uniform plane wave travelling in z-direction, show that the wave is 

 circularly polarized if x

y

E j
E

= ± . 

  c) Derive the integral form of the Lorentz reciprocity theorem for a source-free 
 region. 
  d) Show that resonant frequencies of the two-dimensional (no z-variation) resonator 
 formed by conducting plates over the x=0, x=a, y=0 and y=b planes are the cut-
 off frequencies of the rectangular waveguide. 
  e) Using perturbation method, show that any increase in ε and/or µ of a cavity 
 material can only decrease the resonant frequency. 
 

PART - B 
               5 × 8 marks = 40 

Answer either “a” or “b” from each question 
 
2.a) Given 2 sinxE u y tω= and cosyH u x tω= . Determine tJ and tM . Determine ti

 and tk through the disk 2 20, 1z x y= + = . 
OR 

   b) Show that the instantaneous Poynting vector is given by 
 ( )2Re j t

instS S E He ω= + × . 
 
3.a) Derive the expressions for all components electromagnetic fields produced by a 
 current element. 

OR 
   b) Show that time-average velocity of propagation of energy down a rectangular 

 waveguide is 
2

1 1 c
e

fv
fεµ

⎛ ⎞
= − ⎜ ⎟

⎝ ⎠
for the dominant mode. 
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4.a) Obtain the field of an infinitesimal loop of magnetic current having z-directed 
 moment KS. Show that this produces the same field as an electric current element 
 if Il j KSωε= . 

OR 
  b) Show that an arbitrary field in a homogeneous source-free region can be 
 expressed as the sum of a TM field and a TE field. 
 
5.a) Derive general electromagnetic field expressions for TE or TM modes 
 propagating in a rectangular waveguide. 

OR 
   b) An air-filled rectangular waveguide is needed for operation at 10 GHz. It is 
 desired to have single mode operation over 2:1 frequency range with centre 
 frequency 10 GHz. It is also desired to have maximum power handling capacity 
 under these conditions. Determine the waveguide dimensions and the attenuation 
 constant of the propagating mode for copper walls (for copper σ = 6x107 S/m). 
 
6.a) A small sample of lossy dielectric is introduced into a cavity whose unperturbed 

 resonant frequency is ω0. Show that 0

0

2 rQω ωε
ε ω
′ −
≈

′′
 where ε ′ and ε ′′are the real 

 and imaginary parts of complex permittivity and rω is the perturbed frequency. 
OR 

   b) Consider a waveguide whose cross section is an equilateral triangle of side a. Use 
 variational formulas to approximate the lowest cut-off frequency. (The exact 

 solution is 4
3c a

πω
εµ

= ). 
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