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General Instructions

o—y

. Read all instructions carefully before answering the questions.
. This question paper consists of Eight (8) questions in Five (5) pages.
. Answer Five (5) questions. All questions carry cqual marks.

. Answer for each question should commence on a new page.

Lt B ™2

. Important formulas are provided.
6. This is a Close Book Test (CBT).
7. Answers should be in clear handwriting.

8. Do not use red color pen.




1. According to Maxwell’s equations, V X H (the curl of magnetic field intensity) is given by

VXH=]+ Z—i, where H, ] and D are the magnetic field intensity, the electric curfent
density and the electric flux density respectively.

(a) Write an expression for the divergence of D in terms of charge density p.  [2 marks]
(b) What is the relationship between J and the electric field intensity E? [2 marks]

(c) Take the divergence of the above equation (consider both sides) and show that

d o)
5% + p— =0, where o and ¢ are the conductivity and the permittivity of the
€

medium respectively. ' | [4 marks]

g
{d) Show that p = poe_(g)t s a solution to the differential equation givenin (c).  [4 marks]

(e} o =55/mand g, = 75 for sea water find the time constant T = ifor sea water. The free
space permittivity &, = 8.854 x 107** F /m. Compare this value with the period of a microwave
signal whose frequency is 9 GHz. [4 marks]

(f) Does the charge density created in sea water due to the microwave signal disappear quickly?

Justify your answer. [4 marks)

(i} ¥f the above equation represents a plane wave propagating in the z-direction rewrite the
above equation using the electric field component E.. [4 marks]

(i) How does the Electric field components £, and £, vary with x, y and z7 {3 marks]

(b} A plane wave is reflected between two parallel conducting planes as shown in Fig.2,
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The angle of incidence of the wave is 8. The separation between the conducting planesis a.

The electric field component in the y- direction is given by £, = A sin(Bxcos8)e 7m0 \where 4

is a constant.

(i) State the boundary conditions for £, {3 marks]
(ii) Showthat cosf = ?—j, where m is an integer. [6 marks]
(iii) Using b (ii) find the cut-off wavelength A.. [4 marks)

3. (a) Transverse electric field components inside a rectangular waveguide for TE,,;,, mode is

given below:
E, =nAcos (-me) sin (?) e Iz

E, =mB sin (ﬂ—lgi) cos (%J—') e~iBz \where A and B are constants.

3
(i) What are the boundary conditions that should be satisfied by £, and E,,? [3 marks]
{ii) Show that E,. and E,, satisfy the boundary conditions mentioned in (ii). [4 marks]
(b) An electromagnetic wave is propagatingin an air-filled lossless waveguide. The

frequency of the wave is 12 GHz. The mode of propagation of the wave is TE;, . If the

wave guide has the inner dimensions a = 4cmand b = 2 cm, find

(i} the wave number k. [3 marks]
(ii) the cutoff wave number k.. [3 marks]
{iii) the propagation constant f3. 4 marks]
( [3 marks]

iv) the guide wavelength A,.

4. {a) A waveguide is excited magnetically as shown in the Fig. 4. The mode of excitation is TEy,
{ — wave power source coaxial cable
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(i) What is the direction of the resultant transverse electric field?  [4 marks]
[You may use the equations given in 3(a)]

(i1} Sketch the electric field distribution at the coaxial cable — waveguide junction in the
ABCD plane. [5 marks]

{(b) What are precautions taken in a practical waveguide to minimize the attenuation due to the

metallic body? - [4 marks]
(c) (i) What are the major causes for the attenuation of a signal in a waveguide? [4 marks]
{ii) What is loss tangent? I3 marks]

5.{a) A cylindrical waveguide has following transverse magnetic field components for the M., mode:

H, = {;‘%s (Acos ng — Bsinng) [, (k.pre bz

Hy = _iws (Asinng + B cosng) J,, (k.p)e 152

Derive an expression for k. by applying the boundary conditions to the waveguide. [7 marks]

(b} For a cylindrical waveguide, values of p,,,,, for different values of n and m for TM,,,, mode are

given in the Tahle 5.

n Pni P2 Fn3
-0 2.400 - 5.520 8.654
1 3.832 7.016 10.174
2 5.135 8.417 11.620
Table 5
(i) Using the values given in the table explain how you would find the dominant TM mode for a
cylindrical waveguide., [5 marks]
(ii) Find the cutoff frequency for the dominant TM mode for an air-filled waveguide having the
breadth a = 4 cm. (4 marks)
(i) What is a linearly polarized wave? [4 marks]

6.{a) The electric field vector of a plane wave propagating in the z — direction is given by
E(z,t) = Eg(cos(@t — koz) + ysin(wt — kgz)) where ¥ and ¥ are the unit vectors in the

direction of x — directionand y — direction respectively.




(i) Find the magnitude and the direction of E(z, t) when z = z,.  [5 marks]
{ii) Show that the wave is circularly polarized. {5 marks]

(b) For a circular resonant cavity with radius a and the cavity iength d the propagation constant
for nmt® mode satisfies the condition sin{fpmd) = 0.

(i) Find a general value for Bom- [3 marks]
(ii} Substituting the answer to (b}(i) in the expression ﬁmnz = k? — kcz, show that the
resonance frequency of the cavity for TM,,,,, mode is given by

2 4
¢ Fam I
fami = 271\@\/( . ) + (d)_ . [4 marks)
(iii) Use the Table 5 to find the resonance frequency of the cavity for TM,;, mode. The radius

a and the cavity length d for the cavity are 4 cm and 6 cm respectively. Assume that the’
cavity is air-filled. [3 marks]
[The velocity of e. m. waves in airis 3 x 10% m/s.]

7. (a) Write the scattering matrix for a 3-port junction. {1 marks]

(i} If all the ports of the junction are matched and the junction is lossless write the relationship

between various elements of the s- matrix. [3 rﬁdrkﬁ}

(ii) #f | 54,| = 0, find all the elements of the matrix. [6 marks]
(iii) Show that the junction is a circulator. {4 marks]

(b) Describe the principle of operation of a multi-hole directional coupler, o |6 marks]

{a) The far-field electric field strength of a Hertzian dipole at a distance R is given by

. eTIBRg) .
Eg = j—— Nefsing.

Hy
/\
dl A i(t) = Icos(wt)
4
1 Fig. 8
(i) What is the direction of the magnetic field strength Hy? {4 marks)
(i) Draw the radiation pattern of the antenna and find the beamwidth. (8 marks]
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(b) A rectangular waveguide is connected to a rectangular horn whose width and the height are 6 cm
and 3 cm respectively. The waveguide is operating in the dominant TE mode and has an internal

width of 4 cm. The waveguide is operating at a frequency of 1.2 fo, where f. is the cutoff

freguency of the waveguide. Find the directivity of the horn antenna. (8 marks]
[ Directivity = T;A, A is the aperture of the antenna. A is the wavelength of

the signal |




