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X —ELTTHE IR E BFI/AS | intrinsic impedance of free space = 1207 Q, tanh™ x = —2—1n—1———x for x* <1

1. Answer the following questions.

(a) [9 53] Why is the phase velocity of the electromagnetic wave in a medium given by 1/ JUE ?where u and €

are the permeability and permittivity of the medium, respectively. Why is the group velocity of electromagnetic
waves always not greater than the phase volocities? Discuss the dispersion phenomena and its cause for
electromagnetic waves in a lossy medium.
(b) [5 43] What are the TE, TM, TEM, and hybrid modes in metallic or optical waveguides?
(¢) [5 %3] Define the radiation resistance of an antenna. What is a radiation pattern? What is an antenna array?
(d) [6 53] Discuss how polarization current and magnetization current arise in a material medium. How are they taken
into account in Maxwell’s equations?

2. [18 47] Write the expressions for the electric- and magnetic-field intensities of a sinusoidally time-varying uniform
plane wave propagating in free space and having the following characteristics: (a) f =100 MHz; (b) direction of

- propagation in the +z-direction; and (c) polarization is right circular with the electric field in the z=0 plane at =0

having an x-component equal to Eo and a y-component equal to 0.75Eo.

3. [22 %3] In the following figure, medium 3 extends to infinity so that no reflected (-) wave exists in that medium. For a

uniform plane wave having the electric field
E, =E, cos(3 x10°% 7t — r[z)ax V/m

incident from medium 1 onto the interface z = 0, obtain the expressions for the expressions for phasor electric- and

magnetic-field components in all three medium. What are the reflection and transmission coefficients for the system?
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4. [14 %3] The region between the two plates shown below is filled with two perfect dielectric media having
permittivities & for 0 <x <t and &, for t <x<d . (a)Find the solutions for the potentials in the two regions

O<x<t and ¢ <x<d.(b)Find the capacitance per unit area of the plates.

5. [1143] (A) The following diagram represents a loaded lossy transmittion with complex characteristin impedence ZO

and complex propagation constant ¥ . Starting with the line voltage ¥ (d)=V"e™ +¥ e and line current

7d
I (d) = "Z-:“ [ e’ —V e ] find the voltage reflection coefficient at any d and prove that the input
0

impedance at d =1 is given by Z_ = Z, Z +Z, tanhyl
®Z tanh 1+ Z,

[1043] (B) Let the length of the transmission line be /=50 m . The input impedance is measured at a frequency of
100 MHz for two cases: with the output short-circuited, it is (10+ j49) Q, and with the output open circuited, it is

(10 - j49) Q . Find: (a) the characteristic impedance of the line; (b) the attenuation constant of the line; and (c) the

phase velocity in the line, assuming its approximate value to be 1.75x10° m/s .




