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Q1

A) What is the function of antennas? List the different types of antennas.
6 Marks

B) Calculate the exact directivity,and beam area of a unidirectional antenna if
the normalized power pattern is given by: (i) Pn= cos 8 (i) Pn= cos?#, (iii)
P,= cos0, and (iv) Po= cos" 6. In all cases these patterns are
unidirectional with P, having a value only for zenith angles 0°< 8 < 90° and
P, =0 for 90° < 6 < 180°. The patterns are independent of azimuth angle ®.

8 marks

C) An antenna in free space has a magnetic field strength H= 0.1 A/m, at a
distance of 100 m for zenith angles 30° and 60° and azimuth angle between
0° and 90° with E = 0 elsewhere. The antenna current is 3 A. Find its
directivity, effective aperture, and radiation resistance.

6 marks

Q2

A)  Aweather radar operates at 5 GHz;
i) Find the minimunr pulse repetition frequency (PRF) which may be used

to measure the wind velocity in a tornado with a wind speed of 400
km/hr?

ii) At this PRF, how many pulses must be sampled to resolve, in
frequency, two portions of the tornado with a differential velocity of 1
km/hr 8 marks

B) Aradar system is capable of transmitting 120 kW at a frequency of 3
GHz. If the antenna gain is 20 dB, the maximum range of the radar is
10 km, the minimum detectable signal power is 2 pW and the target is
moving with a speed of 800 km/hour, determine the cross sectional area

of the target and the frequency of the received signal from the target. 8 marks

C) By means of a neat sketch, explain briefly a duplex Radar system. 4 marks
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Q3

A)  Why are linear antenna arrays needed?

Derive an equation for the electric field strength Eg and magnetic field
strength Ho for a linear array ,of antennas of the same type and obtain the

normalized field pattern.
10 marks

B) The amplitude of the electric field intensity broad side to a half-wave dipole
antenna at a distance of 25 km is 0.1 V/m in free space. [f the operating
frequency is 100 MHz, determine the length of fhe antenna, the amplitude
of the magnetic field intensity, the radiation resistance of the half
wave dipole antenna, the total radiated power and the average power density.

10 marks

Q4

A)  The magnetic field intensity of a uniform plane wave in free space is given
by H =0.3cos(300#10%-10z)a, A/m. Determine the velocity

of propagation, the wave frequency, the wave length, electric filed intensity,

and the average power density in the medium. 6 marks

B) With the aid of suitable diagrams, explain briefly the propagation of radio

waves in free space. 9 marks

C) What are the factors to be considered while transmitting an electromagnetic
wave from one medium to another? Define each of these factors. 5§ marks
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Q5

A) A copper wire antenna has efficiency ne of 97% and radiation resistance Raq
of 1.974 Q. The antenna is radiating power in free space at a frequency of 1
GHz, and the conductivity of copper, o = 5.8x10” S/m. Determine the
resistance of the antenna, length of the antenna and skin depth. 6 marks

B) A half wave dipole antenna radiates 15 kW at frequency of 150 MHz. A
short dipole antenna situated at a distance of 25 km is used as a receiving
antenna. If both antennas are symmetrically placed in the xy plane with
8 = 90° and the medium is free space, determine the effective area of the
each antenna and the power absorbed by the receiving antenna. 6 marks

C) The current in a small circular loop of radius 15 cm is 100cos (wt-30°%) A,
where w is 300x10° rad/s. If the medium is free space, write the expressions
for the far field in the time domain. Compute the power radiated by the loop
and its radiation resistance. 8 marks

A)  What do you understand by Poynting vector? Starting from Maxwell’s
equations derive an expression for the Poynting vector. 10 marks

B)  The electric field intensity of a uniform plane wave propagating in the z-
direction in a dielectric medium (u = Ho € = & & ) is given by
E =380cos(10°t —5z)a, Vim.
Determine the dielectric constant, the vélocity of propagation, the intrinsic

impedance, the wave length, the magnetic field intensity and average power

density. 10 marks



