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INSTRUCTIONS: Answer Question ONE and any other TWO questions.

QUESTION ONE (30 MARKY)

(a) Define the following terms as they relate to antenn (5 Marks)
i.  Directivity
ii. Beam area
iii.  Radiation pattern
iv.  Beam efficiency
v. Half-Power Beam width
(b) Explain in detail the concept of radiation mechargsn antennas and briefly describe three

conditions under which radiation can occur in angm (4 Marks)
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(c) Using a suitable illustration, explain the workioigan antenna as a transmitting device and
as a receiving device. (3 Marks)

(d) Using suitable illustrations, differentiate betweabpole and monopole antennas and list two
applications of each. (3 Marks)

(e) A transmitter provides 200 W of power to an antesysgtem with a transmission line of
characteristic impedance=50Q. However, the impedance of the antenna is given by
Zx=40+j30Q. The antenna has a radiation resistance of Rix-86d an ohmic resistance
RI=5Q (4 Marks)

I.  Calculate the reflection coefficiehtat the antenna.

ii.  Find the power delivered to the antenna PA afteoawting for reflection.

iii.  Determine the antenna’s efficieneyand calculate the radiated power Prad.

iv.  Assume an impedance matching network is used fegigr match the antenna
impedance to Z0. Calculate the new reflection ¢oefiit and power delivered to the
antenna.

() Explain the practical impact of having a lower FRBtio in terms of interference and signal
clarity, particularly in a communication system ggigng in a noisy environment. (2 Marks)

(9) Discuss how the beam width affects the antennaferpgance in a communication system,
particularly in terms of signal coverage and irdezhce. (2 Marks)

(h) An antenna has a Half-Power Beam Width of 30 (2 Mark)

I.  Calculate the First Null Beam Width.

ii. If the power radiated in the main lobe is describgdhe equation Bf=P0co$(0),
where PO=8@V, determine the angles at which the power firathes O.

() Your team is considering an antenna array for thergency communication system, but
concerns have been raised about potential drawbklek#ify and discuss at least two
disadvantages of using an antenna array in thizasice How might these disadvantages
affect the installation and maintenance of theesy$t (3 Marks)

() Describe the key functions of a feed network iraatenna array. Explain how each function
contributes to the overall performance of the amiesystem. (2 Marks)

MUST is IS0 9001:2015 and

ISO/IEC 27001:2013 CERTIFIED
2



QUESTION TWO (15 MARKYS)

(a) A transmission line with a characteristic impedant&,=50Q connects a transmitter to an
antenna. However, the system suffers from impedamsmatch

i.  If the antenna’s impedance is measured as ZLQ1&@d a forward power of 150 W,
calculate the reflection coefficienf) at the load, the Voltage Standing Wave Ratio
(VSWR) and the reflected power.

ii.  Toimprove system efficiency, a matching networkserted between the transmission
line and the antenna. This network brings the arg@émpedance to ZL=%D Calculate
the new reflection coefficient and VSWR and deteerfiow much reflected power is
now observed. (6 Marks)

(b) An antenna designed for a point-to-point commurocesystem has a forward radiation power
of 150 W and a backward radiation power of 5 W. &h&nna operates at an efficiency of
85%. (9 Marks)

i.  Calculate the F/B Ratio of the antenna in decilah;.

(c) If the power radiated in the forward directionesluced to 130 W while maintaining the same

backward power of 5 W, calculate the new F/B Ratid the antenna gain in the forward

direction. How does this reduction in forward powéect the overall antenna performance?

QUESTION THREE (15 MARKY)

(a) A directional antenna radiates a total power of W0®ith 70% of that power concentrated in
the main lobe. The maximum radiation intensity @) in the main lobe is 30//sr.
i.  Calculate the beam efficiengB of the antenna.
ii.  Calculate the directivity D of the antenna.
iii.  Ifthe antenna's radiation efficiengy90%, calculate the antenna gain G in linear terms
and in decibels (dB).
iv.  Suppose the antenna's main lobe beam area dected3As0.5sr, what would the

new directivity and antenna gain be? Would thidl mamore or less focused radiation?
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(b) An antenna’s radiation pattern exhibits a maximwwegy of 100 W at its peak. The power
levels at different angles are measured, andfauad that the power drops to 50 W at two
angles, which are —2%and +25 from the peak. (9 Marks)

i.  Calculate the HPBW in degrees and radians.
ii.  Calculate the FNBW in degrees and radians.
ii. If the field pattern at the maximum power is représd as B)=E0cog(0), where EO
is the peak electric field, derive the expressanrthie anglé at which the power drops
to 50 W. (6 Marks)

QUESTION FOUR (15 MARKY)

a) With the help of a suitable illustration, disculse aintenna field zones. (5 Marks)

b) You are designing a communication system for a teracea requiring reliable connectivity
for emergency services. Explain at least threeddsyantages of using an antenna array over a
single high-gain antenna in this context. M@ks)

c) Given the electromagnetic wave described by thatsans:

E = 10sin(4mx — 2w X 108)V/m
B = 0.0333sin(4mry — 2 X 108¢t) T

I.  Determine the direction of the EM wave and the &mgwave number.
ii.  Determine the wavelength of the wave.
iii.  Calculate the energy densities of the magneticetaatric fields, and then find the total
energy density. (7 Marks)

QUESTION FIVE (15 MARKYS)

(a) In an array consisting of identical elements, salvparameters can be adjusted to shape the
overall radiation pattern of the antenna. Briefsdribe four such Control Parameters.
(4 Marks)
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(b) A parabolic reflector antenna has a diameter ofeBens and operates at a wavelength of 0.1
meters.
I.  Calculate the gain (G) of the antenna if the efficly factor§) is 0.65.
ii. Determine the half-power beamwidth (HPBW) of theéeana and explain how
changing the diameter of the reflector affectstibamwidth. (3 Marks)
(c) Figure Q5 (c) shows two point sources are sepakateddistance d and fed with currents of
equal magnitude and phase.
I.  Derive the expressions for the path differencethaghase difference between the
waves from two point sources.
ii.  Show that the total electric field (ET) at a distpaint P is given by the expression
provided.

kdcosqb)

Er = 2E <
T 0COS >

iii.  Calculate the angles at which the maximum and minimadiation occurs.
iv.  Sketch the field pattern for the two point sources. (8 Marks)

®P (At infinity)

Fig Q5(c)
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