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Answer all questions
Question One: 
define:                                                                                                                             [20 points]
a) Antenna radiated field pattern and what are kinds of pattern?.

b) Half-power beam width (HPBW).

c) Antenna gain and its relation to directivity.

d) Polarization and what are kinds of polarization?

e) Uniqueness theory.

f) Huygen principles.
g) Calculate the quadratic phase error in horn aperture and how can be minimized?

h) Types of microstrip feeding, support your answer by drawing.

i) What is function of reflector, and what are types of reflector?

j) How can blockage be minimized in reflector? 
Question Two:                                                                                                               [16 points]
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Question Three:                                                                                                            [14 points]
A standard-gain X-band (8.2–12.4 GHz) pyramidal horn has dimensions of ρ1 = 13.46 cm, ρ2 =15.75 c), a1 =7.85 cm, b1 = 5.94 cm, a = 2.286 cm, and b = 1.016 cm. 

(a) Check to see if such a horn can be constructed physically.                               (4 points)
(b) Compute the directivity (in dB) at f = 10.3 GHz by three methods                 (10 points)

Question Four:                                                                                                              [21 points]   
I) Find the TMZmnp  field configurations (modes) of the rectangular                     (9 points)

microstrip patch based on the geometry of Figure 2. Determine:
a) eigenvalues (βx, βy and βz)

b) resonant frequency (fr)mnp for the mnp mode.

c) dominant mode if L > W > h.

d) resonant frequency of the dominant mode.
II) A rectangular patch operating at 10 GHz with length L=0.4097 cm,               (6 points)
width W=0.634 cm and substrate height h=0.127 cm. It is fed by a probe feed. 
Neglect mutual coupling. Calculate:

a) What is the input impedance of patch at one of radiating edges based on transmission line model.?
b) At what distance yo (in cm) from one of radiating edges should probe be placed to match 50 ohms?
III) A rectangular microstrip patch antenna has dimensions of L = 0.906 cm,    (6 points)          
W = 1.186 cm, and h = 0.1575 cm. The dielectric constant of the 
substrate is εr = 2.2. Using the geometry of Figure 3 and assuming 
no fringing, determine the resonant frequency of the first three 

TMZmnp modes, where m=0, in order of ascending  (smallest to
biggest ) resonant frequency.
Question Five:                                                                                                                           [19 points]
(A) define:                                                                                                                       (5 points)
1- Spillover efficiency and how can it be improved?

2- Amplitude taper efficiency and how can it be improved?

(B) Compare between cylindrical reflector and parabolic reflector .                       (5 points)
(C) The 42.672 m paraboloidal reflector at the National Radio Astronomy            (9 points)

Observatory, has an f/d ratio of 0.4284. Determine the:
(a) Total subtended angle of the reflector.
(b) Aperture efficiency assuming the feed pattern is symmetrical and its gain pattern is given by Gf (θ΄)=2 cos2(θ΄/2), where θ΄ is measured from the axis of the reflector.
(c) directivity of the entire system when the antenna is operating at 10 GHz, and it is illuminated by the feed pattern of part (b).
Compute the aperture efficiency of a rectangular aperture, mounted on an infinite ground plane as shown in Figure 1 (x y – plane), with an E-field aperture distribution directed toward y but with  variations of  triangular  distribution  in the x and uniform in the y:
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