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Question (1): Antenna Types:[25 Marks] 

 

1. Explain the basic geometry and elements of Yagi-Uda antenna. 

 

The basic geometry of a Yagi-Uda antenna is shown below in Figure below. 

 

Geometry of Yagi-Uda antenna. 

The yagi-uda antenna consists of 2 parts: 

•  the antenna elements  

•  the antenna boom 

There are three types of elements: 

•  the reflector (refl)  

•  the feed or driven element (de)  

•  the directors (dir) 

 

The Yagi antenna consists of a single 'feed' or 'driven' element, typically a dipole or a 

folded dipole antenna. This is the only member of the above structure that is actually 



excited (a source voltage or current applied). The rest of the elements are parasitic - they 

reflect or help to transmit the energy in a particular direction. The length of the feed 

element is given in Figure 1 as F. The feed antenna is almost always the second from the 

end, as shown in Figure 1. This feed antenna is often altered in size to make it resonant 

in the presence of the parasitic elements (typically, 0.45-0.48 wavelengths long for a 

dipole antenna). 

The element to the left of the feed element in Figure 1 is the reflector. The length of this 

element is given as R and the distance between the feed and the reflector is SR. The 

reflector element is typically slightly longer than the feed element. There is typically 

only one reflector; adding more reflectors improves performance very slightly. This 

element is important in determining the front-to-back ratio of the antenna.  

Having the reflector slightly longer than resonant serves two purposes. The first is that 

the larger the element is, the better of a physical reflector it becomes.  

Secondly, if the reflector is longer than its resonant length, the impedance of the 

reflector will be inductive. Hence, the current on the reflector lags the voltage induced 

on the reflector. The director elements (those to the right of the feed in Figure 1) will be 

shorter than resonant, making them capacitive, so that the current leads the voltage. This 

will cause a phase distribution to occur across the elements, simulating the phase 

progression of a plane wave across the array of elements. This leads to the array being 

designated as a travelling wave antenna. By choosing the lengths in this manner, the 

Yagi-Uda antenna becomes an end-fire array - the radiation is along the +y-axis as 

shown. 

The rest of the elements (those to the right of the feed antenna as shown) are known as 

director elements. There can be any number of directors N, which is typically anywhere 

from N=1 to N=20 directors. Each element is of length Di, and separated from the 

adjacent director by a length SDi. As alluded to in the previous paragraph, the lengths of 

the directors are typically less than the resonant length, which encourages wave 

propagation in the direction of the directors.  

 

 

2. Draw the radiation pattern of half wave dipole antenna (show in your drawing  the 

HPBW and the direction of maximum radiation ), and if we have a TV channel at 

400 MHz frequency compute the antenna length. 

 

The directivity of a half-wave dipole antenna is 1.64 (2.15 dB). The HPBW is 78 

degrees.The half power point is at 𝜃h=51o and maximum at 𝜃max=90o. the radiation pattern is 

shown in figure below 

 

http://www.antenna-theory.com/basics/radPatDefs.php


 

 

C = λ * F 

3*10
8 
=  λ * 400 *10

6 

 λ = 3*10
8  

/ 400 *10
6 
 = 0.75 m 

so antenna length = 37.5 cm 

 

3. What is the frequency range for the Pyramidal Horn antenna? 

microwave frequency ranges (from 1GHz up to 18 GHz). 

 

 

4. What are the parameters that controls the gain of the Pyramidal Horn 

antenna? 

The radiation pattern of a horn antenna will depend on B and A (the dimensions of 

the horn at the opening) and R (the length of the horn, which also affects the flare 

angles of the horn), along with b and a (the dimensions of the waveguide). These 

parameters are optimized in order to improve the performance of the horn 

antenna, and are illustrated in the following Figures. 

 
Cross section of waveguide cut in the H-plane. 



 
Cross section of waveguide cut in the E-plane. 

Observe that the flare angles ( and ) depend on the height, width and length 

of the horn antenna. 

Given the coordinate system of Figure 6 (which is centered at the opening of the 

horn), the radiation will be maximum in the +z-direction (out of the screen).  

 

 Question (2): Digital Communications: [25 Marks] 

1. Explain with the aid of block diagram the PWM generation. 

 

 



 

 

 

 

 

 

 

 

 

 



2. Explain with the aid of block diagram the BPSK generation and detection. 

 

 

 

 



 

 

 

3. Describe the function and operation of the following block diagram: 
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