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ANSWER ALL QUESTIONS
Question 1 [25 marks]
a) Given two half-wave dipole antennas, where one emits electromagnetic waves with a wavelength of 220mm, and the other emits EM waves with a wavelength of 450mm. Determine the lengths of these dipole antennas and their resonant frequencies. Based on these calculations, analyse the effect of increasing the length of a half-wave dipole antenna on its properties						[12 Marks]
Answer: 
First Half wave Dipole antennas,
 									
							[2 Marks]
Resonant Frequency =1.364GHz
 										[1 Mark]
  								[1 Mark]
Second Half wave Dipole antennas,
										
								[2 Marks]
Resonant Frequency =
 										[1 Mark]
  								[1 Mark]
Increasing the length of a half-wave dipole antenna (from 0.11 meters to 0.225 meters) results in a decrease in its resonant frequency (from approximately 1.364GHz to 667MHz). 
The longer antennas have a narrower bandwidth potentially making it more directive with increased gain in certain directions.							[4 Marks]
b) A helical antenna is designed for satellite communication and operates at a frequency of 1.5 GHz. It has a diameter of 10cm and a pitch of 3cm. Calculate the transition distance from the near field to the far field for this helical antenna. 												[6 Marks]
Answer:
The transition distance from near field to far field.
	
 								[2 Marks]
					[2 Marks]
								[2 Marks]

c) A horn antenna intended for use in a wireless communication system that operates over a frequency range from 5.8 GHz to 6.2 GHz. Calculate the fractional bandwidth of the horn antenna, and discuss its implications for the antenna's performance in an application.							[7 Marks]
Answer:
	
 
 					[2 Marks]
 		[2 Marks]
 			[1 Mark]
A fractional bandwidth of 6.7% indicates that the horn antenna has a relatively narrow bandwidth, as it is designed to operate effectively across a specific, limited range of frequencies around the centre frequency of 6 GHz.
The antenna is well-suited for applications such as fixed wireless communication systems, point-to-point communication links, or radar systems operating in the 5.8 GHz to 6.2 GHz range. The antenna may not be suitable for applications requiring a wider range of frequencies.										[2 Marks]
Question 2 [25 marks]
a) Describe the following terms used in the Radiation pattern of antenna  with the aid of necessary diagram (label the following terms in the diagram). [3 Marks- diagram]
i) Main Lobe								[3 Marks]
ii) Side Lobe								[2 Marks]
iii) Nulls									[2 Marks]
iv) Back Lobe.								[2 Marks]
Answer:
[image: ]
											[3 Marks]
Main Lobe: 
The main lobe is the central and the strongest lobe in the radiation pattern. It represents the primary direction in which the antenna radiates or receives energy.			[3 Marks]
Side Lobes: 
Side lobes are additional lobes that exist beside the main lobe. These lobes contribute to energy radiation in directions other than the main lobe. 				[2 Marks]
Back Lobe: 
The back lobe located in the opposite direction to the main lobe. It represents energy radiated or received in the direction opposite to the intended radiation. They can be caused by reflections, scattering, or imperfections in the antenna structure, leading to secondary radiation in the opposite direction.							[2 Marks]
Nulls: 
Nulls are regions in the radiation pattern where the signal strength is at a minimum. These are areas where the antenna has poor sensitivity or does not radiate much energy.
Nulls are often formed due to the cancellation of waves through interference. When waves from different parts of the antenna combine destructively, they create regions of reduced radiation intensity.									[2 Marks]
b) Analyse the impact of side lobes and back lobes on antenna performance. [5 Marks]
Answer:
Side lobes should be minimised to concentrate most of the energy in the main lobe. Side lobes reduced overall system efficiency. In transmission, this means a portion of the power is wasted rather than being focused on the intended receiver. In reception, this can mean reduced sensitivity to the desired signal.						[3 Marks]
A strong back lobe reduces the front-to-back ratio of the antenna,. A lower front-to-back ratio can signify that the antenna is less directional than desired.				[2 Marks]
c) A rectangular waveguide having a width of 4cm and height of 2cm transmits  mode. Calculate the following . 
i) The cutoff frequency 							[4 Marks]
ii) The cutoff wavelength							[4 Marks]
Answer:
i) The cutoff frequency:
 									[1 Mark]
 							[2 Marks]
 									[1 Marks]
ii) The cutoff wavelength:
									[2 Marks]
									[2 Marks]
Question 3 [25 marks]
a) Calculate the length of the driven element, director and reflector for a 3 element Yagi - Uda antenna designed to operate at a frequency of 200MHz. also Calculate the distance between antenna elements, if the distance from the driven element to the reflector is 0.15λ, and the distance from the driven element to the director is 0.2λ. Note that the difference between the length of each adjacent antenna element is 5%.										[12 Marks]
Answer:
Wavelength:
								[2 Marks]
Length of the Driven element: 
 									[2 Marks]
Length of Director:
 
 										[2 Marks]
Length of Reflector:
 
 										[2 Marks]
The distance from the driven element to the reflector=0.15λ
								[2 Marks]
The distance from the driven element to the director=0.2λ
									[2 Marks]
b) A two port network is known to have the following scattering matrix. Determine the following. 

i) If the network is reciprocal. 						[3 Marks]
ii) If the network is a lossless network.					[5 Marks]
iii) Calculate the return loss at port 1 when port 2 is terminated with a load that matches the network's impedance.					[5 Marks]
Answer:
i) If the network is reciprocal: 		
If the network is reciprocal  
 						[3 Marks]
As they are not equal, this is not a reciprocal network				
ii) If the network is a lossless network:	
For a network to be  lossless network, The sum of the squares of the magnitudes of the S-parameters for any port must equal 1.
For Port 1:
To verify if,  							[2 Marks]
 								[2 Marks]
 									[1 Mark]
This is not a loss less network
iii) Calculate the return loss at port 1 when port 2 is terminated with a load that matches the network's impedance.
 							[2 Marks]
 							[2 Marks]
 								[1 Mark]
Question 4 [25 marks]
a) A 50  lossless transmission line is terminated in a load impedance of . Use smith chart to calculate the following
i) VSWR									[4 Marks]
ii) Voltage reflection Coefficient						[4 Marks]
iii) Input impedance of the line, given that the line is 3.3𝜆 long.		[6 Marks]
iv) Input admittance of the line.						[6 Marks]
Answer: 
i) VSWR	
Normalised load impedance 				[1 Mark]
VSWR =4.3										[1 Mark]
ii) Voltage reflection Coefficient	
 (From smith chart)							[2 Marks]
iii) Input impedance of the line, given that the line is 3.3𝜆 long.	
 									[1 Mark]
=(0.28-j0.4)50=(14-j20)Ω					[2 Marks]
iv) Input admittance of the line.	
  							[1 Mark]
 					[2 Marks]
[Smith chart VSWR- 2 marks, voltage reflection coeff-2 marks, Input impedance -3 marks, input admittance, 3 marks]


		[image: A diagram with numbers and lines

Description automatically generated]
b) Identify the antennas listed in table 1 given below .				[5 Marks]
Table 1: List of antennas
	Question Number
	Antenna

	i) 
	[image: EDX220 (PTC Folded Dipole) - MobileMark]

	ii) 
	


	iii) 
	[image: Rhombic antenna - Wikipedia]

	iv) 
	[image: 3144 Log-Periodic Dipole Array - ETS-Lindgren]

	v) 
	[image: 137 MHz Turnstile Antenna | 3D CAD Model Library | GrabCAD]



Answer: 

i) Folded Dipole antenna
ii) Helical antenna
iii) Rhombic antenna
iv) Log Periodic Antenna
v) Turnstile antenna

[Each 1 mark, Total 5 Marks]
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