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ANSWER ALL QUESTIONS
Question 1 [25 Marks]
a) A transmission line operating at radio frequencies has the following parameters  . The line is terminated with a resistive load of . Apply the knowledge of transmission line theory to calculate the reflection coefficient and Standing wave ratio and evaluate their implication on signal Transmission.				[12 Marks]
Answer: 
 				[2 Marks]
 				[1 Mark]
Reflection Coefficient 
 				[2 Marks]
 				[1 Mark]
Standing Wave Ratio , S
 				[2 Marks]
 				[1 Mark]
The reflection coefficient of approximately 0.19 and an SWR of 1.47 suggest that there is a moderate mismatch between the transmission line and the load. This mismatch leads to some reflected power, reducing the efficiency of power transfer and potentially causing signal distortion.				[3 Marks]
b) A helical antenna is used for satellite communication operates at a frequency of  The antenna has a diameter of  and a pitch of . Apply the knowledge of electromagnetic theory to calculate the transition distance from the near field to the far field for this helical antenna. Explain the importance of near-field and far-field regions in an antenna.			[8 Marks]
Answer: 
The transition distance from near field to far field.
	
 								[2 Marks]
					[2 Marks]
								[1 Marks]
The near-field region is close to the antenna where field strength varies rapidly, creating a complex radiation pattern. The far-field region, beyond the transition distance, is where electromagnetic waves become planar, and the field strength decreases. This region is essential for reliable communication.							[3 Marks]
c) Discuss the impact of side lobes and back lobes on antenna performance.					[5 Marks]
Answer: 
Side lobes are secondary lobes that occur in an antenna's radiation pattern outside the main lobe. Side Lobes can lead to unwanted radiation and interference, reducing efficiency by radiating power in unintended directions.						[2 Marks]
Back lobes, which radiate opposite to the main lobe, cause interference behind the antenna and decrease forward gain, impacting applications requiring directional signals. A strong back lobe reduces the front-to-back ratio of the antenna				[2 Marks]
High side and back lobe levels reduce overall performance and lead to communication issues.											[1 Mark]
 Question 2 [25 marks]
a) Given two half-wave dipole antennas, one operating at a frequency of 1.5 GHz and the other at 0.9 GHz, determine the lengths of these dipole antennas and their corresponding wavelengths. Apply the knowledge of electromagnetic principles to analyse how increasing the length of a half-wave dipole antenna affects its properties.		[10 Marks]
Answer: 
First Half wave Dipole antennas,
 									
										[2 Marks]
Length
 										[1 Mark]
  								[1 Mark]
Second Half wave Dipole antennas,
										
										[2 Marks]
Length
 									[1 Mark]
  								[1 Mark]
Increasing the length of a half-wave dipole antenna from 0.1 meters to 0.165 meters results in a decrease in its resonant frequency from approximately 1.5 GHz to 0.9 GHz. 
The longer antennas have a narrower bandwidth making it more directive with increased gain in certain directions.									[2 Marks]
b) A 3-element Yagi-Uda antenna is to be designed for operation at a frequency of 180MHz. Apply the knowledge of antenna design principles to calculate the lengths of the driven element, director, and reflector. Also, calculate the spacing 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. Assume a 5% difference in  length between adjacent elements. 		[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]

c) Determine the S-matrix for a two-port network where port 1 is perfectly matched.			[3 Marks]
Answer: 


		[3 Marks]
Question 3 [25 marks]
a) Calculate the directivity of an antenna that radiates a total power of  with a maximum radiation intensity of . Express the result in both linear scale and decibels.									[5 Marks]  
Answer: 
Total radiated Powet (
Maximum radiation intensity
Directivity (D)						[3 Marks]
Directivity in decibels =			[2 Marks]
b) A two port network  has the following scattering matrix. Determine the following. 

i) Analyse if the network is reciprocal.		 			[3 Marks]
ii) Evaluate if the network is a lossless network.				[5 Marks]
iii) Calculate the return loss at port 1 when port 2 and port 3 are terminated with a load that matches the network's impedance.			[3 Marks]
Answer: 
i) Analyse if the network is reciprocal: 		
If the network is reciprocal  						[1 Mark]
 							[2 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 lossless 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]
 								[1 Mark]
c) A transmission line with zero dissipation has the following constant R=0.006Ω/m, L=2.5μH/m and C=4.45pF/m. If the line operates at 10MHz. Calculate the following.
i) Characteristic Impedance						[2 Marks]
ii) Attenuation Constant							[2 Marks]
iii) Phase constant								[3 Marks]
iv) Velocity of propagation						[2 Marks]
Answer: 
i) Characteristic Impedance	
 							[1 Mark]
										[1 Mark]
ii) Attenuation Constant	
, as the resistance is too small						[2 Marks]
iii) Phase constant	
													[2 Marks]
									[1 Mark]
iv) Velocity of propagation	
 							[1 Mark]
								[1 Mark]
Question 4 [25 marks]
a) A 50  transmission line operates at 140MHz and is terminated with a load impedance of . Calculate the following to design a short circuited series single-stub tuner to match the impedance. 
i) Normalised load impedance						[2 Marks]
ii) Wavelength 								[2 Marks]
iii) Normalised Load Admittance						[3 Marks]
iv) Distance of the stub from the load ( using smith chart		[12 Marks]
v) Length of the Stub (	using smith chart				[6 Marks]
Answer: 
i) Normalised load impedance
Normalised load impedance 					[1 Mark]
 ) Ω									[1 Mark]
ii) Wavelength 	
 									[1 Mark]

 										[1 Mark]
iii) Load Admittance	
							[1 Mark]
)						[2 Marks]
iv) Distance of the stub from the load ( 
							[1 Mark]
							[2 Marks]
Smith chart: Plotting admittance 2 Marks, VSWR circle 2 marks, circle 2 Marks, Marking the wavelengths 3 Marks] 
v) Length of the Stub (
 					[2 Marks]
Smith chart: Plotting-jb 2 Marks,  Marking the wavelength 2 Marks] 
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