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ANSWER ALL QUESTIONS
Question 1 [25 marks]
a) A Monopole antenna resonates at a frequency of 1GHz, calculate the operating wavelength and the length of the antenna.					[6 Marks]
Answer: 
Wavelength
 										[2 Marks]
 										[1 Mark]
 										[2 Marks]
 								[1 Mark]
b) Calculate the length of the driven element, director and reflector for a 3 element Yagi - Uda antenna designed to operate at a frequency of 300MHz. 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%.	[14 Marks]
Answer: 
Wavelength:
								[3 Marks]
Length of the Driven element: 
 									[3 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) Why is it crucial to achieve impedance matching between a transmission line and its antenna?		[5 Marks]
Answer: 
· The fundamental reason for impedance matching is to maximise the power transfer from the transmission line to the antenna.		[2 Marks]
· Impedance mismatches cause reflections of the signal at the interface between the transmission line and the antenna. These reflected signals can combine with the incident signals to form standing waves along the transmission line, characterised by the standing wave ratio (SWR)						[3 Marks]
Question 2 [25 marks]
a) 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. 												[7 Marks]
Answer: 
The transition distance from near field to far field.
	
 									[2 Marks]
 										[1 Mark]
					[3 Marks]
								[1 Mark]
b) A three port network is known to have the following scattering matrix. Determine the following. 

i) Verify if the network is reciprocal.		 			[4 Marks]
ii) Verify 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.			[4 Marks]
Answer: 
i) If the network is reciprocal: 		
If the network is reciprocal  						[2 Marks]
 							[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 and port  is terminated with a load that matches the network's impedance.
 
 							[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.		[5 Marks]
Answer:
	
 
 					[2 Marks]
 		[2 Marks]
 			[1 Mark]
Question 3 [25 marks]
a) A transmission line working at radio frequencies has the following constants  .  The line is terminated with  a resistive load of . Calculate the reflection coefficient and standing wave ratio.				[9 Marks]
Answer: 
 				[2 Marks]
 				[1 Mark]
Reflection Coefficient 
 				[2 Marks]
 				[1 Mark]
Standing Wave Ratio , S
 				[2 Marks]
 				[1 Mark]
b) A rectangular waveguide having a width of 2cm and height of 1cm transmits  mode. Calculate the following. 
i) The cutoff frequency 							[5 Marks]
ii) The cutoff wavelength							[4 Marks]
Answer: 
i) The cutoff frequency:
 
 							[3 Marks]
 										[2 Marks]
ii) The cutoff wavelength:
									[2 Marks]
									[2 Marks]
c) Write the S-Matrix for a two port network, assuming the two ports are perfectly matched.		[4 Marks]
Answer: 


		[4 Marks]
d) Discuss the impact of side lobes on antenna performance.					[3 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]
Question 4 [25 marks]
a) A transmission line with a length of has a characteristic impedance of 75. The line is terminated at a load impedance of . Use the smith chart to calculate the following
i) VSWR									[5 Marks]
ii) Voltage Reflection Coefficient						[3 Marks]
iii) Return loss								[3 Marks]
iv) Input impedance of the line,			.			[7 Marks]
v) Input admittance of the line.						[7 Marks]
Answer: 
i) VSWR	
Normalised load impedance 					[1 Mark]
 									[1 Mark]
VSWR =4.4 (From smith chart)							[3 Marks]
ii) Voltage reflection Coefficient	
 (From smith chart)							[3 Marks]
iii) Return loss 
Return Loss = 4db (From smith chart)						[3 Marks]
iv) Input impedance of the line, given that the line is 3.3𝜆 long.
	 (From smith chart)						[4 Marks]
 
						[2 Marks]
Ω								[1 Mark]
v) Input admittance of the line.	
  (From smith chart)						[4 Marks]
    
 
 								[2 Marks]
 								[1 Mark]
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