Marking Key
MOCK EXAM - ANSWERS
MODULE CODE: ACDA6019
MODULE NAME: ADVANCED RADIO FREQUENCY SYSTEMS
ANSWER ALL QUESTIONS
Question 1 [25 marks]
a) What is a Radiation pattern? What are the types of radiation patterns associated with antennas?	[6 Marks]
Answers: 
A radiation pattern is a graphical representation of how an antenna radiates electromagnetic energy in space.									[2 Marks]
Types of Radiation pattern:
· Isotropic Radiation Pattern
· Omnidirectional Radiation Pattern
· Directional (or Beam) Radiation Pattern
· Bidirectional Radiation Pattern
	[Each type allocated with 1 mark, maximum of 4 Marks]
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%.	[10Marks]
Answers: 
Wavelength:
								[1 Mark]
Length of the Driven element: 
 									[1 Mark]
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) A Monopole antenna resonates at a frequency of 1GHz, calculate the operating wavelength and the length of the antenna.		[5 Marks]
Answers: 
 								[2 Marks]
 										[2 Marks]
 								[1 Mark]
d) Differentiate half-power Beamwidth and null to null Beamwidth		[4 Marks]
Answers: 
Half-Power Beamwidth (HPBW): 
This is the angular separation between the two points on the radiation pattern where the radiation intensity is half (or -3 dB) of the maximum.		[2 Marks]
First Null Beamwidth (FNBW) or Null-to-Null Beamwidth: 
This is the angular separation between the two points on either side of the main lobe where the radiation intensity drops to zero.		[2 Marks]
Question 2 [25 marks]
a) A helical antenna is designed for satellite communication and operates at a frequency of 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. 			[5 Marks]
Answers: 
The transition distance from near field to far field.
	
 								[2 Marks]
					[2 Marks]
										[1 Mark]
b) Describe the following terms used in the Radiation pattern of antenna  with the aid of necessary diagram (label the following terms in the diagram).	[2 Marks- diagram]
i) Main Lobe								[2 Marks]
ii) Side Lobe									[2 Marks]
iii) Nulls									[2 Marks]
iv) Back Lobe.								[2 Marks]
Answers: 
[image: A diagram of a flower

Description automatically generated]
										[2 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.			[2 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]
c) What is a phased array antenna? How does it operate?			[5 Marks]
Answers: 
· A phased array antenna is an electronically scanned array or a computer-controlled array of antennas. It creates a beam of radio waves that can be electronically steered to point in different directions without moving the antennas.	[2 Marks]
· In a phased array, the power from the transmitter is fed to the radiating elements through devices called phase shifter, controlled by a computer system. The Phase shifter can alter the phase or signal delay electronically, thus steering the beam of radio waves to a different direction.	[2 Marks]
· When the signals are in-phase, they combine together to form a signal of additive amplitude, thus controlling the direction of an emitted beam by exploiting constructive interference between two or more radiated signal. This is known as Beamforming. 	[1 Mark]
d) A rectangular waveguide having a width of 3.21cm and height of 1.1cm transmits  mode. Calculate the cutoff frequency and the cutoff wavelength			[5 Marks]
Answers: 
i) The cutoff frequency:
 
 							[2 Marks]
 									[1 Mark]
ii) The cutoff wavelength:
									[1 Mark]
										[1 Mark]
Question 3 [25 marks]
a) Describe the function of a Magic Tee and derive the S- Matrix.	[8 Marks]
Answers: 
A Magic Tee or Hybrid Tee is a 4-port waveguide tee that is a combination of an E-Plane and H-Plane Waveguide Tee. A magic tee has four ports:
· Port 1 - Co-linear
· Port 2 - Co-linear
· Port 3 – H arm
· Port 4 – E Arm		[2 Marks]

[image: A diagram of a diagram of a diagram
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		[1 Mark]
· As port 3 and 4 are perfectly matched, 
· Port 3 and Port 4 are isolated to each other, so 
· When input is at Port 4 (E arm), then output at port 1 and port 2 is same but out of phase. 
· When input is at Port 3 (H arm), then output at port 1 and port 2 is same and in phase. 
· According to symmetry
; 	[2 Marks]
 
		[3 Marks]
b) 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.			[6 Marks]
Answers: 
 				[2 Marks]
Reflection Coefficient 
 				[2 Marks]
Standing Wave Ratio , S
 				[2 Marks]
a) A two port network is known to have the following scattering matrix. Determine the following. 

i) If the network is reciprocal.		 				[2 Marks]
ii) If the network is a lossless network.					[2 Marks]
iii) Calculate the return loss at port 1 when port 2 is terminated with a load that matches the network's impedance.					[3 Marks]
Answers: 
i) If the network is reciprocal: 		
If the network is reciprocal  
 							[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,  
 							[1 Mark]
 								[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]
 								[1 Mark]
b) Differentiate between a Broadside Array and an End Fire array Antenna.	[4 Marks] 
Answers: 
Broadside Array:
The elements in a broadside array are typically arranged in a linear fashion or in a planar configuration, with all elements fed in-phase.
The maximum radiation occurs perpendicular to the axis of the array elements. The main beam is directed along the broadside, or side, of the array structure.		[2 Marks]
End Fire array:
The elements in an end-fire array are also arranged linearly, but the elements are fed with a progressive phase shift along the array to achieve radiation in the end-fire direction.
In an end-fire array, the maximum radiation occurs in the direction parallel to the axis of the array elements.		[2 Marks]
Question 4 [25 marks]
a) A 50  loss less transmission line is terminated in a load impedance of . Use the smith chart to calculate the following
i) VSWR									[3 Marks]
ii) Voltage reflection Coefficient						[2 Marks]
iii) Return Loss								[2 Marks]
iv) Input impedance of the line, given the line is 2.35𝜆 long.		[5 Marks]
v) Input admittance of the line.						[3 Marks]
Answers: 
i) VSWR	
Normalised load impedance 			[1 Mark]
VSWR =	5.2									
ii) Voltage reflection Coefficient	
0.68										[1 Mark]
iii) Return Loss 
Return Loss= 3.4								[1 Mark]
iv) Input impedance of the line, given that the line is 3.3𝜆 long.	
 
=(0.19-j0.02)50=(9.5-j1)Ω					[2 Marks]
v) Input admittance of the line.	
  
 
 						[1 Mark]


[image: A diagram of a graph
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[Smith chart VSWR- 2 marks,  - 1mark, Return Loss-1 mark, Input impedance - 3 marks, input admittance- 2 marks]

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

	i) 
	


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

	iii) 
	[image: Horn Antenna : Working, Types, Radiation Pattern & Its Applications]

	iv) 
	[image: Rhombic antenna - Wikipedia]

	v) 
	[image: A satellite dish on a stand

Description automatically generated]


Answers: 
i) Helical antenna
ii) Folded Dipole antenna
iii) Horn antenna 
iv) Rhombic antenna
v) Parabolic Antenna 					[Each 1 Mark, Total 5 Marks]
c) At a frequency of 120MHz, a loss less transmission line has a transmission impedance of 300Ω and a wavelength of 2.5m. Calculate L and C.				[5 Marks]
Answers: 
 
	
Squaring Both the sides,
 		[1 Mark]
 		
 
 
 
 		[2 Marks]
 
 
 
 		[1 Mark]
We know,
 
 
 
 		[1 Mark]
Diwedd/End
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