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ANSWER ALL QUESTIONS
Question 1 [25 marks]
a) A radar system transmits a signal with a frequency of 2 GHz. The system detects a moving target with a radial velocity of 1000m/s. Calculate the Doppler frequency shift.										[5 marks]
Answer:
 
 										[1 Mark]
 								[2 Marks]
 									[1 Mark]
 							[1 Mark]
b) What is signal modulation? Describe the benefits of modulating the signal in RF communication.									[7 Marks]
Answer:
Modulation is the process of varying one or more properties of a periodic waveform called the carrier signal, based on the message signal that contains information to be transmitted. 											[3 Marks]
The Benefits are										
· Efficient Antenna Size
· Long-Distance Transmission
· Bandwidth Efficiency	
· Multiplexing
· Noise Immunity			[Each point 1 mark, maximum of 4 Marks]
c) A Laser emits light with a wavelength of 800nm. Calculate the frequency of the emitted light. (Hint: )					[4 Marks]
Answer:
 											[1 Mark]
										[2 Marks]
								[1 Marks]
d) A continuous wave radar system operates with a speed of light of velocity . If the Radar measures a time delay of . Calculate the distance to the target.							[5 Marks]
Answer:
 
R- distance to the target
 										[2 Marks]
= 										[2 Marks]
 										[1 Mark]
e) A light ray travelling in a medium with a refractive index of 1.6, strikes the surface of a block of glass at an angle of incidence of . The block of glass has a refractive index of 1.5. Calculate the critical angle for total internal reflection at the interface.											[5 Marks]  
Answer:
Angle of incidence  
Critical angle 							[1 Mark]  
									[2 Marks]  
 										[2 Marks]  
f) How does an Electromagnetic wave propagate in free space.		[4 Marks]
Answer:
Electromagnetic waves are Self Propagating in nature. The magnetic and the electric fields come at 90° to each other, and the combined waves move perpendicular to both electric and magnetic oscillating fields occurring during the disturbance.	[4 marks]
Question 2 [25 marks]
a) Describe the  following with necessary diagrams.	
i) Passive Radar homing, 						[5 Marks]  
ii) Active Radar homing.							[5 Marks]  
Answer:
i) Passive Radar Homing
· Passive Radar Homing does not emit or reflect radar signals. 
· Detects & tracks emissions from the target Radar signals, communication signals (radio, datalink, radar uplinks)
· Locks onto the target’s emission source and follows it until impact.
· Cannot be jammed using traditional ECM (Electronic Countermeasures) since it does not relay on external radar illumination.				[4 Marks]  
[image: A diagram of a jet flying through a missile

AI-generated content may be incorrect.]					[1 Mark]
ii) Active Radar Homing (ARH)
· The missile has its own onboard radar transmitter and receiver.
· It detects, locks onto, and tracks the target independently without relying on the launching aircraft.
· Fire and Forget, the launching aircraft does not need to maintain radar lock, allowing it to engage multiple targets.
· Longer Engagement Range – ARH missiles can engage targets beyond visual range (BVR), typically over 100km							[4 Marks]  
[image: Precision-Guided Munitions: Radar-Guided Weapons (Part 4 of 4)]
								[Rough sketch 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 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]
c) Describe Right hand rule in Electromagnetic Radiation.			[3 Marks]
Answer:
Forefinger Points the direction of the electric field (E), Middle finger points the direction of the magnetic field (B) and Thumb Points the direction of wave propagation.
											[3 Marks]
Question 3 [25 marks]
a) 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]
b) An Optic Fiber has a Numerical aperture  (NA) of 0.48, and the refractive index of the cladding is 1.45. Calculate the refractive index of the core and the acceptance angle, assuming the light enters the fiber from air.					[8 Marks]
Answer:
NA=0.48
 
Refractive index of air (n)=1
 									[1 Mark]
 									[1 Mark]
  								[1 Mark]
 										[2 Marks]
 									[1 Mark]
								[2 Marks]
c) Compare TE and TM Mode. 					[4 Marks]
Answer:
	TE mode
	TM Mode

	Electric Field (E) vector is transverse or perpendicular to the Waveguide axis.
	Magnetic field(H) vector is transverse or perpendicular to the Waveguide axis.

	Magnetic fields is in the direction of Propagation
	Electric fields is in the direction of Propagation


[Each point carries 2 mark, maximum of 4 marks]
d) Describe the function of an isolator in Microwave communications.	[5 Marks]
Answer:
An isolator is a two-port passive device designed to allow the transmission of microwave signals in one direction while blocking or greatly attenuating any signal traveling in the opposite direction. 									[2 Marks]
Its primary function is to prevent reflected signals from traveling back toward sensitive components, such as microwave amplifiers or oscillators, which could cause instability, interference, or even damage.								[3 Marks]
Question 4 [25 marks]
a) Determine the force exerted on charge  by charge  in free space. Charge  with a magnitude of   is positioned at point A(-5,4,6)  and Charge  with a magnitude of  is positioned at point B(4,8,-2). All distance are measured in meters.										[15 Marks]
Answer:
 
 								[1 Mark]
 									[1 Mark]
							[2 Marks]
						[2 Marks]
			[2 Marks]
			[2 Marks]
					[2 Marks]
 N					[1 Mark]
		[2 Marks]
b) Describe the function of a Frequency modulated continuous wave Radar with necessary diagram.	[10 Marks]
Answer:
FMCW radar transmits a continuous signal whose frequency is varied (modulated) over time. The radar signal is typically modulated in a linear ramp or triangular waveform, meaning the frequency increases or decreases linearly over a specific period. The radar compares the transmitted signal and the reflected signal from a target to determine distance and velocity.											[3 Marks]
Frequency Modulation (FM): The radar continuously transmits a signal, typically with a linear frequency modulation (often called a chirp). The transmitted frequency sweeps from a lower bound to an upper bound over time.
Beat Frequency: The difference in frequency between the transmitted and the received (reflected) signal due to the time delay is called the beat frequency. This frequency difference is proportional to the distance of the target.
Time Delay: The time taken by the transmitted signal to travel to the target and return to the receiver is directly related to the distance of the target.
Doppler Shift: In addition to the beat frequency, if the target is moving, the received signal will have a frequency shift due to the Doppler effect. This shift helps measure the relative velocity of the target.									[4 Marks] 
[image: ]
										[3 Marks]
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