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ANSWER ALL QUESTIONS
Question 1 [25 marks]
a) Apply the knowledge of electromagnetic wave theory to explain why electromagnetic waves are able to propagate without a medium.		[5 Marks]
Answer:
Electromagnetic waves are able to propagate without a medium because of the self-sustaining interaction between their electric and magnetic fields. 				[2 Marks]
In an electromagnetic wave, a changing electric field generates a magnetic field, and this changing magnetic field, in turn, generates an electric field. This continuous process allows the wave to carry energy forward without the need for a physical medium.		[3 Marks]
b) A conductor located at a point  is influenced by an electric field generated by a nearby point charge  of  placed at  in air. Calculate the electric field intensity vector at the conductors position, applying appropriate mathematical principles.						[14 Marks]
Answer:
 
 							[1 Mark]
 								[1 Mark]
						[2 Marks]
					[2 Marks]
			[2 Marks]
				[2 Marks]
						[2 Marks]
 N/c						[2 Marks]
c) Analyse the differences between ionising and non-ionising electromagnetic radiation, with reference to the frequency and wavelength and discussing their applications in society.								[6 Marks]
Answer:
Ionising Radiation: 
· Has high frequency range and shorter wavelength. Frequency ranging from Hz  in the Ultra violet spectrum to Hz  of gamma rays.  Wavelength Ranging from approximately 400nm to 0.01nm.  Examples include X-rays, gamma rays, and high-energy UV light.								[2 Marks]
· Used in medical imaging, radiotherapy, nuclear power generation.		[1 Mark]
Non-Ionising Radiation: 
· Has low frequency range and longer wavelength. Frequency ranging from Hz  for Radio waves to about Hz  for visible light. Wavelength Ranging from approximately 1mm for radio waves to 400nm for visible lights  Examples include radio waves, microwave, infrared, and visible light.				[2 Marks]
· Used in radio communication, optical imaging and heating.			[1 Mark]
Question 2 [25 marks]
a) Describe the fundamental properties of Electromagnetic waves.				[6 Marks]
Answer:
· They does not require any medium for propagation.
· Electromagnetic waves can be reflected, refracted, absorbed, diffracted, scattered and produce interference patterns.
· They are transverse in nature.
· Electromagnetic waves travel with a constant velocity in vacuum. The speed of the waves is 3x108m/s.
· They obey the equation , f is the frequency in Hertz and λ is the wavelength in metres. C= 108 m/s. From this relation, the electromagnetic waves travel with the speed of light regardless of wavelength and frequency.
· The oscillating electric field and magnetic field are in the same phase. 
· They may be polarized.		[ Each point 1 mark, maximum of 6 marks]
b) Define the following Maxwell’s equation
i) Gauss Law of Electricity						[3 Marks]
ii) Faradays Law of induction						[3 Marks]
Answer:
Gauss Law of Electricity
Gauss's Law states that the electric flux through a closed surface is proportional to the total electric charge enclosed within that surface. 						[2 Marks]
										[1 Mark]
Where, 
 - electric field,
- differential area vector on the closed surface,
​-total enclosed charge,
 - permittivity of free space.
Faradays Law of induction
Faraday’s Law of Induction states that a time-varying magnetic field induces an electromotive force (EMF) in a closed loop. This EMF is proportional to the rate of change of magnetic flux through the loop.									[2 Marks]
										[1 Mark]
Where,
 induced EMF
 magnetic flux through the loop
c) Using principles of magnetism, analyse the magnetic force per unit length between two parallel wires carrying currents of 3A and 6A in the same direction, placed 5cm apart in free space. Given that the permeability of free space is. Calculate the force per unit length between the wires.			[6 Marks]
Answer:
 
 										[1 Mark]
For free space, 
Force per unit length
 										[1 Mark]
 									[2 Marks]
 								[2 Marks]
d) An optic fiber has a numerical aperture  (NA) of 0.48, and the refractive index of the cladding is 1.45. Apply appropriate computational techniques to calculate the refractive index of the core and the acceptance angle, assuming light enters the fiber from air.										[7 Marks]
Answer:
NA=0.48
 
Refractive index of air (n)=1
 									[1 Mark]
 									[1 Mark]
  								[1 Mark]
 										[2 Marks]
 									[1 Mark]
								[2 Marks]
Question 3 [25 marks]
a) A rectangular waveguide has a width of 4cm and height of 2cm transmits  mode. Calculate the following . 
i) The cutoff frequency of the waveguide				[5 Marks]
ii) The cutoff wavelength of the waveguide.				[3 Marks]
Answer:
i) The cutoff frequency:
 									[1 Mark]
 							[2 Marks]
 									[2 Marks]
ii) The cutoff wavelength:
									[2 Marks]
									[1 Mark]
b) What is signal modulation? Describe the benefits of modulating a signal in RF communication system.					[7 Marks]
Answer:
Signal modulation is a technique used in communication systems to encode information on a carrier signal by varying its properties. The carrier signal is a high-frequency waveform that is modified or modulated to carry the information signal, which typically has a lower frequency.										[3 Marks]
The Benefits are										
· Frequency Utilisation
· Long-Distance Transmission
· Bandwidth Efficiency	
· Noise Immunity			[Each point 1 mark, maximum of 4 Marks]
c) What is a phased array? describe its benefits over a single-Antenna system.						[6 Marks]
Answer:
A phased array is an array of multiple antennas arranged in a specific geometry and configured to transmit or receive radio waves. Each antenna element in a phased array can transmit signals with specific phase shifts, allowing the array to steer its beam in different directions without physically moving the antennas. 					[3 Marks]
They provide increased gain and range, improving signal reach and strength over single antennas. They improve signal-to-noise ratio (SNR) by focusing energy in specific directions, reducing interference.					[3 Marks]
d) Apply appropriate computational techniques to calculate the frequency of a laser emitting light with a wavelength of 800nm. (Hint: )	[4 Marks]
Answer:
 											[1 Mark]
										[2 Marks]
								[1 Marks]
Question 4 [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 observed by the radar system.						[5 Marks]
Answer:
 
 										[1 Mark]
 								[1 Mark]
 									[2 Marks]
 							[1 Mark]
b) A continuous wave radar system measures a time delay of  for a signal to return from target. Given the speed of light is . Calculate the distance to the target.								[5 Marks]
Answer:
 
R- distance to the target
 										[2 Marks]
 									[2 Marks]
 										[1 Mark]
c) A radar system operates at a frequency of 5 GHz and transmits a power of 150 kW. The radar has a transmit antenna gain of 25 and a receive antenna gain of 20. The radar system detects a target with a radar cross-section  at a slant range of 20 km. The total system loss L=1.5.
i) Calculate the wavelength λ of the radar signal.				[2 Marks] 
ii) Using the radar range equation, calculate the power received by the radar from the target.									[6 Marks]
Answer:
Calculate the wavelength λ of the radar signal.				
 =								[2 Marks]
Using the radar range equation, calculate the power received by the radar from the target.	
 										[1 Mark]
 								[3 Marks]
 									[2 Marks]
d) c)	Describe the functionality of a 4 port Magic TEE used in microwave communication shown in figure 1. 						[7 Marks]
Answer:
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.							[1 Mark]
A magic tee has four ports:
· Port 1 - Co-linear
· Port 2 - Co-linear
· Port 3 - Difference Port
· Port 4 - Sum Port								[2 Marks]
When two signals of equal magnitude are fed from port 1 and 2, we get a zero at port 3 and the sum of the two signals at port 4.
When a signal is fed through port 4, it gets divided equally between port 1 & 2 and both the outputs are in phase. No output comes from port 3.
When a signal is fed through port 3, we get an output of equal magnitude but opposite phase at port 1 & 2 (the signals are 180 degrees out of phase). Output at port 4 is zero.												[4 Marks]
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