Marking Key
Electromagnetic Radiation
Mock Exam  Marking Key -2024
ANSWER ALL QUESTIONS

Question 1 [25 marks]
a) How does an Electromagnetic wave propagate? List any two properties of EM waves.										[4 Marks]
Answers: Electromagnetic waves propagate through space by oscillating electric and magnetic fields that are perpendicular to each other and to the direction of wave propagation.									[2 Marks]
Properties
•	EM wave 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.												[Each point 1 mark, Max. of 2 marks for any 2 points]	
b) A Laser emits light with a wavelength of 650nm. Calculate the frequency of the emitted light. (Hint: )					[3 Marks]
Answer:
								[2 Marks]
							[1 Mark]
c) Describe Fleming’s Right hand rule.						[3 Marks]
Answer:
Fleming’s right hand rule states that, If the thumb, the forefinger and the middle finger are held in such a way that they are mutually perpendicular to each other (makes 90° of angle), then the forefinger points the direction of the field, the thumb points the direction of motion of the conductor and the middle finger points the direction of the induced current (from EMF)											[3 Marks]
d) Describe the following scattering theories with the aid of necessary diagrams.
i) Rayleigh Scattering							[5 Marks]
ii) Mie Scattering								[5 Marks]
iii) Raman Scattering							[5 Marks]
Answer:
(i)	Rayleigh scattering
· This occurs when waves encounter particles or structures much smaller than the wavelength of the incident wave. 
· The intensity of Rayleigh scattering is inversely proportional to the fourth power of the wavelength.
· Smaller particles and shorter wavelengths lead to more significant scattering. Scattering takes place equally in all the direction.
· Rayleigh scattering is responsible for the blue colour of the sky, as shorter-wavelength blue light is scattered more than longer-wavelength red light. 
[Each point carries 1 mark, maximum of 4 marks]
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[1 Mark]
(ii)	Mie scattering
· Mie scattering occurs when waves interact with particles or structures that are comparable in size to the wavelength of the incident wave. 
· It is more effective for larger particles and is not strongly wavelength-dependent. 
· It is commonly observed in situations involving larger particles, such as water droplets in clouds. 
· It influences the appearance of clouds and other aerosols.								[Each point carries 1 mark, maximum of 4 marks]
[image: A diagram of arrows pointing to the center of a circle

Description automatically generated]	[1 Mark]
(iii)	Raman Scattering
· Raman scattering is a phenomenon that involves the inelastic scattering of photons by molecules. 
· When light interacts with molecules, energy of the scattered light is different from that of the incident light.
· Stokes lines - lower-energy scattered photons, Anti-Stokes lines - higher-energy scattered photons. 
· The frequency difference between the incident and scattered light determines whether the Raman shift is a Stokes or anti-Stokes line.
[Each point carries 1 mark, maximum of 4 marks]
[image: A diagram of a laser
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Question 2 [25 marks]
a) Two Points A(2,2,1) and B(3,-4,2) are given in the rectangular system. Obtain the vector from A to B and a unit vector directed from A to B			[5 Marks]  
Answer: 
 					
 
 								[1 mark]
 							[1 mark]
 								[1 mark]
 					[1 mark]
1					[1 mark]

b) Define a TE mode.. 								[2 Marks]
Answer: These are sometimes called H modes because there is only a magnetic field along the direction of propagation. Electric Field (E) vector is transverse or perpendicular to the Waveguide’s axis. No electric field in the direction of propagation.	[2 marks]
c) 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.				[5 Marks]
Answer: 
NA=0.48
 
Refractive index of air (n)=1
 
 									[1 Mark]
  
 										[2 Marks]
 
								[2 Marks]
d) Describe the following terms used in Electromagnetic radiation
i) Diffraction								[2 Marks]  
ii) Numerical Aperture							[2 Marks]  
iii) Dispersion.								[2 Marks]
iv) Total Internal Reflection						[2 Marks]
v) Critical angle								[2 Marks]
Answer:
i) Diffraction								
Diffraction is defined as the interference or bending of waves around the corners of an obstacle or through an aperture into the region of geometrical shadow of the obstacle / aperture. The diffracting object or aperture effectively becomes a secondary source of the propagating wave.								[2 Marks]
ii) Numerical Aperture
Numerical Aperture (NA) is a dimensionless number that characterizes the range of angles over which an optical system can accept or emit light. It is related to the light-gathering ability and resolution of the optical system.							[2 Marks]

iii) Dispersion.								 
Dispersion refers to phenomenon where different wavelengths of light travels with varying velocities as they travel through the fiber. It causes pulses of light to spread out over time, leading to signal degradation and limiting the transmission capacity of the fiber.	[2 Marks]
iv) Total Internal Reflection	
Total internal reflection is a phenomenon that occurs when a propagating wave strikes an interface at an angle, greater than critical angle with respect to the normal to the surface, then the entire wave is reflected back into the same medium.				[2 Marks]
v) Critical angle							
The critical angle is defined as the angle of incidence above which total internal reflection occurs.											[2 Marks]
e) What is signal modulation?							[3 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]

Question 3 [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.										[10 Marks]
Answer:
 
 								[1 mark]
 									[1 mark]
							[1 mark]
						[1 mark]
			[2 mark]
			[1 mark]
					[1 mark]
 N					[1 mark]
			[1 mark]
b) Describe the functions of the following components with the aid of necessary diagram.
i) Directional Coupler							[4 Marks]
ii) Magic Tee								[4 Marks]
Answer: 
i) Directional Coupler
· It is a 4-port device, used to sample a small amount of input signal power for measurement purposes. 
· Port 1 is the input port, port 2 is the output port, port 3 is the coupled port and port 4 is the isolated/terminated port.
· When an input signal travels from port 1 to port 2, a part of this signal is coupled to port 3. The portion of the power coupled to port 3 depends on the coupling value of the coupler being used. 							[3 marks]
[image: What is a Directional Coupler? - everything RF]		[1 mark]
ii) Magic Tee
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 - Difference Port
· Port 4 - Sum Port								[3 marks]
[image: Diagram
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c) 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.								[3 Marks]
Answer: 
 										[1 Mark]
R- distance to the target
 = 								[1 Mark]
 										[1 Mark]
d) Define Doppler Effect. With example						[4 Marks] 
Answer: Doppler effect is defined as the increase (or decrease) in the frequency of sound, light, or other waves as the source and observer move towards (or away from) each other.												[2 marks]
The drop in pitch of ambulance sirens as they pass by and the shift in red light are common examples of the Doppler Effect.							[2 marks]

Question 4 [25 marks]
a) Describe the functions of each element in a Yagi-Uda Antenna.		[8 Marks]
Answer:
Driven Element: The Yagi antenna has one active element called the driven element, which is connected to the transmitter or receiver.						
Reflector Element: The rearmost parasitic element acts as a reflector. It reflects the incoming waves back towards the driven element, enhancing the overall antenna performance.
Director Elements: The parasitic elements in front of the driven element act as directors. They focus the electromagnetic waves in the desired direction, providing directionality to the antenna.
Boom: The element on which all these are placed is called a boom. It is a non-metallic structure which provides insulation, so that there will not be any short circuit between the other elements of the array.[Each component 2 mark, maximum of 8 marks]
b) What is an Electromagnetic Spectrum? Describe the features and applications of Radio Frequency waves  with necessary diagrams.	[10 Marks]
Answer:
The electromagnetic (EM) spectrum is the range of all types of EM radiation, which travels and spreads out as it goes. Electromagnetic energy travels in waves and spans a broad spectrum from very long radio waves to very short gamma rays. EM waves are in order of increasing frequency and decreasing wavelength.					[2 marks]
· Radio waves have the longest wavelengths and lowest frequency in the electromagnetic spectrum.
· Frequency - 300 gigahertz (GHz) and below. 
· Wavelength – 1mm to 10,000 kilometers
· AM – Frequency range - 535-1605 kHz.
· FM – Frequency range - 88 to 108 MHz
· At 300 GHz, the corresponding wavelength is 1 mm (shorter than a grain of rice); at 30 Hz the corresponding wavelength is 10,000 kilometers (6,200 miles) (longer than the radius of the Earth).
· Radio waves are very widely used in modern technology for fixed and mobile radio communication, broadcasting, radar and radio navigation systems, communications satellites, wireless computer networks and many other applications. 
· The radio "receives" these electromagnetic radio waves and converts them to mechanical vibrations in the speaker to create the sound waves you can hear. [8 marks]
c) What are the uses of a waveguide? Describe a step index fiber with necessary diagram.	[7 Marks]
Answer: A waveguide is a structure that guides waves, such as electromagnetic waves restricting the transmission of energy to one direction. Waveguide helps in the propagation of high frequency Electromagnetic waves like Microwaves, Radio waves, and Infrared Rays.											[2 marks]
Multimode step index optic fiber :
· step-index fiber, where a uniform refractive index exists within the core and a sharply decreased refractive index exists in the core-cladding interface because of the lower refractive index in cladding. 
· For step-index multimode fiber, the light propagates in the shape of a zigzag along the fiber/core axis according to the principle of total reflection. 
· Light entering the fiber at different angles of incidence will go through different paths. 
· Although the incident lights propagate at the same speed simultaneously at the input, the time to reach the output of the fiber is different, resulting in a temporal dispersion called modal dispersion.							[4 marks]
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		[1 mark]
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