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ANSWER ALL QUESTIONS

Question 1
(21 marks)

a. Electromagnetic radiation can be considered as seven categories. Name them.  (7 marks)
  
b. Describe the defining characteristics of each type of electromagnetic radiation. (7 marks)

c. Define refraction. (1 mark)

d. Define diffraction (1 mark)

e. Define dispersion (1 mark)

f. Define specular reflection. (1 mark)

g. Define diffuse reflection. (1 mark)
 
h. Define transmission.  (1 mark)

i. Define absorption (1 mark)

Question 2
(24 marks) 

1. State the frequency range and wavelength range of the High Frequency (HF) radio band. (2 marks)
  
1. Give five examples of common uses for the HF radio band (5 marks)
 
1. Name the three main radio propagation modes - for all radios frequencies not just HF. (3 marks)
  
1. For practical purposes, state which of these modes applies (or apply) to the HF band. (1 mark)
  
1. What factors affect the propagation of HF radio transmission? (4 marks)
  
A covert forward observation team is considering an alternative to satellite communications in order to transmit target data back to a ship 240 km away.  The team anticipates being able to establish communications using HF radio on a frequency of 4.78 MHz.
 
1. Calculate the length of a horizontal dipole naturally tuned for this frequency. (2 marks)
 
1. What does ‘polarisation’ describe for a radio wave? (1 mark)
 
1. How can the polarisation of a radio wave be altered during transmission? (1 mark)
 
1. What action will likely be required by the forward observation team to counter changes in polarisation? (1 mark)
 
1. What is the maximum data rate that could be achieved at 4.78 MHz? (3 marks)
 
1. What are the implications for how information is communicated? (1 mark)
 
Question 3
(22 marks)
 
a.  What is a black-body radiator? (2 marks)

b. Sketch the curves of radiated power on a scale of 1 - 10 (X-axis) against wavelength from 0 - 20 µm (Y-axis) for black body radiators at the temperature of the sun's surface (~6000 K), and at room temperature (293 K).  Annotate the wavelength of the greatest power for both curves. (5 marks)

c. Sketch the absorption of the atmosphere (Y axis) against wavelength from 0 - 20 µm (X-axis).  Annotate the two regions which transmit IR wavelengths.  State the reason for absorption of infra-red electromagnetic energy. (5 marks)

d. Define emissivity.  What is the approximate emissivity of polished silver and black paint? (4 marks)
 
e. Sketch the curve of emissivity (Y axis) against wavelength (X-axis) for metal oxide pigments such as aluminium oxide or titanium oxide. (2 marks)

f. Ammunition is to be stored in shipping containers in a hot desert environment.  Explain why ammunition stored in shipping containers painted white may be cooler than ammunition stored in shipping containers painted in dark olive green.  (4 marks)

Question 4
(22 marks)

a. State possible advantages of using optical fibre over copper wire for communications.  (8 marks)

b. Describe how light is transmitted by step-index multi-mode optical fibre, graded-index multi-mode optical fibre and mono-mode optical fibre.  State the advantages and disadvantages of each.  (9 marks)

c. The Spearfish torpedo is being upgraded with a fibre optic cable to replace the existing copper wire.  State factors which you would consider for selection of fibre type in order of priority and make a recommendation as to which fibre should be used. (5 marks)

Question 5
(26 marks)
 
a. Give examples of how X-rays and gamma radiation are useful in the field of OME. (4 marks)

b. Sketch and label apparatus to generate X-rays by an electron beam.  (4 marks)

c. Describe the interaction between the electron and target material (4 marks)

d. Describe the Compton effect (2 marks)

e. State the factors which determine the absorption of X-rays through a medium. (5 marks)

f. State the relationship of these factors in an equation.  (4 marks)
 
g. Explain why a nuclear explosion generates an electromagnetic pulse.  (3 marks)
 
Question 6
(20 marks)

a. State four inferences which can be drawn from Biot-Savart’s law (a.k.a. Laplace’s law) about the magnitude of magnetic induction at a point due to a small element of current carrying conductor.  (10 marks)
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	Figure 1.



b. Referring to Figure 1, if the wire in the field is one metre long, one Ampere flows through the wire, and the magnetic field strength is 1 Tesla, what is the force acting on the wire? (5 marks)

c. The inductance of a coil is given by the equation below:
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d. An inductor 2 cm in diameter and 10 cm in length is to be made from copper wire with an air.  The value of the inductor is required to be 40 µH.   If the permeability of air is 4π x 10-7 Hm-1, how many turns will be required? (5 marks)
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Where:
L = Inductance in henries (H)
u = permeability (Wb/A -m)
N = number of turns in coil

A = area encircled by coil (m?)
1 = lenth of coil (m)
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