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ANSWER ALL QUESTIONS

Question 1
(29 marks)
 
For each of the phenomena listed below, give a general definition applicable to all forms of electromagnetic radiation, then give an example for visible light.
 
1. Define refraction. (1 mark)
  
1. Give a specific example of refraction for light (1 mark)
  
1. Define diffraction (1 mark)
  
1. Give a specific example of diffraction for light (1 mark)
  
1. Define dispersion (1 mark)
  
1. Give a specific example of dispersion for light (1 mark)
  
1. Define specular reflection. (1 mark)
  
1. Give a specific example of specular reflection for light (1 mark)
  
1. Define diffuse reflection. (1 mark)
  
1. Give a specific example of diffuse reflection for light (1 mark)
  
1. Define transmission.  (1 mark)
  
1. Give a specific example of transmission for light (1 mark)
  
1. Define absorption (1 mark)
  
1. Give a specific example of absorption for light (1 mark)
  
Figure 1 represents an experimental blast pressure gauge based on an interferometer. Light from a laser diode passes into an optical fibre at A.  When the light reaches the semi-silvered end of the fibre at B, some of the light is reflected and returns back down the fibre.  The remainder of the light crosses a cavity and reflects back from a reflective diaphragm at D.  This light re-enters the fibre at B.  The light wave reflected from D is superimposed on the light wave from B causing destructive or constructive interference depending on phase difference between the two waves. The resultant wave passes out of the fibre at C where its amplitude is detected by a photo-diode.
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Figure 1.
 
The diaphragm deflects in response to changes in air pressure.  Within its design range diaphragm deflection can be considered linear at 1 x 10-9 m Pa-1.
 
1. Describe how the amplitude of the light at C varies as the diaphragm is deflected by air pressure. (5 marks)
  
1. Suppose the laser wavelength is 660 nm.  Calculate the least pressure change required for the output signal to change from a maxima to a minima. (5 marks)
  
1. The record of a blast wave shows 220 maxima.  Calculate the overpressure applied to the diaphragm assuming the diaphragm deflects once then returns to rest.  (5 marks)

Question 2
(27 marks)
 
1. Describe magnetic flux density in ordinary words. (2 marks)
  
1. State the SI unit and symbol for magnetic field density. (2 marks)
  
1. What is the magnetic field density generating two Newton [N] of force per Ampere (A) of current per meter of conductor?  (2 marks)
  
1. Describe magnetic flux in ordinary words.  (2 marks)
  
1. State the SI unit and symbol for magnetic flux (2 marks)
  
1. State the relationship between magnetic field density and magnetic flux. (2 marks)
  
1. State Faraday's Law of Induction in words (2 marks)
  
1. State Faraday's Law as a mathematical equation. (3 marks)
  
Corrections for range are to be applied to a rapid-firing gun by determining the muzzle velocity of projectiles.  To this end, a small magnet fitted in the nose of each projectile passes through two sensing coils arranged one after the other at the gun muzzle.
 
1. Consider the projectile passing through one of the coils which has a diameter of 5 cm and 100 turns. Suppose the attached magnet creates a uniform magnetic field in the sense coil of 5 mT.  Calculate the magnetic flux in the coil.  (5 marks)
  
1. As the projectile passes the coil, the flux rises from zero to that just calculated in 0.14 ms.  Calculate the coil output voltage.  (5 marks)

Question 3
(31 marks)
 
1. State the frequency band and range of wavelengths of very-high frequency (VHF) radio. (2 marks)
  
1. Give five examples of common uses for the VHF radio band (5 marks)
  
1. Name the three main radio propagation modes - for all radios frequencies not just VHF. (3 marks)
  
1. To each of these phenomena, associate one of the following effects: refraction, diffraction, dispersion, reflection, transmission, absorption. (3 marks)
  
1. For practical purposes, state which of these modes applies (or apply) to the VHF band. (1 mark)
  
1. The design of a radio remote-firing device is being considered for use at 137 Mhz.  Choose a simple antennae design.  Give the name for the design you have chosen and calculate its length.  (4 marks)
  
1. Suppose a whip antenna is chosen for the remote-firing device.  Why will the best performance be obtained when the antennae of the transmitter and receiver are aligned? (5 marks)
  
1. Coded Orthogonal Frequency-Division Multiplex (COFDM) communication can provide robust communications in difficult conditions.  Describe two adverse effects on VHF signals which may be overcome by COFDM. (4 marks)
  
1. What is the meaning of 'coded'? (2 marks)
 
1. What is meaning of 'orthogonal'? (2 marks)
 
Question 4
(28 marks)
 
Consider the use of radar to direct a rapid-firing gun to destroy incoming projectiles.
 
1. The radar equation is given in the form below: 
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Name each of the terms and state their units. (6 marks)
  
1. Define radar cross section (3 marks)
  
1. State factors which influence the radar cross section. (5 marks)
  
1. In the context of radar detection, what is meant by stealth. (2 mark)
  
1. Describe the features of an incoming projectile which would make the projectile easy for the directing radar to track.  (7 marks)
  
1. A gun-directing radar illuminates an incoming projectile at a range of 10 km.  The radiation intensity is 100 Wsr-1.  Calculate the radiation density [Wm-2] at 10 km.  (5 marks)
 
Question 5
(28 marks)
  
a. What is a black-body? (3 marks)
  
b. Define emissivity. (3 marks)
  
The Stefan-Boltzmann Law, expressed for net radiation loss is set out below:

           P = eσA(T14 – Ts4)
 
 
c. Define each of the terms. (6 marks)
 
d. Explain what is shown in Figure 3. (3 marks)
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Figure 2.  Radiation from a black body radiator at illustrative temperatures.
 
Suppose a simple infrared-guided anti-aircraft missile employs a spin-scan guidance system.  The missile optics focus infrared-energy through a 'rising-sun' reticule design, as illustrated in Figure 3, onto a cooled indium antimonide detector operating in the 3-5 µm range.  
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Figure 3.   Schematic of missile seeker head.

e. Explain why the missile is will not steer towards the earth or the sun.  (3 marks)
 
f. Explain why the sensor is cooled. (2 marks)
  
Suppose the missile uses a reticule as shown in Figure 4 to generate a signal from which to make course corrections.  The reticule spins clockwise.  The grey region generates an index null.  The number of pulses received by the control electronics after the end of the index null represents the angle of course correction.  Figure 4 shows the relative position of a target.
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Figure 4.
 
 
g. Sketch the output of the detector as voltage against time. (5 marks)

h. Describe how a directed infra-red countermeasure (DIRCM) could cause the missile to malfunction. (3 marks) 
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