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MODULE CODE: M5X00941 
Electromagnetic Radiation

TIME:  2 HOURS 
answer three quESTION out of five 

Equipment or materials required – Calculators are permitted






ANSWER THREE QUESTIONS OUT OF FIVE


1.  (a)  Explain the concept of population inversion and its significance for laser operation.
(20%)

(b)  A carbon dioxide laser has a viable lasing transition between metastable states at 0.3eV (electron volts) and 0.183eV.  Determine the primary frequency of the laser output.
(40%)

(c)  If the population inversion is 108, and the implementation is as a pulsed discharge laser, with pulse duration 1 μs and pulse repetition frequency 100 discharges per second, what are the peak and average power outputs of the laser?
(40%)

Total:  100%


2.  The characteristics of a low cost monostatic X-band maritime collision avoidance radar system are given below:

Transmitted power = 30kW
Antenna gain = 30dB
X-band frequency operation (= 10GHz)
Signal-to-noise ratio for detection = 10dB
Total system loss factor = 0.9
Total system noise power = -90dBW

(a) Calculate the maximum detection range, rmax, for a target with a radar scattering cross-section of 200m2.
(80%)
(b)  What characteristics of X-band radar operation makes the frequencies particularly suitable for small maritime craft use?
(20%)

Total:  100%


3.  For an electromagnetic wave, propagating in air, calculate:

(a)  The electric field strength when the power flow is 1W/m2
(50%)

(b)  The power density required for a field strength of 107 V/m, and the corresponding pulse energy for 2μs pulses, focused on an 11μm diameter spot
(50%)

Total:  100%

4. Given  ,
light falls on some glass with a slightly different refractive index for red light and blue light: n = 1.51 at 400 nm, n = 1.49 at 600 nm.  

(a)  Calculate the group velocity
(30%)
(b)  Calculate the phase velocities
(50%)

(c) Explain the apparently anomalous result that can occur where the refractive indexes are higher for red rather than blue light.
(20%)
Total:  100%


5.  Given that Maxwell’s equations in a uniform lossless medium of permittivity ε and permeability μ are

∇xH = jωεE		(5.1)
and	∇xE = -jωμH		(5.2)

for sinuisoidal fields (E,H) of frequency ω, show that the plane wave with

  

and

 

satisfies equations (5.1) and (5.2) provided  and 

(Note that in Cartesian co-ordinates 

∇xA = 

for the vector field A = uxAx +  uyAy +uzAz

where (Ax, Ay, Az) are the Cartesian components of vector A and are scalar functions of position.)

(100%)
Total: 100%


Diwedd/End

Mathematical Equations and Constants
Impedance of Free Space = 377Ω
Speed of light in free space:   = 3x108m/s
Plank’s constant: h = 6.63 × 10-34
1eV = 1.60218e-19 J
Maxwell’s Equations in electrical and magnetic field (E & H) form:
	
	
	
	
[bookmark: _GoBack]Phase velocity vp = c/n
Plane Wave Power Transmission
Power flow = 
 
Antenna Gain
The effective receiving area of an antenna in a given direction, 

Phased Arrays
Phase shift for a given beam steer angle for an element of an n-element phased array is given by
  
Maximum separation for phased array elements:
 

Radar
Radar equation,  
Radar detection range in a lossy system, 
Page 4 of 4

image1.jpeg
Prifysgol Cymru

Y Drindod Dewi Sant
University of Wales
Trinity Saint David





