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Question 1 
 

Q1. a)  An electromagnetic wave is propagating in the y-direction in a lossy medium 
with attenuation constant 𝛼𝛼 = 0.5𝑁𝑁𝑁𝑁

𝑚𝑚
. If the wave’s electric-field amplitude is 100 V/m 

at y=0. How far can the wave travel before its amplitude will have been reduced to (i) 
15 V/m , (ii) 1.5 V/m, (iii) 1𝜇𝜇𝜇𝜇/𝑚𝑚.        [5 marks]  

 

b) A series RLC circuit is connected to a voltage source given by 𝑣𝑣𝑆𝑆(𝑡𝑡) = 150cos 𝜔𝜔𝑡𝑡  𝜇𝜇.  
Find (i) the phasor current I and (ii) the instantaneous current 𝑖𝑖(𝑡𝑡) for R=400 Ω, L= 3 
mH, C=20 n𝐹𝐹,𝑎𝑎𝑎𝑎𝑑𝑑 𝜔𝜔 = 105𝑟𝑟𝑎𝑎𝑑𝑑/𝑠𝑠.                                                                     [8 marks] 

 

c) Two points in a Cartesian coordinates are P1(1,2,3) and P2(-1,-2,3). Find  

(i) the distance vector between P1 and P2.  
(ii) the angle between vectors 𝑂𝑂𝑂𝑂1��������⃗  and 𝑂𝑂𝑂𝑂2��������⃗  using the cross product between them.  
(iii) the angle between vector 𝑂𝑂𝑂𝑂2��������⃗  and the y-axis.                                                  

[12 marks] 

Total 25 marks 

 

Question 2 

a) a) Transform vector A=𝒙𝒙⏞ (𝑥𝑥 + 𝑦𝑦) + 𝒚𝒚⏞ (𝑦𝑦 − 𝑥𝑥) + 𝒛𝒛⏞ 𝑧𝑧  from Cartesian to Cylindrical 
coordinates.                                                                                          [6 marks] 

 
b) A scalar quantity of 𝜇𝜇 = 𝑟𝑟𝑧𝑧2𝑐𝑐𝑐𝑐𝑠𝑠2𝜙𝜙  . Find its directional derivative along the 

direction A=𝒓𝒓⏞𝟐𝟐 − 𝒛𝒛⏞3 and evaluate it at (1,0.5𝜋𝜋, 2).                                [9 marks] 
 

c) Find the divergence and the curl of the given vector A=𝑒𝑒−7𝑦𝑦(𝒙𝒙⏞ 𝑠𝑠𝑖𝑖𝑎𝑎3𝑥𝑥+𝒚𝒚⏞cos3x) 
at x=10 and y=1.0.                                                                          [10 marks] 

Total 25 marks 

 

PLEASE TURN THE PAGE…. 
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Question 3 

a) A circular disk sitting at the x-y plane with z=0 is characterised by an azimuthally 
symmetric surface charge density that increases linearly with radius r from zero 
to 8 C/m2 at r=4 cm. Find the total charge present on the disk surface.                                      

[6 marks] 
 

b) Two point charges with q1=3X10-5 C and q2=-5X10-5 C are located in free 
space at points with Cartesian coordinates (1,3,-1) and (-3,1,-2) respectively . 
Find  

i) the electric field E at (3,1,-2)         [7 marks]  
ii) the force on a 7X10-5 C charge located at that point. All distances are in 
metres.             [3 marks] 

 
c) Derive a formula for the inductance of a cylindrical conductor due to  (i) internal 

flux and (ii) external flux assuming the conductor is surrounded by air.    
                                      [9 marks] 

Total 25 marks 
 

Question 4 
a) An Ethernet cable has L= 0.22 µHm-1 and C = 86 pFm-1. What is the wavelength 

at 10 MHz ?                     [6 marks] 
 

b) Assuming the loss resistance of a half-wave dipole antenna to be negligibly 
small and ignoring the reactance component of its antenna impedance, 
calculate the standing wave ratio on a 50-W transmission line connected to the 
dipole antenna. Note that a half wave dipole has a radiation resistance of 73 Ω. 

 [6 marks] 
 

c) A transponder with a bandwidth of 400 MHz uses polarization diversity. If the 
bandwidth allocated to transmit a single telephone channel is 4 kHz, how many 
telephone channels can be carried by the transponder?     [4 marks] 

 
d) A remote sensing satellite is in circular orbit around the earth at an altitude of 

1,100 km above the earth’s surface. What is its orbital period? Assume that the 
radius of the earth is 6,378 km.       [9 marks] 

Total 25 marks 
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Question 5 
A source [𝜇𝜇�𝑔𝑔 = 100∠0° 𝜇𝜇,𝑍𝑍𝑔𝑔 =  𝑅𝑅𝑔𝑔  =  50 Ω,𝑓𝑓 =  100 𝑀𝑀𝑀𝑀𝑧𝑧] is connected to a lossless 
transmission line [L = 0.25𝜇𝜇H/m, C=100pF/m, 𝑙𝑙=10m]. For loads of 𝑍𝑍𝐿𝐿  =  𝑅𝑅𝐿𝐿 = 100 Ω, 
determine the 
 

a) reflection coefficient at the load                        [6 marks] 
 

b) standing wave ratio                         [2 marks] 
 

c) input impedance at the transmission line input terminals      [7 marks] 
 

d) voltage along the transmission line for load of 𝑍𝑍𝐿𝐿  =  𝑅𝑅𝐿𝐿 =  100 Ω.   [10 marks] 
 

Total 25 marks 
 
 
 
Question 6 

a) An antenna has a field pattern given by 𝐸𝐸(𝜃𝜃) = 𝑐𝑐𝑐𝑐𝑠𝑠𝜃𝜃𝑐𝑐𝑐𝑐𝑠𝑠2𝜃𝜃 for 0° ≤ 𝜃𝜃 ≤ 90°. 
Calculate the:  
 

i. half-power beamwidth (HPBW)     [7 marks] 
 

ii. beamwidth between first nulls (FNBW)    [3 marks] 
 

b) A lossless resonant half-wavelength dipole antenna, with input impedance of 73 
Ω, is connected to a transmission line whose characteristic impedance is 50 
ohms. Assuming that the pattern of the antenna is given by approximately 𝑈𝑈 =
𝐵𝐵0 sin3 𝜃𝜃. Determine the maximum dB gain of this antenna.   [15 marks] 
 

Total 25 marks 
 

 

END OF QUESTIONS 
 

Formula sheet follows over the page…. 
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Formula sheet 

 
These equations are given to save short‐term memorisation of details of derived 
equations and are given without any explanation or definition of symbols; the student 
is expected to know the meanings and usage. 
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 𝜖𝜖𝑜𝑜 = 8.85𝑋𝑋10−12𝐹𝐹/𝑚𝑚   , 𝜇𝜇𝑜𝑜 = 4𝜋𝜋𝑋𝑋10−7 𝑀𝑀/𝑚𝑚 
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ω = βc  

𝑆𝑆 =
|𝜇𝜇𝑚𝑚𝑚𝑚𝑚𝑚|
|𝜇𝜇𝑚𝑚𝑚𝑚𝑚𝑚| =

1 + |Γ|
1 − |Γ| 
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… 
Antenna and Radar formula 
 
Dipole 
Solid angle:  

 
Directivity: Shorted dipole 

 
Hertzian 
monopole 
 

   or  

 

 

   
Half –wave dipole   
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For Transmission line 

 

Distortionless line 

 

,    

Open-circuited line 
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Short-circuited line 

 

 

 

 
 

 
 

   ,  
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