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Question 1 

(a) A series RLC circuit is connected to a voltage source given by v_S (t)=150cos 

ωt  V.   

Find 

(i) the phasor current I and  

(ii) (ii) the instantaneous current i(t) for R=400 Ω, L= 3 mH, C=16.67 nF,and 

ω=10^5 rad/s.      

                                                                                                      [7 marks] 
(b) Two points in a cartesian coordinates are P1(2,3,3) and P2(-1,-5,-1). Find (i) 

the distance vector between P1 and P2. (ii) the angle between vectors (OP1) ⃗ 

and (OP2) ⃗ using the cross product between them. (iii) the angle between 

vector (OP2) ⃗ and the y-axis.        

                                                                                                          [12 marks]                           

(c) Transform vector A=𝒙𝒙⏞ (𝑥𝑥 + 𝑦𝑦) + 𝒚𝒚⏞ (𝑦𝑦 − 𝑥𝑥) + 𝒛𝒛⏞ 𝑧𝑧  from Cartesian to Cylindrical 

coordinates.                                                                                          [6 marks]                                                                                                                                                                                                 
     

Total  [25 marks] 
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Question 2 

a) A scalar quantity of 𝑉𝑉 = 𝑟𝑟𝑧𝑧2𝑐𝑐𝑐𝑐𝑐𝑐2𝜙𝜙 . Find its directional derivative along the 

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

b) Find the divergence and the curl of the given vector A=𝑒𝑒−7𝑦𝑦(𝒙𝒙⏞ 𝑐𝑐𝑠𝑠𝑠𝑠3𝑥𝑥+𝒚𝒚⏞cos3x) 

at x=10 and y=1.0.                                                                   [4 marks]
           

c) Four charges of 100 𝜇𝜇𝜇𝜇 each are located in free space at points with Cartesian 

coordinates (-3,0,0), (3,0,0), (0, -3,0) and (0,3,0). Find the force on a 200 𝜇𝜇𝜇𝜇 

charge located at (0,0,4). All distances are in metres.                         [12 marks]                                                        
 

Total  [25 marks] 
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Question 3 

(a) The potential difference between two points in volts is numerically equal to the 

work in joules per coulomb necessary to move a coulomb of charge between 

the two points. A two-wire airline (single-phase system) has conductors of 

straight cylindrical bare wires with identical radius of 25 mm and spacing of 

0.544 m.  . 

(i) What is the charge on each conductor?;                                            [1 mark]                                                    
(ii) What is the voltage drop between the two conductor and                [4 marks]                                 
(iii)Find the capacitance of a two-wire airline (single-phase system). Then 

calculate the capacitance of each wire to ground.                                 [5 marks]                                                                                                        
(b) Briefly explain the operation of the Linear Variable Differential Transformer 

LVDT sensor shown in figure Q3c.                                                     [8 marks] 

 
(c) A square coil of 200 turns and 0.5 m long sides is in a region with a uniform 

magnetic flux density of 0.2 T. If the maximum magnetic torque exerted on the 
coil is 4X10-2 N.m what is the current flowing in the coil? And what is the MMF 
produced by the coil?                                                                        [7 marks] 

Total  [25 marks] 
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Question 4 

a) An 11.7 GHz satellite downlink operates from geosynchronous orbit with 25 W of 

transmitter output power connected to a 20 dB gain antenna with 2 dB feeder 

losses. The earth station is at a range of 38000 km from the satellite and uses a 

15 m diameter receive antenna, with 55% efficiency, feeding a low noise (cooled) 

amplifier, which results in a receiver system noise temperature of 100 K. If an Eb/N0 

of 20 dB is required for adequate BER performance, what maximum bit rate can 

be accommodated using BPSK modulation, assuming performance is limited by 

the downlink, and atmospheric attenuation can be neglected.            

                                                [14 marks] 

 

b) For a distortionless line with 𝑍𝑍0 = 50Ω, 𝛼𝛼 = 20 (mNp/m), 𝑢𝑢𝑝𝑝 = 2.5 × 108 (m/s), 

determine the line parameters and 𝜆𝜆 at 100 MHz.              

                                                                                                           [11 marks] 
Total   [25 marks] 
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Question 5 

a) Consider a typical satellite communication system that has dual-conversion down 

converters with an intermediate frequency (IF) tuning, as shown in Figure Q5. 

 

Figure Q5: Dual-conversion down converters with IF tuning 

If the earth station downlink signal received is at 𝑓𝑓𝑠𝑠 = 4080 GHz, what local-oscillator 

frequencies 𝑓𝑓𝐿𝐿𝐿𝐿 are needed to achieve intermediate frequencies (IFs) of 770 and 140 

MHz? Assume the local oscillator frequencies are lower than the received signals. 

                                                                                                             [5 marks] 

b) A 50-Ω lossless transmission line is terminated in a load with impedance 𝑍𝑍𝐿𝐿 =

(30 +  𝑗𝑗50) Ω. The wavelength is 8 cm. Find the: 

i. reflection coefficient at the load,     [5 marks] 
ii. standing-wave ratio on the line,     [5 marks] 
iii. position of the voltage maximum nearest the load,   [5 marks] 
iv.  position of the current maximum nearest the load.   [5 marks] 

Total   [25 marks] 
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Question 6 

a) A 2-kHz sound wave travelling in the 𝑥𝑥-direction in air has a differential pressure 

𝑝𝑝(𝑥𝑥, 𝑡𝑡)  =  10 N/m2 at 𝑥𝑥 = 0 and 𝑡𝑡 = 50 𝜇𝜇𝑐𝑐. If the reference phase of 𝑝𝑝(𝑥𝑥, 𝑡𝑡) is 

360, find a complete expression for 𝑝𝑝(𝑥𝑥, 𝑡𝑡). The velocity of sound in air is 330 

m/s.                                                                                                 [13 marks] 
b) A certain electromagnetic wave travelling in seawater was observed to have an 

amplitude of 98.02 (V/m) at a depth of 10 m and an amplitude of 81.87 (V/m) at 

a depth of 100 m. What is the attenuation constant of seawater?      

                                                                                                           [12 marks] 

Total  [25 marks] 
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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 𝐻𝐻/𝑚𝑚 
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ω = βc 
 

𝑆𝑆 =
|𝑉𝑉𝑚𝑚𝑚𝑚𝑚𝑚|
|𝑉𝑉𝑚𝑚𝑚𝑚𝑚𝑚| =

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

 
Directivity: 

or  
 
Shorted dipole 
 

 
 
Hertzian monopole 
 

 

 
 

Half –wave dipole 
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For Transmission line 

 

Distortionless line 

 

,    
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Open-circuited line 

 

 

 

Short-circuited line 
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