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Answer ANY FOUR questions. 
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CANDIDATES REQUIRE: Formula Sheet (attached). 
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QUESTION 1 

a) A series RLC circuit is connected to a voltage source given by 𝑣𝑣𝑆𝑆(𝑡𝑡) =

150cos 𝜔𝜔𝑡𝑡  𝑉𝑉.  Find (i) the phasor current I and (ii) the instantaneous current 𝑖𝑖(𝑡𝑡) for 

R=400 Ω, L= 3 mH, C=16.67 n𝐹𝐹,𝑎𝑎𝑎𝑎𝑎𝑎 𝜔𝜔 = 105𝑟𝑟𝑎𝑎𝑎𝑎/𝑠𝑠.                    [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 𝑂𝑂𝑂𝑂1��������⃗  and 𝑂𝑂𝑂𝑂2��������⃗  

using the cross product between them. (iii) the angle between vector 𝑂𝑂𝑂𝑂2��������⃗  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]                                                                                                                                                                                                               

 

QUESTION 2 

a) A scalar quantity of 𝑉𝑉 = 𝑟𝑟𝑧𝑧2𝑐𝑐𝑐𝑐𝑠𝑠2𝜙𝜙 . 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⏞ 𝑠𝑠𝑖𝑖𝑎𝑎3𝑥𝑥+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] 
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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 Q3b.                                      [8 marks] 

 

Figure Q3b 

(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] 
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Question 4 

(a) State the Faraday’s law of electromotive force (voltage) induced by time-varying 

magnetic flux.        [5 Marks] 
 

(b) The transformer shown in the Figure Q4 consists of a long wire coincident with 

the z-axis carrying a current 𝐼𝐼 = 𝐼𝐼0 cos𝜔𝜔𝑡𝑡, coupling magnetic energy to a 

toroidal coil situated in the 𝑥𝑥 − 𝑦𝑦 plane and centred at the origin. The toroidal 

core uses iron material with relative permeability 𝜇𝜇𝑟𝑟, around which 100 turns of 

a tightly wound coil serves to induce a voltage Vemf, as shown in the Figure Q4.  

 
Figure Q4 

 
i. Derive an expression for Vemf.               [9 Marks] 
ii. Calculate Vemf for f = 60 Hz, 𝜇𝜇𝑟𝑟 = 4000, a = 5 cm, b = 6 cm, c = 2 cm, and 

𝐼𝐼0 = 50 A.         [5 Marks] 
(c) Identify any three types of EMF sensors.     [6 Marks] 
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Question 5 

(a)  For a distortionless line, 𝑅𝑅′𝜇𝜇′ = 𝐿𝐿′𝐺𝐺′, where 𝑅𝑅′ is the resistance, 𝜇𝜇′ is the 

capacitance, 𝐿𝐿′ is the inductance and 𝐺𝐺′ is the conductance. If 𝛼𝛼 represents the 

attenuation constant, 𝛽𝛽 represents the phase constant and 𝑍𝑍0 denotes the 

characteristic impedance, Show that:  

  [13 Marks] 
 

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

find the line parameters and l at 100 MHz.            [12 Marks] 
 

Question 6 
(a) Usually attached to antennas, a duplexer is useful in satellite communications 

because it separates the path of received signal from that of a transmitted signal. 

Explain why duplexers are sometimes referred to as transceiver switch.  

[5 Marks] 
(b) An electric field strength of 10 𝜇𝜇V/m is to be measured at an observation point 𝜃𝜃 =

𝜋𝜋/2, 500 km from a half-wave (resonant) dipole antenna operating in air at 50 MHz.  

i. What is the length of the dipole?     [3 Marks] 
ii. Calculate the current that must be fed to the antenna.  [5 Marks] 
iii. Find the average power radiated by the antenna.    [3 Marks] 
iv. If a transmission line with 𝑍𝑍0 = 75 Ω is connected to the antenna, determine 

the standing wave ratio.       [9 Marks] 
 

END OF QUESTIONS  

Formula Sheet follows on the next page… 
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EEE6012 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: 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 

 

 

 

 
 

 
 

   ,  

 

 
 

 
 

                                               

END OF PAPER 
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