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Question 1 
 
A) Three symmetrical traveling waves X,Y, and Z have the following characteristics: 

  𝑣𝑋 = 5𝑐𝑜𝑠4𝜋𝑥  Volts.  

Waveform First peak 
value(Volts) at 
x=0 metre 

Second peak 
value (Volts) at 
x=0.5 metre 

Waveform X                  5                5 

Waveform Y                  5                3.52 

Waveform Z                  5                1.01 

 

What expression is applicable to 
 i) the Y wave?                                                                                                                        

[4 marks] 
ii) the Z wave?                                                                                                                     

[4 marks] 
 

B) An electromagnetic wave is propagating in the z-direction in a lossy medium with 

attenuation constant 𝛼=0.45 Np/m. If the wave’s electric-field amplitude is 120 
V/m at z=0, how far can the wave travel before its amplitude will have been 
reduced to  
i) 12 V/m                                                                                                                                          

[4 marks] 
ii) 1.2 V/m                                                                                                                                        

[2 marks] 

iii) 1.2 𝜇 V/m                                                                                                                                    
[2 marks] 

 
C) An RL series circuit is connected to a single phase supply with instantaneous 

voltage of 𝑣𝑠 = 20 sin(4𝑋104𝑡 − 30𝑜)  𝑉𝑜𝑙𝑡𝑠. If the resistance is 3 Ω and the 
inductance is 0.1 mH. Find: 

i) 𝑣𝑠 in cosine form                                                                                      [2 marks] 
 

ii) the current I in polar form                                                                       [4 marks] 
 

iii) the voltage across the inductance in phasor and time domains            [3 marks] 
 

                                                                                                        Total 25 marks 
 

PLEASE TURN THE PAGE…. 
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Question 2 
 
A) Find the distance vector between P1(2,2,-3)  and P2(-1,-2,3) in Cartesian 

coordinates and its magnitude in centimetres.                                                                                                                                   
[7 marks]   

 
B) Find the angle θ between vectors L and M of branch A using the cross product 

between them.                                                                                                                                    
 [12 marks] 

C) Find the angle that vector M of branch A makes with the z-axis.                             
[6 marks]   

                                                                                                                                      
Total 25 marks  

 
 
 
Question 3 
 

A) Four charges of 20 𝜇C each are located in free space at points with Cartesian 
coordinates (-4,0,0), (4,0,0), (0,-2,0), and (0,4,0). Find the force on a 40 𝜇C charge 
located at (0,0,3). All distances are in metres.                                                                                                              

[12 marks] 
 

 
 

B) A wire is formed into a square loop and placed in the x-y plane with its centre at 
the origin and each of its sides parallel to either the x- or y-axes. Each side is 30 
cm in length, and the wire carries a current of 10 Amperes whose direction is 
clockwise when the loop is viewed from above. Calculate the magnetic field at the 
centre of the loop.                                     

[13 marks] 
 

  
Total 25 marks 
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Question 4 
 
a)  A 10-MHz uniform plane wave is traveling in a nonmagnetic medium with µ = µ0 
and εr = 9. Find the following parameters: 
 
(i) the phase velocity,            [3 marks] 
 
 
(ii) the wavenumber,            [3 marks] 
 
 
(iii) the wavelength in the medium,          [3 marks] 
 
 
(iv) the intrinsic impedance of the medium.        [3 marks] 
 
 
 
b) The electric field phasor of a uniform plane wave traveling in a lossless medium 

with an intrinsic impedance of 188.5 Ω is given by 𝐸̃ = 10𝑒−𝑗4𝜋𝑦𝑧̂ (mV/m).   

(i) Determine the associated magnetic field phasor       [5 marks] 

(ii) Find the instantaneous expression for E(y,t) if the medium is nonmagnetic (µ=µo). 

[8 marks] 
 
 

 
Total 25 marks  

 
 
 

 
 
 
 

PLEASE TURN THE PAGE…. 
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Question 5 

 
(a) A telephone line has the following parameters: 

R= 40 Ω/m, G=400 µS/m, L=0.2 µH/m, C= 0.5 nF/m 

(i) If the line operates at 10 MHz, calculate the characteristic impedance Zo and 

velocity u. 

[10 marks] 

(ii) After how many metres will the voltage drop by 30 dB in the line ? 

[5 marks] 

 
(b) Fig.5(b) shows a lossless transmission line model. 
 

 

Fig.5(b) lossless transmission line model 

 
(i) Find reflection coefficient Γ and standing wave ratio S 
 

[5 marks] 
 
(ii) Determine Zin at the generator. 

[5 marks] 
 

Total 25 marks 

 

PLEASE TURN THE PAGE…. 
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Question 6 
 
(a) An antenna has a conical radiation pattern with a normalized radiation intensity 

F(θ) = 1 for θ between 0o and 45o  and zero intensity for θ between 45o and 180o. 

The pattern is independent of the azimuth angle ϕ.  

(i) Find the pattern solid angle          [5 marks] 

(ii) Determine the directivity          [2 marks] 

 
(b)  The maximum power density radiated by a short dipole at a distance of 1 km is 
60 (nW/m2). If I0 = 10 A, find the radiation resistance. 

[8 marks] 

(c) A 3-GHz microwave link consists of two identical antennas each with a gain of 30 
dB. Determine the received power, given that the transmitter output power is 1 kW 
and the two antennas are 10 km apart. 

[5 marks] 

(d) The effective area of an antenna is 9 m2. What is its directivity in decibels at 3 

GHz?              [5 marks] 

 
 

Total 25 marks  

 
 
 
 

END OF QUESTIONS 
 
 
 
 
 
 

Formula sheet 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. 

 

 
 
 
 
 
 
 

PLEASE TURN THE PAGE…. 
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PLEASE TURN THE PAGE…. 
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 𝜖𝑜 = 8.85𝑋10−12𝐹/𝑚   , 𝜇𝑜 = 4𝜋𝑋10−7 𝐻/𝑚 

 

PLEASE TURN THE PAGE…. 
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ω = βc 
 

𝑆 =
|𝑉𝑚𝑎𝑥|

|𝑉𝑚𝑖𝑛|
=

1 + |Γ|

1 − |Γ|
 

 

 
 

PLEASE TURN THE PAGE…. 
 

 
 



Page 11 of 14 
School of Engineering 
BEng (Hons) Electrical & Electronic Engineering 
Semester One Examination 2018/2019 
Engineering Electromagnetism 
Module no. EEE6012 
 

 

Antenna and Radar formula 
 
Dipole 
 
Solid angle:  

 
Directivity: 

or  
 
Shorted dipole 

 

 
 
Hertzian monopole 

 

 

 
 

 

 

 

PLEASE TURN THE PAGE…. 
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Half –wave dipole 

 

 

 

 
For Transmission line 

 

 

PLEASE TURN THE PAGE…. 
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Distortionless line 

 

,    

Open-circuited line 

 

 

 

Short-circuited line 
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END OF PAPER 


