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PART – A: Answer ALL QUESTIONS in this part 

 
Question 1 
 
i). A geostationary satellite is usually subject to two forces, these forces are  

a) Centripetal force 

b) Centrifugal force 

c) Gravitational force 

d) Directional force  

Select any Two correct ones                                  [2 Marks] 

ii). For a satellite to be stationary, the two opposing forces must be  

a) measureable 

b) equal in magnitude  

c) complementary  

d) rotational  

Select any One correct answer                              [2 Marks] 

iii). For a satellite to remain stationary with respect to the Earth’s surface, the satellite’s 
angular velocity must be the same as that of the Earth’s own angular velocity around 
its own axis, i.e. 𝜔𝜔 = 2𝜋𝜋

𝑇𝑇
, where T is the period of the sidereal day. How long is T ? 

a) 23 hours 56 minutes 4.1 seconds 

b) 23 hours 56 minutes 41 seconds 

c) 23 hours 41 minutes 5.6 seconds 

d) 23 hours 41 minutes 56 seconds 

Select any One correct answer                              [3 Marks] 

 

Question 1 continues over the page….. 

PLEASE TURN THE PAGE…. 



Page 3 of 17 
 
School of Engineering 
B.Eng (Hons) Electrical & Electronics Engineering 
Semester One Examination 2019/2020 
Engineering Electromagnetism 
Module No. EEE6012 

                                                                                                                         
 

 
Question 1 continued…. 
 
iv). As an entrant communication engineer to Inmarsat UK, you  are required to provide 
advice on how to optimize the power consumption of a satellite communication system.  

When considering the transponder, which module of the transponder system would be 
your first priority ? 

a) Duplexer  

b) Low Noise Amplifier 

c) High Power Amplifier  

d) Bandpass filter 

Select any One correct answer                   [3 Marks] 

v). A Radar System operates by shinning its own electromagnetic energy on objects 
and receiving responses. The echoes are usually received through the principles of  

a) Echoing 

b) Reflection 

c) Doppler effect 

d) Illumination  

Select any One correct answer                   [3 Marks] 

vi) In radar communication systems, Doppler Effect happens twice for any signal 
transmitted by the moving source to a stationary observer, identify where  

a) from radar to the target 

b) from target to the radar  

c) inside the radar system 

d) in the transponder  

Select any Two correct answer                   [3 Marks] 

Question 1 continues over the page…. 

PLEASE TURN THE PAGE…. 
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Question 1 continued…. 
 
vii)  A far-field observer observes an electromagnetic wave as a resolvable plane wave 
given as  

𝐸𝐸(𝑅𝑅) = 𝐸𝐸0𝑒𝑒𝑗𝑗𝑗𝑗 

 
where 𝐸𝐸0 and  𝜑𝜑 are the magnitude and phase of the electromagnetic field received at 
distance R, identify which part of the wave is affected by Doppler shift ?  

a) amplitude 

b) distance 

c) phase 

d) magnitude  

Select any One correct answer                   [3 Marks]  
 

viii)  At the receiver of a satellite system, which of the following significantly affects the 
frequency of the signal received  

a) frequency of the transmitted signal  

b) Doppler effect 

c) phase 

d) magnitude  

Select any One correct answer                   [3 Marks]  
 
 
 
 
 

Question 1 continues over the page…. 
 

PLEASE TURN THE PAGE…. 
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Question 1 continued…. 

ix)  Which of the following is NOT the role of a duplexer ?  

a) allow signals to travel in one direction 

b) separate the path of transmitted signal from that of received signal 

c) increase the amplitude of received signals 

d) makes it possible to connect a single antenna to transmitter and receiver 
simultaneously  

Select any One correct answer                   [3 Marks]  
 

Total 25 marks 

END OF PART A 

 

PART – B: Answer ANY THREE (3) questions in this part 

Question 2 
 
a) The electric field of a traveling electromagnetic wave is given by 

𝐸𝐸(𝑥𝑥, 𝑡𝑡) = 10 cos �𝜔𝜔𝑡𝑡 + 𝜋𝜋𝜋𝜋
15

+ 𝜋𝜋
6
�       𝑉𝑉/𝑚𝑚  

Determine: 

1. The direction of wave propagation;                                                      [5 marks] 
2. Its wavelength 𝜆𝜆  and                                                                           [5 marks] 
3. Its phase velocity and phase number.                                                 [5 marks] 

Assuming the wave frequency 0.5𝑥𝑥107Hz. 

b) A series RL circuit is connected to a voltage source given by 𝑣𝑣𝑠𝑠 = 150𝑐𝑐𝑐𝑐𝑐𝑐𝜔𝜔𝑡𝑡  𝑉𝑉. 
Find: 
1. The phasor current I and                                                                     [4 marks] 
2. The instantaneous current 𝑖𝑖(𝑡𝑡) assuming R=400 Ω , L=3 mH, and f=15.916 

kHz.                   [6 marks]   
 

Total 25 marks  
PLEASE TURN THE PAGE…. 
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Question 3 
 
a) Given 𝑉𝑉 = 𝑥𝑥2𝑦𝑦 + 𝑥𝑥𝑦𝑦2 + 𝑥𝑥𝑧𝑧2 find 

1. The gradient of V  and                                                                         [3 marks] 
2. Evaluate the gradient at (1,-1,2).                                                         [2 marks]        

 
b) Find ∇xA at (2,0,3) in cylindrical coordinates for the vector field 

 𝐴𝐴 = �̂�𝑟10𝑒𝑒−2𝑟𝑟𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 + �̂�𝑧10𝑐𝑐𝑖𝑖𝑠𝑠𝑐𝑐                                                                    [7 marks] 
 
c) Derive a formula for the capacitance per unit length of the coaxial cable shown in 

figure Q2 below                                                                                       [13 marks] 
 

 

Figure Q2 Coaxial cable length=l, applied voltage=V, inner and outer radii are a, 
and b. 

Total 25 marks 

 

 
 
 

PLEASE TURN THE PAGE…. 
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Question 4 
 
a) Two point charges with q1=2X10-5 C and q2=-4X10-5 C are located in free space 

at points with Cartesian coordinates (1,3,-1) and (-3,1,-2) respectively. Find: 
1. The electric field E at  (3,1,-2) and                                                       [5 marks] 
2. The force on a 8X10-5 C charge located at that point. All distances in metres.    

   [5 marks] 
b) 1. Derive a formula for the inductance of the coaxial cable shown in figure Q3 

below                [8 marks] 
 
 

 

Figure Q3 Cross-sectional view of a coaxial cable 

2. Then calculate the magnetic energy stored in this cable.                     [7 marks] 

Total 25 marks  

 

PLEASE TURN THE PAGE…. 
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Question 5  
 
a) State the reciprocity theorem of an antenna            [4 Marks] 

b) Identify any three properties of an antenna             [6 Marks] 

c) The British Telecom (BT) is planning to expand its network coverage to include the 
evolving 5G standard that will operate on the 3.6GHz frequency. In order to bypass a 
river and shadowing caused by a forest, BT plans to station two microwave antennas 
on top of hills 1.3×103m apart. If the effective area of the antenna is 26×103m2, 
calculate the  

 i) received power that maximizes the transmit power       [2 marks] 

 ii) Operating wavelength of transmitted signals       [3 Marks] 

 iii) Transmit antenna gain           [5 marks]  

 iv) Received antenna gain          [5 Marks] 

assume that c=3×108m/s.  
Total 25 marks 

 

Question 6 

a) What is a transmission line ?                                                               [2 Marks] 
b) Give three examples of transmission lines.                                         [6 Marks] 
c) Given that the reflected voltage of a transmission line is  

𝑉𝑉0− = �
𝑍𝑍𝐿𝐿 − 𝑍𝑍0
𝑍𝑍𝐿𝐿 + 𝑍𝑍0

�𝑉𝑉0+ 

where 𝑉𝑉0+ is the incidence voltage, 𝑍𝑍0 is the characteristic impedance and 𝑍𝑍𝐿𝐿  is the 
load impedance. If the normalized load impedance is �̅�𝑍𝐿𝐿 = 𝑍𝑍𝐿𝐿

𝑍𝑍0
 , show that the reflection 

coefficient is  

Γ =
�̅�𝑍𝐿𝐿 − 1
�̅�𝑍𝐿𝐿 + 1

 

           [12 Marks] 

Question 6 continues over the page…. 

PLEASE TURN THE PAGE…. 
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Question 6 continued…. 
 

d) A 100Ω transmission line is connected to a load consisting of a 50Ω resistor in 
series with a 10-pF capacitor. Find the reflection coefficient at the load for a 
100MHz signal if the characteristic impedance is (0.5-j1.59)Ω.  
Covert your answer to polar form         [5 Marks]       
 
 

Total 25 marks 

 

 

 

 

END OF QUESTIONS 

 

 

 

 

 

FORMULA SHEETS OVER THE PAGE…. 

 

PLEASE TURN 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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 𝜖𝜖𝑜𝑜 = 8.85𝑋𝑋10−12𝐹𝐹/𝑚𝑚   , 𝜇𝜇𝑜𝑜 = 4𝜋𝜋𝑋𝑋10−7 𝐻𝐻/𝑚𝑚 

 

 

 PLEASE TURN THE PAGE…. 
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ω = βc  
𝑆𝑆 =

|𝑉𝑉𝑚𝑚𝑚𝑚𝜋𝜋|
|𝑉𝑉𝑚𝑚𝑚𝑚𝑚𝑚| =

1 + |Γ|
1 − |Γ| 

 

 

 

PLEASE TURN THE PAGE…. 
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Antenna and Radar formula 

 
Dipole 
Solid angle:  

 
Directivity: 

or  
 
Shorted dipole 
 

 
 
Hertzian monopole 
 

 

 
 

Half –wave dipole 

 

 

PLEASE TURN THE PAGE…. 
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For Transmission line 

 

Distortionless line 

 

,    

 

 

PLEASE TURN THE PAGE…. 

 

 



Page 16 of 17 
 
School of Engineering 
B.Eng (Hons) Electrical & Electronics Engineering 
Semester One Examination 2019/2020 
Engineering Electromagnetism 
Module No. EEE6012 

                                                                                                                         
 

 

Open-circuited line 

 

 

Short-circuited line 

 

 

 

 

 
 

 
 

   ,  

 
 

PLEASE TURN THE PAGE…. 
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