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Question 1 

A. The waveform shown in red in figure Q1.A is given by 𝑣𝑣 = 5 cos (2𝜋𝜋𝜋𝜋
8

). There 
is a phase difference between the red and the other two waves. Write down 
the equation describing: 

I. The green wave                                                                                           
[4 marks] 

II. The blue wave  
[4 marks] 

 
Figure Q1.A 

 
B. Transform vector 𝑨𝑨 =  𝒙𝒙�(𝑥𝑥 + 𝑦𝑦) + 𝒚𝒚� (𝑦𝑦 − 𝑥𝑥) +  𝒛𝒛�𝑧𝑧 from Cartesian to 

cylindrical coordinates. 
[8 marks] 

C. A series RL circuit is connected to a voltage source given by 𝑣𝑣𝑠𝑠(t)=150cosωt 
V. Find: 

i. The phasor current        
                                                                                                  [5 marks] 

ii. The instantaneous current i(t) for R=400 Ω , L=3 mH and ω=105 rad/s. 
              [4 marks] 

 
Total 25 marks 
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Question 2 

A. There are two points in Cartesian coordinates at P1(1,2,3) and P2(-1,-2,3), 
Find: 

I. The distance vector 𝑃𝑃1𝑃𝑃2��������⃗        
                                                                                        [3 marks] 

II. The angle between vectors 𝑃𝑃1���⃗  and 𝑃𝑃2����⃗  using the cross product between 
them 

  [3 marks] 

III. The angle that vector 𝑃𝑃2����⃗  makes with the z-axis     
                                                    [3 marks] 

B. Point P = (2√3, 𝜋𝜋
3

,−2) is given in cylindrical coordinates. Express P in 
spherical coordinates. 

[6 marks] 
C. Given 𝑉𝑉 = 𝑥𝑥2𝑦𝑦 + 𝑥𝑥𝑦𝑦2 + 𝑥𝑥𝑧𝑧2 , find: 

i. The gradient of V 
[5 marks] 

ii. Evaluate the gradient at (1,-1,2)                                                     
[5 marks] 

 
Total 25 marks 
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Page 4 of 12 
 
UNIVERSITY OF BOLTON 
SCHOOL OF ENGINEERING 
B.ENG (HONS) ELECTRICAL AND ELECTRONIC ENGINEERING 
SEMESTER 1 EXAMINATION - 2024/2025 
ENGINEERING ELECTROMAGNETISM 
MODULE NO. EEE6012 
 
Question 3 

A. A square plate in the x-y plane is situated in the space defined by −3𝑚𝑚 ≤
𝑥𝑥 ≤ 3𝑚𝑚 𝑎𝑎𝑎𝑎𝑎𝑎 − 3𝑚𝑚 ≤ 𝑦𝑦 ≤ 3𝑚𝑚 . Find the total charge on the plate if the surface 
charge density is given by 𝜌𝜌𝑠𝑠 = 4𝑦𝑦2 𝜇𝜇𝜇𝜇/𝑚𝑚2. 

[5 marks]                          
B. Four charges of 10 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 20 
𝜇𝜇𝜇𝜇 charge located at (0,0,4). All distances are in metres.             

[10 marks]                          
C. A horizontal wire with a mass per unit length of 0.2 kg/m carries a current of 

4 A in the +x-direction. If the wire is placed in a uniform magnetic flux density 
B, what should the direction and minimum magnitude of B to magnetically 
lift the wire vertically upward? The acceleration due to gravity is g=-𝒛𝒛⏞ 9.8 𝑚𝑚

𝑠𝑠2
. 

                            [6 marks] 
D. A square coil of 100 turns and 0.5 m-long sides is in a region with a uniform 

magnetic flux density of 0.2 Tesla. If the maximum magnetic torque exerted 
on the coil is 4X10-2 N.m , what is the current flowing in the coil? 

[4 marks]  
 

Total 25 marks   
Question 4 

A. A transmission line of length 𝑙𝑙 connects a load to a sinusoidal voltage source 
with an oscillation frequency 𝑓𝑓. Assuming the velocity of wave propagation on 
the line is 𝑐𝑐, for which of the following situations it is reasonable to ignore the 
presence of the transmission line in the solution of the circuit and for which 
condition(s) it is nonnegligible to ignore. 
i. 𝑙𝑙 = 20 cm, f = 20 kHz 
ii. 𝑙𝑙 = 50 cm, f = 60 Hz 
iii. 𝑙𝑙 = 20 cm, f = 600 MHz 
iv. 𝑙𝑙 = 1 mm, f = 100 GHz 

[5 marks] 
 

B. A distortionless line has 𝑍𝑍0 = 60 Ω, 𝛼𝛼 = 20 𝑁𝑁𝑁𝑁/𝑚𝑚, 𝜇𝜇 = 0.6𝑐𝑐 where 𝑐𝑐 is the speed 
of light in a vacuum, Find R, L, C and G at 100 MHz. 

[20 marks] 
 

Total 25 marks 
 

PLEASE TURN THE PAGE 
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Question 5 

A. The electric field phasor of a uniform plane wave is given by 𝐸𝐸� =  𝑦𝑦�10𝑒𝑒𝑗𝑗0.2𝑧𝑧 
(V/m). If the phase velocity of the wave is 1.5 x 108 m/s and the relative 
permeability of the medium is 𝜇𝜇𝑟𝑟 = 2.4, find: 
i. Wavelength 
ii. Frequency 

[10 marks] 
B. A plane wave in air with an electric field amplitude of 20 V/m is incident normally 

upon the surface of a lossless, nonmagnetic medium with 𝜀𝜀𝑟𝑟= 25. Determine the 
standing wave ratio in the air medium. 

[5 marks] 
C. A 50-MHz plane wave with electric field amplitude of 50 V/m is normally incident 

in air onto a semi-infinite, perfect dielectric medium with 𝜀𝜀𝑟𝑟 = 36. Determine (a) 
Γ, (b) the average power densities of the incident and reflected waves. 

[10 marks] 
 

Total 25 marks 
Question 6 

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

[5 marks] 
B. A remote sensing satellite is in circular orbit around the earth at an altitude of 

1100 km above the earth's surface and the 𝑅𝑅𝑒𝑒 = 6378 𝑘𝑘𝑘𝑘. What is its orbital 
period? 

[5 marks] 
C. Calculate the equation 6a to 2.d.p for A = 8.2 and T = 85.9. 

� 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴
∞

−∞
(𝑡𝑡)𝑇𝑇𝑑𝑑𝑑𝑑 

6a 

[5 marks] 
D. A geostationary satellite is at a distance of 40,000 km from a ground receiving 

station. The satellite transmitting antenna is a circular aperture with a 1-m 
diameter and the ground station uses a parabolic dish antenna with an effective 
diameter of 20 cm. If the satellite transmits 1 kW of power at 12 GHz and the 
ground receiver is characterized by a system noise temperature of 1,000 K, 
what would be the signal-to-noise ratio of a received TV signal with a bandwidth 
of 6 MHz? The antennas and the atmosphere may be assumed lossless. 

[10 marks] 
 

Total 25 marks 
END OF QUESTIONS 
PLEASE TURN PAGE FOR FORMULA SHEETS 
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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 = 4𝜋𝜋𝜋𝜋10−7 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 FORMULA SHEET 
END OF PAPER 

                                                                                     


