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Q1  

a) Given point P( - 2, 6, 3) and vector A = yax + ( x + z) ay : 

 

(i) Express P and A in cylindrical and spherical coordinates.  

(4 marks) 
(ii) Evaluate A at P in the Cartesian, cylindrical, and spherical systems. 

(5 marks) 
 Two point charges 4 nC and -3 nC are located at (1, 0, 4) and (-3, 0, 2), 

respectively. 

        (i) Determine the force on a 1 nC point charge located at (1, 2, -6). 

(7 marks) 
     (ii) Find the electric field E at (1, 2, -6).      

(1 mark) 

b) A point charge of 30 nC is located at the origin, while plane y = 3 carries charge  

 

10 nC/m2. Find D at (0, 4, 3) and at (1,3,2). 

(8 marks) 
                                                                 Total 25 marks 
 

PLEASE TURN THE PAGE….. 
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Q2 

a) Find H at (-3, 4, 0) due to the current filament shown in Figure 1. 

 (10 marks) 

 

Figure 1 

 

 

Q2 continues over the page…. 

PLEASE TURN THE PAGE….. 
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Q2 continued… 

b) The solenoid shown in Figure 2 has 2000 turns, a length of 75 cm, and a radius 

of 5 cm. If it carries a current of 50 mA along at aφ, find H at 

i) (0,0,0)                                                                                             

(3 marks) 
ii) (0, 0, 75 cm)                                                                                 

 (2 marks) 
iii) (0, 0, 50 cm)                                                                                 

(2 marks) 
 

 

Figure 2 

 

c) A circular loop located on x2 + y2 = 9, z = 0 carries a direct current of 10 A along 

aɸ. Determine magnetic field intensity H at (0, 0, 4) and (0, 0,-4).   

(8 marks) 

Total 25 marks 
 

PLEASE TURN THE PAGE….. 
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Q3.   

a) The electric field (E) and magnetic field (H) in free space are given by the 

following expressions 

          
By expressing them in phasor form, determine and analyse 

i) Value of constant β such that the fields satsify Maxwell’s equations. 

(5 marks) 
ii) Value of constant H0 in the given field H to satisfy Maxwell’s equations 

     (5 marks)   

 b)  In a medium characterized by σ=0, μ=μ0,ε=4ε0, and E= 20 sin(108t- βz)ay V/m 

      Calculate β and H. 

(10 marks) 
 c)  Given that A=10 cos(108t-10x+60o)az and Bs=(20/j)ax+10 ej2πx/3ay, express A in 

phasor for, and Bs in instantaneous form. 

(5 marks) 
Total 25 marks 

 
PLEASE TURN THE PAGE….. 
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Q4.  
a)  An electric field in free space, E = 50cos (108𝑡𝑡 + β𝑥𝑥)𝐚𝐚𝑦𝑦V/m 

       (i) Find the direction of wave propagation.                                          

(1 mark) 
       (ii) Calculate β and the time it takes to travel a distance of λ/2.          

(3 marks) 
            (iii) Sketch the wave at time t= 0, T/4/T/2.     

                                                                                                        (6 marks) 
 

b)  In free space H=0.2 cos(ωt-βx) az A/m. Find the total power passing through: 

      (i) A square plate of side 0.1m on plane x+y=1 

(2 marks) 
      (ii) A circular disk of radius 0.05 m on plane x=1. 

 (2 marks) 
c)  A certain transmission line 2m long operating at ω = 106 rad/s has α = 8 dB/m, 

β = 1 rad/m, and Z0 = 60 + j40 Ω. If the line is connected to a source of 10 ւ 00 

V, Zg = 40 Ω and terminated by a load of 20 + j50 Ω.  

Determine 
(i) The input impedance                                                                     (4 marks) 
 
(ii) The sending-end current                                                       (2 marks) 
 
(iii)   The current at the middle of the line                                            (5 marks) 

 
Total 25 marks 
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Q5.  

a) Assume that a rectangular waveguide is operating in 

an isotropic, homogeneous dielectric with negligible magnetic properties in-- 

TM13 mode for which a=0.015 m, b= 0.008 m, σ = 0, µ = µ0 and ɛ = 4ɛ0, Hx = 2 

Sin(πx/a) Cos(3πy/b) Sin(1011πt – βz) A/m. Determine 

(i) Cut off frequency and phase constant,β  

(6 marks) 
(ii) Propagation constant γ and intrinsic wave impedance η            

(4 marks) 
 

b) A standard air-filled rectangular waveguide with dimensions a = 8.636 cm, b = 

4.318 cm is fed by a 4 GHz carrier from a coaxial cable. Determine whether a 

TE10 mode will be propagated. If so, calculate the phase velocity and the group 

velocity.  

(5 marks) 
(c) A brass waveguide ( σc = 1.1 X 107 S/m) of dimensions a = 0.042 m, b = 0.015 

m is filled with Teflon ( ɛr= 2.6, σ= 10-15 S/m). The operating frequency is 9 

GHz. For the TE10 mode: 

(i) Calculate αd and αc 

(5 marks) 
(ii) Find the loss in decibels in the guide if it is 0.40 m long. 

(5 marks) 
 Total 25 marks 

 
 

END OF QUESTIONS 
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EQUATION SHEET 
Constants: ɛ0 = 8.852* 10 -12 F/m, µ0 = 4 ℼ * 10 -7 H/m 

 

 
 

 

Electrostatics: 

 

 

 

D =  
Q
A

 

𝐸𝐸 =  
𝐷𝐷

∈0∈𝑟𝑟
 

𝑉𝑉(𝐫𝐫) =
𝐩𝐩 ⋅ (𝐫𝐫 − 𝐫𝐫′)

4𝜋𝜋𝜀𝜀0|𝐫𝐫 − 𝐫𝐫′|3
 

V = E × d 

𝑄𝑄 = ∮𝑆𝑆𝐃𝐃 ⋅ 𝑑𝑑𝐒𝐒 = � 
𝑦𝑦
𝜌𝜌𝑣𝑣𝑑𝑑𝑑𝑑 

 

 

 

𝑉𝑉(𝐫𝐫) =
𝑄𝑄

4𝜋𝜋𝜀𝜀0|𝐫𝐫 − 𝐫𝐫′|
 

𝑊𝑊 = −𝑄𝑄� 
𝐿𝐿
𝐄𝐄 ⋅ 𝑑𝑑𝐥𝐥 

PLEASE TURN THE PAGE….. 
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Magnetostatics: 

𝐇𝐇 =
𝐼𝐼

4𝜋𝜋𝜌𝜌
(cos 𝛼𝛼2 − cos 𝛼𝛼1)𝐚𝐚𝜙𝜙 

Ampere circuital law ∶ 

𝑑𝑑𝐇𝐇 =
𝐼𝐼𝑑𝑑𝐥𝐥 × 𝐚𝐚𝑅𝑅

4𝜋𝜋𝑅𝑅2
 

𝐿𝐿 =
𝜆𝜆
𝐼𝐼

=
𝑁𝑁Ψ
𝐼𝐼

 

𝐇𝐇

=

⎩
⎪⎪
⎨

⎪⎪
⎧

𝐼𝐼𝜌𝜌
2𝜋𝜋𝑎𝑎2

𝐚𝐚𝜙𝜙,     0 ≤ 𝜌𝜌 ≤ 𝑎𝑎
𝐼𝐼

2𝜋𝜋𝜌𝜌
𝐚𝐚𝜙𝜙,     𝑎𝑎 ≤ 𝜌𝜌 ≤ 𝑏𝑏

𝐼𝐼
2𝜋𝜋𝜌𝜌

�1 −
𝜌𝜌2 − 𝑏𝑏2

𝑡𝑡2 + 2𝑏𝑏𝑡𝑡
� 𝐚𝐚𝜙𝜙>    𝑏𝑏 ≤ 𝜌𝜌 ≤ 𝑏𝑏 + 𝑡𝑡

0,     𝜌𝜌 ≥ 𝑏𝑏 + 𝑡𝑡

 

  B1 = 𝜇𝜇I𝜌𝜌/2𝜋𝜋a2 (for 0 <= 𝜌𝜌 <= a ) 
B2 = 𝜇𝜇I/2𝜋𝜋𝜌𝜌( for a <= 𝜌𝜌 <= b)  𝐚𝐚𝜙𝜙 = 𝐚𝐚ℓ × 𝐚𝐚𝜌𝜌 

 
Maxwell’s Equations 
∇ .Es = 0 

∇ .Hs =0 

∇ x Hs = jωɛ0Es 

∇ x Es = -jωµ0Hs 

ω/β = C/√ (µrɛr) 

E0/H0 = √ (µ0µr/ɛ0ɛr) 
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Numerical aperture, NA = Sin θa = √ (n12 – n22) 

V = ℼd √ (n12 – n22)/λ 

No: of modes, N = V2/2 

αl = 10 log10[P(0)/P(l)]  

T=2π/ω 

λ=Νt 

β=2π/λ 

 

END OF FORMULA SHEETS 
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