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INSTRUCTIONS  

1. Answer question one and any other two questions 
2. Use the following constants where applicable 

 
�� = 1

36�
× 10	
 F/m 

µ� = 4� × 10	� F/m 

 
QUESTION ONE (30 MARKS) 

a) Define the following terms as used in electromagnetic waves:   
i. Loss tangent of a medium     

ii.  The skin depth 
iii.  Transverse electromagnetic (TEM) wave 
iv. Polarization 

(4 Marks) 
b) Write Maxwell’s equations for time-varying field in the integral form and 

state where each of the equations is derived from.          (4 Marks) 
c) A conducting circular loop of radius 20 cm lies in the z = 0 plane in a 

magnetic field 
� = 10 cos 377� �� mWb/m�. 

Calculate the induced voltage in the loop.      
(3 Marks) 

d) A 50-V voltage generator at 20 MHz is connected to the plates of an air 
dielectric parallel plate capacitor with plate area 2.8 cm2 and separation 
distance 0.2 mm. Find the maximum value of displacement current density 
and displacement current.      (4 Marks) 
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e) Show that in a good conductor, the skin depth � is always much shorter than 
the wavelength.       (3 Marks) 

f) Calculate the polarization angle (Brewster angle) for an air water(εr 
= 81) interface at which plane waves pass from the following: 

i. Air into water. 
ii. Water into air      (3 Marks) 

 
g) In free space, � =  0.1 cos (2 × 10#t −  &x) )* A/m. Calculate: 

i. k, A, and T 

ii. The time �, it takes the wave to travel 
-

#
m 

iii.  Sketch the wave at time �,. 
 (5 Marks) 

h) A polarized wave is incident from air to polystyrene with . = .�, � = 2.6�� at 
Brewster angle. Determine the transmission angle.   (4 Marks) 
 
QUESTION TWO (15 Marks) 
 

a) Show that in a linear homogeneous, isotropic source-free region, both Es and 
Hs must satisfy the wave equation. 

∇�12 + γ�12 = 0 
Where 

γ� = ω�με − jωμσ and 1= = >2 or �2 
         (8 Marks) 

b) In a charge-free region for which @ = 0, � = �A�B , CDE . = .A, 
� =  5 GHI (10,,� −  4J) C� K/L 

Find  
i. Jd 

ii.  D 
iii.  �B 

(7 Marks) 

QUESTION THREE (15 Marks) 
a) i) Define Poynting vector.  

ii) Obtain integral form of Poynting theorem and explain each term  
         (7 Marks) 

b) A signal in air (M ≥ 0) with the electric field component 
>=10 sin(P� + 3M)�Q  V/m 

 
hits normally the ocean surface at z = 0 as in Fig. Q3(b). Assuming that the 
ocean surface is smooth and that � = 80�A, . = .A, @ = 4 mhos/m in the 
ocean, determine 

i. P 
ii. The wavelength of the signal in air 
iii.  The loss tangent and intrinsic impedance of the ocean 
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iv. The reflected E field 

(8 Marks) 

 

Fig. Q3(b) 

QUESTION FOUR (15 Marks) 
 

a) As portrayed in Fig.Q4(a), a bar magnet is thrust toward the center of a coil of 
10 turns and resistance 15 Ω. If the magnetic flux through the coil changes 
from 0.45 Wb to 0.64 Wb in 0.02 s. Determine the magnitude and direction 
(as viewed from the side near the magnet) of the induced current.   
         (4 Marks) 

 

Fig. Q4(a) 

b) A uniform plane wave in a lossy medium has a phase constant of 1.6 rad/m at 
107 Hz and its magnitude is reduced by 60% for every 2 m traveled. Find the 
skin depth and speed of the wave.     (5 Marks) 
 

c) A manufacturer produces a ferrite material with μ = 750μo, ε = 5εo, and σ = 
10–6 S/m at 10 MHz. 

i. State with a reason, whether the material could be classified as 
lossless, lossy, or conducting. 

ii.  Calculate β and λ. 
iii.  Determine the phase difference between two points separated by 2m. 
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iv. Find the intrinsic impedance. 

(6 Marks) 

QUESTION FIVE (15 Marks) 
 

a) The magnetic field component of a plane wave in a lossless dielectric  

� = 30 sin(2π × 10#t − 5x))V  mA/m 

i. If .B = 1 find �B. 
ii.  Calculate the wavelength and wave velocity. 
iii.  Determine the polarization of the wave. 

(5 Marks) 

b) A plane wave travelling in a medium with �B, = 9 is normally incident upon a 
second medium with �B� = 4. Both media are made of nonmagnetic, lossless 
dielectric materials. If the magnetic field of the incident plane wave is given 
by  

�X = 2 cos(2π × 10
t − βy))V (A/m) 
i. Calculate [ 

ii.  Find the electric field intensity of the incident wave >X 
iii.  Find the electric field intensity of the transmitted wave to the second 

medium (>\) 
iv. Determine the time-average Poynting vector for the incident and 

transmitted waves 

          (10 Marks) 

 

 


