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EET 3255: ELECTROMAGNETIC FIELDS 
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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 

�� = 4� � 10	� H/m 

 

QUESTION ONE (30 MARKS) 

a) Define the following terms as used in electrostatics :   

i. Electric Field 

ii.  Electric dipole 

iii.  Electric Field intensity      

(3 Marks) 

b) Give the statement of coulomb's law of electrostatics.   (2 Marks) 

 

c)  i. Define the term dielectric polarization. 
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ii. Prove that the relationship between relative permittivity and electric susceptibility 

is given by: �����⃗ = 1 + ��  

 Where �����⃗  is relative permittivity while �� is electric susceptibility 

           (5 Marks) 

d) Define current density and derive the relation between current and current density. 

(5 Marks) 

e) State the fundamental difference between electric flux lines and magnetic flux lines. 

(2 Marks) 

f) State the Biot-Savart’s Law.       (2 Marks) 

g) Given the points M(0.1, -0.2, -0.1), N(-0.2, 0.1, 0.3), and P(0.4,0,0.1), find: 

i. the vector ��⃗ �� 

ii.  the dot product ��⃗ �� . ��⃗ �� 

iii.  the angle between ��⃗ �� and ��⃗ �� 

(6 Marks) 

h) Determine the self-inductance of:  

i. A toroidal coil of 500 turns, wound on a fiberglass form having a 2.5 × 2.5 cm 

square cross section and an inner radius of 2 cm;  

ii.   A solenoid having 500 turns about a cylindrical core of 2 cm radius in which µr = 

50 for 0 < ρ < 0.5 cm and µr = 1 for 0.5 < ρ < 2 cm; the length of the solenoid is 

50 cm. 

(5 Marks) 
  

QUESTION TWO (15 MARKS) 

a) Determine whether the following potential satisfies the Laplace equation. 
� =  cos $ + %        (4 Marks) 

b) A slab of dielectric material has a relative dielectric constant of 3.8 and contains a 

uniform electric flux density of 8 nC/m2. If the material is lossless, find:  
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i. &�⃗ ; 

ii.  '�⃗ ;  

iii.  the average number of dipoles per cubic meter if the average dipole moment is  

10-29 C-m        (5 Marks) 

c) Given the vector current density         

 (⃗ = 10 )*+⃗� − 4 cos) % +⃗- .//.) 

i. find the current density at '0 = 3, % = 30°, * = 2 4 

ii.  determine the total current flowing outward through the circular band  = 3, 
 0 < % < 2�, 2 <  * < 2.8 

(6 Marks) 

QUESTION THREE (15 MARKS) 

a) Derive the relationship between electric field and electric potential.  

            (5 Marks) 

b) Point charges of 50 nC each are located at A(1, 0, 0) (in m), B(-1, 0, 0) (in m),  C(0, 1, 0) 

(in m) and D(0, -1, 0) (in m)  in free space. Find the total force on the charge at A.                         

                                                                                                                        (5 Marks) 

c) A charge of -0.3 μC is located at A(25, -30, 15) (in cm) and a second charge of 0.5 μC is 

at B(-10, 8, 12) cm. Find E��⃗  at origin.       (5 Marks) 

 
 

QUESTION FOUR (15 MARKS) 

a) i. Obtain the expression of the capacitance for a spherical capacitor consisting of 

      2 concentric spheres of radii ‘a’& ‘b’  

ii. Obtain the capacitance for an isolated sphere.    (5 Marks) 

b) Express the vector from C(3, 2, -7) to D(-1, -4, 2) in cylindrical coordinates   

(5 Marks) 

c) A steady current element of 10	7+⃗8 A. m is located at the origin in free space. 

Determine: 
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i. the magnetic field intensity due to this current element at (1,0,0)m 

ii.  the magnetic field strength at (0,0,1)m 

(5 Marks) 
QUESTION FIVE (15 MARKS) 

a) List three properties of dielectric materials.     (3 Marks) 

 

b) Find the divergence of /⃗ at ' :5, <
)  ,1= where /⃗ =  * sin %+⃗� + 3 *) cos %+⃗- (in 

cylindrical coordinate system)      (5 Marks) 

c) Let the surface y = 0 be a perfect conductor in free space. Two uniform infinite line charges 

of 30 nC/m each are located at x = 0, y = 1, and x = 0, y = 2. 

i. Let V = 0 at the plane y = 0, using method of images find V at P(1, 2, 0). 

ii.   Applying method of images, determine E��⃗  at P. 

(7 Marks) 

   

 

  

 


