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Permittivity of Free Space 
Permeability of Free Space 
Mass of an Electron 
Charge of an Electron 
Mass of proton 

Eo --

Jlo --

m e --
e --
mP -

8.85 x 10-12 Fm- 1 

4rr x 10- 7 Hm- 1 

9.1 X 10-31 kg 
1.6 X 10-19 C 
1.67 X 10-27 kg 

Speed of light in vacuum c = 

Some useful formulas 
3 x 108ms-1 

v X (VS) = 0 
V · (V X a)= 0 

ax (b x c) = b(a · c) - c(a · b) 
V X (V X a) = - V2a + V(V ·a) 

V · (a X b) = b · (V X a - a · (X b) 

SECTION A 

Q uestion 1 · 

(a) The electrostatic force on a smal l sphere of charge is 0.5J1C due to 
another small sphere of charge -0.8J1C in the air is 0.2N 

(i) What is the distance between the two spheres? 

(ii) What is the force on the second sphere due to the first one? 

(b) Given that the relative permeability and re lative permittivity of the 
medium is 1.5 and 2.2 respectively. 

(c) 

(d) 

(e) 

(f) 

(g) 

(h) 

SPH2105 

(i) Find the speed of the electromagnetic wave in this medium. 

(ii) Define permeability and permittivity. 

lf three point charges, q1 = 50nC, q2 = 100nC and q3 = -50nC 
are enclosed by surfaceS. What is the net flux that crosses S? 

What is the significance of the modified Ampere's La~? 

The propagation constant y for electromagnetic waves is given by 

y =a+j{J 

Explain the terms a and {3. 

A proton moves with velocity of v = ( i - 3j + k ) m/s in a region 
in which the magnetic fi eld is B = ( i + 3j- 2k )T. Determine the 
magnitude of the magnetic force experienced by this proton. 

Explain the pointing vector and its significance. 

Explain the basic principle of radiation from a single wire carrying 
a time-varying current. 
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SECTION B 

Question 2 

(a) For a long solenoid of length l and radius R consisting of N turns of wire, 

(i) Neglecting the end effects, find the self-inductance. 

(ii) Find the energy stored in the system when current I is passed 
through the co il. 

(iii) Compute the self-inductance given that l = 20cm, R = 
4cm and N = 700 turns. 

[4] 

[3] 

[3] 

(b) Us ing Maxwell 's equations obtain the expressions and values for [10] 
B, D, E and {3 given the following parameters, 11 = 4 x lo-s H jm, 
E = 1.2 x 10- 1° F jm and H = 3 cos(1010 t - f3x) A/m, C5 = 0 
everywhere. 

Question 3 

(a) 

(b) 

From Maxwell's equations derive the continuity equation. 

A nonmagnetic \Vire of rad ius R and length l carries a current 
/ which is uniformly distributed over its cross-section. Determine 
the magnetic energy per unit length inside the wire? 

Question 4 

(a) 

(b) 

A charge of lC is at (2,0,0). What charge must be placed at 
( -2,0,0) which will make they component of total E zero at the 
point (1,2,2)? 

Given that there is a point charge Q at the origin. Show that div D 
is zero everywhere except at the origin. 

Question 5 

(a) 

• 

Use Maxwell 's equations in free space to show that E satisfies the 
following wave equation 

1 iJ 2 B 
V2B -- = 0 

cz iJt2 

[ 1 0] 

[1 0] 

[ 1 OJ 

[1 0] 

[ 1 OJ 

(b) Given a parallel-plate capacitor fi lled with a non-uniform dielectric [1 0] 
characterised by Er = 2 + 3 x 106 x 3 where x is the distance from 
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one plate to the other in metres. If S = 0.03m2 and d = lmm find 
c. 

Question 6 

(a) For a rectangular wavegu ide explain the fo llowing terms; 

( i) Cut-off frequency. [2] 

( ii) Waveguide modes. [2] 

(iii) Dominant mode. [2] 

(iv) Given the fo llowing dimensions for the rectangu lar waveguide [ 4] 
lcm x O.Scm. Calculate the cut-offfrequency. 

(b) Given the fo iiowing dimensions for the rectangu lar waveguide 
lcm X O.Scm. Calculate the cut-offfrequency . 

[ 1 0] 

• 

END OF EXAMINATION PAPER 
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