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INSTRUCTIONS

1. Thispaper containsfive (5) questions in section A and Section B.
2. Answer question 1 (compulsory) and ANY other TWO questions.

3. Writeall answer in the booklet provided.



SECTION A: Thissectionis COMPUL SORY (30 marks).

1. a) (i) What does an electromagnetic wave carry? (2 marks)
(ii) Write the relationship between the quantities carried in the wave above. (2 marks)

b) (i) What does Gauss’ theorem depend on? (1 mark)
(i) Evaluate [[ (3xi + 2yj).dA where sisthe sphere x?+y*+z* + 9 using Gauss’
theorem. (7marks)

c) (i) Differentiate between divergence and curl of vector field A (2 marks)
(i) Calculate divergence and curl of avector field F(-y,xy,z) (3 marks)

d) (i) Writetheintegral form of Maxwell’s equations in afree space. (4 marks)
(i) Specify which laws the equationsin (i) above represent (2 marks)

e) (1) What does Poynting vector represent? (2 marks)
(if) Write the equation for Poynting vector. (1 mark)

f) (i) A centre-fed Hertzian dipoleis excited by a current Io= 20A. If thedipoleisA/50 in
length, determine the maximum radiated power density at a distance of 1km away. ( 4marks)
( Let no :377)

(Total: 30 marks)



SECTION B: Answer only TWO questions from this section. Each question is 20 marks.

2. A pardlé plate capacitor consists of two circular plates each with radius R, separated by a
distance d as shown in figure 1
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A steady current | isflowing towards the lower plate and away from the upper plate, charging
the plates.

a) What isthe magnitude of the electric field E between the plates? (Ignore fringing fields due
to edge effects) (5 marks)

b) What isthetotal energy stored Ug in the electric field of the capacitor? (4 marks).
¢) What isthe rate of change of the energy stored in the electric field? (3 marks)

d) (i) Calculate the magnitude of the magnetic field B at point P located between the plates at
radiusr < R. (6 marks).
(ii) As seen from above, what is the direction of B? Explain your answer. (2 marks)

(Total: 20 marks)

3. a) Theéelectric field of aplane electromagnetic wave in avacuum is
E, = 0.5cos[2 nx10%(t-x/c)] V/m.

Determine:

(i) itswavelength A (4 marks)

(i) the state of polarization (1 mark)

(iii) the direction of the propagation (1 mark)

b) By setting the source in the Maxwell’s differential equations in avacuum to zero, derive the
wave equations for the electric E and magnetic B fields. (8 marks)
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c) Equation for the conservation of charge derived from Ampere’s law is dp/ot + V' J = 0, where
p = charge density.
State the consequences or interpretation of this equation. (4 marks)

d) You are given the momentum density p, electric field E and magnetic field B. Give an
equation that relates them in vector form. (2 marks)

(Total: 20 marks)

4. A coaxia cable consists of two concentric long hollow cylinders of zero resistance; the inner
has aradius a, the outer has radius b, and the length of bothis £, with £ >>b asshownin
figure 2.

Fig.2

The cable transmits DC power from a battery to aload. The battery provides an electromotive
force € between the two conductors at one end of the cable, and the load is aresistance R
connected between the two conductors at the other end of the cable. A current | flows down the
inner conductor to a charge -Q and the outer conductor to a charge +Q.

a) Find the direction and magnitude of the electric field E everywhere. (3 marks)

b) Find the direction and magnitude of the magnetic field B everywhere (3 marks)

c) Caculate the Poynting vector Sin the cable. (5 marks)

d) By integrating S over appropriate surface, find the power that flows into the coaxial

cable. (4 marks)

€) Through calculation, show how your result in (d) above compare to the power in the
cable. (5 marks)

(Total: 20 marks)



5. @) Consider two infinitely long parallel wires carrying currentsthat are in the x—direction.
(seefigure 3)
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Fig. 3

() Plot the magnetic field pattern in the yz plane. (1 mark)
(i) Find the distance d along the z axis where the magnetic field is maximum. (9 marks)

b) (i) Compute the self-inductance of a solenoid with N turns, length € and radius R with a

current | flowing through each turn as shown in figure 4. (8 marks)
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Fig. 4 7
(i) Find the magnetic energy stored in the system. (2 marks)

(Total: 20 marks)




