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Instruction: Answer five (5) questions. All assumptions should be clearly stated and please do
not write at the front of the question paper. You can do your rough works at the
back of vour booklet.

8

QUESSTION ONE

Given that £ = 3ax +4ay +5az, O =2ax - 6ay+7az, U= pzsing+zcosg+ p’ and

I”=4rsin fcosg , determine the following:

(1) The angle (©) between E and Q,

(i) DivlU=VelJ

(m) GradU= VU

(iv) V. (14 marks)

QUESTION TWO

Given the moving loop in Figure 1, If B=0.6a, Wb/m? R=10 Q, L =10 cm and the rod is moving
with a constant velocity of 8ax m/s, find:

(1) The induced emf (Vems) in the rod,

(1) The current (i) through the resistor,

(1)  The motional force (Fm) on the rod,

(iv)  The power (P) dissipated by the resistor. (14 marks)

Figure 1: Induced emf due to moving loop in a static B field
QUESTION THREE
Within a certain region the permeability of the medium (¢) = 10" F/m and the permittivity of the
&
medium (i) = 10 H/m. If the flux density (8, )=2x10"sin10"rcosl07 y T: Use Vx i =g & \
i ' dr
(14 marks)

to determine the electric field (E) of the medium.
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QUESTION FOUR

For a point charge g = 4.0 uC at the origin, the electric field strength is given by. £ = -E;—q where
k =8.99+10°N.m?/C2.
(i)  Write a MATLAB script to calculate and plot E versus distance from 0.1 m to 1.0m in

0.1 m steps. (10 marks)
(11}  Describe the plot. focusing on how the electric field strength varies with distance.
. (4 marks).
' QUESTION FIVE

A parallel-plate capacitor has plates of area 200 cm? separated by a distance of 1.5 mm. The charge
on one plate is 1.77 x 107* C.

(1) Using Gauss's Law, calculate the electric field strength between the plates. (Given:
permittivity of free space, £y = 8.854 % 1072 F/m), (5 marks)
(i1)  Determine the potential difference across the plates B (4 marks)
(iii)  Calculate the capacitance of the capacitor. §oé- /‘E" (5 marks)
QUESTION SIX
A point charge of 5.0 nC is located at the origin, and you are analyzmg its eIcctr:c field using
Coulomb’s Law and the properties of electrostatics
(1) Calculate the electric field strength at a point 1.5 m away Erom the charge. (Given:
Coulomb’s constant, k = 8.99 = 10° N.m?/C?), (4 marks)
(ii)  Ifthis charge were part of a smartphone touchscreen’s capacitive grid, explain how a finger
touching the screen alters the electric field and enables touch detection, (4 marks)

(iii)  Suppose the point charge is replaced by a uniform line charge with a density of 2 pC/m
along a 3 m wire, Calculate the electric field strength at a point 1.5 m away from the wire,

assuming it is an infinitely long line charge. ‘ " (6 marks)
QUESTION SEVEN
(i) State Maxwell’s equations in integral and point form, (7 marks)

(ii) Explain how Ampere’s Law applies to the operation of an electric motor. using the

example of a fan motor, (2 marks)

(iii) A solenoid has length, L = 1.23 m and inner diameter,d = 3.55 cm, and it carries a current

i = 5.57 A. It consists of five (5) closely packed layers, each with 850 turns along the

length, L. What is the magnetic field strength, B at the center? (5 marks)
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