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INSTRUCTIONS TO CANDIDATES
e Answer ANY THREE QUESTIONS.
e Each question carries 20 MARKS.
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QUESTION ONE (20 MARKS)

a) Use Biot-Savart law to show that the divergence of all magnetic fields is zero.

(4marks)

b) The magnetic field ina Cartesian region is given by B = B, cos(kz — wt)j
i Find the curl of the induced electric field at that location. (3marks)
ii. Ifthe E, is known to be zero, find Ey . (4marks)

¢) Electric charge is uniformly distributed with a linear density 4 along a semicircle of
radius 7. Determine the Coulomb force on a point charge Q placed at the center of
curvature of the semicircle.
(4marks)

d) Show that the total field of a system of point charges is given by E = Zi%ﬁi.
(5marks)

QUESTION TWO (20 MARKS)

o
a) Show that the electric field of an electrically neutral system is given by E = w'—?i—ﬂ
Where symbols have their usual meaning. (5marks)

b) Find the charge density at x = 2m and x = 5m if the electric field in the region is given

. ax’i —, 0 < x <3m

by E = g (5marks)

bi—, x> 3m

¢) Electric charge is uniformly distributed with a density p inside a sphere of radius 7 .
Determine the electric potential inside and outside the sphere. (5marks)

d) Show that a change in the magnetic field is accompanied by the appearance of a
rotational electric field and a change in the electric field.

(5marks)

QUESTION THREE (20 MARKS)
a) Electric charge is uniformly distributed with a linear density A on an infinitely long line
parallel to the y-axis. Determine the electric field strength at a point P a distance b from
the center of the segment to the direction of the x-axis. (5marks)

b) The expression for the magnetic field of a circular parallel plate capacitor is B =

L —_— - ’ . )
%:-e RC (r%) @. Use this result to find the displacement current density between the

plates. (Smarks)

¢) Use gauge transformation to show that a vector potential A and a gradient of a scalar

potential can be expressed in terms of current sources J and p where symbols have their

usual meaning. (6marks)

d) Find the rate of change with time of the magnetic field at a location at which the induced
- 2 2 2 .

clectric field is given by E(x,y,z) = E, [(zio) i+ (xi) j+ (:—o) k] (4marks)
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QUESTION FOUR (20MARKS)

a) Show that the e.m wave in a dielectric medium in x-direction can be expressed as one-

9%E, 9%E,

ot e g (5marks)

b) Use the Poynting theorem to show that the field energy flux flowing through 1cm? in the
direction perpendicular to the field vectors E and B is given by §= .ul(E ¥
B) (6marks)

¢) A current I is uniformly distributed over a wire of a circular cross section with radius a

dimensional wave equation

Find the volume current density J . (2marks)
d) A current I is uniformly distributed over a wire of a circular cross section with radius a
i. Find the volume current density J . (3marks)

ii. Suppose the current density in the wire is proportional to the distance from the
axis for some constantk, find the total current in the wire.
(4marks)
QUESTION FIVE (20 MARKS)

a) Show that the magnetic field at the center of a solenoid of n turns is given by B = u,nl
(3marks)

b) Use the energy conservation law of electromagnetic fields to show that the flow of energy
through a closed surface S surrounding a volume V has an energy flux characterized by a

vector ¢ = ﬁ (E x H). (5marks)

¢) A uniform electric field E is at right angles to the magnetic field. Suppose that B points
to x-direction and E z-direction. Determine the path taken by a positive charge released

from the origin given  y(t) = €y cos wt + C; sin wt + (%) t+C3
z(t) = C;cos wt —Cy sinwt + Cy (7
marks)

d) Derive the Gauss divergence law by considering a point charge q enclosed by a surface §
(5marks)



