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INSTRUCTIONS

Answer questions ONE and any other TWO. Question ONE carries 30 marks, and the others
20 marks each.
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m=4px10'W,  €,=8.85x10"* , Rayleigh scattering cross-section is s = 2 et
0@

Resistance of aslab at ahigh frequency is R= é , Wwhere symbols have their usual meanings.

N° (N E)=N(NE)- N’E, N.E" H)=-EN" H+HN" E
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Question 1 (30 marks)

(@

(i) Mention the three sources of magnetic moments in an atom. (1% marks)
(ii) Sketch spins of

I. An antiferromagnetic material

I1. A ferrimaget (1, 1 mark)

(iii) Distinguish between the three types of current densities in a material. (1¥2 marks)

(b) Consider a magnetic dipole m between two rectangular-shaped regions of different

(©)

(d)
(€)

magnetizations as shown in figure 1.
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Figure 1: magnetic dipole between two regions of unequal magnetization.

Show that for this scenario, the current density in the z-directionis J, =N" M.
(3 marks)
Consider a situation whereby you have a magnetized material as well as steady

currents. Show that the magnetic field intensity H s, H:E- M, and hence
m,

dN " H).da=¢y,.da, where the symbols have their usual meanings. (2 marks)
Write down the Maxwell’ s equations in integral form. (4 marks)

(i) Starting with the Maxwell’ s equation which relates the displacement vector D with
the charge density r, derive Poisson’s equation for the potential V. Hence derive the
Laplace equation for regions with no charge density. (2, 1 marks)

(if) Mention two types of waveguides. (2 marks)
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(f)

(h)

A conductor has a circular cross-section of radius 2.5mm and is constructed from
steel for which s=5.1x10°mhos/m and m=200. If the conductor is 300m long and
carries atotal current | (t) =1.5cos3x10*A, determine

(i) the effective resistance
(i) the resistance for adc current (2, 2 marks)
(iit) Define an electret. (2 mark)

(i) A 4-GHz uniform plane wave is normally incident from region 1, z<0, g1=5, my=1,
$1=0, toward region 2, z>0, e,=2, m,=10, s,=0. Find (a) Sinregions 1 (b) the

transmission coefficient. Assume h = Jm . (3, 2 marks)
\/s + jwe

(if) Explain why only athin layer is required as a waveguide for a good conductor.
(1 mark)

Question 2 (20 marks)

(@

(b)

(i) Sketch the electric lines of force (field) between two charges whose magnitudes are
2Q" and Q". (1 mark)

(i) Consider the case of atime-constant magnetic flux B, and a moving closed path as
shown in figure 2.
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Figure 2; A moving closed path in a fixed B field.
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Show that the second Maxwell’s equation is N” H=J +1]”—It3 , where the symbols have
their usual meanings. (5%2 marks)
(if) Write down the other three Maxwell’ s equation in differential form. (2 marks)

(ii) Write the equivalent of the Maxwell’s in electric fields. (2 marks)

(c) (1) Show that h E if the loss tangent is very small.

\ﬁ 1 \ﬁ s
= [—————— = _"+]_
e/ .S eg 2ne
1- | —

we
The symbols have their usual meanings. (2¥2 marks)

(i) Suppose a 300MHz wave is traveling through fresh water which is considered as
alossless medium. If m=1 and =78, determine

|. The velocity of propagation v of the wave (2 marks)
I1. The wavelength of the wave in free space. (2 marks)
[11. The phase constant, b. (2 mark)
V. The intrinsic impedance, h. (2%2 marks)

Question 3 (20 marks)

@ (i) Derive the four Maxwell’ s equations in terms of phasor-vectors given that

E, =E,e™and H, =H e'"". (4 marks)
(if) Hence derive the vector Helmholtz equation. (3 marks)
(iif) Show that E, = Ae*/****) isasolution of the vector Helmholtz equation for

k=w,/me, aanya. (3 marks)

(b) Consider the x component of the electric field component written as E, . = Ae "V™%?,

(i) Show that the real part of the electric field component of a plane wave in free space
traveling in the x-direction is E, = Acosw(t - ,/me, z) , where the symbols have
their usual meanings. (3 marks)

(if) Assuming the Ey directed upwards at the surface of plane earth, determine the
speed of light in free space. (2 marks)

(i) Supposethat alocation B is 1000km to the east of another location A, find the
field strength at point B inrelation to that at point A. (2 marks)
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. . ﬂE . -jW me,z
(c) Using the relations ﬂ—XS:- jwmH,. and E, =E.e °* , show that
2

E
X = constant . (3 marks)
H y

Question 4 (20 marks)

€) Sketch the B and H field lines inside a bar magnet. (2 marks)
(b)  Starting with the plane wave equation that, N°E =-w?neE , show that for a plane
wave propagating in a perfect dielectric
(i) the phase constant b is, b =w./me
(ii) Derive the expression for the wavelength of a plane wave propagating in the

material in terms of its corresponding wavelength in free space | .. (4, 3 marks)
(c) Starting with the Maxwell’s equation N” H_ =J +1]”—It3 , show that
) 5 .
fE" H).dS= yJEdV +1 (‘%a@E + m; %jv (3%2 marks)
s vol vol a

(d) Show that the time average power density in one cycle according to the Pointing vector
2

. E
is, %TXOW/ m?. Assume E, = E  cos(wt - bz) (3 marks)
(e) (i) Given that the general expression for the propagation constant gis
g = jwyne,|[1- jsﬁ , show that for a good conductora =b = ./pfrrs . (3% marks)

(if) Hence, find an expression for the skin depth d. (Imark)

Question 5 (20 marks)

(a) Distinguish between TE, TM and TEM waves. (1%2 marks)

(b) Show that for a good conductor, (i) Di <<<1 (2 marks)

0
(ii) Sketch arectangular showing the directions of the wave vector, k, Eqy, and NH .
(1%2 marks)
(iii) Sketch diagramsillustrating of linearly and elliptically polarized waves. (2 marks)

(c) Consider a incident uniform plane wave being reflected and transmitted a a boundary
between two regions as shown in figure 3
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Region 1 (g1, U1, S1) Region 2 (&2, U2, S2)

E." H;"
—
Incident wave

E)" HY'

> Transmitted wave

Eir Hy

&.

Reflected wave

=0 > 2
Figure 3: A uniform plane wave being reflected and transmitted at an interface of two regions.

(i) Given that the electric and magnetic field components of the incident and reflected waves in

) . E+ + . ] .
regions L are By =B, %, Hy,, =8 = =000 and By = B0,
1 1

E: . : . . .
He =- h;loeg’lZ respectively, while the transmitted wave in region 2 has
1

components,E;, =E},,&" %" ,HJ_, = Exsz _ ﬂe'gzz, show that E ,, =E},, M
h2 h2 h2 +hl
(32 marks)

(i) Find an expression for the reflection coefficient, G (1 mark)
(i) Find an expression for the transmission coefficient. (1 mark)
(iv) Given that h;=300W, h,=100Wand E},, =100V /m, find

.G

1. El

1. HJ

IV. H.,

V.The incident average power density P;" (av.)
V1. The reflected average power density P, (av.)

(1,1,1,1,1, 1 marks)
(d) Show that the Rayleigh scattering cross-section of an electromagnetic wave is proportional
to (I %), wherel isthe wavelength of the wave. (1% marks)
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