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Question 1

(@) The Maxwell’s equations can be formulated in terms of a vector potential A, and a scalar
potential V.

-

Q) Explain why we can define 4 suchthat B =V x 4.

-

(i) Explain why we can define V such that E=-vw- Z—’:.

(iii)  Explain what Lorentz gauge is and why it is useful in the formulation of the
Maxwell’s equations in terms of A and V. (10)

(b) In free space, the electric field of a uniform plane wave is given in phasor form:
E = £(30 — j20)e /152 V/m

Find the frequency of the wave f, k, and ﬁ(z, t). (15)

Question 2

(@) Inalow-loss dielectric medium (u, €, o), the propagation constant can be approximated as:
y ~joiE(1-j-=) m?
where i = pg and € = g,¢,.
Find the approximate expressions for ¢, 5, n, and up in terms of u,, &, &, and a.
(10)

(b) An x-polarized 300MHz wave travels in the +z direction in a low-loss dielectric medium

with u, =1, & = 4, and =4 x10* S/m. The phasor form of the electric field intensity
is given by:

E = 260e™"* V/m.
(i)  Using the results in part (a), determine «, S, 7, and up.
(if) Write an expression for the Hin phasor form.
(iii) Find the time-average Poynting Vector I_fa,, in the medium.
(15)



Question 3

a e E-field of a uniform plane wave in free space is given in phasor form:
The E-field of 1 1 in fr s given in ph f
E = §3e)(®/4725%) 4 320J(m/4=25) )y,
(1) Describe the polarization of the wave.
(11) Find the corresponding H-field in phasor form.
(10)

(b) Consider a uniform plane wave in a lossless dielectric having an E-field given by:
E(t,z) = *20cos (ot —50z) — $10sin (@t —50z) V/m,

and its phase velocity in the dielectric is 0.6c¢.

(1) Determine the frequency of the wave.

(11) Find the dielectric constant of the medium.
(111) Describe the polarization of the wave.

(1v) Find the corresponding H-field.
15)

Question 4

A Doppler radar is used to determine the speed of a moving vehicle by measuring the

frequency shift to the wave reflected from the vehicle.

(a) Assuming that the reflecting surface of the vehicle can be represented by a perfectly
conducting plane and the transmitted signal is a time-harmonic uniform plane wave of a
frequency fincident obliquely on the reflecting surface with an angle of 30 degrees as
shown in the following figure, find the relation between the frequency shift and the speed
of the vehicle. (15)
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(b) Determine the speed of the vehicle in (km/hr) if the frequency shift is 3 kHz and the
frequency of the transmitting wave is 12 GHz.

(10)



