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Reading assignment: Section 5.1 J. A. Kong, “FElectromagnetic Wave Theory’

Problem P11.1

By the image theorem, a vertical monopole antenna on a conducting plane is equivalent
to a dipole with the conductor removed. In radio broadcasting stations, the Earth is used
as the conducting plane. Calculate the power and the gain for a monopole on a conducting
plane.

Problem P11.2

Let the tangential E field and tangential H field on an enclosed surface S be related
by an impedance matrix Z(7) such that

AxE=_2(F)-(hxH)
where n is inward normal to the surface S bounding the region of interest V'
Zij(T) = 8:Z;5(T)3;

and 5; and §; with 4,7 = 1,2 are unit vectors tangential to the surface S such that
51,82, and n form an orthogonal coordinate system. Show that

By = —ZyHy + ZyH,
Ey =Z7Z,Hy, — Z1oH,

Let (SE = E1§1 + E2§2 + En’fl and 5H = H1§1 + H2§2 + Hnﬁ, then

-8B x 0H = (=ZoHyH + ZonH H} — Z1 HyHY + Z1oHy HY)
A 0E x 6H = (=23 HiHy + ZHi Hy — 27, HiHy + Z5, Hi Hy)

Determine the conditions for Z;; such that the uniqueness theorem holds.
Problem P11.3

Consider a plane wave incident on a conducting plate of length a in the Z direction
and width b in the ¢ direction. Assume that the plate size is very large and that the
field is negligible behind the plate. Solve the scattered field by two approximate source
distributions.

(a) The tangential electric field at the conducting plate is zero. Under the physical optics
approximation, the tangential magnetic field at the conducting plate is twice that of
the incident field, so that

2E,

n

J.=2hx H =&



(b)

Show that the scattered electric field is

2ik Eoe™ sin(k,a/2) sin(k,b/2)

r k. k,

E, = (¢sin¢ — 0 cos b cos ¢)

The induction theorem makes use of the source distribution for the scattered field, given
by Js=—nx(H—-H;)=—-nxH; and M, = —n x (E—FE;) =1 x E; = §E,, where
E and H represent the total field at the scatterer. These are impressed currents that
radiate in the presence of the conductor. By the image theorem, the source responsible
for the scattered field in the absence of the scatterer is 2M,, since the total field F

at the conducting plate is zero and .J, does not radiate in front of perfect conductors.
Show that the radiated electric field vector is

2ik Eoe™ sin(k,a/2) sin(k,b/2)
r k. ky

E, = (¢cosBsin¢ — 6 cos ¢)

Compare the result obtained with the two approaches. Show that the results are identi-
cal in the backscattered direction. For a plane wave normally incident on a large plate,
the backscattering cross-section, or radar cross-section, or echo area A, is

A, = lim <47TT’2§> = M

700 S T

where S° = |E,|*/2n and S* is the scattered power density.

Problem P11.4

=
>

Fig. 10.4
In MRI, it is required to generate a uniform B field in the vicinity of the a certain

point. Helmholtz coil, as shown in Figure 2, can realize this. The two identical circular loops
of radius a , separated by distance d, carry the same current I in the same direction.
(a) Show the magnetic field along the z-axis is



Ia? 1a?
B. — Hola _ 4 Hola
2[(d/2 =224 a?> 2[(d/2+ 2)?+ a?]

NJw

(b) Show when d = a, the B, is most uniform in the vicinity of z =0, i.e.: 2= =0 and

dz
2
ddQBZZ =0 when z=0.

(c) plot the B.(z) when d=a=5cm and I =2A for —4 <2< 4.




