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The problem of an antenna radiating
into a dielectric or plasma medium is
of interest in the areas of plasma di-
agnostics, space communication, radome
design, and so on. In this paper we
consider the geometry of a flanged
waveguide radiating into a dielectric
or plasma layer (Fig. 1) and present a
solution to this problem using an ex-
tension of the newly develogeg Modified
Residue Calculus Technique.™*“ The
method has the advantages that it ex-
hibits rapid numerical convergence,
guarantees the satisfaction of the edge
condition, and provides a built-in con-
vergence check, not conveniently avail-
able in some of the other methods con-
ventionally employed for solving prob-
lems of this type. One important fea-
ture of the construction of the solu-
tion is that an advantageous use is
made of the known exact solution of the
associated canonical problem, that of
radiation from an open-ended waveguide.

Assume that a o wave is incident
in the guide from the left. The prob-
lem is formulated by expressing the
fields in terms of appropriate spectral
representations, which are discrete or
continuous depending on whether the
transverse dimension of the region in
question is finite or infinite. Match-
ing and Fourier analyzing the field at
each interface, and performing some al-
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gebraic manipulation, we get the follow-
ing equations for the unknown weight co-
efficient E(a) in the spectral represen-
tation of the Hy field for z>R+2t:
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vhere T = Jbz—kz and the integral in (2)
is a Cauchy principal value. 1/R and
Q/R are the transmission and the reflec-
tion coefficients from the slab.

The solution is constructed by con-
sidering a complex function f(w) with
the following properties:

(1) £(u) has zeros at w=y,, nép, n=l,2,
+esy® and at muvobdo; (ii? £f{(w) has two
branch points wéiyog; (111) £(w)

w|1/2 =V, v= 1/6 as |w|+=; (1v) £0rpp)=
by, 1P (1+«sg) .

We consider the integrals
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where the path P is shown in Fig. 2, and
expand them using complex variable the-
ory. After some manipulations and the
use of the properties (i)-(iv), one can
show that the solutions of (1) and (2)
can be obtained from f(w) i1f it is made
to satisfy the equations:
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Fig. 2, Contour P in the complex w-

plane.
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where w is on the branch cut L. E(x)

and all other spectral weight coeffi-
cients are expressible in terms of the
resultant f(w).

On the basis of the experience with

the flanged waveguide2 we choose a form

for f(w) appropriate for the present
open region geometry that reads
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where Cqis the Euler's constant., It
should be noted that x(m)l(w-ypb) is

the generating function for the canon-
ical problem. Substituting (4) into

(3), two coupled integral equations are
derived which are to be solved for F
and G,

Since the asymptotic nature of F and
G are known a priori from the edge con-
dition for the field components, it is
possible to truncate the two infinite
integrals and consider them only for a
finite range of { after incorporating
the asymptotic solution. It is this
feature that contributes to the numeri-
cal efficiency of the method and allows
guaranteeing the edge condition as well,

Fig. 3 shows the magnitude of the
reflection coefficient in the waveguide
for a TEM incident wave for several dif-
ferent choices of €
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Fig. 3. Magnitude of the reflection
coefficient vs, layer dis-
tance £. (b=0,2)).
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