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TM and TE Mode Surface Waves
on Grounded, Anisotropic,
Inhomogeneous, Lossless,
Dielectric Slabs*

J. H. Richmond has given the WKB so-
lutions for the field distribution of surface
waves on inhomogeneous, isotropic, plane
layers.! It is the purpose of this letter to ex-
tend his work to include a simple anistropy
in the dielectric constant by considering a
diagonalized relative permittivity tensor
with components e:(x), €,(x), and e.(x). The
geometry is the same as before! except that
a perfectly conducting plane is now posi-
tioned at x=0. For easy reference we have
used the same notation as Richmond, except
where specified otherwise. Compactness in
notation has been achieved by expressing
the integrations from 0 to x and by consider-
ing the x variations outside the slab to be
exp 1—alx—a)}.

The TM solutions for the x variations of
the ficld components are given by

exp | —a(c —a)}, in region I,

Hy={gx) wsR) )
2@ cosR(a)y in region IT,
J—a~exp {—alr — @)}, in region I,
5= wen @
i ]ja ¢g(d) sin R{x) . .
—_—— = in region I1,
lwea g(x) sin R(a)
where
e(x) 12
s = [ =2 ®
(5 1/2
r{x) = I:i(v—)~(k?e1(,r) — /zz):l s 4
e(x)
and
R = [ rtd, )

1t is observed that H, is normalized to unity
at the air-slab interface. Also, we have con-
sidered the relative permeability of the slab
to be unity.

* Received August 26, 1963.

1 J. H. Richmond, “Propagation of surface waves
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Correspondence

The transcendental equation for the
propagation constant % is given by

r(a) tan R(a) = we.(a). 6)

Eq. (6), for a constant, scalar permittivity,
reduces to (39) in a standard reference.?

The x variations for the TE modes are
summarized as

exp { —alr — )}, in region I,

By = [ﬂ@ ”2‘sin Q(xz‘ in region IT @
@] sin Q@) .
—— exp {—a(x —a)j, inregion],
Jwio
g = o [ L] ®)
Jow L gla)
-Zﬁs SE% , in region I1,
0s Qe
where
o(x) = k%, () — m2]2 )]
and
0w = [ gta (10)
[}

The determining equation for the propa-
gation constant % is

gla) cot Q(a) = — a, 11

which, for a constant, scalar permittivity,
agrees with (46b) in a well-known text.?

It is to be noted that the solutions are
valid only for slowly varying permittivities,
or when

¥ (x) e (x)

2(x) r(x)e(x)
AQ)
¢*(x)
where the prime denotes differentiation with
respect to x. We find different restrictions on
the TM and TE cases because the wave

equations are different for the two cases,
being given by

«2, TM, (12)

«2, TE, (13)

+ EZ—E% (Be(x) — I H, =0, TM, (14)

and
E,)” + (k%,(x) — INE, = 0, TE. (15)

Expressions (12) and (13) can be verified by

considering, in detail, standard WKB solu-
tions of the Schroedinger equation.?

Conventionally,* we have neglected

derivatives of g(x) and ¢(x) in finding E, for

the TM case and H, for the TE casc, respec-

tively.
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Application of Corner Mirrors for
Ultramicrowave Interferometers™®

The Michelson type and Fabry-Perot
type interferometers are often used in the
field of ultramicrowaves; the latter replace
conventional cavity resonators in the milli-
meter and submillimeter wave range.!

The main problem convected with these
devices is the design of suitable mirrors with
low loss and adequate reflectivity. So far,
planar or spherical mirrors are used.? Ad-
justment of these mirrors is critical and
tedious; hence, the use of optical collima-
tion methods is recommended.? These diffi-
culties could be remarkably reduced by ap-
plication of metallic mirrors in the form of
rectangular prism corners, i.e., so-called
corner mirrors (see [ig. 1).

«—AXIS OF CORNER
MIRROR

g—

/N
7

N

Fig. 1—Cubic cornet mirror.

S

They take advantage of a very old prin-
ciple of optics and have also been used some-
times in connection with radar techniques.*
The adjustment of a corner mirror, which
consists of three mutually perpendicular
metallic plane mirrors, is in principle uncrit-
ical. For a correct design of a mirror, it is
sufficient to sccure the stable position of its
peak. Then a beam of electromagnetic waves
falling on a mirror at an angle of © <35.26°,
after a triple reflection, will return anti-
parallelly to the falling beam. (For real mir-
rors having a finite ratio «/\, a respectively
smaller value of the angle ® may be uti-
lized.")

The interfcrometers utilizing corner mir-
rors could be designed in the form given in
Figs. 2 and 3. The set in Fig. 2 differs from
the conventional Michelson interferometer
only by the type of the mirrors used, and,
therefore, it does not require further discus-
sion.

In the Fabry-Perot interferometer, one
must secure suitable coupling with the
cavity. For that purpose, one wall of the
metallic corner should be half-transparent;
a metallic perforated wall would be a good
solution.? The Fabry-Perot interferometer
with corner mirrors can be made in a num-
ber of variants (see Fig. 3). The set in Fig.
3(a) differs from that used in the past only
by the type of mirrors used and addjtional

+ Received August 106, 1963.
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