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ABSTRACT

In this paper we formulate the exact integral equation for the tangential electric field in a slot in a para-

llel plate waveguide covered by a dielectric slab. The integral equation is solved numerically and the power

transmitted into the far space wave and hi-directional surface wave is investigated.

Introduction

In this paper we analyze a parallel plate waveguide

with one plate perforated by a slot and covered by a di–
electric slab (see Figure la). This device could find

applications both aa a method of launching surface waves
in a dielectric image line and as a coupler between an

image line and a standard metal waveguide. A similar

structure employed as a millimeter–wave dielectric image
line detector-circuit has recently been reported on by
Solbach [1]. A major problem in the design of image
line couplers is radiation losses incurred at slot or

notch discontinuities in the line. In this paper we

investigate both the radiated power and the power coupled

into surface waves as a function of slot width and image
line slab thickness. Integral equations are formulated

for the unknown tangential slot electric field which is

solved for by use of the method of moments [2].

Theoretical Analysis

The excitation is a V-volt TEM incident wave trav-

eling in the positive z-direction whose TEN field can

be (suppressed time variation ej~t)

in c _v
E -~e-jkz ~— —

H
inc V -jkz A

— ‘Ze Y

(la)

(lb)

withk=ld~, ll=fi “HyandHd are formulated in
Y

terms of equal and opposite equivalent magnetic currents

on the interior and exterior sides of the shorted slot
(Fig. lb).. Enforcement of the continuity of magnetic
field in the slot leads to the integral equation below

A
for EZ.

~ EA(z’)[g(h,z;h, z’)+2#(h,z;z’)]dz’
iwz.-

= H~c(z) ; ZE(-W,W) (2)

where g(h,z;h,z’) and gd(h,z;z’) are respectively the
Greens functions for a magnetic line source in a para–
llel plate waveguide and in a dielectric slab [3].
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By partitioning the interval (–w,w) into N equal seg–
ments of length A= 2w/N and by selecting the match-

point locations zm at pulse centers according to z =
m

–w + (m–1/2)A, cne m.av establish the following approx-
imation of the integral equation.

N
z En[Y +Y~] = H~c(zm), m= 1,2, . . ..N

mn
(3)

n=l

in which E
th

~ is the unknown coefficient of the n pulse

located at Zn. The matrix elements in (3) are defined
as

zn+A12

Y=
mn I

g(h,zm;h,z’)dz’

zn-A12

(4)

zn+A/2

Y;= 2
~

gd(h,zm;z’)dz’

Zn+ /2

Equation (3) is solved numerically for En.

(5)

The total time average power per ~nit (y–direction)
width in the parallel plate guide is p1nc=V2/21h. The

total time average power transmitted through the slot is
given by

~T —–~Re
1

-M . H* ds— — (6)

A

where ma~~etic current in the dielectric slab is M =
,. —

–2MVY = 2E~ y and H* is the conjugate of the magnetic

fie~d in the dielectric slab. The total time average

power transmitted through the slot per unit (y-direc–
tion) width can be expressed in term of the numerically

determined slot tangential electric field pulse ampli-
tudes by

NN
A/2 A/2

PT = -Re Z z Em E*
nm=l n=l ~~

z=–A/2 z’=–A/2
*

gd(h,z+z ;Zt+Z )dztdz
m n

(7)
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d*
where g is the conjugate of the dielectric slab Green’s

function. By separating g
d.

Into sDace wave and surface 1.00 ,-— —–——----—-–-—- ——–—---- ——.. .—.—–—-.

wave

wave

face

components in the ~ar field, ~he power lost in space 0.90 /. . . . . . . . ..2W= O.OIAO
I I

radiation Pr and coupled into the hi-direction sur-

Ps can be found.

RESULTS

The results shown in figure 2 indicate that the

space wave far field coupling efficiency (Pf/PT) is

greatest when the slot width is Zw>>t. However a mini-
mum in the space wave coupling efficiency occurs between
31d/8<t<Ad/2 regardless of slot width. A corresponding

maximum in the surface wave launching efficiency (Ps/PT)

occurs over this same range. It is noted however that
a space wave launching device is most efficiently made
by using a wide slot. The results in figure 2 also

suggest that a surface wave launching device is much
more efficiently made by using a slot with a narrow

width covered by a slab of thickness 31c18<t<id/2.
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Fig. 2. Power coupled into space wave Pf and

bidirectional surface wave Ps normalized

by the total power transmitted through
the slot PT.

Fig. 1. (a) Slot coupled parallel-plate guide and
image line. (b) Equivalent configuration

with shorted slot and radiating magnetic
currents.


