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Equivalent Circuit Description for a Parallel-Plate Waveguide

with a Transverse Slit in its Upper Plate
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Abstract

A parallel-plate waveguide with a slit in its upper plate is analysed. An integral equation is
formulated for the equivalent magnetic current and solved by the conventional moment method.

Numerical results are presented for the magnetic current, reflection and transmission coefficients,
a normalized radiated power in the slit, and equivalent circuit parameters. The equivalent circuit
parameters are an useful quantities in the study of the E-plane coupled microstrip antennas.

I. Introduction

The analysis of the slit in the parallel-plate

waveguide was undertaken many years ago by R.F.

Millar[1] but the results of this early work are
valid only for wide slit.

Recently, some authors [2]-[4] analysed the
narrowly slitted parallel-plate waveguide filled
with a homogeneous media.

In this paper, an efficient computation tech-

nique in representing the equivalent circuit
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parameters of the slit in the wall of the parallel-
plate waveguide is considered for the arbitrary
slit width,

An integral equation is formulated for the
equivalent magnetic current and is solved numeric-
ally. From knowledge of the equivalent magnetic
current, quantities of interest such as reflection
and transmission coefficients, a normalized radi-
ated power in the slit, and equivalent circuit
parameters are calculated. The equivalent circuit
parameters are an useful quantities in the study of
the E-plane coupled microstrip antennas.

. Formulation of the Problem

The waveguide is illustrated in Fig. 1 where
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one sees a pair of perfectly conducting plates of
zero thickness and of infinite extent with the
upper plate slitted by an infinite slit width units
wide and parallel to the y axis. The problem is
entirely independent of y and is therefore two-
dimensional.

When a TEM wave whose electric field amplitu-
de is assumed to be unity is incident upon the slit
as shown in Fig.1, electromagnetic fields scattered
from the slit may be calculated from the equiv-
alent magnetic currents on the shorted slit. The

time harmonic debendence factor "' is
suppressed throughout and ¥b << such that only
the TEM mode can propagated along the
waveguide.
X
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Fig.1. Equivalent magnetic currents on the slit.

The desired integral equation which is formulated
in terms of the equivalent magnetic current My
is obtained by resorting to the equivalent principle
of electromagnetics. This means that if the slit
is shorted by a perfect electric conductor, the
fields in regions I and I will remain unchanged
if appropriate magnetic currents are placed over
the shorted slit on either side of the upper plate.

Choosing the appropriate Green’s functions in
each region I, II in Fig.l1 and imposing the con-
tinuity of the tangential electromagnetic field in
the slit, one can obtain

k [ , , ,

[ MG kI e

:f M,z )G (z,2")dz" + %e""‘,

(1)

—a<z,z' <a, x,x' =0
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in which the Green’s function G (z, z') [5] in
region I is given by

__1
27b

- \/(ﬂbﬁ) P
Vi)

Here ¥k and 1 are the propagation constant and
intrinsic impedance, respectively, of the free
space. HO(Z) is the Hankel function of the second
kind and zero order.

The unknown M_(z') is approximated by
pulses and the resulting approximate equation is
subjected to collocation [6].

By partitioning the interval ( -¢, +a) into N
equal segments of length A= 2 a/N and by select-
ing the match-point locations z__ at pulse centers
according to z,,= — a+(m-%)A, one may establish

ik
e jklz—2" t _

Glz,2')=

: @

the following approximation of the integral
equation,

N

Z‘ My,,,[Ynl\n+ Yr'rxm J=Hy1inc (Zm)

le Hn m=1, 2,3--N
/]

(3)

in which M n is the unknown coefficient of the
n-th pulse located at 2z,
The matrix elements in equation (3) are defined as

In+a /2
Yo = [ Gl (4)
Zn—4 /2
k Znt+a /2
Yhn=5- HP (k lzm—2"|)dz’ (5)
2nJen-a

Green’s function G (z,,. z°) in the slit in equation
(4) can be replaced by the small argument approxi-
mation [3] near the singular point z = z’ as follows

Gl sy = iklz 2l
’ 27b
a5 g2
(6)
where ;(x):r‘i‘,‘( n21,x1 — —> | x| <

(367)
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Therefore, in case of m = n, equation (4) becomes
after some algebraic manipulations

o e M ka [, (an) b
Yoo = =715 - ['“ 2eb) % )l

wheree=2.718 ... ..

For m % n, equation (4) is represented by [7]

Y= 7}%5in(kA/2)e’jk (m—nla

— 22| talim—ni +1/2)870)
—f(x(lm—nl—1/2)4/b)

+§l (nglﬁ - e"’!,/K"(E:).[Imnh‘l/z)d/b

V4

1 e——gmm—nvﬂ/zmw)

g—1/4

1kb se w \/:'— (& rimni-1/22am

_v(g_zjg

— _._l.'e~gﬂlm-~nlfl/2]d/b> ]}
g—1/4

(8)
where f (x) =2{1—sinh(x/2) In{(coth(x/4)) ], x> 0

Evaluation of integral of equation (5) for both
m = n case and m = n case is performed by stan-
dard technique [6] and omitted here.

Solving the linear simultaneous equation whose
ooefficient elements YrInn' ler{n are given above,
one obtains the unknown coefficients M

From knowledge of M .n» One can compute
the TEM magnetic field reflectlon coefficient F
transmission coefficient TH equivalent c1rcu1t
parameters and radiated power of the slit discon-
tinuity as shown in Fig.2

Fig.2. Equivalent 7 - network.

To obtain the equivalent m — network para-
meters in Fig.2, one uses the relation among the
reflection coefficient, the transmission coefficient,
and the normalized admittances in the transmis-
sion line, with a characteristic admittance Y c
unity.

The reflection coefficient FH is defined as the
ratio of reflected to incident magnetic field, and
the transmission coefficient TH as the ratio of
transmitted to incident field at a reference plane
located at z = -a; thus

L=~ —zlge“ﬂka [;a M,(z)e ™ dz’  (9)

TH=‘ 1- %f M, (2’ )el* dz’te 2 (10)

Using the conventional moment method, one
can write

Li=— Sinl((lL—A/z)e j2ka ZNJ Myne i kzn 1D
n=1
Ta= 11— 5‘11_%)4/_2)-2 Mypeiken | g mitke (12)

So the normalized admittances are given by

Y- PGB (13)
o _ 140~

Y, 1= FH+TH =G,+iB, (14)
?1 (Y2+1) (YL Y) ~ JEI (15)

2Y,+ 1Y,

The branch currents I;, I,, and I3 in Fig.2 are
given as follows

e (1Y (16)
Y.
(141 (1- X an)
Y,
I,=1, 7_YL_
Y,+ 1 (18)

The dissipated powers in each branch are given
below in terms of the network parameters and the
branch currents

(368)
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P —Re [I;I ] (198)
=Re[~|-£{_"|-z] (19b)
Re[lilz} (19¢)

Therefore the dissipated power in the slit is
given as follows

P=P1+P2+P3 (20)

The dissipated power in the slit means the norm-
alized radiated power (1 — ‘FHIZ
. Numerical Results and Discussion

The numerical calculations were carried out
by the digital computer CYBER 170-815. The
summation of the infinite series of equation (14)
and (15) was truncated when the last term added
was less than one-108 th of the first term.

Numerical results are shown in Fig.3 through
11. In Fig.3 and 4, the equivalent magnetic
currents induced in the slit are illustrated respect-
ively for the narrow slit width and the wide slit
width. The narrow slit magnetic currents are, as
expected, relatively uniform except near the
edges. The wide slit magnetic currents decay
rapidly for z > — a and show the edge condition
atz=-a and z = +a.

Vatues of IFH‘ and |Ty| obtained here are
illustrated in Fig.5 and 6 respectively and com-
pared with the theoretical results of Millar and the
experimental determinations of Simmons [1] for
the slit range of 2ka <<10. Our results show good
agreement with their results.

Load admittance YL(per unit width along y)
for wide slit is presented and compared with the
previous results{5] in Fig.7, where the conduct-
ance is observed to vary slowly as a function of b
while the susceptance is seen to vary rapidly.

In case of kb = 0.09738, the reflection and
transmission coefficients and the normalized
radiated power are given in Fig.8 and the nor-
malized admittances are illustrated in Fig.9 for
the slit range of 0 << ka <X 1.3. An interesting
observation made during the course of this in-
vestigation is that, as the slit width goes to zero,
the valve of 51 is constant (kb/2) and nearly

—lTHP) in the slit.
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Fig.3. Magnetic current distribution in a narrow
slit.

Fig.4. Magnetic current distribution in a wide

slit.
OUR RESULTS
0.4+ —-——-= MILLAR'S
e o o SIMMONS'(kb=157)
L:I E

Fig.5. Reflection coefficient with slit width,

same to that of G for the range of ke 0.1 while
Y2 becomes negl1g1ble as shown in Fig.9 This is
valuable in the characterization of the E-plane
coupling phenomena between two microstrip
rectangular patch antennas.

In Fig.9, one also observes that 7L is nearly

(369)
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Fig.6. Transmission coefficient with slit width.
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Fig.7. Load admittance YL(per unit width along
y).
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Fig.8. Reflection and transmission coefficients,
and normalized radiated power with slit

width.

constant in the range of ka 2 0.1 The fact that
the amplitude and the phase are seen to be nearly
constant in the same range (ka = 0.1) in Fig.8
shows the reason for such behavior of ¥ L
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Fig.9. Normalized admittances with slit width.
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Fig.10. Reflection and transmission coefficients,
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and normalized radiated power with slit
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Fig.11. Normalized admittances with slit width.
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In case of kb = 1.57, the reflection and trans-
mission coefficients and the normalized radiated
power are given in Fig.10, and the normalized
admittances are illustrated in Fig.1! for the slit
range of 0 <ka < 2. In this case, the normalized
admittances exhibit a similar behavior to the case
of kb = 0.09738.

IV. Conclusion

Here an efficient computation technique in
calculating the equivalent circuit parameters of
the transverse slit in the wall of the parallel-plate
waveguide is proposed. By use of the technique,
equivalent m - network parameters are obtained
both for the microstrip case (kb=0.09738) and
for the waveguide case (kb=1.57).

Through this study some properties of the
admittance parameter are pointed out.
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