A study on the slitted paraliel-plate waveguide

A study on the slitted parallel-plate waveguide

° Seung Gak Kim, Young Ki Cho, Chang Hee Kim
Myoung Han Yoon, Jae Pyo Hong, Hyon Son
Dept, of Elect, Eng.. ENU

T Hol -8 (slit)o] g+ HY HFuk Tuizgle g odT
dsd, 297, du sy
RESE, EME, & #
Heoistm Ex38tn
ABSTRACT”

A parallel-plate waveguide with a slit in its
upper plate is analysed. The magnetic current ind-
uced in the slit is obtained by making use of the
conventional moment method.

From knowledge of the magnetic current, guantit-
ies of interest such as reflection coefficient and

transmission coefficient are computed.
1. INTRODUCTION

The analysis of the slit in the parallel-plate
waveguide was undertaken many years ago by R.F Mi-
1lar'!? but the results of this early work are va-
1id only for wide slit.

Recently, some authors'?’ considered the chara-
cteristics of a slit in the parallel-plate wavegu-
ide filled with a truncated dielectric using mome -
nt method and some authors***)  analysed the na-
rrowly slitted parallel-plate waveguide filled wi~
th a homogeneous media.

Here, an efficient computation technigue in sol-
ving the transverse slit in the wall of a parallel-
plate waveguide is presented. )

II. FORMULATION OF THE PROBLEM

When a TEM wave whose electric field amplitude
is assumed t0 be unity is incident upon a slit as
shown in Fig.l, electromagnetic fields scattered
from the slit may be calculated from an equivalent
‘magnetic surface current in the slit., The time de-

pendence factor e’*’

is suppressed throughout and
kb<{® guch that only the TEM mode can propagate
along the waviguide.

Choosing the appropriate Neumann Green function
in each region 1, § in Fig.l and imposing the con-
tinuity of an electromagnetic field in the slit,

one can obtain,'®?
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Fig.l Equivalent magnetic currents in the slit

Wnere k = w+/ Fato, § =~ Hol€p, w, Hy and €o
denote angular frequency, permeability and permitt-
ivity respectively and H§{?”’ means the Hankel functi-
on of the second kind of index zero, and G{(z,z”)
means the Green function®® in region |.

The unknown My(z”) is approximated by pulses and
the resulting approximate equation is subjected to
collogation in conventional moment method.

By partitioning the interval (-a, + a) into ¥
segments of length A= ZN—“ and by selecting the ma-
tch-point locations Zm at pulse centers according
to Zm= -a + {(m+) A, one may establish the foll-
owing approximation of the integral equation,

}E} Myun (Vi + YR J=Hy.iuc (Zn) (2)

1 LA™

n =1, 2, 3 N
Znm , observation peoint.
Zn , source point,
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in which My,n is the unknown coefficient of the #
th pulse located at Zx.

The matrix elements in (2) are defined as

za +LNV2
Yhe = - J' G(z7,2m)dz’ (3)
2w ~ A /2

za + A /2
wn e H®P (k|27 — 2m|)dz’ (4)
2 — A /2

Green function G(z,z’) in the slit in equation

(3) can be replaced by the small argument approxi-
mation®?®’

’
~ikyz—0 N ’
N _& ik )|z-27|
G(z,27) 75 + 77;{]-"(—[’——)
kb
‘%(7) } (5)
Therefore, in case of m = n, equation(3) becomes

after some algebraic manipulations,

-jkd/2 .
1 1-¢ Jkd dn - kb
Voum = — —-,7,(—{111(5';[7)—%‘ G } (6)
— 1 _1.
mere§°:(x)—§(m7 — ) kK]

For m # n, equation(3) is represented by'®?

Yha = ’/—ib sin(le/Z)e‘]klm_nM

—j;"%](f(frtlm-nl + 1723476 )£ (xCinen|-17234/5)

- ——l—g '”x/ﬂz—(g{)’(lwrn|+ 1723476
+.§{(”z_(”z¢ 4

_ 1 ~nft( |men|+ 1721474 )
n—1/4 ¢
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here f(x)=2{1-sinh(x/2)1n{coth(x/4))), x>0

Evaluation of integral of equation(4) for both
m = n case and m ¥ n case is performed by standard
technique and omitted here.

Solving the linear simultaneous equation whose

coefficient elements Yma, Yms are given above, one

near the singular point z = z/ as follows.

obtains the unknown coefficients My,n.

From knowledge of My,n, the magnetic field refle-
ction coefficient Iy and transmission coefficient
Ty are readily found to be

il N .
Iy = - s1n£bl\d/2[ %;.My’”e jkzu (8)
. N -
Tu= l—-——————SIHk(bkA/z) Y, Mn e)kz" (9)
s
[I. RESULTS

From the equivalent magnetic current, the magne-
tic field reflection coefficient Iy, and transmiss-
ion coefficient Ty can be calculated. Values of
II'y] and [Ty| obtained here are illustrated in Fig.
2 and Fig.3 respectively and compared with those

of Millar’s and Simmons’ for the slit range;2ka)?2
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Fig.2 The magnetic field reflection coeffic-
ient|/] with slit width
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Fig.3 The transmission coefficient|{Ty| with
slit width
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