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ABSTRAT

A theoretical determination with experimental verification is made for three narrow transverse strips of

different widths, unsymmetrically located in a rectangular waveguide. The analysis is based on extremization

of current density ratios among the strips.

Introduction

This paper reports an analysis of three narrow,

transverse, inductive strips of different midths, un-

symmetrically located in a rectangular waveguide, The

current density ratios among the strips are obtained by

extremization of the variational form, and solution of
the two unknowns in the resulting two nonlinear equa-
tions through generalization of the half-section

numerical method.

Previous studies by Craven and Lewinlwere confined

to three small-diameter vertical posts evenly-spaced
across the waveguide transverse plane; a similar geo-

2
metry was considered by Mariani , Recently Lewin3’4

has developed an analytical technique applicable to the
general unsymmetrical multiple-strip geometry through

extension of the Carleman equation to multiple inter-
vals. The present formulation, which extends the two-

5
strip variational method used by Chang and Khan , has
the advantage of relative mathematical simplicity.

The structure considered here has considerable

potential application in microwave tuning and filter
networks,

Theoretical Analysis

The structure is shown in Fig. 1. Three strips of

uneaual widths placed unsymmetrically in a rectan~lar
waveguicle at the plane Z=o .
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Fi~, 1 : Cross section of a rectangular waveguide with

three infinitesimally-thin strips in the same trans-
verse plane.
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The incident dominant-mode electric field is

given by :

#li = sin (~) e= (-rlz) ~.
c,’

(1)

For a single strip Collin6 shows that the nor-

malized shunt susceptance ET may be expressed in the

following stationary form :

p I
2

-2 Jy(x,y) sin (~) dx dy

s
ET=

= II
I

2
(2)

T1~+ Jy(x,y) sin (~) dxdy

n=2 n S

n= (~ - ‘~) and ‘fI = -jr, .where r

Jv(x,y) is the y-directed current density in the

strip of surface S .

For three strips we
S1+S2+S

3
and assume

for the narrow strips in

may take S to be surfaces
the current density Jy(x,y)

the form :

Jy(x,y) = A { U(X-Xia) - U(x-x2a)}

+ flA { U(x-xib) - u(X-X2b)}

+ f2A { U(X-XIC) - U(X-X2C)} (3)

where A is an amplitude constant and U(x) is the

unit step function.

Substituting Fq. (3) into Eq. (2) and inte-
grating over S , we obtain :

ET=-+
1

where

ET=Ea+

H = Hna
nT

and

Ei = COS ( +) - Cos

;2
+s

~ HnT2
n+
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+ f2Hnc

‘x2i
(— a)for i=a,b,c

(4)
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H.=—
I

=) I=). cos(a

“ “>. ‘Os( a
for i = a, b, c,

aET aET
To find fl and f2 —=0 and~=O ., we put af

1 2

Thus, the following equations are obtained :

w -

1% f %~2HnjHnT ‘Ej~2HnT2 ‘0

for j = b, c, (5)

The set of two equations in (5) is solved by an ex-
tended form of the half-section numerical technique.

.
The analysia can be extended to capacitive strips{

by assuming suitable current distribution in Eq. (3).

Comparison with Experimental Measurements

Measurements were carried out with strips in con-

ventional X-band waveguide having a = 0.900 in. and

b = 0,400 in. Results shown in Fig, 2, as a function

of frequency, indicate close agreement with the

theory, Also shown is the sum of ~1, ~2 and ~
3

which are isolated single-strip susceptances found
from Eq. (2) using the conventional constant-current

assumption. It is interesting to note ET / Xg is

almost independent of frequency, as found by Lewin for

the multi-aperture obstacle3. Fig, 3 shows the cur-

rent ratio of the three-strip obstacle,
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Fig, 2 : Susceptance of the three-strip obstacle.

The solid line shows the susceptance value ~T ; the

broken line shows the sum El + 52 + ~
3“

‘1
= 0.3945 in,,

‘2
= 0.4945 in,,

‘3
= 0.6945 in.;

WI = 0,0770 in. , W2 = 0.0830 in. , W3 = 0.1190 in, ;

D2 = 0.0200 in., D3 = 0.1000 in.
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Fi~. 3 : The current density ratio of the three-strip

obstacle with dimensions shown in Fig, :2 ,

For three strips of the same width, evenly spaced

across the waveguide transverse plane, the solution to
Eq. (5) gives fl = Z and f2 = 1 , in agreement

1
with the results of Craven and Lewin for small-

diameter posts. The comparison is shown in Fig, 4 ,
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Fig. & : Normalized susceptance of three-post ob-

stacle. The solid line shows our theoretical results;
the broken line shows Craven and Lewin’s theoretical

reeults. Frequency is at 4 GHz,; a = ;? in, and
b = 2/3 in.

1,

2,

3.

References

G. Craven and L, Lewin, “ Design of microwave

filters with quarter-wave coupiings “, Journal of
~, 103(b), 1956, pp. 173-177.

E. A. Mariani, “ Designing narrow-kand triple-post
waveguide filters “, Microwaves, 4, 1965,

PP. 93-97.

L, Lewin, “ Solution of a singular integral equa-
tion over a multiple interval and applications to
multiple strips, grids and waveguide diaphrams “,
Electronics Letter, 2, 1966, Pp. 458--459

420



4. L. Lewin, Theory of wavegu ides, New York: John

Wiley, Chap. 7, 1975, pp. 228-248.

5. K. Chang andP. J, Khan, “ Coupling between narrow

transverse inductive strips in waveguide ‘, IEEE
Trans. Microwave Theory Tech., Vol. MTT-24, —

February i976, pp. 101-105.

6. R. E. Collin, Field theory of guided waves, New

York: McGraw-Hill, 1960, pp. 470-474.

7. K. Chang and P. J. Khan, “ Analysis of a narrow
capacitive strip in waveguide “, IEEE Trans.

Microwave Theory Tech,, Vol. MTT-22, May 1974,

PP. 536-541.

421


