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Rectangular Waveguide with T-Shaped Septa

GOPA GUHA MAZUMDER AND PRADIP KUMAR SAHA

Abstract —Recently, a new rectangular wavegnide with two T-shaped

septa has heen proposed by the authors as a superior alternative to

conventional ridged guide. Here, numericaJ data on the cutoff and band-

width characteristics of the dominant ‘IT,0 mode of rectangular wavegnide

with a single T-septum are presented and compared with those of single-

ridged guides. The gap impedances of both the double and single T-septum

guides are also determined as functions of gap parameters.

I. INTRODUCTION

R ECENTLY, the authors proposed a new type of

broad-band rectangular waveguide with double T-

shaped septa (DTSG), shown in Fig. l(a), as an alternative

to conventional double-ridged guide (DRG) [1]. The struc-

ture was arrived at intuitively. Then, a rigorous analysis

using the Ritz-Galerlcin technique revealed that the domi-

nant TEIO mode of symmetric DTSG can have larger

cutoff wavelength and bandwidth than a DRG with identi-

cal gap dimensions. Further, the ridge dimensions of a

DRG have to be optimized separately for cutoff wave-

length and bandwidth, whereas a symmetric DTSG, when

its septum dimensions are optimized for bandwidth, can

have a cutoff wavelength about 15 percent higher than that

of a DRG.
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In this paper, the Ritz-Galerkin technique has been
(c)

applied to a rectangular waveguide with single T-shaped
Fig. 1. (a) Rectangular waveguide with symmetric double T-septa

septum (STSG), shown in Fig. l(b), and its theoretical
(DTSG). (b) Rectangular waveguide with single T-septum (STSG). (c)
One quarter of the cross section of doubly symmetric DTSG.

characteristics have been compared with those of single

ridged guide (SRG) with identical gap parameters. In final equations are presented, without intermediate ma-

addition, the eigenvectors corresponding to the eigenvalues nipulations.

of the new structures have been solved by iteration of the

matrix eigenvalue equations and the results have been used A. Matrix Eigenvalue Equation
to compute the gap impedance of both DTSG and STSG

The matrix equation for the eigenvalue kc is found to be
as function of gap parameters.

of the form

II. THEORY

The symmetric DTSG, considered here, is shown in Fig.

l(a). For analysis, it is necessary to formulate only the

quarter problem (Fig. l(c)). It may be noted that in the

limit g ~ O or h ~ O, the septum guide approaches the

conventional ridged guide. Only the TE modes are consid-

ered in the analysis, since the TM modes are of little

importance for practical applications and usual waveguide

aspect ratios [2].

As in [1], the modal analysis employs the Ritz-Galerkin

technique. Since the details of the steps to arrive at the

matrix eigenvalue equation can be found in [1], only the
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[H(kc)]A=O. (1)

The vector A in (1) is given by

A = [ATA;]~ (2)

where the superscript T denotes transpose, and the ele-

ments of the vectors Al and A * are the expansion coeffi-

cients of the aperture electric fields at x = s/2:

M

Eal(y) = ~ A1#os (;(Y-t2)) (t2<y <b/2)
~=()

(3)

(o< y< d/2). (4)
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The upper and lower integers are for magnetic and electric

symmetry, respectively, along the x-axis. The matrix H

has the following partitioned form:

(5)

The eigenvalue equation is then

det [H(kC)] = O (6)

the roots of which yield the TE eigenvalues. The matrix

elements are given by the following expressions:

(7)

03

4F’?I = ,gof,%r,%,H

q,m=O,l,. ... M

r,n=o,l,, ... N.

The upper and lower functions in (10) correspond to

magnetic and electric symmetry, respectively, in the gap

(region 2) at x = O. The other terms are defined as follows:

cot kX31c
f,=

(}
::; + 1 kX31b/2

(1,
p=()

‘P = 1/2, p #o

(11)

(12)

xll,=~:.os(;(Y-t2))cos(;{;;+1}(Y-;))dY
(13)

(14)

(15a)

(15b)
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Fig. 2. Variation of normalized cutoff wavelength ( Acl /a ) of TEIO
mode. b/a = 0.45. — STSG (w/a= 0.1, t/b= 0.05). ---- SRG.

B. Solution of Eigenvector

To solve the eigenvector by iteration, the vectors Al and

A, are first rewritten as

Al= [AIOA;M]T (16a)

A’= [A20A;N]T. (16b)

Next, from all the submatrices H,, i =1,2,3,4, the first

row and first column are deleted and new submatrices

H H2~N, H1MM7 3M~, and H4~~ are defined. Further, the

COIUIIIU vectors HIMO, H2M0, H3N0, and H4N0 are de-
fined by deleting the first element of each of the first

columns of Hi. Then, the matrix equation (1) can be recast

in the following form (suitable for solving A ~~ and A,~

by iteration with A ~0 and A ‘O made arbitrary prior to

normalization of the eigenvector A):

[Hl~~]AIM + [H2MNIA2N= ~lMoAlo + H2M#2,i3 (17)

[H3VM]AIM+ [H4.WAT]A2N ‘H3N0A10 ‘H4Arc#20. (18)

C. Gap Impedance

The TEIO mode gap impedance Zg of a DTSG is de-

fined as [3]

Zg = vo2/2Po (19)

where PO is the power propagating in the guide, and VO is

the voltage at the center of the gap defined through

(20)

If the basis fields in the expansion of the fields in different

regions are made orthonormal, then following [3], Zg can



MAZUMDER AND SAHA: WAVEGUIDE WITH T-SHAPED SEPTA 203

3.0/ “’..’”A. “h
t .\ ‘\

. . ‘w’. \
2.6/- ‘. ‘.,’.,,~ \

‘.

1
.. .:;’.,:A‘\

~.
2.2 ,,., ‘.

J
\ .... . . . ------

1.81 - --------, , , I
“0.1 a2 0.3 u 0.5 (I6 (I7 0.8 0.9 1.0

SI o

Fig. 3. Bandwidth characteristics: variation of (kCl\kC2). b/a = 0.45.
— STSG (w/a = 0.1, t/b= 0.05). ---- SRG.

be defined in terms of AZO. At the gap center

%=%)[’-(x,x )’]-1’2c (21)

where Zg(~) is the gap impedance at infinite frequency

and is gwen by

A&d2
z 120T.

‘(m) = COS2(kcs/2)
(22)

For a STSG with a given aspect ratio b/a and gap

ratios d/b and s/a, the gap impedance is obtained by

halving that of a DTSG with aspect ratio 2(b/a) and the

same gap parameters.

III. NUMERICAL COMPUTATION AND RESULTS

A. Cutoff Wavelength and Bandwidth

The normalized cutoff wavelength A Cl/a of the domi-

nant TEIO hybrid mode [3] and the A,2 /a of the next

higher order TE20 hybrid mode, which determines the

bandwidth, were computed from the iterative solution of

(6). The Lsummation was truncated after L + 1 terms. For

all computations, N = M =10 and L = 20 were chosen

after studying the eigenvalue convergence [1].

Numerical results show that for a given set of values of

the gap parameters d/b and s/a, the largest value of

A ~l/a is obtained for t = w = O, that is, for zero-thickness

septum. Further, if the septum guide is made to approach

a ridged guide by w ~s (or g -+ O) or t+ (b – d)/2 (or

h ~ O), the value of A .l/a decreases monotonically to that

of the ridged guide [1].

The variation of A .l/a and AC1/A .Z of a STSG with

b/a = 0.45 is shown in Figs. 2 and 3, respectively. The

chosen values of septum thickness ratios are t/b= 0.05
and w/a = 0.1. Also shown in the figures are the corre-

Fig. 4.
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Variation of gap impedance Zg,m). b/a= 0.5. — DEW
(w/a = 0.1, t/b= 0.05).---- DRG.

spending characteristics of a conventional single-ridged

guide with the same b/a. In computations, the values of

b/a were chosen to be 0.5 and 0.45 for DTSG and STSG,

respectively, since the DRG and SRG data for these values

of b/a are readily available [4] for comparison.

The cutoff and bandwidth characteristics of DTSG and

STSG are found to be similar. For both types of T-septum

guides, AC1/a increases with s/a and can have a much

larger value than that of a ridged waveguide with the same

gap parameters. The bandwidth peaks are also higher and

occur at higher vlaues of s/a. Beyond the peaks, the

bandwidth falls off less rapidly and remains larger than

that of a ridged waveguide.

Evidently, the T-septa provide higher capacitive loading

than the solid ridges, and this loading increases as the

septum width s increases at a fixed gap width d. A ridg@

waveguide, for s/a =1, reduces to a hollow rectangular

waveguide with a different aspect ratio. In the case of

T-septum guides, however, s/a =1 does not yield a

meaningful guiding structure since the field in region 1 is

nonzero. This limiting case is therefore excluded from the

parameter values in computations.

B, Gap Impedance

For determining the eigenvector A corresponding to the

eigenvalue kC of the TEIO mode, the Gauss–Siedel itera-

tion scheme was employed to solve (17) and (18). A ~0 was

made unit y and AIO varied to minimize the norm of the

computed vector [H] A. The eigenvector was then normal-

ized and Zg(~) computed from (22) as a function of d/b
and s/a. The variation of gap impedance of DTSG and

STSG is shown in Figs. 4 and 5, respectively. The Zg(@) of

SRG, obtained from the design curves in [4], and that of
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Fig. 5. Variation of gap impedance Z (o). b/a= 0.45. —
(w\a = 0.1, t/b= 0.05$----- SRG.

DRG, calculated from Hopfer’s expression [5], are also

shown in the figures for comparison. The Zg(M) of the

septum guides coincides with that of ridged guides when

s/a= w/a=O.l and for higher values of s/a remains

lower than that of ridged guides. It also covers a wider

range of impedance values for moderate to large values of

gap width d/b.

Iv. SUMMARY

A new type of rectangular waveguide with two symmet-

ric T-shaped septa has been analyzed by the Ritz-Galerkin

technic@ and is found to have a broader range of parame-

ters than conventional ridged guides. The cutoff and band-

width characteristics of the TEIO mode of this structure

has been reported in [1].

Here, the characteristics of a structure with single T-sep-

tum have been presented. Though an experimental verifi-

cation of the theoretical results is yet to be carried out,

these appear to be correct from the comparison with the

special case of ridged waveguides. Further design data are

provided by presenting the gap impedanee of both types of

structures as a function of gap parameters. The wide range

of gap impedance shown by the structures indicates that

steps in the septum width s alone, at a fixed gap width d,

may be used for impedance transformation. It is proposed

that for continuous transition to rectangular waveguide, a

taper in the septum width from s to w be followed by a

taper in the septum height to zero.

Fabrication of a septum guide would obviously be more

difficult than a ridged guide, but its advantages should

outweigh this drawback. An excellent guideline for making

a test structure can be obtained from Elliot’s paper [6] on a

two-mode equal-velocity T-septum waveguide.
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