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Attenuation and Power-Handling Capability
of T-Septum Waveguides

YANG ZHANG AND WILLIAM T. JOINES, MEMBER, IEEE

Abstract —In this paper, the attenuation characteristics and power-han-
dling capabilities of single T-septum waveguides are presented. The analy-
sis is based upon numerical solutions employing the Ritz—Galerkin tech-
nique [1}. The analysis was verified by applying it to the known results
obtained for the ridged waveguide, which is treated as a special case of the
T-septum guide. A good agreement has been achieved compared with the
results from Hopfer [2]. It is found that the single T-septum guide can
handle less power, but has lower attenuation than the single-ridged guide
with identical gap parameters. Equations and charts are presented to
facilitate the design of T-septum waveguides.

I. INTRODUCTION

ECTANGULAR waveguides with T-septa inside have

been proposed by Mazumder and Saha [3]. Some
properties of these waveguides, such as the cutoff wave-
length, bandwidth characteristics, and impedance, have
been obtained by Zhang and Joines [1] and by Mazumder
and Saha [3]. It is shown that the T-septum waveguides
have lower cutoff frequencies and broader bandwidths
than those of the conventional ridged guides with the same
geometries.

In this paper, the analysis based upon the Ritz-Galerkin
technique, which is presented in [1], has been extended to
obtain the attenuation characteristics and the power-han-
dling capabilities of the single T-septum waveguide (STSG).
These properties are compared with those of the single-
ridged guide (SRG) with the same gap parameters. Equa-
tions and curves are given to facilitate the design of such
waveguides. The verification of the theoretical results was
carried out by applying the solution to the single-ridged
waveguide, treated as a special case of the single T-septum
waveguide. A good agreement with the ridged-waveguide
results presented by Hopfer [2] was achieved. The deriva-
tion presented herein, in combination with the information
presented in [1], will give a complete description of the
T-septum guide characteristics. With these results, one is
able to design any waveguide of this form.

I1I. T-SeEpTUM GUIDE ATTENUATION

The geometry of the T-septum waveguide is illustrated
in Fig. 1. The analysis of the doubly symmetrical T-septum
guide may be analyzed in the same way as the single
T-septum guide. The formulation of the problem is to
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Fig. 1. Geometry of (a) double T-septum guide and (b) single T-septum

guide.

solve an integral eigenvalue problem. The homogeneous
equations are solved numerically by the application of the
Ritz—Galerkin method to yield a generalized matrix eigen-
value problem. Since the details of formulating the prob-
lem can be found in [1], the analysis in this paper directly
uses the resultant equations in [1].

The attenuation constant a of the T-septum guide is
defined by

P L
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The terms in (3) are defined as follows:
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The quantities k,,,, and k,;, are defined similarly, and
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The vector [ A4 B]7 is the eigenvector for a particular eigen-
value k_ of the following eigensystem:
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The eigenvalue k, is the solution of the nonlinear equation

(11)

The matrix elements H,(k,) and Hg(k,) are given in [1].
The power loss per unit length is [4]
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where R, =)/op/20 is the skin-effect surface resistance
of a metal with permeability p. Z,=1/Y, is the wave
impedance of the guide; and k = w‘/—c is the wavenum-
ber; n is the unit vector normal to the integral contour;
and g(x, y) is the Hertzian potential derived in [1] as

in region I:
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Fig. 2. The single T-septum guide. The maximum electric field is as-
sumed to be on line AB, CD, CE, or CF.

in region 3:

g(x, y)= Y 73,08k 5, (x — a;)cos —b—(y—b). (15)

p=0

The line integration of (12) is performed along all the
walls and the T-septum of the guide.

IIL

The electric fields inside the T-septum waveguide are [1]
in region I:

PowER-HANDLING CAPABILITY
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The power-handling capability may be determined by set-
ting the maximum electric field inside the guide equal to

_the breakdown intensity of the dielectric filling the guide,

and calculating the propagating power P, accordingly.
Thus, P,, is seen to represent the maximum power which
could possibly be handled by the T-septum guide. In this
paper, air-filled waveguides are considered, and a break-
down electric field of 30 kV /cm is assumed.

The single T-septum guide is shown in Fig. 2. We
assume that the maximum electric field might occur along
lines AB, CD, CE, or CF. Thus, we calculate the magni-
tudes of the electric fields along lines AB. CD. CE, and
CF, and choose the maximum among these values as the
maximum electric field inside the guide. We then calculate
the propagating power accordingly. The propagating power
thus obtained would be the maximum power that the
waveguide can handle. One should consider a safety factor
when applying the curves presented below.
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IV. NUMERICAL RESULTS

In order to present T-septum guide attenuation data in a
general fashion, it is convenient to compare the attenua-
tion of the T-septum guide to that of a rectangular guide
of identical cutoff frequency. We thus define a normalized
attenuation «, as the ratio of the T-septum guide attenua-
tion to the rectangular guide attenuation of identical cutoff
and evaluate this ratio at a frequency f =v3 f,. The maxi-
mum propagating power P, is calculated at f =0 and
normalized to N; thus, only relative dimensions of the
guide are required in the calculations. The maximum prop-
agating power at any other frequency is obtained by
multiplying P, /N, by [1-(f./f)*]'/*.

To check the correctness of the analysis, the single-ridged
waveguides of various geometries were analyzed. In this
case, the T-septum guide is made to approach a ridged
guide by setting w = s; i.e., the septum degenerates into a
solid ridge. A comparison of the present results with those
from Hopfer [2] is illustrated in Table I. The data show
that the present results agree quite well with the known
results for the single-ridged guide, the range of difference
being 0.3-10 percent. In some limiting cases where ¢ /b is
very small for the attenuation, or very large for the maxi-
mum power, a difference of about 23-28 percent was
obtained. This might be due to the approximations used by
Hopfer in his derivation of parameters.

In Figs. 3 and 4, the relative attenuation for aspect
ratios of 0.45 and 0.25 are plotted as a function of s/a,
with t/b as a parameter. The chosen values of septum
thickness ratios are w'/b=0.05 and w/a=0.10, In the
calculations of the attenuation data, it is assumed that the
aspect ratio b/a of the rectangular guide is the same as
that of the T-septum guide. In order to evaluate the actual
attenuation of the T-septum guide at f =3 f,, a, must be
multiplied by the rectangular guide attenuation at this
frequency. This latter quantity may be found in many
reference works, for example [5]. Superposed as dashed
lines in Fig. 3 are the attenuation data for single-ridged
guides [2] with identical ¢ /b and s/a, subject to the error
in reproducing the curves. No ridged-guide data are read-
ily available for b/a = 0.25. Therefore, the comparison is
limited to b/a = 0.45. Note that the relative attenuation of
the T-septum guide increases monotonically with s/a for
fixed ¢/b and is less than that of SRG for s/a less than
0.60. For s/a greater than about 0.60, SRG has less
attenuation. If 5 /a is fixed, the attenuation of the T-sep-
tum guide decreases as ¢ /b increases.

Figs. 5 and 6 show the power-handling capabilities of
STSG of two aspect ratios, 0.45 and 0.25, respectively. The
dashed lines in Fig. 5 are the corresponding properties of
SRG of the same aspect ratio. It is found that the maxi-
mum power that a STSG can possibly handle is almost a
constant for s/a less than 0.8 when ¢/b is fixed, and is
always less than that for a SRG. For 5/a greater than 0.8,
i.e., the septum is very close to the side walls, P, /A2 drops
drastically. In this case, the breakdown occurs between the
septum and the side walls, rather than at the center of the
septum. No SRG data are available for s/a greater than

IEEE TRANSACTIONS ON MICROWAVE THEORY AND TECHNIQUES, VOL. MTT-35, NO. 9, SEPTEMBER 1987

TABLE I
CONFIRMATION OF THE PRESENT ANALYSIS
Hopfer Present

t/b

a, P, /¥, @, P/ X,
0.10 134 0.61 9.582 0.608
0.15 7.6 1.30 6.050 1.387
0.20 53 2.30 4.428 2.509
0.25 4.0 3.90 3.620 4.027
0.30 31 5.90 3.038 5.975
0.35 2.7 8.10 2.628 8.377
0.40 2.3 9.10 2.318 11.257

s/a

Fig. 3. Variation of normalized attenuation with gap width ratio (s /a).
Solid lines: single T-septum guide; dashed lines: single ridged guide of
the same geometry with solid ridge (w =s). Here b/a = 0.45, w/a=
0.10, w’/b=0.05, and f=y3/.
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Fig. 4. Variation of normalized attenuation with gap width ratio (s /a).

b/a =025, w/a=0.10, w'/b=0.05,and f =3 7.

0.7, but it seems reasonable to conclude that the results
would be similar. Also note that if s/a is fixed, P,, /A2
increases as ¢ /b increases.

The following numerical example will illustrate an ap-
plication of our results. If a particular single T-septum
guide has b/a=045 w/a=0.10, w'/b=0.05, t/b=
0.30, and s/a =10.70, we find from Figs. 3 and 5 at f =
V3/f, that a,=70 and P, /N =685kW/cm® or P, =
164.5a> kW. This means that the attenuation of the guide
is seven times greater than that of a rectangular guide of
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Fig. 5. Power-handling capability P,, /X% in kW /cn’ at f=oo versus
gap width ratio (s/a). Solid lines: single T-septum guide; dashed lines:
single ridged guide of the same geometry with solid ridge (w =s).
b/a =045, w/a=0.10, and w’/b 0.05. For any other frequency,
multiply the ordinate by [1-(f./f)*]'/%
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Fig. 6. Powef—haﬁdling capability P, /X2 in kW/cn? at f=co versus
gap width ratio (s/a). b/a =025, w/a =0.10, and w’/b 0.05. For
any other frequency, multiply the ordinate by [1—(f,./f)*]'/*.

identical cutoff frequency and aspect ratio, and that the
maximum powei that the T-septum gulde can handle is
164.5a* kW, where 4 is.in cm.

V. DiscussioN

The T-septum guide properties presented in this paper
in combination with those published in [1] and [3] form a
complete study of the T-septum guide. It has been shown
that such a waveguide, compared with the ridged guide,
has much lower cutoff frequency, broader bandwidth, and
lower attenuation. The flatness of P,/X. versus s/a
when s/a < 0.8 for fixed ¢/b will allow us to choose s/a
to optimize the cutoff frequency and bandwidth. For s/a
= 0.45,‘vthe relative attenuation of the STSG is about 30

percent less than that of the SRG. The maximum power
that the STSG can handle is about 25 percent less than

‘that of the SRG of identical dimensions. However, the

advantages of incfeaSed bandwidth, lower cutoff frequency,
and lower attenuation should outweigh the disadvantage of
lower power-handling capability.
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