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angle and ~, which determines the fall off of the ionization with

radius.

It is seen that v is not a sensitive function of these parameters. The

geometry of the keep-alive contacts implies that L90tends to be rather

small, typically 80 ~ 20°. The proper choice of T can be estimated

as follows: The electric field in the presence of a conical disturbance

can be found as, [10]:

Eo

E = kOr sin 0 in (cot (0./2))
(14)

where k. is the vacuum wave-number and EO is the amplitude of

the incident plane wave. As an average value of E we will use

E = EO/(kOr). Furthermore, assuming v, N E2, cf. (2) and [9],

we obtain vi = aE2 z voa2/r2, which implies voaz = CIE~/k~

and ‘y = 1+.

The breakdown condition for 00 = 20° and ~ = 1+ is then ~ z 1,

i.e.

(15)

In fact, for an electric field given by (14), the ionization frequency

depends on the angle O as well as on the radhrs, r. For the case

vi N E2, the ionization frequency becomes

CYE; 1
Vi = @2 =

~; ]nz

()

90 r2 sinz 0
cot —

2

az
= v.

r2 sin2 0
(16)

The corresponding diffusion equation can be solved exactly to yield

the eigenvah.te

~= T =1 (17)

2 in tan$

in accordance with our previous estimate, (15). Thus, using (15) the

following breakdown condition is obtained:

(18)

which does not depend on the characteristic radius a.

In the experiments presented in [9], ko N 2 cm– 1, a H 2 .

102 (V/cm)–2 s–l and D can be estimated as D = 105 cmz /s,

which implies Eo = 45 V/cm. This corresponds to a power level of

2W at breakdown in good agreement with the observed level (1W).

Furthermore, the characteristic distance, a, at which the ionization

rate (and the field) saturates should be of the order of the distance

between the truncated keep alive contacts (2a) in the TR-switch,

i.e. a E 0.1 mm. The maximum electric field enhancement is then

obtained from (14) as E/Eo & 30, again in good agreement with

previous estimates, [9], [11].

The present analysis has considered in detail the problem of deter-

mining the threshold for breakdown in the strongly inhomogeneous

electric field characteristic of microwave TR switches. The diffusion

equation for the electron density has been solved exactly in the

geometry of a double cone, which closely models the configuration of

the breakdown region around the keep alive contacts in a TR switch.

The analysis provides a significant step towards a self consistent

determination of the breakdown threshold in microwave TR-switches.

The predicted power levels for breakdown are shown to be in good

agreement with previously published experimental results.
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Impedance, Attenuation and Power-Handling

Characteristics of Double L-Septa Waveguides

Pradip Kumar Saha and Debatosh Guha

Abstract-Rectangular waveguides with two L-shaped septa attached to

the broad walls in antipodal configuration have been shown theoretically
to be an improved variant of the Double T-Septa Guide having larger
cut off wavelength and broader bandwidth of the dominant TE mode
[9]. Numerical data on the attenuation, impedance and power handling

capability of this new type of broadband guides are now presented here
as additional design information.

I. INTRODUCTION

Recently we have proposed rectangular waveguides with shaped

septa as new broadband transmission lines. The proposals were based

on the results obtained from rigorous theoretical analysis of certain

structures conceived intuitively. The first type of such guides has one

or two T-shaped septa instead of the conventional ridges (Fig. 1(a))

to provide the necessaty capacitive loading for increasing the modal

separation [1 ]–[6]. Enhancement of bandwidth by dielectric loading

of the septa gap was also determined theoretically [7], [8]. In the

second type of proposed guides, the two septa are L-shaped and are

attached to the broad walls in antipodal configuration (Fig. 1(b)). It

has been designated the Double L-Septa Guide (DLSG). The results
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Fig. 1. (a) Double T-Septa Guide, bisection along the dotted line by an
electric plane yields Single T-Septum Guide. (b) Double L-Septa Guide.

Numbers 14 indicate the apertures referred to in Section II. (c) Double
L-Septa Guide. I-V indicate the possible paths of the maximum transverse

electric field.

of theoretical analysis of the DLSG indicate further improvement

in the cut-off and bandwidth characteristics compared to those of

the Double T-Septa Guide (DTSG) [9]. It has been shown that the

DLSG also can have still broader range of these parameters when

it is inhomogeneously loaded with dielectrics [10]. We have now

determined theoretically the septa-gap impedance, attenuation and

power handling capability of the dominant TE mode of the DLSG

for a wide range of parameter values. These are presented here as

design data and are compared with the DTSG and Double Ridged

Guide (DRG).

II. THEORY

The outline of the derivation of the matrix equation for determining

the TE eigenvalue kc (= 2rr/A~ where A. is the cut-off wavelength)

of the DLSG, using the Ritz-alerkin technique, is given in [9].

The technique for computing the eigenvector corresponding to the

dominant TE eigenvalue of the T-septa waveguides has been dis-

cussed in [2]. The same procedure is followed here for the DLSG

for determining Zg~, the impedance, on power-voltage basis, at the

gap center at infinite frequency.

The power handling capability of the DLSG is determined by

setting the maximum electric field in the guide equal to the breakdown

field E6d of the dielectric medium filling the guide and calculating

the corresponding propagating power P“. Then Po represents the

maximum power Pm that the DLSG can sustain. Here we consider

&d =30 KV/cm (unity safety factor) for an air-filled guide.

Following Zhang and Joines [4], we calculate the magnitude

of the electric fields along the paths I, II, III, IV, V (Fig. 1(c))

where the electric field might assume the maximum value. For

a particular set of septa parameters, the maximum of these field

magnitudes is taken to calculate the corresponding maximum power

flow.

Fig. 2.
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111. NUMERICAL RESULTS

The gap impedance Zgm of the DLSG at the gap center as a

function of the septa width s/a, with d/b as the parameter, is shown

in Fig. 2. The corresponding data for the DTSG [2] for three vahtes

of d/b are shown in the figure for comparison. For small values of

d/b the impedance characteristics of the two septa-guides are similar

and they begin to differ significantly from d/b = 0.3. For larger

values of d/b, the gap impedance of the DLSG shows variation over

wider range of values.

For presenting the theoretical attenuation characteristics of the

dominant TE mode of the DLSG, we define a normalized attenuation

coefficient cE~ as the ratio of the attenuation coefficient a of the

DLSG to that of a rectangular waveguide having identical TE1o cut-

off frequency fc. Fig. 3(a) shows the variation of an with sfa for

various vahtes of d/b. Also indicated are two attenuation curves

of the DRG, which are derived, subject to the usual error, from

Hopfer’s [12] graphical data of an versus s/u for constant values

of the bandwidth. One notes that as s/a ~ w /a(= 0.1 here) and

the DLSG degenerates into a DRG, there is difference between the

present and Hopfer’s data. The difference is small for large values

of the gap width d/b but for small values of d/b this discrepancy

is large. For example, at d/b = 0.1, Hopfer’s value of on of the

DRG is about 13 while the present method yields a value of about 8.

Zhang and Joines [4] have also reported similar discrepancy between

their and Hopfer’s value of an of the single ridged guide. Fig. 3(a)

also shows that an (DLSG) increases monotonically with s/a for a

fixed d/b and when compared to the apparently overestimated values

for Hopfer, it remains lower than an (DRG) for s/a < 0.6. The

absolute attenuation coefficient of the DLSG, normalized as aa/fi,

is shown in Fig. 3(b) as a function of f/ f,. Some results are also

included in the figure to show that the effect of small change in the

septa thickness on the attenuation is not significant.

Fig. 4 shows the theoretical power handling capability of the DLSG

in the form of Pm/A? as a function of s/a with dlb as the parameter.

The calculations do not take into account the possible electric field

singularity at sharp corners. This aspect has been discussed by Hopfer
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Fig. 3. (a) Theoretical attenuation characteristics. Normalized attenuation

coefficient an versus s/a at ~ == W$c. b/a = 0.5, w/a = 0.1, t/b = 0.05.

{—}{—} DLSG. ––-DRG. (b) Theoretical attenuation characteristics of
DLSG. Normalized attenuation coefficient aa/fl versus f/fc. Materiat:
copper. b/a = 0.5, d/b = 0.3. {—}(—] w/a = O.l, t/b = 0.05 –––
w/a = O.l, t/b = 0.01 –.–.–.-.–. w/a = 0.2, t/b = 0.05.

[12] inconnection with ridged waveguides. Inthe case of DLSG

an estimation of the edge effect itself would require a separate

calculation because of the complexity of the structure. However, such

singularities can beavoided in practice by slight rounding off of the

sharp corners. Nevertheless, certain features which emerge from our

computed results are worth mentioning.

If we presume that the power handling clwracteristics of the DTSG

would not be much different in nature from the STSG characteristics
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Fig. 4. Theoretical power handling capability of DLSG: Pm /A~ versus
s/a. b/a = 0.5, w/a = 0.1, t/b = 0.05. The dotted curves are the
characteristics for breakdown in the gap ceuter only. {—} {—] DLSG.
–.-.–.–.-. DRG.

calculated by Zhang and Joines [4], we observe that the DLSG

characteristics are significantly different. The DLSG power handling

capability also appears to be poor, in comparison with SRG [12] and

T-septa guide [4]. The DRG curves in Fig. 4 were computed from

Hopfer’s expression in [12]. The comparison, however, should be

made cautiously because the available ridged and T-septa waveguide

data have certain limitations. Hopfer’s calculations on the ridged

guides are based on the breakdown at the ridge-gap-center while

he points out that the electric field is actually stronger at the gap

edges [12]. The data of STSG in [4] are also based on the field at

the gap center and on the field between the septa edges and the side

walls when the septa width is large. However, in the T-septa guides

also, the electric field at the septa-gap-edges is always stronger than

at the center. Thus, if the correct electric field distribution in the

gap is taken into account, the theoretical power handling capability

of the STSG would be poorer than that reported in [4]. Similarly,

Hopfer’s calculation also overestimates the breakdown power level

in the ridged guides. To illustrate this point we present two broken-

line curves in Fig. 4 which are obtained as the power handling

characteristics of the DLSG if breakdown occurs only in the gap

center. The curves are not only similar to the DRG characteristics,

but also show compvable values of Pm/A~.

Our calculations show that the breakdown in the DLSG would

never occur at the gap center because the electric field there is never

the strongest, but may occur along one of the three paths II, IV and

V (Fig. l(c)) depending on the values of d/b and s/a. For example,

in Fig. 4, the power handling curve for d/b = 0.3 relates to the

breakdown at the gap edges (path II) for all values of s/a up to

0.9 after which the path IV takes over. At smaller values of d/b the

breakdown occurs only at the gap edges for all values af s/a. At

d/b = 0.4, the breakdown occurs at the gap edges for s/a <0.5.

For s/a > 0.5, the field along the path V at the back of the septa

determines the breakdown power level. Finally, for s/a >0.9, the
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breakdown shifts to the path IV. This pattern of breakdown, however,

changes completely for d/b = 0.5. For small values of the septa

width s/a, the Pm /A~ now corresponds to the breakdown along

the path V and decreases rapidly. For s/a = 0.4 the breakdown

shifts to the gap edges (path II) and Pm /A~ drops sharply. Then for

s/a > 0.4, the electric field at the septa edges (path IV) becomes the

dominant factor in determining the breakdown power level. Whatever

be the region of breakdown in the DLSG, Pm/A~ increases rapidly

with increasing gap width d/b for s/a < 0.5. The power level also

decreases monotonically with increasing s/a—very slowly when d/b

is small and more rapidly for larger values of d/b.

IV. CONCLUSIONS

We have reported earlier that a Double L-Septa Guide has better

cut-off and bandwidth characteristics than a Double T-Septa Guide

[9], [10]. We have now extended the theoretical study of the DLSG by

calculating the attenuation characteristics, septa-gap impedance and

power handling capability of the dominant TE mode of the guide. The

design data are presented for a wide range of septa parameters. These

characteristics compare favorably with those of the ridged and T-septa

guides and, together with the superior bandwidth, should make the

DLSG a useful broadband transmission medium.
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On the Use of Levin’s T-Transform in Accelerating

the Summation of Series Representing the

Free-Space Periodic Green’s Functions

Surendra Singh and Ritu Singh

Abstract—The Levin’s t-transform is shown to accelerate the summa-
tion of slowly converging series. This is illustrated by application of the
transform to the series representing the free-space periodic Green’s func-
tions involving a single and double infinite summation. Numerical results
indicate that the transform couverges rapidly than a direct summation of

the series. Thus, it provides considerable savings in computation time.

I. INTRODUCTION

The series representing the free-space periodic Green’s function

converges very slowly. This slow convergence results in making the

analysis of periodic structures computationally expensive. In order

to improve the efficiency of the codes, it is essential to employ

methods to enhance the convergence of the Green’s function series.

Recently, a number of investigators [ 1]–[3] have used methods to

reduce the computation time by a considerable amount. In this work,

we show that the use of Levin’s t-transform [4] is able to accelerate

the summation of slowly converging series involving a single and

double infinite summation. The primary advantage of the transform

is that it is relatively free of roundoff errors in the computation of

higher order iterates. In addition to this the transform can be applied

to any slowly converging series without performing any analytical

work prior to its application. The transform is outlined in Section II

with an illustrative example. In Section III, the free-space periodic

Green’s functions are given. The numerical results and conclusion

are presented in Sections IV and V, respectively,

II. LEVIN ‘S t-TRANSFORM

Let S. be the partial sum of n terms of a series such that S. + S

as rt + cc, where S is the sum of the series. The Levin’s t-transform

may be computed as follows:

..

j(-1,(:) (~)(k-’)(sn+t:::sn+t)
&“’(!)(%)(’-l)(s.+,+l’- s.+,) ‘

k=o.1.2 . . . . (1)

The kth order transform, t~ ) or tk (S~ ), gives an estimate of the sum,

S, of the series. An inherent advantage of the t-transform is that the

higher order iterates are computed from the partial sums. Hence, the

accuracy to which the partial sums are computed can be preserved

in the transform computations. This keeps the transform relatively

immune to roundoff errors in comparison to Shanks’ transform [5]

in which higher order iterates are computed from the lower orders

resulting in severe loss of significant digits due to accumulation of

roundoff errors [6]. The transform can be illustrated by applying it
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