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Admittance of Irises in Coaxial and Circular
Waveguides for TE1l-Mode Excitation

GRAEME L. JAMES, SENIOR MEMBER, IEEE

,4bsfract—The admittance of irises in both coaxial and circular wave-

guides is deduced from a mode-matching technique. Design data for the

effective admittance to TE1l -mode excitation are given for a range of

wavegnide and iris dimensions.

I. INTRODUCTION

c IRCULARLY SYMMETRIC irises in circular and

coaxial waveguides are of considerable use in match-

ing numerous waveguide devices. However, there is a lack

of readily available data on the admittance of circular

irises in waveguides. The most extensive data are to be

found in [1], where the admittance of an iris in circular

waveguide for TE1l-mode excitation and in a coaxial

waveguide for TEM-mode excitation is given. However,

there appear to be little or no published data for irises in

coaxial waveguides for TE1l-mode excitation. Such data

are required in matching devices such as coaxial waveguide

radiators.

Fig. 1 shows the types of irises possible in coaxial and

circular waveguides. In this paper, we derive the admit-

tance characteristics of these irises to the TEII mode using

an accurate mode-matching technique. A short description

of the method is given in the following section. Using this

method, we have produced design data, given in Section

111, for a range of waveguide and iris dimensions.

H. OUTLINE OF THE THEORETICAL ANALYSIS

In solving for the admittance of the four irises given in

Fig. 1, we use the general waveguide model shown in Fig.

2. Since the problem possesses symmetry, we only require

the solution for a single waveguide junction. Specifically,

we need the scattering matrix for the section of waveguide

from z = O to z = t/2. We use the analytical method given

in [2], where the junction between two circular waveguides

was considered (the special case of aI = a II = O). The same
general analysis applies here, the only change being the

solution of the integrals coupling the transverse fields

[2, eq. (4)]. In the present application, the coupling is

determined at the junction of the two coaxial waveguides,

as shown in Fig. 2. To solve for the admittance of the iris
for TE1l-mode excitation, we require the complex reflec-
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Various circular iris configurations in coaxial and circular wave-

gfiides.

tion coefficient r of this mode at z = O (or z = t).For unit

strength TE1l-mode excitation, this is given directly (using

the notation in [2]) by the first element in the overall

scattering matrix term ~~1 which results from cascading

the scattering matrix foi z = O to z = t/2 with its reverse

configuration. The solution is given in the Appendix, to-

gether with the field-coupling integrals for the coaxial

waveguide case. In the input waveguide, we took up to 20

modes to ensure adequate convergence of the solution.

Once the reflection coefficient ~ is known, the normal-

ized admittance of the iris is readily obtained. The effec-

tive shunt conductance G and susceptance B of the iris as

seen from either z = O or z = t are obtained from [1] as

G/YO = (1- lr12)/(1+211’1cos (argr)+ Irl’)

B/YO = –21r]sin(arg 1’)/(l+21rlc0s( argr’)+ Irl’)

where YO is the characteristic admittance of the waveguide

of region I in Fig. 2.

In [1], irises of’ finite thickness are represented by a

T-junction of equivalent susceptances or reactance. How-

ever, we have chosen to use an effective shunt admittance,

since it is easier to apply in practice when using irises to

match waveguide devices with the Smith Chart.
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Fig. 2. Cross-section view of the model used to analyze the ins admit-
tance.

111. RESULTS

In the various configurations shown in Fig. 1, there area

large number of possible iris dimensions. To limit our data

presentation to manageable proportions, we found that the

configuration in Fig. l(d) offered little advantage over that

of Fig. l(b) and (c); hence, we present data for the first

three cases of Fig. 1 only.

The admittance of the iris can be quite sensitive to its

thickness i. This is demonstrated by the example@ Fig. 3.

In practice, t should not be too large but the ins must

nevertheless be of sufficient thickness to be mechanically

stable. With this in mind and to reduce the number of

variables as much as possible, our subsequent results (Figs.

4–10) are restricted to irises with the ratio t/b= 0.075.

The admittance is plotted against the ratio c/A (in the

range 0.05 to 0.95) for a range of kA values. This range is

restricted to values below the cutoff number of the TMI1

mode—the first higher order mode than can be excited by

the iris. (Note that, since the iris is symmetrical, neither the

TMO1 mode in circular waveguide nor the TEM in coaxial

waveguide can be excited by the iris.) To permit reason-

able interpolation between the given curves, we have pre-

sented results for a/b values, beginning with 0.0 (the

circular waveguide case of Fig. l(a)) in Fig. 4, through 0.1,

0.3, 0.5, and 0.7 in Figs. 5–9. These last five figures are for

the configurations shown in Fig. l(b) and (c). Note that

there is considerably less variation in admittance for the

configuration of Fig. l(c) than for Fig. l(b). Further, it is

seen that both positive and negative values of admittance

are possible for the irises of Fig. ~(a) and (b), but for the

iris of Fig. l(c) only positive values of admittance occur.

As a check on the accuracy of the numerical predictions,

we have compared our results with measured data for the

circular waveguide given in [1] and found very good agree-

ment. Further, we have measured the reflection coefficient

of irises in coaxial waveguides and found the results to

compare well with the theoretical predictions. This is dem-
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Fig. 3. The effect of iris thickness on the admittance when b = 2a aud

c= a/2.
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Fig. 4. Admittance of an ins (with t/b= 0.075) in a circular waveguide
as a function of c/A for various values of ,kA. Full line indicates

normalized susceptance B/ YO, and dashed line, relative conductance

(G/YO - 1).

onstrated by the example given in Fig. 10. Finally, using

the data given in Figs. 5-9, we have presented in [3] a

theoretical prediction for the matching of a coaxial radia-

tor which agrees closely with measured data.

APPENDIX

The overall scattering matrix term ~~1 for the cascaded

waveguide section from z = O to z =–1 in Fig. 2 can be

readily deduced from the method described in [2]. Taking

N modes in region I and M modes in region II, where
N/M = (b ~– al)/(bll – all) to the nearest rational num-
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Fig. 7. Admittance of an iris in a coaxiaf wavemride with the confrmrra-Fig. 5. Admittance of an ins m a coaxial waveguide with the configura-

tion of Fig. l(b) for various vahres of kA for a lb = 0.1 and t/b= 6.075 t~on of Fig l(b) for various vafues of k A for a Yb = 0.5 and t/b= ~.075
(key as in-Fig. 4) (key as in-Fig. 4).
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Fig. 6. Admittance of an iris in a coaxial waveguide with the configura-

tion of Fig. l(b) for various values of kA for a/b= 0.3 and t/b= 0.075
(key as in Fig. 4),

Fig. 8. Admittance of an iris in a coaxial waveguide with the configura-

tion of Fig. l(b) for various values of kA for a/b= 0.7 and t/b= O 75
(key as in Fig 4).
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Fig. 9. Admittance of an iris in a coaxial waveguide with the configuration of Fig. l(c) for

u/b = 0.1,0.3,0.5, and 0.7 and t\b = 0.075 (key as in Fig. 4).
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Fig. 10. Measured and predicted values of the reflection coefficient of

an iris in a coaxiaf waveguide with the configuration of Fig. l(b);
a/b = 0.533, c/A = 0.246, t/b = 0.075, where b = 27 mm. Full line

indicates measured values, and dashed line, predicted.

her, we can write ~~1 as

[ – (H)] %12+S22&!l=s21~ (Ysllz)-l _ =_ _— — =—— — ——

where ~ is an M x M diagonal matrix with elements

V~~ = =xp ( – y~t/2), y~ being the propagation constant of

the m th mode in the coaxial waveguide of region II. &l,

&z, ~21, and &z are given by [2, eq. (6)], where Ihe

=leme~ts Pmn, ~fin, and Rmm are given-after evaluating

the integrals of [2, eq. (4)] for the general coaxial wave-

guicie junction of Fig. 2—by the following expressions:
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and ~,,,,, B,,,, are the roots of

GI,II(br,lI) = O, H;, II(bI,II) =0.
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