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ABSTRACT

A variational approach is presented which enables both to canpute the discontinuity capacitance in coaxial

structures and to state its frequency behaviour. The results ccmpare favorably with the ones previously given

in literature. Moreover, the met.hcxi enables to consider structures having different dielectric ~rmittivities at

the sides of the discontinuity.

Introduction

The accurate ccmptation of coaxial-line disconti-

nuities is lxxcming more and rmre inprtant in order

to improve the precision of standards formicrcwave

measurements, ti measure dielectric constants of mat-

erials, and to design micrcwave devices such as fil-

ters, etc. In past years, other authors have treated

this problem using @e-matching techniques to obtain

results when uniform dielectrics fill the structure. 1,2

Our work is based on a variational apyroach, and it

enables to treat the nmre general case in which the

left amd right-hand sides of the gecnnetrical disconti-

nuity are filled with different dielectric materials.

The results obtained are in very gccd agreement with

the ones previously given 1,2 . Mreover, it has -

pssible to find the functional dependence of the dis-

continuity admittance versus f requemcy starting f ran

d. c. up to the cut-off frequency of thefirst higher

‘IM-rm3de of the structure.

Essentials of the mthcd

I& us consider the structure of fig. 1, which is

sufficiently general for our purpses. Whinnery et al.

pinted out that the effect of such dismntinuity can
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Figure 1. Coaxial Line with Discontinuity

be described through an equivalent transverse capacit-

ance which takes into account the effects of the ~

ties arising at imth sides of the discontinuity! III

order to calculate such capacitance, a vmiational

approach can be developed follcwing the general method

given by COllin. 3 The resulting variational relation-

ship is the f ollcwing:

where:

C is the unkncwn discontinuity capacitance.

R R~ , Re2, Riz are the geometric dimensions (fig. 1 )

&~,’&2 are the relative dielectric prmittivities.

~= jW~

Yin, YZn “ire the n-th TN-tie admittances in regions

1, 2 respectively.

YM, ~zn are the n-m m-tie propagation eigenvalues.
+n , ~n are the n-th TM-male functions in regions 1 ,

2 respxtively.

~. is the ‘IH%rOde function in region 1 .

E? is the radial ccmpnent of the electric field at

the discxmtinuity.

The brackets denote inner prcducts over the region

E&ween R<l and ~a .

Nw, the electric field Ep may be expanded in terms of

the first region tie functions:

(2)

Inserting eq. (2) into eq. (1), we obtain an expression

which should be made stationary with res~ct to the

ccef ficierks ei (Rayleigh - Ritz methcd) . Actually,

the series in (1) and (2) are truncated to proper u=

limits. Moreover, C can k calculated minimizing the

expression (1) with res~ to the ~fficients e.,. . .,

~ without explicitly obtaining their values.

The functional de p3rldence c(f)
of the discontinuity capacitance

AS regards the dependence C = C(f) , both Whinnezyl

and Somlo2 gave in the past a certain number of results

in graphical fem. 1 ~2 In particular, scmlo stated. that
it is pssible to obtain C at a given f rsquency multi-

plying the d. c. value of C by a coefficient K growing

with f and depending on the geanetric dimensions of

the structure.

w have found a god. estimate of the functional

dependence C(f) as follows. Let us consider again W.

(1) , which may be written in the follcwing form:
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in the mmerator of the fraction, the terms in the

first brackets are the ones which first contribute to

the grcwth of C with frequency, while the remaining

part gives a contribute which is practically constant

at least up to the first cut-off frequency. Under the

hypthesis that the first lY1-n_cde cut-off frequency is

the one related. to the region 2 (otherwise tie Weal

~t is sanmhat dual of the follcwing) , the field E?

~Y be appmmted with the first two rmcie functions
related to region 1 :

E-f s
e. $0 + e~~i (4)

on the basis of that, ~sing the stationarity con-

ditions, straightforward calculations lead to the fol-

lcwing functional depmdence for C, in which the higher

order terms are neglected:

b

c(’)”’+% (5)

where a, b are term depding only on the geometric

dimensions and on the dielectric mnstants &i, &2 . The

term f. denotes the first ‘114-mx3e cut-off frequency of

the structure. This formula is in very gccd agreement

with the data calculated over frequencies from d.c. to

f * , as is shcwn in the follming results and in each

case mnsidered until new.

Results

h regaxds the calculation of the discontinuity capaci-

tance in d.c. , we shm results for two cases just con-

sidered by =0. The tables 1, 2 shm our results and

the ones obtained by SOmlo.2

TABLE 1 : Rez= 3mm, R~t= R~2= Irm, E*= 13z= 1.

Re+(rnn) Our result (~) Somlo’s (:EF)

1.2 70.67 70.64
1.4 46.33 46.12
1.8 22.82 22.23
2.2 10.39 9.64
2.6 3.12 2.63
3.0 0 0

TABLE 2 : Rei= Rez= 3nun, RLa= Irmn, ~=fz= 1.

R&(nm) Our result (fF) SQnllo’s (fF)

2.8 207.97 207.93
2.6 135.19 135.08
2.2 65.65 64.94
1.8 29.59 28.27
1.4 8.83 7.82
1.0 0 0

As regards the frequency de~ndence, we repcrt

three cases related to a structure having geometrical

dimensions Rez= 5mn, R~z= 2nun, %L= 4nm, RI= h. The

dielectric permlttivity &i has keen kept constant and

equal to 1, while &z has been given the three values

1, 2, 10. In each case, the cut-off frequency f. has

keen calculated, while the parameters a, b have been

obtained through a least-sqxme approximation over

twenty points in the whole frequency range considered.

The @r-?ent difference ktween the calculated and

sitmlated data is in

Case 1 :

&z= 1
a = 2.125 (f’F)
b =12.88 (~)

f 0% = 49.42 (GHz)

Case 2 :

E2=2
= 4.339 (fF)

~ = 25.69 (m)
f

foo

02
= 34.94 (GHz)

Case 3 :

e~= 10
= 20.93 (~)

; = 128.9 (~)

fo3 = 15.63 (GHZ)
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Figure 2. Functional Dependence as a GH?
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shams the three curves, tqether

b, f. .

Conclusions

with the values of a,

1.

A variational approach has ken presented for calcula- *

ting the discontinuity capacitance in coaxial-line
.

structures with different dielectrics. The rcethd

leads to highly accurate results hth from the frequ-

ency-depsmdence and the & -de~dence point of wiew. 3.

hbrk is in progress to find the dependence of the para-

meters a, b on the dielectric permittivities and on

the geanetrical dimensions.
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