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Synthesis of Superwide-Band Matching Adapters in Round
Coaxial Lines

Boris Markovich Kats, Valery Petrovich Meschanov, and
Alexander Lvovich Khvalin

Abstract—An algorithm for modeling stepped axially symmetrical dis-
continuities in round coaxial transmission lines (RCTLs) based on the nu-
merical solution of an integral equation is proposed in this paper. The al-
gorithm has been tested and the results of discontinuity parameter compu-
tations have been compared with those of the other researchers. High effi-
ciency of the algorithm allowed us to realize the procedure of the numerical
synthesis of the devices on RCTLs. The tabulated and graphical results of
the synthesis of superwide-band adapters for 50-
-to-50-
 RCTLs with
air medium are presented. The coaxial adapter for the line of 2.4/1.042 mm
in cross section to that of 7.0/3.04 mm has been tested over the frequency
range from dc to 50 GHz.

Index Terms—Adapter, coaxial lines, electrodynamics, field matching,
integral equations, synthesis.

I. INTRODUCTION

Stepped axially symmetrical variations of geometrical dimensions
constitute the most widely spread type of discontinuities in round
coaxial transmission line (RCTLs) (Fig. 1). Many publications [1]–[6]
have been devoted to their analysis. The methods currently used
and the program packages of their electrodynamics modeling are
in the majority of cases based on universal finite-difference circuits
or finite-element ones. The price for their universality is their high
algorithm complexity, which requires the use of highly productive
computers and actually excludes the possibility of direct numerical
synthesis of the devices on RCTLs.

This paper describes the algorithm for electrodynamics modeling of
stepped axially symmetrical discontinuities in RCTLs. The algorithm
is based on solving the integral equation obtained with the application
of the field-matching method. The method of moments has been used
for numerical solution of the integral equation. High numerical effi-
ciency of the algorithm allowed us to realize the program of the direct
numerical synthesis of individual types of the devices on RCTLs.

The results of the synthesis of matched stepped adapters for RCTLs
with large difference between the geometric dimensions and the data of
experimental research over the frequencies up to 50 GHz are presented
here.

II. M ATHEMATICAL MODEL OF DISCONTINUITY

Let us consider the process of TEM-wave propagation in the coaxial
line with stepped variation of radiiai; bi of the inner and outer con-
ductors [see Fig. 1(a) and (b)]. To model the system, we will apply
the method of integral equations. Let us consider its idea on the ex-
ample of a simple electrodynamic system with a single discontinuity
[see Fig. 1(a)]. Let us assume that, in the inlet transmission lines, there
exists single-mode power propagation. The fields in areas I and II [see
Fig. 1(a)] are presented in the form of incident and reflected eigenwaves
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Fig. 1. Stepped axially symmetrical discontinuities. (a) Single. (b) Double.

of RCTLs. We also take into account the fact that due to azimuth sym-
metry, onlyE0n waves are being excited in the area of discontinuities.
Thus, in area I, we have
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and in area II, we have
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� and� are the roots of transcendental equations

J0(�a1)N0(�b1) =J0(�b1)N0(�a1)

J0(�a2)N0(�b2) =J0(�b2)N0(�a2)

J0 denotes Bessel’s functions of the first kind,N0 denotes Bessel’s
functions of the second kind, and�n; Tm are, respectively, the reflec-
tion and transmission coefficients for the main (n = 0) and higher
(n > 1) E0n waves. The componentEr of the electric field in the
planez = 0 will be denoted byE(r). With z = 0, we obtain from (1)
and (2)
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The boundary conditions in the planez = 0 have the form
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whereP1 = max(a1; a2); P2 = min(b1; b2). Using the orthogo-
nality of Bessel’s functions and the boundary conditions (4), we get
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where the integration is over the “clearance” of the waveguides
[P1; P2]. The factorsS1n; S2n in (5) are defined as follows:
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In (6), it is implied that
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With the condition (4) for magnetic fields, after having performed ele-
mentary transformations, we get the integral equation
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Thus, the problem of analysis reduces to the solution of integral equa-
tion (7).

The existence of several discontinuities is possible in the devices on
RCTLs. In case such discontinuities are arranged so that the extreme
fields of the neighbor discontinuities are not in superposition, they may

be regarded as single ones and interacting only on the main mode. A
single-wave method of circuit theory can be used for the computation
of the electrical parameters of such electrodynamic systems. In a more
general case, the diffraction result will be defined by the interaction of
discontinuities on higher modes as well. In practice, the most important
case is the system of two discontinuities [see Fig. 1(b)]. The approach
described above may be applied for the computation of such systems.
After the tangential components of the fields at the boundaries of uni-
form areas I–III have been matched by analogy with (7), the system of
two integral equations for the functions of the tangential components
of the electric-field strength at the two boundaries of the separation of
the above areas is obtained. Being cumbersome, the corresponding ex-
pressions are omitted here.

III. N UMERICAL REALIZATION

Let us apply the method of moments in order to solve the integral
equations of type (7) [2]–[5]. The representation of the unknown func-
tionE(r) in the form of a set according to the system of linearly inde-
pendent functions

E(r) =

1

j=1

Ujfj(r) (8)

results in the transformation of the equation of type (7) to the system
of linear equations in the unknown coefficientsUj . This system can be
solved numerically after having been reduced by specifying the final
term numberN in the expansion (8) and the final term number in the
expansion of the Green’s function. The main problem while computing
the matrix coefficients of the system of linear equations is the compu-
tation of the integrals

P
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since, in case of a poor choice of thefj -function system, the time con-
sumption will be large.

The numerical experiments performed by the authors define the set
of the basic functions of the form1=r as an optimum one for modeling
the electrodynamics systems under consideration. In view of this, let
us represent the unknown functionE(r) as

E(r) =
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wherer(j) = hj, h = L=N is “a step” on the line of matching the
areas,L is the line section length of matching the areas, andN is the
number of sections. Substituting (10) into (7), we come to the system
ofN linear equations in unknown coefficientsUj . The matrix elements
in case of single discontinuity [see Fig. 1(a)] have the form
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Fig. 2. Dependencies of the modulus, real, and imaginary parts of the
reflection coefficient.

whereN; M is a number of higher modes taken into account. The
procedure described above actually results in matching by points the
tangential components of the magnetic field at the planes of RCTLs’
joints.

A package of programs for the analysis of single and interacting axi-
ally symmetrical stepped discontinuities in RCTLs has been developed
on the basis of the method described above. The system of linear equa-
tions has been solved numerically with the application of the Gauss
method, the main element being chosen by the columns.

The solution of test and real problems showed, in general, good con-
vergence of the results under the increase of the section numbersN
andM . This may be attributed to an appropriate choice of the system
of basic functions (10), which allows one to take into consideration in
an explicit form the basic propagating TEM mode. As an example of
the computation with the method presented, Fig. 2 shows dependencies
of the modulus, real, and imaginary parts of the reflection coefficient
�0 for the joints of RCTLs (the RCTL parameters [see Fig. 1(a)] are
b1 = 3:5=2 mm,b2 = 7=2 mm,a1 = 1:52=2 mm,a2 = 304=2 mm,
and"1 = "2 = 1).

To test the package, the parameters of the discontinuity shown in
Fig. 1(a) have been computed. The comparison of the modeling results
with those [3], [4] for the case"1 = "2 = 1 showed good convergence,
as the discrepancy did not exceed 3%. It should be noted that the results
of [3] and [4] have been obtained over a limited frequency range and
with a small number of higher wave types considered.

IV. OPTIMIZATION OF 50-
 ADAPTERS FORRCTLs

The discontinuity [see Fig. 1(b)] is most commonly used in practice
as an element of wide-band matching of coaxial lines, which have dif-
ferent geometric dimensions and dielectric mediums. The first results
of the theoretical analysis of such a discontinuity for an individual case
of geometry have been obtained in [6]. In a quasi-static approach, it has
been shown that for the case of 50-
RCTLs with air dielectric medium
("1 = "2 = "3 = 1), the prescription of the parameterd in the form

d = 2b3 ln b3=b1 3:09� b3=b1 (11)

is optimum. A more exact electrodynamics modeling has shown that
the optimum valuesd0 somewhat exceed those given by (11). However,
the data published earlier is given in graphic form and is of illustrative
character.

Let us solve the problem of the adapter optimization. Let us reduce it
to the search of the value of the varied parameter vectorV under which
the reflection-coefficient modulej�j is minimum over the prescribed
frequency range

min
V

max
f2[f ; f ]

j�(f; V)j (12)

TABLE I
OPTIMIZATION RESULTS FOR ACOAXIAL -TO-COAXIAL TRANSMISSION-LINE

ADAPTER

Fig. 3. d ; d as functions ofb =b .

Fig. 4. VSWR andVSWR as functions ofb =b .

whereV = (d) is the varied parameter vector. When solving
the problem (12), we assumed thatb1 = b2; b3 = 7=2 mm,
a1 = a2; a3 = 3:04=2 mm, "1 = "2 = "3 = 1, fmin = 0, and
fmax = 20 GHz.

Table I presents the results of the numerical optimization for the
values1 < b3=b1 < 4. For convenience, Table I also presents the
values ofd computed according to (11), values ofd0, and the max-
imum values of theVSWRmax, andVSWR0 max of the adapters,
the lengths of matching sections of which are, respectively,d andd0.
Figs. 3 and 4 show plots ofd; d0, and alsoVSWRmax, VSWR0 max
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Fig. 5. Frequency characteristics of the adapters.

as functions ofb3=b1. Fig. 5 (curves 1 and 2) shows frequency charac-
teristics of the adapters for an RCTL, the lengths of the matching sec-
tions of whichd0; d correspond to the data given in Table I. The RCTL
parameters [see Fig. 1(b)] are as follows:a1 = a2 = 1:52=2 mm,
a3 = 3:04=2 mm, b1 = 3:5=2 mm, b2 = b3 = 7=2 mm, and
"1 = "2 = "3 = 1.

In the research available, the solution of the adapter optimization
problem was reduced to the choice of an optimum valued. It is obvious,
however, that there exists the possibility of varying the geometrical di-
mensions ofa2; b2 as well in the area of discontinuities. The numerical
experiments carried out by the authors have shown that the variation
of the geometrical dimensions ofa2; b2 has a pronounced effect on
the adapter frequency characteristics. In view of this, the optimization
problems (12) have been solved in a new setup. It was assumed that
V = (d; a2; b2); fmax = 50 GHz. The results of the optimization
problem solution are presented in Table II. Fig. 5 (curve 3) shows the
plot of voltage standing wave ratio (VSWR) versus frequency for the
connection of 50-
 coaxial lines of 7.0/3.04 and 3.5/1.52 mm in cross
sections over the frequency range from dc to 50 GHz. The geometrical
dimensions of the matching element are shown in the table of Fig. 5.

Considerable practical advantages of the obtained solution of the op-
timization problem manifest themselves when the necessity arises to
match RCTLs with large differences of geometrical dimensions. Such
problems appear, e.g., while designing coaxial probes on RCTLs of
particularly small cross sections. It is easy to verify that the use of
the optimum solutions allows one to obtain satisfactory matching of
the RCTLs, the geometrical dimension ratio of which reaches 8–12,
with the help of only one discontinuity. When using the solutions cor-
responding to Table I, the solution of the analogous problem would re-
quire the use of a technically more complicated matching transformer
of considerably greater length comprising from 2 to 4 discontinuities
separated by the RCTL sections of a quarter-wavelength.

V. EXPERIMENTAL RESULTS

In order to evaluate the reliability of the results obtained, the sample
of the optimized adapter for an RCTL with increased geometric dimen-
sion ratio has been experimentally studied. The adapter design (Fig. 6)
is formed by a compensating section with optimum geometrical di-
mensions 1 and volumetric absorber 2. The results of measuring the
adapter return losses over the frequencies up to 50 GHz are given in
Fig. 7 (curve 1). For comparison, the return losses’ frequency char-
acteristics (curve 2) of matched load on a volumetric absorber is also
shown in this figure. The measurements were performed with the HP
8510 analyzer. It should be noted that rapid increase of return losses
in the low-frequency region is motivated by the mismatching of volu-
metric absorbers. The results obtained testify to a good agreement of
computed and experimental data.

TABLE II
OPTIMIZATION RESULTS FOR ACOAXIAL -TO-COAXIAL TRANSMISSION–LINE

ADAPTER

Fig. 6. Construction of the adapter. (1) Inner conductor of coaxial connector
APC-2.4. (2) Matching element. (3) Volumetric absorber. (4) Body.

Fig. 7. Frequency characteristics. (1) Matched load on volumetric absorber
HP00915-60004 (4.50 GHz). (2) Data of experiment.
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VI. SUMMARY

This paper has described an efficient algorithm for modeling axi-
ally symmetrical discontinuities in RCTLs suitable for the analysis of
a wide class of axially symmetric nonuniformities with air and dielec-
tric medium. On its basis, a package of programs for the synthesis of
the devices on RCTLs has been developed. The solutions of the syn-
thesis problems found provide a shortage of the adapter longitudinal
dimensions and improve their electrical parameters for a wide range
of geometrical dimensions. The results of the experimental research of
the adapter for RCTLs of 2.4/1.042 mm in cross section to those of
7/3.04 mm over the frequency range from dc to 50 GHz have proven
the reliability of the theoretical results obtained and the accuracy of the
analysis and synthesis programs developed. The software created can
be used for the development of various devices on RCTLs.
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