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Abstract

The synthesis problem of UHF transmission line junction twoport with the wire ex-
citing element on the multiport loss-free conditions and known input impedance basis is
considered. Graphical analysis results open the possibility for junction structure optimi-
zation. General conclusions are for width class of transmission lines and exciting ele-

ments type valid.
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1. INTRODUCTION

It is well known, that junction twoport of UHF trans-
mission-lines also a wave mode transformer is. For
example in a coaxial line/rectangular waveguide junc-
tion TEM wave mode into TE;, waveguide mode is
transformed. Below we consider a case, when the wire
radiator as a waveguide exciter is used. Commonly a
transmission line junction, in our example coaxial
line/waveguide junction, is a loss-free device. The
transmission losses through the junction are by refec-
tions caused only. Therefore the basic junction twoport
parameter is the frequency band width, in what the re-
flection coefficient from junction is smaller then given.

The junction twoport we can separate in two
parts: 1) exciter threeport, and 2) load of one exciter

port (Z,, on Fig.1.). Usually exciter threeport is by

electrodynamic methods analysed. Initially one calcu-
late the input impedance, Z, use corresponding problem
modeling. But calculation of exciter threeport scatter-
ing matrix elements is complicated and difficult. In the
present work on the multiport loss-free-conditions basis
a possibility to ovoid these difficulties is proposed.
Conditions mentioned above follow from UHF circuit
theory and charakterize the UHF multiport, inside of
them the active power no wasted is. Therefore the cal-
culation accuracy occur higher as by electrodynamic
methods use.

In published papers mainly the exciter threeport
input impedance, Z, is considered [3]. Below we use
this parameter as fundamental in threeport scattering
matrix (S-parameters) calculation [1]. Thus the calcula-
tion accuracy of input impedance Z is important. The
problem of Z calculation is often noncoordinate elec-
trodynamic problem, whose solution the suitable mod-
eling demands [2], [3]. Such model must give the
possibility the singularity of used Green-functions to
avoid [1], the possibility accurate longitudinal and lat-
eral current distribution on the exciter element surface

to determine, and exciter feed structure to consider [2],
(31, [4].

We should know, that every of named above in-
put impedance calculation difficulties finally are not
solved today. It causes, that we must the simplified
electrodynamic methods with smaller accuracy use, or
experimental input impedance to determine. It is to
emphasize, that at the input impedance calculation all
wave modes are seized, but S-parameter are on funda-
mental mode based only. Thus the common use of S-
parameter and impedance Z is possible, if in the struc-
ture wave modes of higher order vanish.

2. S-PARAMETER OF EXCITER THREEPORT

We consider below the symmetrical exciter threeport in
the junction twoport structure of coaxial line and rec-
tangular waveguide (Fig. 1.).

It is evident, that the structure on Fig.1 is for
other line and waveguide type valid. Symmetry condi-
tions are by identity of ports 1 and 2 in threeport struc-
ture Fig.1, b provided. Hence we have equality of
scattering matrix coefficients:  S,,=Si;;  S13=Sy3;
S31=Ss;. Thus the scattering matrix of exciter threeport
contains only four coefficients, if additionally reciproc-
ity condition is used (S12=S;1; S31=S13):

Use following styles for the preamble (from the title
till the keywords):

511 512 SlS Sll Sl? 513
Sy Sy Sz | = |8, Sy Sy |- M)

531 532 533 ‘913 Sl3 533
It being known, that loss-free conditions for multi-
port follow from absence of active power waste inside

multiport. These conditions are through scattering ma-
trix coefficients expressed:
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Fig. 1. Block scheme of junction twoport (a); parameter of exciter threeport (b)
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Above complex conjugate coefficients are used:

Sll ' 512 ' S13 ! S32 *
The input impedance Z = |Z|-¢’% of the port 3

(Fig.1, b) is determined at matched loads of the ports 1,
2. Known is also the line characteristic resistance, Zc.
Now we have the possibility to find the reflection coef-

ficient S, :

®3)

coefficient

Syy = .
B Z4+2z,

Accordingly to the definition of
S5 = |S13 | -e¢’%s the argument ¢4 in the plane z=0

(plane of exciter
mula:

axis location) is expressed by for-

¢y = m +arg(l + Sy) — ¢, 4
Use the expression (4) it is posible to find argument
¢4 in general case. This argument is independent from

transmission line- and exciter-type. In the expression
(4) one can include the diplacement of port-plane. As
example we consider the port-plane diplacement from
z=0 to z=a, where a-radius of waveguide exciter ele-
ment.

Then from ¢, - value (4) it is necessary the phase
delay, - (3, a, to subtract ( 3, - waveguide phase coeffi-
cient).

From equation (2, b) we obtain |S,, |

/1— S.. [
|S13|: —|2 33| . (5)

Equation (2, c) gives the expression:

COS(Qbu - ¢12) = - (6)

2'|Su|'|512|
Analogous, from equation (2, d) we find the argu-
ment 6 :

0 =203 — b33 — Py
2 2
[Sis| —2-]5]
R EARE
The last expression determine the limitations of
|511| value by the conditions: —1 < cosf < 1:

U]

cosf =

1 1
5-(1ﬂs*33)<|511|<5~(1+|333|). (8)
As unknown coefficients we have

Sll _ |S11| . ej“bll , and 512 = |512 | el | But for

calculation of four parameters (|5, |, ;. [Sp,|. 612)

we have only three equations from loss-free conditions
(2). It is necessary to use the additional loss-free condi-
tion, formulated on the energy-conservation-law basis:
if the wave energy in a isolated loss-free volume falls,
completely reflects from them. In order to transform
the loss-free exciter threeport in an isolated volume we
use the reactive loads in the ports 2 and 3, for example
with reflection coefficient: p = +1. By aid of signal
flow-graph for isolated volume (Fig. 2, a), and use the
nontouching-loop rule [1], we find the reflection coef-
ficient p = b—l:
a
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Fig. 2. Signal — flow graph of exciter threeport with loaded ports 2 and 3 (a); signal — flow graph for scheme

p=+1
Fig.1, b (b)
p+ _ Sn ) (1 - 811 - 533 - 5123 + 511 ) 533)
=
1- 511 - 533 - 5123 + 511 ’ 533

. (9)

+ 5122 ) (1 _ 511) + 5123 ) (1 — 511)
1- 511 - 533 - 5123 + 511 ’ 533

The additional loss-free condition is expressed now
by the equation:

=1

S-parameter of loss-free exciter threeport must the
last equation fulfil. The coefficients S,,, S,, are

(10)

known. If to accept the value of |S,, |, ¢, - we obtain

from formula (7), and coefficient S, - from equation
(2, d):

Sz = =" (S| 4S5y |- 7). (11)

Then are fulfilled also the equations (2, a) and (6). If

accepted || the equation (10) don’t fulfil, |9, |

must be varied. Such procedure may be realized by the

program for transcendental equations solution. By aid
of that program the equation (10) was solved relative to

|S,1|. Thus all S-parameter fulfil the loss-free condi-
tions (2) and (10).

3. SYNTHESIS PROBLEM OF JUNCTION
TWOPORT
The transformation of wave modes by junction twoport,

as known, is by exciter element-structure realized. It
was emphasized above, that the transmission losses
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through the junction twoport are by reflections from
junction ports caused.
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Fig.3. Dependence of junction twoport tuning band

width A& , and reflection coefficient ‘ ps‘m at
middle frequency f,- from exciter threeport
parameter Sy, =[Sy, |- "% ; (| py,. = 0,15).

Usually junction twoport is characterized by fre-
quency band (Af), where the reflection coefficient

| p,| s smaller as given admissible coefficient |p, |,
(|ps| = |2, | <|ps|.) Al S-parameter of exciter
threeport are for middle band frequency, f,, found.

Use the impedance Z,, (Fig. 1, a) the minimum of re-
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flection coefficient |p3 |m at the frequency f, is pro-

vided. Impedance Z,, is as input reactance of shorted
waveguide piece with length L realized. Thus the re-
flection coefficient p from reactance Z,, is equal:
p=-e ¥t (12)

where 3, - waveguide phase coefficient is. Use the
signal flow-graph Fig 2, b for exciter twoport we de-

. . - b
termine the reflection coefficient p, = RO
a3
Sty p
Py = S5 + : : (13)
1-8,-p

Now we find the quantity, p = p,, for p, =0 at
frequency f, . From the expression (13) we obtain:
‘933

o Si1 - S5 — 5123 ,
Py = _|pH | : €7JI¢H ; (14)
I S )
‘Su Sy — 313‘ |Sll|
¢y =7 —arg(py).
From the expressions (14) and (12) follows, that:
Pu

¢H—2-ﬁ0.L,L:2.ﬂ0. (15)

We should to remark, that the quantity |pH| may be
greater as unity (|pH| > 1), and can not be by reflec-
tion coefficient |p| =1 (12) realized. Such circum-

stance causes, that at frequency f; we obtain

|py| = |p,|, instead |p;|=0. Simultaneously the
minimum of |p,| <|p,| ~arise at a little diplaced
from f, frequency. Such effect manifests itself so

much the more |p3 |m is close to |p3 |c'
The junction twoport frequency band width is usu-
ally found use the graphic dependence |p3| from fre-

quency f (|p3| = f,(f)). For accurate calculation of

such junction characteristic one must know exciter
threeport S-parameter for every band frequency, and
use expressions (12), (13). Also the waveguide phase
coefficient § is to calculate for every band frequency

(L = const ). For S-parameters given at frequency f;
it is possible to have the accurate junction tuning char-
acteristic, it is the dependence |p,| from variable

length L: L+AL*=L-1+¢F)  where

N

&t - relative variation of shorted waveguide
length L, defined at middle frequency f; . In calcula-
tion of junction tuning characteristic |p3| = f(§) var-
ies the argument ¢ :
¢=2-08,-L-(1+&) =0y -1+9).
It is to emphasize, that the characteristic |p3| = f(§)

(16)

relative to axis & = 0 asymmetrical is. Therefore the
junction tuning band A¢ is a sum: AE = €1 + &,
where ¢+ are at |p3| = |p3 |c found. The junction
tuning characteristic may be into frequency character-

istic recount use the condition:

o) = ¢(ﬁ) = qﬁ(&). One can convince, that
Jo Ao

AfE

approximately one half of ¢* equal is. Inaccu-

0
racy of such recount is by frequency-dependence of
exciter threeport S-parameter caused.

For known junction exciter threeport S-parameter

and argument ¢,, at frequency f;, we can the junction

tuning band A¢ calculate. Quantities ¢ and ¢ it s
necessary to find separately. For such purpose we use
the equation (13) with & =0 (|py| =|ps| ) . and

&= (|ps] = |yl ):

5123 e 0
|p3|m =9 —— |
1+ 8, e’
SQ . 6*]"¢H'(1i5i)
=[Sy — —12 : 17

In solution of equations (17) relative the quantity
£+ we simplify:
CetN2
2
Correspondingly we neglect the quantity ¢, & in

higher degrees then 2. Testing of used simplyfications
in tuning band width calculation show the error of
some per cent. For accepted above conditions from
equations (17) we obtain a quadratic equation relative

(¢H‘§i):
(¢H'€i)2ib'(¢]{'§i)+d:01

V»‘.i .
e¥]@H§ :1:':]_¢H_§:t

(19)
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where: b=2- Gizt-Ai ;
|c[f —cr —t-(|A] — 4r)
d = 1-1t S |p3|m2.
Cf —cr—1-(af - an) |7,

C—Cr+jcie—u "
1+8, e’
(Syy - S35 — 5123) e T
Sy - (L+ 8,y -e70n) = Sfy - e
Solution of equation (19) should have the positive sign.
In junction twoport synthesis problem a great

importance has the choice of parameter S,,. As is

(20)

A=Ar+j- Ai=

proved above, for given reflection coefficient S, loss-

free conditions allow to find other parameter of junc-
tion twoport. Correspondingly to expression (3), it is

possible to vary the value of S,, by choice of line
characteristic resistance Z. Here we want the depend-

ence of junction tuning band width from |, | and ¢,
to find. For tuning band width determination we accept
the reflection coefficient |p, |C = 0,15. Additionally

we accept the limitation: ¢ < 1. The loss-free condi-

tions simultaneously serve as limitation for S,,. Calcu-

lated results are on Fig.3 shown. These results are only
for TEM/TE wave type transformation valid. But here
absent frequency limitations, limitations associated
with exciter element structure, with line and waveguide

type.
The dependences on Fig.3 confirm the known ten-

dency: to accept the low value of |S33 | . Such tendency

allows a greater junction twoport tuning band, and cor-
responding greater frequency band, to obtain. The ar-

gument ¢, should be negative and limited:
¢33 = —0,4 +—1,2. So demand loss-free conditions.
But minimum of |p3 |m lie in boundaries

¢33 = —0,4 +—0,8, and at |S33| < 0,4 . Increased

|S33| causes narrowing of boundaries of ¢,,. Outside

of boundaries (8) the calculation gives the complex
value of arguments.

4. CONCLUSION.

Use the junction loss-free conditions it is a method for
structure S-parameter calculation proposed. The corre-
sponding calculation algorithm contains the program of
transcendental equations solution. For such calculation
only the input impedance of exciter threeport must be
known. Found S-parameter give the possibility the tun-
ing reactance for junction twoport to establish. Graphi-

cal analysis results open also the possibility for junction
structure optimization. Use of loss-free conditions high
junction twoport synthesis accuracy in comparison
with electrodynamic methods of problem solution is
provided. Proposed here algorithm is from frequency,
from exciter element structure and transmission line
type independent. Remains a problem of accurate input
impedance calculation, where it is necessary exciter
element structure peculiarities to consider.
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