UNCLASSIFIED

«0 297 374

Reproduced
by the

ARMED SERVICES TECHNICAL INFORMATION AGENCY
ARLINGTON HALL STATION
ARLINGTON 12, VIRGINIA

UNCLASSIFIED



NOTICE: When government or other drawings, speci-
fications or other data are used for any purpose
other than in connection with a definitely related
government procurement operation, the U. S.
Government thereby incurs no responsibility, nor any
obligation whatsoever; and the fact that the Govern-
ment may have formulated, furnished, or in any way
supplied the said drawings, specifications, or other
data is not to be regarded by implication or other-
wise as in any manner licensing the holder or any
other person or corporation, or conveying any rights
or permission to manufacture, use or sell any
patented invention that may in any way be related
thereto.



DISTRIBUTED EQUIVALENTS OF BRUNE SECTIONS

by
‘ ., Akio Matsumoto ‘
Report No. PIBMRI-1038-62

’ for

Rome Air Development Center
Air Force Systems Command
Rome, New York

Contract No. AF-30(602)-2213
Project No. 8505, Task No. 85014

28 Septembef 1962

POLYTECHNIC INSTITUTE OF BROOKLYN

MICROWAVE RESEARCH INSTITUTE
ELECTROPHYSICS DEPARTMENT



"Qualified requestors may obtain copies of this report
from ASTIA Document Service Center, Arlington Hall Station,
Arlington 12, Virginia. ASTIA Services for the Department of
Defense contractors are available through the 'Field of Interest
Register' on a "need-to-know' certlfxed by the cogmzant military
agency of their project or contract. '

v

"This report has been released to the Office of Technical
Services, U.S. Department of Commerce, Washmgton 25, D.C.,
for sale to the general public. " ‘



PIBMRI-1038-62
RADC-TDR-62-582 Contract No. AF-30(602)-2213

DISTRIBUTED EQUIVALENTS OF BRUNE SECTIONS
by

Akio Matsumoto

Polytechnic Institute of Brooklyn
Microwave Research Institute
55 Johnson Street
Brooklyn 1, New York

Report No. PIBMRI-1038-62
Contract No. AF-30(602)-2213

Project No. 8505, Task No. 85014

28 September 1962

Title Page
Foreword
Abstract

Table of Contents
28 Pages of Text

T Pages of Figures
Distribution List

Akio Matsumoto
Research Associate Senior

-, 7 .
Approved by; g/‘/; C(l‘!,,gc,«v‘?’

H.J. Carlin
Acting Head, Electrophysics

Prepared for
Rome Air Development Center
Air Force Systems Command
Rome, New York



PIBMRI-1038-62

FOREWORD

The work reported herein was sponsored by the Rome Air Development
Center, Air Force Systems Command under contract No. AF-30(602)-2213.
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ABSTRACT - f
gl s 3420
This—report-presemts six new descriptive Brune sections/\w-hieh in many

instances are preferable to those suggested by Ikeno and Saito. Included is a complete
design technique.
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DISTRIBUTED EQUIVALENTS OF BRUNE SECTIONS
by
Akio Matsumoto

1. Introduction A rational positive real function Z(p) may be synthesized, according

to Darlington procedure, as a cascade of Brune, type C and D sections, a Foster
function (reactance) and a resistance. If there are transmission zeros atp = 0or

(and) p = o, ladders will also be necessary.

A so-called Brune section is made up of a pair of close-coupled coils (Ll’ LZ)

and a capacitor (Co), and has a pair of transmission zeros (see Fig. 1(a))

+ _+ju)_+ J
by =t 2 f
© ° \/MT
o]
(1)
M = LILZ

on the imaginary axis of the p(= jw) plane, The section may also be represented in

m - structure, with an inductance L and three capacitances K, K1 and KZ' The
equivalence of the two structures holds if

L=1L,+L,-2M }
MC_
K =
L +L,-2M
(L, - M)C t
2 o
Kl=L+L 2 - (2)
ptlp-2M
K_(LI-M)CO
2=
L,+L,-2M
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There is a relation

K(K1 +Kz) + KIKZ = 0 (2a)

corresponding to the close-coupling between Ll and L, . At a high frequency, these

sections have a voltage transformation ratio

2 - K . -, (3)

‘*.
’4.
;

The value of n may be greater or smaller than unity according as LZ 2 -M. KZ§ 0.

No distributed network is known that is a direct equivalent of a Brune section
itself, but certain networks are known which are equivalent to a Brune section

accompanied by another element, such as a line or a reactance.

Ilkenol proposed a loop of 4 lines (Fig. 2(a)), that will be equivalent to a
cascade of a Brune section and a line (Fig. 2(b), (c)), but there must be certain
conditions among the given parameters (Ll' LZ' Co and Z) in order to give positive
characteristic impedances (Zo, Z,p 2, and 203) of the lines in the loop. If these
conditions are not satisfied, his loop cannot be realized.

Saitoz made another proposal. His section consists of a two-wire line and an
open-circuited coaxial line, But the condition of realizability of his network is just

the same as lkeno's.

A possibility remains, to realize the network by extracting a sufficiently large
number of cascaded lines, if only its input impedance is given. But this procedure
may not be a good practice because of the complication of the network.

In this article is described a group of 6 networks, made of a shielded 3-wire
line connected in different ways, which have a network representation of a Brune
section in cascade with a line., They have certain restrictions coming from the hyper-
dominancy of the capacitance matrix of the line, but still have a large adaptability
arising from the abundance of the parameters. In fact, one has 6 parameters (C11 R
sz. C33, Clz’ C13 and Cz3) in a 3-wire line, whereas its network representation
contains only 4 parameters (Co' Ll’ LZ and Z). If the line is given, its network
representation is uniquely determined. This is the standpoint of analysis. On the
other hand, from the standpoint of synthesis, the line cannot be determined uniquely
that will have a given network representation. There remains some freedom of
selection of parameters which is left to the designer, This freedom may be made use

of in obtaining appropriate geometrical dimensions of the line,
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II. Restrictions on the realizability of Ikeno loop,

The elements of Ikeno loop (Fig. 2(a )) are given as follows:

. - L, +L,-2M+ z(1+L,C.) )
o ‘
_1+MC
. - L1+LZ-ZM+Z(1+LIC°)
Y i
c.{z - M-y}
g (4)
L+ L2-2M+Z(I+L_lco)
YA =
o2
C, (L, -M+L, C, Z)
i Z{L1+Lz-2M+Z(1+Llco)}
o3 :
L1+LZ-ZM+(L1-M)COZ J

The parameters L,, L,, M, C, and Z refer to Fig. 2(b). L, and L, are closely
coupled.

The numerators of the ri;ht-hand sides of Eq. (4) are all positive, To have
positive values of the elements of the loop, the denominators must all be positive:

zZ - (M-Lz)> 0 ' (5a)
L,-M+L,C Z2>0 (5b)
L1+LZ-ZM+(L1-M)COZ>0 (5¢c)

The case I..1 = Lz is trivial, because that means the Brune section is merely a shunt
Foster.
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First, consider the case Ll <L,. Then Eq. (5b) requires

2 .
C°Z> —q—-l (6)

while Eq. (5c) requires the contrary, so that the case L1 < Lz cannot exist,

Next, take the case Ll ~ Lz. Here Eqs. (5b) and (5c) are satisfied, and (5a) °

is the only necessary,  That is

Ly>L,andZ>M-1L, . , (7)

are the necessary (and also sufficient) conditions f.or the realizability of Ikeno loop.
In other words, the coil facing outside should be of a greater inductance than that
facing inside, and moreover the inductance M-Lz(ﬁositive) should be smaller than

the characteristic impedance of the line behind the Brune section,
If either of these two conditions is not satisfied, Ikeno loop cannot be realized.

To make Ikeno loop correspond to the network represehtation Fig. 2(c), one
has only to interchange Ll «—> LZ and Zole—-> Zc'3 . Here the necessary and

sufficient conditions of realizability are
LzsLlandZ>M-L1 {7a)

II1. Notations of line constants

A uniform multiwire line’ can be treated with the use of its distributed capaci-

tances:

- cln

H: -Cj3 Cpp eeer - Cy (8)
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Its distributed inductances [L] are related to the distributed capacitances [C] in such

a way that
p? [L] [c] =+ 1.0 p=io (9)

where y is the propagation constant of any transverse mode in the (non-dissipative)
tine,

p/y = v, the velocity of propagation, is independent on the frequency.

Define [q] and [g] by

[ - & [
0 M eeeee m
1 12 In
12 "122 -nZn
£ Y cereeensa , (10)
"T] | cecesess T
| In 2n nn |
- & 0
rgll LlZ U an-
L .....0
- 12 22 2n , (1)
g 14 ceee b
In 2n nn |

then ["1] and [;] may be called the characteristic admittance matrix and the character-

istic impedance matrix respectively, They are reciprocal to each other,

[l =B ) - . uz)
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Now the majo‘r frequency variable \ in the distributed domain, is defined by

A\ = tanh y{ (13)
where £ is the recurrent length of the elements,
Let us consider, for the moment, a very low frequency, ugch that
A = tanh y¢ = y¢, (14)
then one has |
Y I . |
(15)

Thus, Iq! and [;] may also be comprehended, in a sense, to be the total capacitance
matrix C] 2 and the total inductance matrix [L] 1 respectively,

{ﬂ] must be hyperdominant:

n .M _~eeee=m =10 >0 ]
11 12 In le
(16)
-n tn -eeee-m =9 >0
12 2n 2n 2e -
“T "M eeeesesty = g 20
1n 2n nn ne J
On the other hand, the entries of [ have the properties
(17)

¢ >t v B
TTTR)

A hyperdominant matrix n is realizable as the characteristic admittance

matrix of a multiwire line.
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The fundamental equations of transmission of a multiwire line may be written

as:

M = e, vl 0,

(18)

R B V]

- el v ol M,
where [V} and rl} are the column matrices with entries V, , V_, ..., V_and 1 , I,,

J L 1 2 n 1 2

e In. They indicate voltages and currents of the wires 1, 2,..., and n, at the

near end., Those at the far end are signified with suffixes (.,

¢ and s stand for

¢ = coshy £, s = sinh y¢ (19)

IV. Saito section

" N. Saito presented a section which would be equivalent to a Brune section plus
a line to the left, His section consists of a 2 - wire line, along with a distributed

capacitor (an open-circuited coaxial line), as shown in Fig. 3.

Actual calculation yield:

1
7 =
n tn - 2n
122 12

C =¢C

[¢] a

L (20)

Q2 I

° Callay - 1))

L _ oM M2
— nl =
M 11t om2z C 2y
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Evidently n, must be smaller than 1, from the hyperdominant property of the line.

Eqs. (20) give

. =n1 ] nl(l-nl) 1
12 M Z
2
n) | L
e (21)
11 .
n, (1 -nl)2
n, ™M 'z
n cannot be negative, and therefore it is necessary that
12
Z>(l-nl)M=M-L] (22)

Compare this with Eq. (7a). The condition of realizability of Saito section is just the
same as that of Ikeno' s, The only advantage of Saito' s is that his section can be built
with less number of conductors (3 inner and 2 outer) as compared with lkeno's (4 inner

and 4 outer).
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V. Network (I)

The network (I) shown in Fig, 4 has been treated a.lready4 as an equivalent to a
type C section plus a line in the case 813 > 8,3 in a previous report. In the case
;13 < §23 » on the other hand, the network will go into a Brune section plus a line.

Parameters of the equivalent network are given as:

2 h
n oM -
1.y . _1l 22 12
5= Y=
n22
2
S PRIPY
r
n22
non . (B3 - byy)
22 23
M = 5 > 0 (23)
(na2 = mpp) |
2 2
o omzp (a3 - ty3)
2 - v
t33(nzp - myp)
|
QOZ = L
2323 - 4p3) )

In this network, the terms ratio

L ( -, )L
2 2. M2 ~Mi2™13 (24)

— = N =

n23 L33

can only be smaller than unity,
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Let the values Z, Co. ﬂo and n be given, and entries of n are to be found.
Here the problem is, " what conditions are necessary and sufficient on the values Z,
Co » 2 and n, in order that the network (I) would correspond to a hyperdominant v 7"

It is already known that n must be smaller than unity, Are there any other
conditions necessary? To simplify the analysis, first take np = 0. Then Eq. (23)
reduces to

= 1 =
m=z M2=C

2 2
Q2 = Mp M22 M33 T M3 M2 T M3 M
[+]
23 (nz23 my = m3 nzz) (25)
m3 M
n= 1. 3 N22
M M23

Eliminate nyy 20d ny, from these equations. Then one obtains

1/2
iy = (C4y m33)
23 2\ 172
2, (l-n)
(1 +nQ "+ Co_z j
(26)
m3 - ( > 1/ 2
<l+n9 (l'n)z> /
Hyperdominancy of +y requires
n23 < M2z
m3< ™ . (27)

M3 ¢ M3 < M33
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Therefore it is necessary that

' 2
2 {l1-n)
133 < Co(”““o * 'c;‘z—>

2
2 . (l-n) >
Cli+n ™~ +
s < °< ° Co 2 (28)
33 < T
'l—n 2
Sofie 3
N33 2 Z
14ng 2 + -0

The second of these inequalities is naturally satisfied if the first is satisfied. 1

can be obtained as hyperdominant, if a value of n 33 can be found that satisfies the in-
equality.

2
len
Co{t+hg iz, el )
Z- < M3 < o n % C Z
1+n92+C—T—-u'n) °
° o

This is always possible if

l1-n 2 (1 - n)
but impossible if
1+c—z.1"‘>1+nsz‘2+_c._2._“""2 (30b
o ° o ‘
The criterion comes down to
2 > l-n . ossible
2" 7 =7 P (30¢)

o impossible
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2 -
Substitute ﬂo‘ Co by M 1 and nM by Lz , then one will have the same criterion as that
in Ikeno' s, Network (I) is no better than lkeno loop, so far as the restrictions are
concerned. The advantage of Network (I) may lie in its compactness, with 3 inner

conductors and 1 outer conductor, whereas Ikeno loop needs 4 inner and 4 outer,
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VI, Network (II)

Network (II), the second of Fig, 4, has also been shown to be equivalent toa
type C section plus a line if N3 < Nper 38 given in a previous report, 4 In case
M3 > Mpe» One hastransmission zeros on the imaginary axis of \ :

+
+A =+ ja = = (31)
° ® {3 - mae )25z - La3 - Lyp F Uy3)) Ve

Other parameters of the equivalent network are given as:

2
1 " (m3 * np3)
337 —————
m t M2z - 2np

N

(32)
T

i T M22 7 ‘Mz T M3 T M23
° m Yt M2z Cme

-

2 - Ne Me + ns3 (7\13 + Ne + 113e) (qu + nzz-znlz)
M

(my3 = mge) {nzelnzelme * mae) + (m3 * mp3lime +mpe + "3e)}J

Again the problem is to determine [ﬂ] for a given set of values of Z, Cyr R, and
n= L,/M. Letn,= n,3= 0, then one has

c
_ o 1 2
mtng = 7 tongs *\/T Co +Co ms

(33)

The condition n;4 > n); requires
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1 1
1]13< -Z—+E—Z—z—§ m . (34)
o

For the moment, let aside the equation on n, and consider the remaining 3 equations on
Q0 2 and Co' These equations contain My Mz20 M33 and M3 M2 and n33 can be
expressed in terms of m and m3 by the use of Eq, (33), and upon putting those
expressions in Eq. (31), an equation, in M and M3 will be obtained, from which

: 1
curves n), versus n,; may be plotted, Fig, 5-~7 show examples, for Co = 5 Zz=1,
Co =1, Z=1, and Co =22, Z = 1, In these figures, all curves Ny Versus w;;, drawn
for different values of 2+ pass the 3 points:

i) the origin (0, 0)

ii) point P (0, C_)

< CO COZ COZ>
iii) point S 31/ + 3.|}- , C_+ 31,_
72 z ° z

The curve for ﬂoz = 0 passes Q:

(m3r mylg = (mym) = <-‘z-+ L, L —‘—z> (35)
[+

The curves cross over the abscissa at T:

(m3» mylp = (€, 2% 0) (36)
The curves for 2 ° = o pass Rand
(m3 mylg = (2C,0 2C,) ¢37)
(m3e mydy = (g—+ Cl 72 Gt - (38)
0

Points Q, R, S and U will be identical if COZ = 1,

At the neighborhood of the point P, M3 and Nz, Te very small, but m and N33
are equal to Co and 1/ Z respectively; therefore n must be very large there,
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The shaded areas show the permissible areas of a point ("113' "'11)' The
permissible region of a curve nyy Ve M3 begins at P and ends on the line OQ (as in
Fig. 5)or on the line n ; = m (as in Fig. 6 and 7). The value of n changes with n;;
and must have a certain lower limit because 3 has a certain upper limit, TABLE I
shows the range of n thus determined,

TABLE I

Permissible values of n for Network II, N2 = MNp3=0

n= LZ/M)
S2z !
COZ 0 0.5 ' 1 2 ©
2 | 3<n 4.85<n 7.20<n i 12,5<n oo only
1 ; 2«<n 3.67<n 5.50<n : 9.0<n ® only
0.5 3<n 5.60<n 7.39<n |} 1l,4<n o only
. !

In the above, it was assumed ma = nz3 = 0. Take off this assumption, then
one may have a broader range of permissible values of n,

From the three relations in Eq. (32), one obtains

L2 _ f‘lB(l * Co Z)+ e M3e =
T = (a)
3 T M2e

The smallest possible value of LZ/ M is

noin 1+ CO Z (b)

which occurs when n, = n;, = 0. Let us examine if any value of 2, is permissible

or not, under this assumption, that is, Me = Mge = 0 0= D in® Here one has

1+C Z
o

Me= 5 *Cor m tngz3 = ——p—
le Z o 13 23 c z {c)
[+
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2 1+C Z

2 o
NS, 0" =N N,atN (_Z_)
13%0 13723 12 Coz )

The relations (c), along with e = M3e = 0, satisfy Eq. (32), and the equation (d) is the
only condition to be examined. m3 and ny3 are bound by (c),

l+C° ¥

Ocmys oo (e)
o

l+C° Z

O<mpy ¢ —Fr—— )
[+

but n,, is arbitrary (n2 > 0) Therefore 1, can be made to take any value from 0 to co.
For example, ﬂo = 0 when N3 = M2 = 0; Qo = oo when " = agor n3 = 0.

Thus it has been shown thatn = 1+ C, Z is always realizable regardless of
the value of R, It is more complicated to show a value of n greater thanl + C oZ is
always realizable or not, but one has the affirmative answer, since Qo can be changed
by m,, without affecting other parameters (Co. Z and n). If n is sufficiently large to
satisfy the permissible range given in TABLE 1, it is realizable with a line of M =

n23 = O
Of course a line with n, v > 0or n , = 0 requires an extreme geometircal
structure, so that in practice it is desirable to have all positive values for the partial

capacitances (va and Cpe). This statement applies to all networks described in Chap.
V - x.
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VII, Network (IIl)

This network, Fig., 4(IlI), has a pair of transmission zeros at

t

+ N\ = — (39)
- 0 172

{tn33 - ma3) Waz - La3 = iz * Lzl

\, is always imaginary because n3;> n,3 andf{,, - L33~ 415 432> 0.
Other network parameters are:
2
gl o tmz tms) (40a)
- Fnaq - 2
N22 T M33 7 "M23 '
(ngy * N33 - 2Mz3 - My - M3)
_ M2z "M33 " “M23 " M2 " M3 (40b)

o
naz * 33 - myg

N2z 4 M33 = 2mz3) Mo m3e *m3inge tmpe * M3 )
(n33 = m23) e (nge + M3 ) + (mpp + my3dlmy o + mp e + 3 )}

=

(40c)
The expression for n may be simplified with the use of those for Z'1 and Co:

Me N3¢ ¥ M3 (M * Mz + 13,)

n3e t M3

n= 2

(40c' )

Thus for any values of e and 26 + N3e0 should be within the region

Me Z< B< Imy +my, +m3,) 2 (41)
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or

0<necl+C 2z C(4)

On the other hand, one can easily see that n is greater or smaller than unity according

as ny3 ny, is greater or smaller than y,, n; .

First the casen = =1+ Co Z, N3e = 0 should be examined, whether it is

n
max
realizable or not for any value of Q. Here one has

2 2
M3 (et Mt m3 M1 +82))

3 {me (npe * m3) * (npp + m3) (my + mp, * 3 )}

{42)
=23 My (ngp * n33 - 2ny3)= 0
For a given set of values of Z and Co‘ one has
= A (e, +tma) Co Cj +
m =gt g )ty -/ tin, t ) C (43a)
_ 1 + Co Co2 +
Me= 2t T 17— tlmp tn3) G, (43b)
c, _Jct
Moz 33~ 2mp3 = mpp vzt gt = iy, t ) C
S, c
N2e Y N3¢ * 7— + \—g—* (mp +mp3) C, (43d)

Therefore the above equation in 3 may be considered to be a quadriatic one, with

('112 + "\13) and ny3 8 parameters, n, 4 has a minimum positive root when Ny3 = 0,
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oy Ungg tmz )+ npp ¥ omyy) g, ¥ mp ¥y, )
() = . (44)
(nje + mpe * "3e) L+a))

This (n3) cannot be greater than n, + n3;
min

m {ng ¥ty ) tlng +mys)ing ¥y, + g,

m2 tms3 2
(nle + T‘Ze + nse) (1 + QO )

which is equivalent to

‘22 MNe ("Ze * n3e)
o —

45
(mg * mztme +npe +m3,) 45t

™2 + n 3 can be made small or large so far as . remains positive, and consequently

e Can be made as small as required, It turns out that the above inequality can hold

if one chooses a proper value of + » and consequently some positive values
M2 " M3

of 1,4 are permissible to {it the assumptions.

Thus one has no restriction on no » 80 long as the given data are any Z, Co'
and n = D oax > l+Co Z.

The criterion of realizability for anyn (0 < n < D .
examinations. But C_, Z and n specifies n, n,, + n3¢ mn3/ N3, in terms of n, +
M3 whereas no may be changed with the choice of N23e From this fact one can con-

x=l+C°Z.

x) needs more complicated

clude that the only restriction is n < n . a

1f one restricts himself to the case m3 = ny3 = 0, then he will come to the same
restrictions (‘Ll> Lz. Z> M- Lz) as in Ikeno loop. Positive values of 13 and n 23 make

it possible to take off these restrictions, but still the restriction, n< 1+ coz. remains
necessary, to have a hyperdominant ['q] .

VIII. Network (IV).

The network is shown in Fig. 4 (IV). The input and output currents are made up
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of two components respectively:

in 1l 2 (46)

One might better obtain the admittance matrix rather than the cascade matrix:

Y Y., )
11 12
] - Y Y J
12 22
2
1T p (1) 4 2p,-205) -}
Yn‘ 3 2
AN PNEY
2
. 143 05 (L) 4 Laym 20 5)-1) r (47)
22 NGy #h T ngs |t !
|
v = “"2”23(‘11"12”23';13) i
“h2”t T2
c{)‘;ll{')‘ Mo3 ]gl} J

The transmission zeros of this network are the zeros of le. It has three zeros, one

at A= I, corresponding to c= o, and the other two at

Al

N =
LN T
{“23(‘>11°§1z* 23" g13)} 2z

*j
= 1 (48)
|:‘ 23181 {N2e M3et N3t 0yt 33)};‘2
\ o is always imaginary. The entries of the cascade matrix of the network are:
2
Y 14N aall, 4 0a0a- 20 ,) -1
As - YF_z_z_, . z{ 335117 533" 453 } (49a)
12 A P TR SPAR TR SEY
3 2
) PP L [ P
Bz - o— = ¢ (49Db)

i
12 R P S ST R PYRRITY
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Since this network has a transmission zero at A = 1, one can extract a line, from the
right-hand side of the network, with the characteristic impedance

Z = ._...__l_.—
(Y22] 2= 1

- "22
YA
LPPRETAR PER PYSRL BT PPRELEPAR BTV

(50)

One can also obtain this value of Z from [ﬂ] and the end connection at the right-hand
end of the network:

M2e(M 124 123)

1
= n +n, ¢
zZ le 2e M22

2
_ 2233ty a2” 203 Mgt LEPAR PV

(50')
n22

After extraction of a line with characteristic impedance Z, there will remain a network,

whose cascade matrix is [Al B l:!

¢ D

2 2
A= X "noy (B 1#833- 20,30/ np,

1 2 . {51a)
4X"n 5500 1-81,453- £)3)

L1108y 1+ 833728 ,3) -np, 2]

L, ,+0.,,-2
B, = - 114533 - 244 (5 1b)
R PRI TE R SPAR TR STY

The whole network may be represented as a cascade of ¥ -type Brune section plus a
line where
Na2 l 4 I

L= g -—22 (52a)
i1t t33-28)3
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22

1
=r (L)- Ly 8537 $3) a3

1

n238 - L2t 8a3m Ly3)

K+K 1
X’ " a° [Al] A= oo

2

_N23 (814 855- 20,5

M2 (811 8yt Lp3-013)

(52b)

(52¢)

(52d)

It can be easily shown that n is here greater than unity, and therefore K, is negative.

Let us see what values of L, K, K, and KZ make it possible to be realized by

the network (IV). First put

Then one has also

and consequently

N2= 3= 0

L2 5)3=0
o= L+2Z= -
=11 n“
2 n
z 22
L33 24 =

—
N22M33" M3

g 2.

2, % 23 "1y

N22 33" M2z * —— 7 —
1" % "23

2
M23(M2aM 33~ Na3 1y 1,,)

1=
n

N,y (n - ‘y )
22\M22M337 M3 ¥M3M ),

(53)

(53")

(54a)

(54b)

(54c)

(544)



PIBMRI- 1038-62 23

Specify L., Z and Qo and vary n 23° Then n 22 and n 33 will follow n 23 Any positive
values of 1 3 are permissible so long as n 23 <n 22 and n 23 <n 33

-1 ,
Evidently n 23 cannot be greater than [ﬂoz (L+ Z)] from Eq. (54c). The
permissible range of n 23 corresponds to the permissible range of a

Above equations (54a), (54b) and (54c) yield:

o n 2 n
NpaN33mMps2 . _© 723 U

2
2 2
2 Q
z.= n n
N, = (z + o 232 11
M1 - % M23 (55b)
2
) L 1"'520 n23
337 7 - (55¢)
(L+2Z) Qo 11 J
The conditions "2 __>_n23, N33 > N3 write -
L
232
. 56a
a% (L+z) (s62)
o]
2
. L+,
23 = > 2
2 (L+z) (56b)

One has two cases for the upper limit of Ny 30 according as

1+Q L ; 1
2 2 2, (57)
a, (L+2) Q. (L+z)
or, that is the same,
Qz L
—°% <1
z (57)
Case 1, Q‘z) Lz <l
2
L 1+8 L
IR ° (58a)

2 2 2 2
Qo (L+2Z) Q. (L+2)
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Case 2, 2
Q L/zZ>1:

L <, — (58b)
2 2~ e~ o
Q" (L+Z2) Q" (L+Z)
o) o
In either case, at the minimum permissible value of n,3» One has N22 = M3 and n=1,

At the maximum permissible value of n,y» one has

1
Case L: 23 ™ M3z 07 @ 1.
1.0 (59a)
Z
Case 2: Ny, = @ n= (59b)

Thus one will see that any value of n greater than 1l is realizable in Case 2, but there
is an upper limit of n to be realizable in Case 1, '

This network is suitable for the case n>l, Slé L/ Z >1, because it is then always
realizable,

If one replaces the 7 -type Brune section by a T~type one, the condition Qi L/ Z§ 1
should be replaced by

2
(n=1)" < . .
X (60)
n
and Eq. (59a) by
1
Tmax ¢ - (n-1)
’ - {61)
nC Z
0
It nx is greater than n, the value of nis permissible, but if the contrary, not. Thus
only those values of n that satisfy
n>1+ COL {62)

are permissible.

The above reasoning is based on the assumption M2 = M3 F 0, and consegquently

the restrictions mentioned may be changed by introducing positive values of 12 and 30

IX. Network (V)

This network is shown in Fig. 4 (V). Its equivalent network has parameters of the

values:
z - N33
11 "337 13
2
c - 2 (63b)

N33
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Qz= 1
(=]

(63c)
M23%23

Lp . M3 (3™ * ipms) (63d)
M

From the ab.ove relations one has

My n -nz)
M23 M1 M33 " M3

2
_ 1+C Z _ n
M1T O s 33T _13

Z C° (64)

M2 M3 n-1-C 2z

23

It is necessary that ,
n>1+ coz (65)

in order to give positive values of N2, M3 and N3
F] .

The equations (63a), (63b) and (63d) are satisfied by Eq. (64) and the only
equation is Eq. (63c) left for examination. Sinéce
n *n
“;Z = m23b23 " 2_23.__
[nl
it follows that 9 may be made arbitrarily small by choosing a small value oi T‘ZS’ or
may be made a.rbirtarily large by choosing a small value of lnl, that is, MNe 3 "Ze =
N3¢ =: 0. Thus the only restriction is the inequality (65), The location of transmission
zeros has no concern on the realizability of the network, This network is sutiable for
comparatively large values of n,

(66)

X. Network (VI)

This network has the form Fig. 4 (VI). The values of the parameters of the equivalent
network are:

Y=gs - % (672)
“122
Co = ok (67b)
22 ’
Q% - 1 (67¢)
° 2= m23) 633-853)

L Moy G22=6,2)
- 22 5337 523 (674)

_2
M 33 (33 = 35




PIBMRI-1038-62 26

Put the first and the second of these relations into the last, it may be easily seen that

L
M

For a given value of n, Qo can be made smallest with MNe = 0 and ny3 = 0,

2 l1-n
€0 min “ 1 + C Z

(69)

On the other hand, Qi can be made as large as required, regardless of other require-

ments. Thus

e — (70)
14C_2
or, o
L1
Mol <2k (10')

One may choose MNe and n,3 80 small that the inequality (70') is quit* near to the
equality., Then M- L?. can be made greater than Z, but cannot, of course, be made

greater than Z + l—

C
Ikeno loop hal the restriction M- L, < Z so that this network (VI) has a bit

broader range of realizsbility than Ikeno's.
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XI. Concluding Remarks

. Selection of the networks (I)-(VI)
Chapters V-X makes it possible to adopt one of them, according as n = L‘Z/M is

greater or smaller thanl + COZ.
(iyn>1+ CO‘Z
Here the networks (II), (IV) and (V) may be of use.
(ii)n<l + COZ.
Here network (lII) fits the best. If n<l, networks (I) and (VI) may also be of use;
network (VI) has the restriction M - L2 <Z+ CL’ network (I) has the restriction
M- LZ <Z; the latter restriction is the same a$ those for Ikeno' s and Saito's sections

Thus it is always possible to find a distributed equivalent of any Brune section
accompanied by any line in cascade. The realized network may be one of the six net-
works described in chapters V-X. They are made of a three-wire line in a shield, with
input and output terminals on opposite ends of the line, This is good for making cascade
connections,

The writer is grateful to Prof. D.C. Youla of his suggestion that there may exist
distributed sections that may be equivalent to Brune or type C sections, even with same

connections,
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