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. N ABSTRACT by !

’

, - This report considers a class of two varfable rﬁactance net-
; - works. of the type symetrical Tattice and bridged-T. In the case of .
'K symmetrical lattice it is shown'that it 4s. possible to have constant
-resisténce symmetrical lattice in two variable provided the impedsnces
are functfons of both the variables, fn the case of bridged-T networks

it 1s not possible to have the constant .resistante property in two

variables, However, a special subclass of bridged-T-networks constitute
' 8 constant résistance network in single varfable only when the other

varisble 1s made equal to unity, L
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PART I
INTRODUCTION

L1 GeneraL O

1

‘Linear, 'Iumped.; finite, passive networks !‘nay be completely

charactertized by 'rational functions of the complex frequency var1ab'|e S. L
A great deal of 1iterature is avaﬂable on the properti es and real:ization

" of such network functions [1]. However, if we allow the network to in-

"

clude dis;ributed elements as well as T;nnped elements, the network func-

tions are in general no longer, rational in s.- Such mixed Jumped-distri-

'

butedsstructures are highly desirable as may be seen from the following -

¢ 8

' _discussion. ' o . .
: & ' , ’
1.2 ApvaNTAGES oi= eren .Lunpen-msmtnuren STRUCTURES -

* Y
.

The following are sone of the advantages of mixed Tumped dis-

~

°

‘trtbuted networks. ‘ '
(a) In, the/ case qf mixeci lumped-dils.t"rﬂztfﬁed f\tructure allowances
may be made for thg parasitics in the terminating impedance, i.e.
the . terminations need not be purely res‘I:stive. .
"A conventional quarter-wave transfomer gives smaH or no attenu-

S

ation at the higher lparmonics. On the other hand, the mixed dis-

.

»
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. " tributed impedance transformer can be designed to have the prop- -
. ,
erties of an impedance transformer and a low pass filter. This

« property is useful where combined filtering and impedance trans-

L)

. » formation is. desirable. - R
L - . -
“ , . . . N ¥ ~

RO ’ (c) In the case of comb-line filter, lumped capacitive coupling at the

/ 1nput and output reduces the fﬂter size by elimtnating the trans-
. H f

mission hne matching. sefctioﬁ n

L]
»

d (d) In the case of cascaded unit etement ﬁ‘lters, the number of UE 5.
~ s can be reduced from (2n +I) to s 1f the cascaded Hnes are separ-
1] ' . ‘
ated by (n+1) lumped capacitors. ‘ ' -

o
b

P
. ]
L \

' 1.3 LINEAR-LUMPED-FINITE-PASSIVE NETWORKS

The drivfﬁg point immittance functions for netwérks consisting

of lumped, linear, ‘finite, passive, bilateral elements may be expressed
’ ~

as rational functions of the complex frequency vgriables, that is,-they

may be written as:

LN a 5. a .
2(s) - 2s) __a,g Y83 e e MUF R 720

u/)’ ) - q(S) b S L b Sm 1 s s« ® o: bm_'ls 1— hm
. o
and can be put in the form - ° . -
a e R
‘ . 0 (s-z)s-2a). . .. . (s - % < _
O R N | e A e ) ;- nl 1. .. 122

'where/th'e zn's are the zeros and the pm's are the ‘p'ples of I(s) a;md the
. coefficients a;'s and by's (i=0,1,2. .).aré positive real constjants.A
" It is also noted that both p(s) and q(s) are Hurwitz polynomials, i.e.

they contain zeros only:in the closed left half df s-plane,’

By - R




< : ’ -'3~’J . .
~ & a . -. ’ ”'-o ‘ S .

A ’.J o2 On the other hand; wé can also say that only poswe real func- :
°1:10ns can be real'lzed as a LLF{P Networks ‘ P o/é

r‘ ‘..{' ) ‘.( P . ?ﬁ SN ' , - ’ .2

S s L MI}?E'B LumPED-NISTRIBUTED NET_WOBLK_S_, C ‘ e
LA ’ ~ , I

. - % ' Howeyer, as pointed oyt earlier, if ‘the network conslsts ‘of dls—

trjhuted elements as well as lumped elqnents, lt?drivlng polnt 1nm1ttance :

.U " need not be-a ratlonal function o& S, ‘v _2 o '

. " » "' o' The real‘lzation methods available in the)umped network theory ) ;

R 3 J" o ’are not directly appllcable in mlxed distri buted case due to the \transcend-' ;

——ental “nature ‘of the netwdrk functions . ¢

Two dlfferent approaches are- followed to solve the realizat‘lon
T %e
problem of ' thesé-mixed lumped distri buted networks. One of them directly

< \ . .~ deals with the transcendental functions whlch are termed’ as the“slngle var-

1al>le appr*oa‘ch In the other approach the transcendental functlons ‘of' s )/

v
_‘ L e e are converted into polynomial functions of seves;al varlables p.' This is

P called the multivar'lable approach. This 1s 1llustrated by the following
% s E .’ 3 / i {
example.” ° , -8 . .

FETR AR 2 PP
,

Let us tonsider the network shown in Fig. 1.4-A, Thls network

[ 4
llnes (un1t elements) -

&

L

-‘ /
;E v * conslsts of resistors, capacitors -and commensurate, lossless transmission -

3

The: chaln mgtrlx of a slngle unit element is of the form , ‘

i N
¢ ' : e
A B cosh ‘s T .z, sinh st F~
\ = Q ,L 4 ¢ o s o » o L

c D -z-]—-slnh"srm cosh st
o X

ISR

4

g,y Ao 4 e
\

0

where 1t and z_ are’constants. - ] !

L)
5 -
¥




g, W N i =

- 4- ' >

Now the ov_werall /ABCD parameters of the network becomes:

B Ryl  |cosh st z,sinh st 1 0]-fcosh st zos1nh sT|p
ol os 1] |- .stnhsc coshst| |SC,3]| |1 sinh st cosh st
P 1 z
o . . o
10 1 0], .
. ] s & s 0 . ¢ e N 2 s 1:4"2
EA R, 1 , P
| . * . : SN
The input impedance at points X - X'_ s, .
_ A . ) .
in = T Col t
1{(1+s% . tanh®st-z2c3+ 3z9c;stanh st + 2/R;-zotanh st T~

~
Now by defining

and substituting thekew variables P and' p, in (1.47‘2) we have -~
. *

— - . r
A R ] L ZoPz| [1 0O 1. 1 Zop,
¢c. of (o 1{ Nr-pF |po 1 sc; 1| {113

(1- tanh‘sr)(ucis’tanh sT + c;s'canhz st + 2C15 + 20C1,
-Ra
£:——‘—"53'tam!'l’%ﬂr tanh2st + 'I)+R (zoc?s tanh ST ° + c,stanh’s«r + ZCqS
R, 0
stanh s7 + 2/20 tanh st + 1/R, tani¥st + 'I/Rz)

& * ¢,
.
rJ‘ -
. . .

+ 2 stanh st 2/2o"tanh sg;+ 1/R; tanh?st + 1/R;) ) u1§

-

M SRy SR

.

“ py = s and p, = tanhgst ve e .V RN Y2

. L2e

:oooon..to-c"-a'--0]-4'5
SC:'I- 1/R2 1 . g '
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i ) Fig. 1.4-1 ~ _
) Network consists of resistors, capacitors and commengurate lossless
® . transmission lines. )
L 4 ! . . ‘
S .. '
N \
. 7 @ , tf_ ' ‘,.‘ '
C. by 1 a : L, . )
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e Typical sections for two variable reactance function. .. -
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also (1.4-3)can be put in terms of new variables P and pé as
. | . .

S
»
1]

\

L AL L xRz - i
Zin’ C' 'l_p2 .‘ Z“ P ] L R Y R ] o‘; . ]:46
. 2 . ' .
. The X and Z in 1.4-6'are given by : i

-

. ﬂ o, . |
¥ = 1+ p}phzhici + 3zgcipipat R, " ZoPat _E_ﬁ_:_g_ PR +pr + 1., 1.4-7
and , I .

" NP 29Cy " 1 ‘ ’
Z = zocipapft cipipst 26ipst SF piopot %‘Pz t Pt %—2- 1.4-8

We notice here that 1t'has’ betm possible to express the fnput impedance as
a ratfonal function of'the.two variables p]—and Py This approach may be
extended to interconnections of non-commensurate. transmission lines also.

Common examples of circuits conta1n1ng both Tumped and distribu-

ted elements are networks containing sem1conductor elements and transm1ss1on'

1ines or wave guides or indeed networks 'of transnﬂssion lines alone where

lumped discontinuities inevitably occur.
g -

1,5 DeFInNITIONS -

s o «
_ Some accepted definftions of multivariable network functions
‘ ‘ .

are given below [2].

N * -~

Definition ] . ST T S

—————— '

-

R A T IR

LA rationa] function F(bl’ Ppe v o p‘J of n coﬁpiex variables -

Pyo Pos v v s p 1s called a Multivariable Positive Rﬂal Funct1on (MPRF)

s,

when the fo110w1ng:t§hdit10ns are satisf1ed' ‘ . s
1) F(?], Pps + v o p,) is a real function of pys b, . . ""Pn)

PR

sl it
VAR



. 1 7
: and -] . 3

i1) Re F(p], ”2 . ; . pﬁ) > Q in the Qo1ydom51:;ﬂep1 > 0 .

where 21,2, 0. 00N

L]

\ggip_jtion 2 ’ ’
T A rat1ona1 function F(pl. Pp> ¢ o pn) is called a Multivariable

Reactance Function (MRF) when the fol1ow1ng conditfons are satisfied.

1)‘F(p‘l. p2 A pn) 15 aﬂ MPRFI

.and / : ‘ X
. fj) ié?" g vw oo By) Flepys Py e v ehp)
- b | B
Def1n1t1on 3, o ' ' T

o L
o 1 : A polynomial of n-complex var1dbles p], pz, voe e pn is cal!ed

a mu1t1var1ab1e Hurwitz polynomial fn the narrow sense (MHPN) 3f 1t has no- .

- .;gros fn~the regions: , D e

(Refy >0, . Repyy > 0, Repy 30, RePyyy > 0o + . . ReP, > 0,

N
1
)

" for a1l 4(1:¢ 14 n) | o S

)

Definition 4

—-—-——-————

\

A polynom1a1 of n-complex var1ab1es p1. p2 v e Py s called
Mu}t1var1ab13 Hurwitz Po1ynom151 in the broad sense JMHPB) 1f it has no

~ zeros in-the open polydomain Re p1 >0, and 1f those zeros for Rep = 0 are

¢ simple.” *
A
L RO 8 S
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~ 1,6 SoME SIMILARITIES AND DIssinILARITIES BETWEEN SRF's ‘AND

MRF’s [3] : .

y . % o
In Sectfon 1.5 some definftions of multivariable reactance func--

tions has been given. We observe the following similarities and dissimil-

arities between the above definitions and the definition of a single var-

"{able ﬁeactance conv?rs1on and these have been very well discussed, [3]

In particular*(& can easily be seen that these’ def1n1t1ons are
analogous ‘to the def1n1tions of similar flinctions 1n the s1ngle variable
case. Hence, these definitions can be considered as logical extensions of
those 1n the s1ng1e variable case, '

It 1s also known that a reactance fUnct1on of a single variable

(SRF) can aTways be synthes1zed using @ minimum number of elements. This

number 1s equal to the aorder of the function. These different canonic

structures are due to Foster [1], Cauer [17, Lee [1, 5]. Kida [6], Rama-

chandrqn and Swamy [7]. "This however, may not-be true in the case of two

varfable reactance functions (TRF),

w " In general, the two variabhle reactance functions require efther ‘

fdeal transformers or passive fdeal gyrators for their rea?izat1on [8, 9].

However, scme work has been done regarding the real}zations of some classes

- of TRF's without transformers or gyrators 2, 10, 11]

lt has been shown that there exist a c1ass'of TRF's which can be
decomposed fnto a sum of two s1ng1e variable reactance functions [12, 13, |
14, 15]. Spncifically. conditions have been obtained to decompose Z (p]. pz)
as the sum of 21(p|) and Zz(pz) where 21(p1) 1s a single varfable reactance

function 1n p; and Zz(pz) is a single variablé reactance function 1in Po.

PR
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1.7 Scope OF THE REPORT - - 5&@

" tice and bridged-T network structures. These structures have not been

Each function can be realized by the known methods of a_single variaﬁle reac-

- tance function. . .t

Also necessary and .uff1éient cond1t1ons have bpen obta1ned |
for the realization of TRF's 1n a form simflar to the Foster form cons1st-
ing of one element of variable p, (an- 1nductor or a capac1tor). and the
other element of var1ab1e P (a capacitor or inductor) [10], and a typical - ]

section is as shown in Fig. 1.2: For this type of realization, it s -shown

that 1f the Foster form exists, other forms similar to the single variable
canonic 5tructures exist, In ¥ddition, 1t 1s also known that 1f one form

exists, the othe;;fanm need not exist [16]., Hence, in the case of two-

9.

¢

varfable reactance functions, 1t 15 worthwhile to consider specific sirut- ’

tures and their properties. oo

N
o RN A DT SR Sy T DB N o = N

| .
This report studies the cases of two variable symmetrical lat-

examined 1n the 11terature 50 far to the author's knowTedge, Pnft 11
discusses symmetrical lattice in two variables. Part III discusses Br1dged-T

networks, and Part IV discusses the conclusion arising from this report.

-

o
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P C \PART IT
" THO VARIABLE SYMMETRICAL LATTICE REACTANCE ‘NETWORKS

1

2.1 INTRODUCTION B

As st:ted earlier, we shall consider two variable symﬁétricala
lattice reactance networks in this chapter. Fig. 2.1-1 shows a symmetri-
cal Tattice network where-the branch impedances z, and z, are'reacthnce
functions of Py and Py First, we shall consider that any impedance con-
‘ tgins one element of one v£f1qg1e only. T étho poésib111t1ef afising

out of the above constraint 1s shokn 1n Fig,>

2.2 PROPERTIES OF SYMMETRICAL LATTICE IN TWO VARIABLES
. /.

&

Here the propértfes of the symmetrical litt1ce will be examined.
- For the network shown 1anig. 2.1-1," the open circuit impedance functions
are: ,K,V/ ‘ / I ‘
Zusdprs P2) = Zaa(py, p2) = %’(Za + 26) P 2.2»1- 
al'ld - S @ - . .
Zia(pas o) = {2y =2,) e ee e e 2222

: \
. Also, the short circuit admittance funptions are:

10 -

\




- A Bymmetrical Lattice Network

(The impedances za and 2y ars reactance functions of eithor
P, or p,) .

1

s?'-,a'b{' ‘/

m“
57




Fig. 2.1-2

&

Symmetrical Lattice in 'I'wo Variables - vhen each :hnpedo.nce is the
Ny function one variable,




- 13I.

T

I
Il

. S ol | s
Yia(prs p2) = Yzz(Px_sz) = Tz,° 7, (,Zﬁ PRl 22

i

- ) . N ’1 - ‘ . . ( N
YlZ(p]’, pz)i,: zza . zb (za - Zb) D L 2',2-4

rqg !

The different possib111t1es of z, and z, containing one element.of one var-

1able_only, and the corresponding 7 parameters-with structure§ are
.shown in Table 2.2-1 | . . "7

In these networks if we put Py =] or P, = 1 there result a gen-
eral RL or RC network in a single variable either in py or p2 However,
after putting P = 1 (or Pp = 1) and considering only one type of rea;t1ve
elemen; in the other variable‘(say.om'y capacitance or inductance) there
résult two element kind network functions. c @

v Uti14zing the technique of putting one of fhé'variables dqua’

. to unity at a time and examining’the properties of' the resulting networks,

we can c1d,ssify the»above‘ netyvorké (shown 1n Tab]e 2.2-1)as fqﬂdws:,

1) Type SL] : The network consisting of P type capacitors

.. and Py type_inductors. In this category if

: . T we put e 1 the resulting network 1s RL type
' whereas if Py = 1 the resulting network 1s Re-

type.

3 i

~{1) Type SL?_: The network consisting of P ty"pe {nductors and
Py type éapaciporsu In this category if Py ® 1
the résu]ting network {s Rc type and if 'pz =1

the resulting network {s of RL type.

)

Beledper o e
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K '«;\ 1i1) Typc\'a:l.B.

- rd
¢

\,

. iv) fype‘SLq:
T

. L

-7 ; N

The network consisting of ca'pacitofr's of the /type Py
g

and pz" In this category if Py " 1 or p2‘= 1 the

N ' f
resulting network 1s Rc type.

! ¢
The network consisting of inductors of VthEJ type Py
and p,. In this category if p, =1 orp; =1, the
2 , 1 0 2

resu]t‘ing network is of the RL type,
A

- \ °
FEPEEN
N ”

\ _ & pAs already noted, these four:\types\.of networks with their Z para-

’

-

.symmetrical lattice networks can bé aobserved:

“and 1ie on the -ve real axis of the variable
e

1) The zeros ??‘zn e\md 793

mef\:ers are shown in Table 2.2-I. Some general properties of the above

¥

I

1) The poles of z matrix (y-matrix)_with pyorp, = 1¥shall be simp1é‘

\ 3

- pectively. o A '
~ . .
' ‘* . ' » o B
- 111) None of these networks with Py = 1or Py = 1 can give a const’%nt\ .
\/ . - o — ' ~
-~ resistance network in the single variable,
¢
v ‘ : é ma , e
2,3 CONSTANT, RESISTANCE SYMMETRICAL LAFTICE
SR . N .
ol . .
T : Ti1l now we have discussed the lattice network without any term-
' 2 .
ination. In this section we shall study the symmetrical 13tt1ce termina--
ted in a one ohm (1.0 Q) load as shown in Fig. 2.3-1.
W

We know fromt analysis that" the input impedance 1s equal to one
ohm (1.0 Q) if -

\ “ v

.
[ U S

Py 0L Py respectively.

EH and yzz) with py or p'l2 -1 shaﬂ/—bN

“simple and 11e on the -ve real axis quthe variable P, OF Py res-

s e s

2" G e
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v

\ . . )
. s \

Iz - f(p]) and zp = g(p,) the above concition cannot be satisfied. This

means that; the existence of a constant-rcsistance symmetrical Tattice in
two variables is not possible, when any rranch fmpedancg'is a function of
one of the variables only, while the otter branch 1§~a function pf the
other variable only. _However, constént reﬁ?staﬁce symetrical lattice
network i{s possible when any branch 1mpedance‘1s a function of -both var-

fables, as can be seen from the example. )

- Example - \If

= 1 : -
z‘ | a1p1+ azpz . » L ] [ ] L] ] » L[] L] " -t 2.362

¢ ]

.

and .
Zb- (a1p1'+a2p2) !‘ L "l * *» 0 v 2-3?3

The corresponding network is shown in Fig. 2,3-2,.  Since there are a large

ﬁumber of networks possible no attempt is made to exhaust all possibilities.

K

2.4 SyNTHESIS OF A SYMMETRICAL LATTICE WHERE ONE ARM CONTAINS,
. ONE ELEMENT IN Py, ONLY ANB OTHER ARM CONTAINS ONE
“ELEMENTZ'IN P, ONLY

q

The foregoing discussion enables us to og;ain the conditions
¢!

under which a symetrical lattice network can be synthesized.

Putt1n91p1 =1 or Py ™ 1 the fo¥lowing shall be satisfied:

m

Tope SLy: The conditions to be satisfied are:
1) Zilpay 1) s Zp (py) of the fom Lo

“zum, ) - Xy

| . 1 =

-
et o S e RTR on EA SGNNS 2
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44) 2y (15 p2) 15 Zp (p2) of the form

zz?(]. Pr) =kt kp . . '

3

\, ’ and the poles and zeros of—i,;(p,, 1 and Z;,(1, p2) shall be

the same. .

A

B

A1) z12(P1- 1) shall have zeros of transmission on the pos1t1§ef~

real axis and these shall be the same ds the zeroslhf.212(1. bé).

-

. -
Z\\; - Type SL,: The conditions are: N
. | 1) Zyy(pas 1) s Zp (p1) of the form « 3
Zyn(pys 1) = Kq ot ._‘I " ' “
by . Ly . - ) :
"~ 41) 21 (1pa) 1 Zp (p2) of the form - -
, K, . -
211 (1, p2) iy ke ) -
and,” the poles and-zeros of Ziy(py, 1) and Zii(T, pz) shall be the
same. T ,
] . 2
T{11) Z;a(p;. 1) shall have zeros of transmission on the positiVa
real ax1s and these shall be the same as the zeros of 212(1. P2). :» .
\
. ‘ ‘.
~ Type S, 1) Zy(pay 1) 18 2, (py) of the form
S
S) Zia(pay 1) = E%L + K20
. L : o
//1/1)'l Z;i(l.‘pz) is ZRc(p’) of the form ~f‘““~ i .
- . . ’ k .
Zya (0, pa) = Kyot kao/P2 b
- : ’ "
B L
' o ———— o - -
~ ¥ ﬁ 1‘, & » G e"s,«;kfé"r - w
8 i “’§'1 } AR ¢ ’, B .
V‘r” l v l'j j’s‘ Ry ey ,

.
- . > .
R e T R B BRI
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. ) . '
1it) le(p,. 1) shall have ieros of:trinsﬁiss1on ofi the positive
r1al 2xis on b plane, :
\ , )
| iy} 212(1. Pz) shall have zeros of traqsmiss1on on the positive real

uxis'on Py plane and shall be the reciprocal of the zeros of 212(p1. 1)

v

- - iype SL4: The conditions for this type of network is as fo1low§:
“ e ) ' o

R S o c Znpaa 1) %Ki pa * ke

1) 21,81, pa) 15 Zp (pa) of the form.

Z11(1, p2) * Kiw "" K2e P2

<

i1) °212(91' 1)'sha1{ have zeros of tr{nsmission on the positive

]

real axis cm‘t;héﬂp,1 plane. \

<

¥

. 1y) 212(1;,p}) shall also have zeros of transm1s516n on the posi-

tive real axis on the Py plane and shall be the reciprocal of the zeros u

of Zyplpys 1) : A
Hence when the specifications are given to realize z,1(p1. Pp)
4and Ziz(p1. pz) which satisfies any one set of the conditions given 1n
tyﬁésvigliU:Lz. SLg and Sﬁd. they can be synthesizéd using single vartable
techniques [1], and Feplacing the resistance by Inductance or capacitance

P s \ i ¢
as given below: - ‘ s
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Type SLy: 1) If Zyy(pys 1) 1s made use of, R s replaceu by the .
| -ance in Py, «

A It 211(1. Pz) 1s made use of, R 1s raplaced by the cupoi -

v

tance in b1 plane,

. . ’ ‘ Q N
Type SL,: 1) 1t 211(91' 1) s made use of, R is replaced by capacitance .
in p, plane. \ ' . N 0

11) If‘21‘(1. pz) 1s madeuuse of, R 1s replaced by the induct-

ance in Py plane,

/
-

Type SLq: 1) If 2,00, Pp) oriz11(p1. 1) 1s ma&e use.of. R 1s'rep1aced .

by capacitance in Py OF Py plane.respectively.

Type SL,: 1)1t 0, Pp) or 211(p1. 15 is made use of, R s replaced

byfindQctance in Py Or Py plane respectively.

< -
a ) 2

, S
2,5 SynTHESIS OF A CLASS OF TWo-VARIABLE SYMMETRICAL LATTICE .

Fromlfhe foregoing discussion, 1t can be observed that a class
\ ' b )
of two variable symmetrical lattice can also be realized following the. same // "

te;hn1que. The conditions are as given below:

Type SL1: The conditions ¢o be satisfied -are:
1) Z31(pys 1) 15 Zp.(py) of the fom

Ky Ko

"‘lri'....l:...Z.S-]

I1(p1sl) = Kao +ZW

{
L]
EE e AN L gasealiirt
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11) Z]1~(1. pz)'1s ZhL(pZE of tbe form

) Kipy™ ’
21](] .pz) - |(°Jp2+§"‘1'-‘g'— + K LY T T TR N B ) 2.5"2
- Py + 0y 0 .
~

The poles and zeros of 211(b1.1) and 21](1.p2) shall be the same,

11) 212(p1,1) expanded in partial fraction shall have the

® same residue as the residue of 212(1.p2). f.e, -
o COCPN Oh " -
. .\ _ 0 & o.p
Zy(pqe1) EPH’ pr Gt e T ., 2:5-3
. 1773 1" Yk 1
and
o 8.p N -
(. V%P2 N EkPp , _
212(1|p2) sz "‘OJ Epz + Uk taw pat %lc. 4' " e ses * n‘ 205 4
Lo PE SL,: The conditions are: ’
| \ 1) 2Z33(pys1) 15 Zp (py) of the form
: | " Koy
M1
211 (pyd). = Koby# 29 v *Fo - B 2555
, 1) Zy,114p,) is ZRC(pZ) zf the fo:m B
q i 0 -
F',J Z]]“',pz)} &"'zpz‘*q + |'32 [ A LI B ] 205 6

And the poles and zeros of Zi1(p1.1) and 211(1.p2) sﬁa11 be the same.

oY) 212(pT.1) expanded in partial fraction egpansion shall

have the same residues as the residues o 212(1'p2)' i.e.

p Py
212/(p]‘.1) L ﬂ—l"’ - k ] -4 ump] o ¢ 2:5"7

b ' Py +g ok
: and:

”

At
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‘TYPE SL.: The conditions are: ~ N
LA T . . )

- v

1) 2,1(pu1) 15 Zy,(py) of the fori:

K ‘ 1
- l(.l.ﬂ. 1 -
Y . 211(p'|’1) pl +Z pl + 01 + Kzo e 6 4 0 e 4 0 & o 2.5 9

J

11) 211(1,p2) is also ch(Pz) of the form

»

2 (1p,) Kot ) 4 K0 2,510
‘I‘ Ip2 1°+ p2+01 pzlnttco‘.oooo

114) 212(p1.1) expanded in partial frhction.exp&nsién shall “‘\

have the same residues as the residues of 212(1.p2). i.e.°

e

Za o * 1) = fogpt —210 4 " - Vi( . ' 2.5-1M
12 p‘l. . 20 p1 P2 ¥ a\-j p! +°k¢ s o s a o ae Lo
and ' s

: z Qa ; v, \
- azo . - k -
112(1'p2) : p2 1010"' EJ’Tq p] +c s o &+ ¥ » 4 s a 205 11

shall be the reciprocaltof the zeros of 212(P-1).

A}

TYPE SL4: The condition for -this type of network 1s-as follows: _-.

w

1) 211(p],1) is ZRL(p1) of the form

) LI ’ 2.1
z“"(p"']) &p‘l - *- Pl +o1 "'. 200 ¢ ¢ ¢ o« 8 o 3 o @ ‘-

1) 2y3(Lpy) 15 Zy (py) of ‘the form

25 (1ap,) ¥ ke g Y12 . | C.. 2,513
1] ,.p2 w ¥ p2 +01 ""KZQ pz * 8 & & 3 8 8 s -

111)  Z,5(p,1) expanded in partial fraction expansion shall
have the same\yesidues as the residues of 212(1.p2). i,e.
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a
a zJﬁ-——nq......".zs_]q_
-lwp]

Z]z(Pp” " Py 0

and ayP,

Z]é(lgpg) b Gloopz "ala‘?'!'Z’%z_ng' C e 9 e e 2 5«15

the forms of Zi] and L), are given tn Table 2.5-1I.

In a1l the above cases, we can determine Zb and zZ, by (2.2-1)
and (2.2-2) with the condition that 212 is realizable with‘ln 2 multipli-
cative constant which is determined by making Zb and Z phys1ca11_y real-
{zable. It should also be noted that types SLf and SL2 can realize con-
' stant-res1stance networks. Types SL3 and SL4 cannot realize constant

resi stance networks.

- Example: ’ T »

s

(p p)-[1+322‘2+4~"'8 '2"'1.6 +5pf +8 2]
| AL p1 +8pt p2 +4py +8p, P, +3CPp1Py +IOPyP,

and , > .
: [ (1 +ap} +8p,p; +16p} p, +3p} - 8 p} ]
Ziplp s p) [p1+PPz+P +Bprp2 +3ZpTp2 +16pIpa.
using synthesis 'technique developediearlier we gef; the network as shown

in r}g. 2.6-1.

[} . e
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' Fig. 2,61 i | )

- ’ N e .
* - . Constant Resistance Symetrica'l/ of the Example Problem, _ -
' / ' oo




2.7 SuMMARY AND DISCUSSIONS .

- From the study of symetrical lattice in two variables it can

easily be concluded that when z, and z, are funcﬂonépf one variable

; a
'on'ly." uﬂmot constitute a constant resistance ‘network, Howes"er, if

they are functions of both variables, it can constitute ¥ constant resist-

¢ 3

ance symmetrical ‘lattice. ‘ i

For the purpose of this report this class of Jattice has been

divided into four éategories‘. their properties and synthesis discussed

separately.

If z'l'l and Z]2 are given, if they meet the cond'ltions set for

the type SL.,, they will also meet the conditions set for SL2 but for a
phase reversal. But if the given specifications meet the conditions set

for sL, or Slss then they will not meet.any other set of specifications.

v e
’

v i , C .




‘that any,impédance to be a function ofkeither-p¥~or.p2 onl&. The differ-

- (111) two impedances of Py and two impedances of Py

- 2,2 .ProperTIES OF PRIDGED-T NETWORK IN Two VAR1ABLES

| ,oPTID S
TWO VARIABLE BRIDGED-T REACTANCE NETHORKS

¢

2.1 INTRODUCTION

¢

9

Asqstated earlier, we shall consider two variable bridged-T

’,reactance networks in this chapter, Fig.3.1-1 shows a bridge-T network
. ). ot [}

. where the impedances Z];\Zz, Z3 and Z4 are reaqtance functions of Py and

Py- _There are a number of‘ho§s1bilit1es.‘ However, we shall consider
: . , Vam
ent possibilities arising out of the above comstraint are shown in Table
3.1-1.  As can be séeﬁ. there. are@nly three main categories:
(1) three 1mpedance§ of P and one'impedance of Py
J’ .

(14) three 1mpedancgs of p, and one impedance of.p,

) -
. \ ; ' > / ?
In the above three categories, if we put P ® 1 or P, = 1 pheﬁg results

[4

ca §epera1 R-L-C network in a 51ng1é variable either in Py .OF %ﬁ p]f;‘

However, after putting p, = 1{or p, = 1) and considering only one type
il ] :2

.of reactive element in the other variable (capacftances or inductances), -’

there results two-element:kind network.

&

Héfe the properties of'the bridged-T network wil] be*exanmiined.

- )

I - P
: :
.
30 - ‘
0 . , ,
.
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Typical ‘Bridged~-T Network in ‘I‘;:o“Va.ria.bles.

" (The .impedahces 7

¥ Fig. 341
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and‘\zh are reactance functions of..
. elther py or p,) '

°
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o : 2a(p1) = 2u(p2)
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| mslpa) -
M Y e |
il i ) !L-—J
‘, ) o n(e) 22(p1)
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I

v2(p2)

z4(py)

R~ U o UK. oo

) e AN
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Table 3.1-1 *ﬂ
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' Table 3.1-1 . ‘. e
. , ¥
Total Possible Ceses of Bridged-T Networks in Two Variables, -
When each Impidance is the function of one variable .
only, . -
“ / , \
“! ' *
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The network is shown in’the previous section in Fig, 3%7. The ¢orrespond-

s W0 Zyye Zgpe Zyp and ¥yqu Ypp ¥ypy are: .
‘ L 212342129 42124 b ZyZp % Ta2y .
le(pl' Pa) . le 27 + 23 4 P I T T S T B WA 3‘02 ]

22214222 342,21 +2422 + 242y e e e 322,

Z2a{p1s P2) = 2y 47 2 /

- {Zq11+z.u23+2“13+2122) - A ™Y
Zy+23+2)

Zia(pyy pa) =

“ Y

Vi (pyy pa) = YAYZHVAYY VWAt VaVa ey

Yy+Yat¥y T S S R 3.2.“

Yyalpu pa) s vy tyaaryayuhyawal T L L, 3,246

Yit YatYu Lo : ,
and . o o
) LYY tYaYa h YWt Yaya t V¥ ) - ;
. vu(Pl. pz) - . y‘ +ya+yk [ ] nli L I T | »‘ [ ) 3-2 6
In these expressions, when we put Py » 1 and/or Pp ™ 1 ﬁhara results two
v L

types of bridged-T networks, namely: .

1) two element type (types B} and Bz) cons1st1hg of two elements
RL or RC ‘ S
T \
i1) three element type (type B,) consisting of all the three elements

R, L and C, 9

)

N,

Y
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J 3.3 ProperTiEs oF PRIDGED-T NETWORKS 0F TYPE Py AND By -
.o 7 ' : " ——

é The existence of these networks depends upon the nature of the
%l reactanc;s used, They can be obtained as following:
. /
{
§ (1)  Type Byt The network consisting of M type ®tapacitors and p,
. SRS ‘ type inductors. In this category, 1f\p1 a 1 the ,
i resulting network 1s R-L" type, whereas if pé LI

' ' the network 1s RC type; ”

S

reag

-

(1) Type'B?: The network consisting of M type inductors and Py
A . W .
type capacitors. In this category of Py 1 the result-
ina is RC tybe and ‘if Py 1 the resulting network 1is

of RL type. Al the possible ngtworks are gnown in (
Table 3,2-1, ’ : S

sy

Some general groperiies qf such bridged-T networks (Type By and Bz) can
< *  be observed: |

(1) The poles of the,7 matrix (y mtrix) with Py Or Py * 1 shall, be

«"§1mp1e and 11e on the negative real axis of the variable Py OF

-

] Py respective]y‘ , v
- ) ! ‘
]
. (11) The zeros of the 2110 Zpge Yyy and Yy, with py or p, = 1‘sha11
E N be simple and/11e on the negative real ‘axis of the variable Py -
{ or py raspectively, ’ ‘

~{1iT) ’yone of these networks !!: have traqsm1ssion zeros on the Amaginary

axis or right of p1 or p2 plnne when the other variab\e is made ~
equal to unity. S
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v

(iv) None of these netwarks with Py * 1 or py = 1 can give a constant

resistance network, §

§ A | 2.1t PRoPERTIES OF RRIDGED-T NETWORK MHOSE 71](P],])ANb
L 7]1(1,P2) PRe PostTivE REAL FUNCTIONS ~

In the previous section the properties of the bridged-T network
) ’ are discussed when z]](p].l) and 111(1.p2) are two element kind functions,
Here the properties of the Bridged-T network (Type 33) will be discussed

&

when z“(p‘.l) and 1‘1(1.p2) are Positive real functions,

Contrary to the previous case, here by putﬁiﬁg " 1 or Py * 1°
we get only RLC naetworks and as a consequence m and 2,5 are positive
real functions in the yariable which is not but equa) to unity. ‘

Some genaral properties of such functions can be written as:

W e e——— 4 At A

i) The poles of 2 and 25, With Py Or Py equﬁi unity, shall e .
§ on the left half plane of the variable Py OF Iy respactively.

1)~ The zeros of 2)7 and 2,5 With py or p, equal to unity shall e
on the left hatf pldhe of the variable pé or Py respectively,

/

1i1) None of these natworks can have transmission zeros on the imaginary

axis as in the éight half of Py OF Py plane when the other variable

2
H

| 1

is made equal to untty,

s
R

i - {v) Some of the networks can be made constant resistance networks
' by a sultable choice of the different elements.

For the purpose of this report, only the natworks which yield constant

S A v e s R

W bt i




e g o ot

n et i i et e M

resistance networks wﬂ,\ be discussed further, Table 3.3-I gives the

possjple constant resistance networks ‘of the Bridged-T,

3.5 PROPERTIES OF BRIDGED-T NETWORKS RESULTING IN SINGLE .
VARIABLE CONSTANT RESISTANCE NETWORKS™

8

These types of bridged-T networks can be synthesized using the

synthesis techniques: available for single variable cokstant resistance -
networks [1]. Here the conditions under which a two variable reactance

function can be synthesized using such bridged-T networks are [1],

¥

- 2 - 2 ,
[z““(p1'1)- - -212(p‘|‘)] L Constiﬂto .t LRI + 4 e 3»3;‘

or .

"2 - 2 ‘ .
[211(‘|p2)- - I 21'2“.P28 » const.ant. L L A A 13-3‘2

The synthesis procedure is as follows:

1) Depending on (3.3-1) or (3.3-2) being satisfied, synthesize
Z(ppl) or Z(I.pz) which s terminated by one ohm re's1stanco.\ T

11) Replace the rés_'lstang:e by appropriate capacitar;ce or inductance’
by the following test: / |
1) 1f 2,1(p,»1) has a pole at origin on plane Py» then
R will be replaced by capacitor in plane p, whose'

value 1s equal to “; farads,

11) 1t 2“(1.p2) has a pole at origir) on plane p, then
R 1s replaced by capacitor in plane Rgs Whose vn}m
is equal to 1/R farads.
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1) It Z”(p],l) %nd Z”(l,pz) does not have pole at origin in p,

ST oorpy plane than the reactance will be replaced by 1nductance'of value R

: i
in the required plane. ¢

| |
3.6 ExaMpLES |
[ ) P ' 1\ ) N .
Synthesize Lthé fo'l'low}ng given Zn(p].pz) and le(p.l.pz)* as

2 constant resistance:

v

, ; ‘v o _P2+.5p1 +apipt + pipa . T
(M) Z44(py»py) /.2pxpz+.5pf ,

anq /

. . , 2 2 - "
s +4 . . , »
Z12(Py2P) = Wp;pz+. > o : o

‘
/ , -
’

P

’ / ) : 2 27
o _P1*+.5p2 +p1p2 *+ 4pip2

<

Solution: : ,Q -

//1. Using the earller techniques developed for the synthesis
7
of constant resistance bridged-T networks, the networks corresponding
to (¥) end (2) are shown in Fig, 3.5-1 and 3.5-2 respectively,

)
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8ingle variable in "pa"
: Fig. 3.5-1

o "
Two varisble and one variable bridged-T networks of the
Example Problem 1.
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2.7 SuMmMARY AND Tscussion

From this study. it can be concluded that the two-variable
bridge-T reactance network cannot constitute a constant-resistance net-
work. However, only a s?bclass of two-variable brtdgaéT network can be-
come a constant-resistance stngle-variable bridge-T when the other var='!
iable 1s put equal to unity, The properties of the various bnidged—T

]
networks having one element in an impedance arm have beén studied,




" TART IV .
CoNCLUSION -

A

This vepert has considered the possibility-of realizing a

certain c\ass’of wwe variable synnm}rica\ lattice and bridged-T st§uc—
tures. '

et o

From the study of the symmetrical lattice it has been found that
~ when 7, And 2, are functions of one variable on]y.:the lattice cannot
constituta a constant resistance network. However, if each is.a function
of both var‘ab\es. the lattice can constitute & constant resistance net-
; work.” This class of lattice has been d¥vided into foyr qategories. napely .
SLys SLps Sk and SLy. - “\ |
' . It is shnwn in the report that the categor!es SL‘ and SL2 can
constitute ronstan, ngactance symetrical lattice in two variables but
SLs ‘and SL4 ¢annot. .
Also it is observed that 1f I and 2\2 meets the conditions

for SLi. they will meet the conditions for SLa but for phase reversal

anly. But on the other hand, if they meet the conditions set foe by  »
oo or SL‘. they will not meet any Other set of spacificatlons. “

‘ ’ _ From the study of bridged-T networks in two variah\as. it is

! - éﬁnclud&d that it cannot constitute a constant resistance network. How-
ever, only a suffclass of two variable bridged-T- networks can hecome a

constant resistance-single vaviable bridged-T when the other variable”

4

\
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“«

is made aqual to unity. Thc properths of the various bridgad—l‘ networkg
having one el ement 1n an impedance arm- have been studied and the mthod

of nalizqtion of such natworks 13 ennunciated. , \.
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