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Abstract

Synthesis of RC network means designing a network with
only RC elements in such a way that it responds in the given mann-
er. to the apvlied driving force.

But a complete theory on RC network does not exist to-
day and many englineering questions are stlll unsolved, such as,
complete characterization of all the three network functions of @«
two termlnal palr network, synthesls technique using minimum
number of elements,/methods of keeping element values within
practical limit.

The transfer function of a four terminal network is of
principal interest in the synthesis process. From the transfer
function 1t 1s possible to find out the driving point admittance
(or impednce) and transfer admittance (or impedance). The driving
point admittance or impedance may be realized physically in such
a way that the pair of terminals placed at the far end also
realiges the transfer admittance (or impedance).

From the transfer function it is possible to design
parallel ladder structure, sgymmetrical lattice, ladder or grounded
two termlnal palr networks.

The design procedure of;:wo terminal RC network 1is
quite similar to that of the LC network as were suggested by R.M.
Foster and W. Cauer., So the same methods may be followed to

deslgn an RC network from the prescribed driving point function,
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Introduction:

In network znalysis either the nstworx and tne applied
lxpulse are given znd we seek tne re:zponse, or the network and
the resoionce are glven and we ssex tiie lapulse.

Zut In n2twork syntnesis the resconse to a certain
driving forc2 1s siven and t:ie proclem consists in desizning a
network n2vinzg suca properties that it rssponcds in tlie given
wanner to the appnlied drivinsg force.

Networt eyntiresis i1s steadily assuaing increased
scientific iIntersst 2nd technlcz2l ia:ortance especially in
view of increasing needs in tne electricsl coazunication field.
The first contribution to the systszpatic syntunesis of networks
wasmnade by G. A. C2mbell (11) in .is papsr cn tue "rPuysical
Theory of the Blactric wave Filter" in the ysar 1322. safter
one yzar O. J. Zobel (73) published another pager on elsctric
wave filtzr, wnicnh was put into tie oropzr »nzirspective by R.

M. Toster (24) in nis pzper "4 geuzctaace tiheorexs" which, we can
truly 32y toucinzd off & rnodera m_twork syntaesis. Then Cauer,

Darlington (14-15) Erune (2), wWeinberg, Gewertz (25) etc, +—v e

described useful ways of syntunesizing LC and RLC networks.

But even a few yezrs bacx, RC networks were playlnga
very minor part in tie design oroblea as coxparsd to LT and
RLC networks. At oregent RC networks ars also oecoanlng of

incr=asin; ixz-ortznce 2ag the clilrcult techniques are extsnded



to very low frzguencies (suci 23 in ssrvo mechanisa) wiere
inductances of very nigsh quallity zre difficult to aaaufacture.
As a cornplete tueory of tie RC networks under con-
siperation do2s not exist todwxy, we snall restrict ourselves
to the network function wihlcii 1s usually of principal interest--
the transfer [unction, 4 .finzd as tie ratio of tune gsteady state
output voltage to input voltazs iIn tne cowaln of couwplex fre-
quency variabls, P.
Zxclusion of 1induztonces from tiie network 1lm .oses

sone restrictions uopon tne circuilt transiesr [unctlon. aAssun-

F

inz th=t 2 suit«bly rz-trict2d transfar function has been de-
slzned to meet sowe ziven ragulirecents, tue sroblea e.azins
of findinz an RC n2twork walch nas thils trunslfzr function
wnen opzeratsd betwzen & goecified senecrator zad load.
aceordin- to flalxow {18), t.e trunsfer functiion of

an RC networis ziy be rsoali~-2. pnysically in pircllel lidder,

syxzmetriczl lattice, ladder or grounded

worzs.

Differsnt wetnods of suca networizs realization were
suss2su2d by Fisalkow and Frest (12-27), 3uilleuwin (28-33),
Orcnord (43-%42), .einuery (£3-33), etc.

Heres we si:all dizcuss in detull tuz ustiicds sugses-
ted bty Zuilleuln to realize tue troacfer function 1in parzllel

1lzdcd2r (24) retworks znd tw3 azteod of Orelhard

N
5]
[S7)

ladéer (32)
for tune development of symmztric:zl lattice (48).

From tihe csecifi=-d trensfer function Gulllesin (32)
derived a nestwork havins tie fora of o set of separacte ladder

structures connz2cted in narxllel. In ordaer to r.wlize tue



network ng was coagelled to -luce two ucrs rosurictions on tae

provlemn. Tone Tirst cne wios tisot btz netucrg 1s of sinioum

was that toes e2nerztor cozulld e of zzro inuvsrnsl 1 .c2dance.

cut in winy filters and ejuallizers tne .ost luscrtant
quantity is tne »ttarnurtion of the circult 2nd nsnce tioe first
restriction Iz of nz conseguence. Tiie gecond restriction, tuat
the netw:rk‘snwuld 2 drivaen Dy 2 zererator of zero intsrnal
resistsance m2y noct T2 very eazy to attaln 2ind so 1t needs soxe
dzrree of arsroxl.ation.

In tiuae davelopniznt of R.C. n2twork Crcuard overc:zae
the above two rsioirictions ilm-osed by Juilllealn. TITuaoush the
firczt reciriction 1s not very iooort ut, w2 2bllity to depart
from tals re triztion muzes tie desoln _rocess more ganeral.
sut to ovircoue taezz ras.rictions, e nad to derive a lattice
network w.ich lixs the dlsadv.utase tiuzt 1t is Dbxlaunced witn
resgect to earthh. But the zeros of tnis nstworx anzy be anywnere
of tne P plane and tne gensrator znd vae load aave equsl resis-
tive impecencs.

In nils second net.iod, Guilleain (34) developed the RC
network into a zinzle ladder structure, from tike given transfer
function by csimply shifting the zeros of drivinz polnt function
wnlch we en21l discuss l2ter in full.

In recent avzilable literatures on RC networiks, many

of the =zuthors (3, 13, 27, 33, 47, 57, 51, &4 znd 70) discussed

the desizn protlea of parullel T resistunce capacltance network,



1

so we osnall 2lso discuss thils protlen at the =2-d.

©
w

In every synthasis aad desizn proclea, tiie nuanber
cf elexnsnts n=cessiry in tae natwort is very laomportant beczuse
that decides tue co:t of the nztwork. Flalkow has ziven a
table (18) of the nuaber of elesents necessary for different

type of nstworks to rzalize tune trinsfer function:

oy P 3
AR ST R FST

whicn is given beslow:

Table I
Networx ostructure No. of
Max K Actual K <lzments
a. Parzllel ladders:
1. Guillemin . - 3.93 15
2. Flalkow - Zrest 10 - -
b. Syametric lzt.ice 0.36 0.C€ 17
c. Ladder 15 14 11
d. Grounded two
terminzl guir 23.4 22 16

Many enzineserins guestions in X.C. networi syntuesls
are still unsolved. The anost laportznt of tnem are the con-
olete charact:rization of @ll tue turee network functions of a
two termninal gzir network, syntaesls tecuniques using mininum
number of elexnents, metnods of tceoning tue eleaent values

within oractical 1limits, =tc.



In the following, we will first discuss =% the
synthesis of two termninal nstworks and tien extend it to four

terninal networks. Aftzr cderivin- eacn mstnod of network

-

syntiuesis we snall solve one rroblem to illustrats tae discus-

sion.



osynthesis of two tzrainal networks:

If a2 finite nuaosr of elsctric circult elsaznts be
connected 1in series, ozruallel or serizs-purallel forns so that
two teraninzls are avzilaple for extsrnzl conaection, tae lo-
pedance of tne comoined elensats dstwszen tue two toroinzsls is
known as tne driving polint imnpsdance of tue systea.

Accordins to R... Fost2r (24), it is ocssible to

determine 1nductznce-cuipzcitince networks, i1f the ariving

cr

point imnoedance of tiie network is ziven. Zut W. Cauer (30),
showsd that the szze sener:sl metnod nay zlso be applied for
dissivative Inp2dznce functions witen tiese corr=:zoond to net-
workg containinz only two kinds of elements (resistznce-capa-
citance or resistuance inductunce).

-0, wve wlll use tire same gzeneral metuod to find the
two terminal rezistsnce-czpacituince networkx, a3 was used by
Fostzr to rezxlize L-C networks.

Let us consicer the xnecshi and wotual lumoedences of

an arbitrary 41 siowti network walcn may be written in tne

<
w

most generzl fora by (23)

blk = Rik + 5ik (Jw) "L comoommmeeo- (1)
If we denote JW = P, it becomesg uore convenient to
handle.
. bik = Rik 4'5ik P71l cemmmm e -(2)

If the networt 1s driven froan tae first wmesh then

tne driviny point lapedzncs 2y e raoresantzd by

711 m ey, 00 eemememe emem_—e———— e ————



where D is the destzrainzant of the network and D11 1is tae
rinor cf ite first row and first coluan.

It i

[$7]
(@]

lzar tost bota D and D11 z2re polynomials

in P but due to tihe fact tist tiere is nezatlive power in the
_element of egn (1), taese polynoailals will also have nega-
five powerc. o to malte 1t sore convenlent for aznipulaticen,
we elininave thie nigztive odwer oy leztting tne inpedance func-

tion,

*

bik = Pbik = RixP 4 8ik ------- (4)

Then denotinz the detzrminats of tne elesments blk*

by D* and its amonor by I11%, tnen we nave,

L*% = PND  ----- (3)
and D11%* = p-1 p11  ----- (6)

assumning that thsre are n number of rows and coclunns (actually

n indeozndsnt ieshes) in tie detsrainunt.

S0, our ériving point iumpedance function becores,

Z11 = D = D* X pn-1
D11 2T L1lw
or, zZ11 = D* ———em- --=(7)
PLIL*

Here D% and D..¥% involvinz only positive powers of
P and D* involves -owsr ransing froa n to zero inclusive ana

D11% involves pow2r n-1 to zerc inclusive.

¢}
(W)

Hence tne most ~enz2r:l driving point impelance func-

['N

3
e

networ® in wi.ich evsry aesh conuilns in-

=

tion recresznt

(

[$4)

d2>enrent resistonce snd c@pacitsnze his the foru,
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=

o}
!

D* = AnPN4 an-1pBTL 4 o A1E4a0
PL11% P (2n-1P" " -dcn-2P <t ------m-- + Clitroo

AnPhy An-an_li

Bn-1P§:n-20 0 'F ~—-----meon ¥,2-¥o0p

of thz2se yolynocalals arz recl and a2 ctive (22).

Let. us danotz the rootls of tie nuacritor znd denoani-

natcr re

(O]

cectively by,

. meemeeeea -(10)
and P,, Pp, ------- Pop-o
waners Po denotzs tie zero root of tie cdanoiinaior.

¥

L'
Tue snhysicnl rezlizability of/nstwork deanznds Lia

the poles and zercs of & n=2twor': suould ©2 zltzrnate (30). Tue

altsrnation of zcles 3and zeros wiy 02 ex-resced by,
_ R
'B)épzn—|<gn—7./~"' o LP LB LR =0 )

.

araticn 2roperty. ITnls croperty indl-

D

anx
>

o

¥hich is tnown 23 tho

[$]

cates thut the eccribed zeros and poles cf the driving point

n

'y
o

function must ssoarate eacn ctner, oluerwise no corresJondlng
network exists.
Ins factored form of tuae driving polnt ilzpedance

function u2y now be written éas,

no
~

%P-Pz) ---------- (P-P22-1y -mmm(l






where H = An = =-------c-m-uo(13)
Zn-1

Now, i1f we zut Jw in =-l:z2 of 2 tuea eju (12)

bec-mes,

Z (Jw) = H (1-"""1‘]]_) ('-'I'Wl) """""""" ('s'v'-.v‘f?_ -1) !
11 W(W=-102) (‘.“u'-}'i"4)--- -------- -('.'.'-'.‘.'5;-2 ----=-=(14)

The equs (2) =znd e3u. (14) of tus drivinzs point
1ncedonece Tunction may be identifizd with a »aysical network.
cut a2 zarti=l Troctlion ex-ansion of tois function will recre-

)

gent tae deslirsd ietwors Ly 4 s:cries coavination of siasler

50, tane szrtizl frocztion exoansion of eau. (14)

For tie detzralnaticn of tus cosffliclzats A, v
a frejuency is tuxen vsiry near to W, (W, -Wy ...W2p-2)-

For tnls frejuency tie oiarticulir term cont:ining: ayp becoues
very ki-h. ©So, we cin 32y tu.t wuen W agproucies Wy, all otner

terms are neglizitle in coagirison to the ters contz2ining the

a2, tus egu. (14) becomes

(=

coefficient Ax. At tr2 caae t
extrexely large on eccount of tne fuztor w-W, In its denocina-
tor, wilch asorosches zero.

So, tne egu. (15) may; be wriiten waen W apsroocnes

Wk '8
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Zyy (Jw) = H2K e (15)
WP wy W=,

Winlen 1s 2lso eguzl to

tiony (14) and equ. (16)

HOAK = H (#-3y) (ii-is) —mmmmmmmm- i iggay - aT)
W=, W(W-w2) (i-agy)

Now, to realize toe ne.wor’t froa the pzrtial fraction
expansion, l2t us coisicer tue dlasrazo

of a purzllel resistance
cipacitance circuit ziven ia fi:. (1)

AAA o
A Ad

Its drivins colint imoec

Z1y = 1] mmmmmmmmmme- (13)
Lot
Rict Jwey

Rk--

]
)

of, Py =

|
C
=
.
(o]
]
t
[S]

So, eju. (20) mzy De writtsn us,



(22)

n
0
N

KRN

.u Hk

Zyu. (24) 1s co:nzr-ble

exceoting tne Tirzt two

and wnen

series, w2 ravs

(186), excludin~ tae fire

we czn find out tae vulues of

211 of t..eze tw

t .2 drivinz 2oint in>zdunce

trne nuwerator

(15)

50, toras of ezu. (13) anay be

witin iandividuzl terms of enu.

tzr.os.

our llel cltuince networi

OC2-CAnd

L w2twor connectzd in
as siven in egu.
t tws t:rms.

resistinc: and caca-

(i
w

ciiznces wy tee followin; way,

1 =
C,
S 2 Y11 _______

Corresosondinz reslstance noy

P’ [0
LS

297 (W=iy) ----(25)

22 found out from (22)

oo eemo(23)



Arnonz tre first two tsras of tue eszu. (153) tuz flrst

one 1ls 2 conmstant =2nd 2y .e rejres2anted oy & resistince. The

Rop = H=2a  ------- (22)
n-1
and Cg= -Ay ------=---- (2°)

Hence tuoe physic:2lly reslized network for tne acove
drivinzg »oint iaseduncze functlon .ay be ziven by fiz (2).

Now, wve will s2lve & nuasrlce:zl p»rcoblen by tue zoove
netaod.

Let tie »ol:zs 2nd -ercs of tue driving point functlon

Z11= (P) = H (Plég §P4'6g ----- (z2)
1 P (P+4) P)

e
= H Pr42pt 12 .
X4 ST S e (32)

No f we =3w, b suation (25 ecoues,
Now 1f we put p=)] tae ejuation (25) becouss

7jw = H (-w2412) $'8iw
-12w2-J(w3-32w  -=----- (24)

by rationalizinz,

Z11 (jw) = H 4uwhd112w2-1(w§-32wE-3845)
weFowk¥ic2awxr ----- (25)

&



Let us accuss tie rezl _art of z11= 1,

W3 O

z11(jw)= H 1

-
K9] A%
[X]
—

o
O

et
(9]
D
g

'_.l
}—J
PO
"
W
h
Ul

9, y11 (Jw) = .11

g
L]
O
[
W

W)
c
.

~~
")
w

~

O
~
11
o R
e

Ch = Y11 = «11 -%2¢
I3 \p=-3 -0

3]
4~
"
b=
n
N
n
P~
W

Hers R2nzo %wectuse Z11 (P) vanlsnes woen Pz &€

-

Rl ye ~ -
Tite gynt..esiz of tae

=7 - Am~t3T o o o+ PR
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same uznner 2s we nhove 2lready don2 Ty cxooasias tile driving

voint imo2dunce Tunztion into purtiil fraction =nd conparing

the terms witih sinnle couponent networks.

211

Br=1 PRy 2P 4o - - 12¢
AP An=1PNE oo Fo0  ---=(39)

P (Ba=iP" " 4Bu-2P % }------= $30) ----(40)
Aﬁ Pf:\ » 1‘1"" ------------- a0

This xz2y be expzanded int: o:rtiazl fraction exopunsion.

« Ylle PfAY  # A3 e—e----- 4 A2n-1 o
-P1 P-F3 ¢ P-P2n—¥} (1)

vhen P appro=ches Pk (by the sane arzuaent siven
to derivs equ. (16) ), the 2daittznce fu-ction Y11 .ay be

written 2as,

Y11 = P AK  ----(42
P

AK= Y11 (P-Px) = P-Pk ------- (432)

Now let us consicder 2 ssries RC circult as in Fig. 5

Rk Ck

0——4/\4\»;-——”——0

Fizure 5

It's driving point =dalttance azy o2 writtsa as,



Y1l = Z11=% =1 mmeemee- (44)
rxt 1
Jwlk

jwCk
1+JWRkCK -=——=m=mmeee (45

Y11l - PCk X 1/-RkCk = P/Rx  ----(47)
Pk-P P-PX

(41). S50 2 »ir2ll2l cousination of theze networks will ;ive

equ. (41). The rssistaances and canacitznces zay ve found by

Now by coaourins wita egu. (43), we asve,

l = Ak -=----- (42)
RX
and Ck = -1
PxRk
herice, the neiwork .y 23 rzalized by the fora shown

in fisurzs 4.
A nuan ric:l exaupls is iven .elows

froa tie last exa:udle,



Y1l

A6 -

A10

o}
N
"

(P) = .11P (P} %) (R}S) --------- (50)
(pt2) (P¥3)
-P(.11P%4 1.30p 4 7.52)—eceee (51)
(£d) (p¥3)
néin: ezu. 32) into vortiol frection exosnsion,
(P) = A2p 4+ 472 4 410P  ----- (5-)
r+2 F+5
eiu (47)’
(P42) X .11P (PH4) (P12) }
P (Pt2) (P19) P - -2
211 X 2 X 5 =z o33 ==e=--=- (52)
N
(P +56) X .11P (P+ 4) (P§3) P= -6
P (Pr2) (PfC)
011 X -2:(2 = 011 ---- (54)
- L
Ty ingpnection it cun be said tnat,
= 1 eeeee- (55)

From eiu. (43)

1 =1 = 2.2% ohus. =---- (33)
42 44
1 =1 - 2.1 okms. ------ (37)
Ab .11



Ui
[GAY
S

eju. (

=L
2X208 =

«Q
n
]

-
PoR2 218 —mmmeo

C5:°

1
PA5R6 =

and

The

W

Z11 of tuls nztwort @2y o

e P -~ o2 -~ PO
pzrallael co.cinitlions »f tae ¢

with to2 rvi-hit o ond s0d ad o
wvonlenr is actuslly 2ontinu ¢ Tr
DD’ 1 wWe 1 rlip”lwt
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Z11 = AnPP4An-iP°-h 4

be proved ezzly t.

(38)

eacztiace taeorem (30)
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= 22A°P2A27P415 ~-mm e (&4)
pey =S —
PX+5r2+ oP

Th2 contlauzd froction i found out

N[
V]
-
WA

oNH
Hd
-

S50 thz netwer's will ve of thnz

. PR, [ N oy ~in S
anoiazr Y i 2L canncnic

if we tura 2nd Tor 27 Doith tae nuszro tor =L
| i
e3u. 2) mud taz sh.e Srozceos ol division and

carrizc¢ nut, 2 cuntinuzd .raction will rssult

nz=t2 t=ras

Z11= AotAiP¥----------- -+AnP? = x
BoP{BiPA¥---------- tBnP? y

-caatlpl it - aattel i

tu2 reu2lnder.

(97}

Tne saae process of
out and we zet,

Z11= c1r1-l 41
R1-1 4 ©1
X1

-

where R= =

==
al

w
i
-

s..own in fizure
azy <2 recli-ed
c¢enoalinsior of
inv.rsion is
in waicn &lter-

Tuncti.on 1s,

\U

ivision #na inversion is carried

2|
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and Y1 = 22'P° §e------o--o- {onlp? oo (63)
FERG T 32 TS upuu————— S

n tuis woy worain

z11 = c1~tp lay
VR B
ca7lptly

(@]
o]
!
—
)
[
=
e
] o

n-l

r

‘iven in fizure (10)

Tiie nstwork for €au.

A nuaerical 2xiucle for tue z.ove procedure is suown

celow:
From tae lazt exzaole,
211= 15 3 23 = + 222 § P3 ------------- (70)
-z~ -] . - 2
= (.33)"1 P71 4 11.750%7.125F¢ 2~
Zrt 0:- v P3

Continuin: tiie s21e ~rocecs, we nwxve 2t last

711 = (.532)"! 41
T.52)1 4
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e
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)
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=
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by . ~ . ., N N 1
gouy Ta2rrincl r2tworiks

a four tsrazinzl nestwork muy e descri ed s a group

elexmsn<s (or sl=ua2znt) axvin, ons piir of teraincls

[}
<D

(]

of iar-=2danc

for cornsction to & source of jover cor zny otnar sudoly netwerk
(wirich 1s known as tue iaout t:irezin:ils) =ud = second H2ir of
tzrain2ls Tor correcztion to 2 1lozd or any othsr natworks to
walch current is delivered. Ihls sair of terainals “Mx Xknown
as the output tsrainzls.

Tues2 four ter-inzl notworks (wiiicik eontizin only
resistancss =1d c2pacitances in tiis nurticular case) may be
physically rezlizable from tae specifizd transfer function if
this troncfer functilon ooveys certzin restrictions (23)

Tnare aref}ew different procedurss to caevslop the
four tzrizlnil X.C. networks froa tie zZivaa trzansfer function

and tnrze of tnem ars given belows
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1. Par211e? Coxmbin-~tion 2% T2-°3zyr =t

'3
)
ot
3
[}

Let us consider tie four teoralnsl aztwork snoown

1

12) and investig.te tue casrwciirs of itz sihort

&t
3
®
N

Thz relatisus betwsen tns teruminal voliases and cur-

2nt of 24 £ ur tesr.incl networt uany .2 sSiven by,

—
[
"
LS
H
o]
’.—)
-
[a
[
o
-
n

—
(RS
1]
H
=
\V]
L
’.—J
~
=
no
no
l‘l
i

in wolcen Y11 =nd Y22 are tog swort circult driving point and
Y12 = Y21 (the networt is a-sumzd to L2 passive) 1s tie short
circuit troasisr acdilittancese.

~

If the networls N coantaln: only resistances and capga-

cltanezs, tizn Y11 and ¥22 =2re rationz2l functisasz of conplex

(o]
N3
[}
=
O
o]
[

frejuency variable with siacle polzz 2nd 2z 5 lyin: altarnately
=tive r=2l axis of P olsne znd tue siallest critical
frequency 1s -ero (3C).

To find out tie chszrscter cof Y12 w2 reduce tuoe four
torainal nooiwort 1ato 2 two tevalnal notwors Dy using two

tr2asovairs 2z osiown in £10.(1%)

Bl o~ [ 3

T T

I-T+L

n fe

’

3




If tiis transforunsrs are idezl ties 2, eju. (72)

W

[ ]
—
n

a¥Y11z1 ¢ abylos2 (7
abY12Z140¥Y2222  (72b)

H
AV}
1]

wrere 2 2nd b zre tir- rzitos of tronsforuzrs froa iz (13)

I- a2Y11E ¢ 2ab Y12 2 ¢ b¥y22z ----- (72¢)
or we c~n write

Y - I - 2§11 ¢ 23 y12 ¢ vk yo2 —---(72)

L
z

Accoriing to Z2rune (2) aud F2wertz (2.) y has the
same oroosrity =3 Y1l or 22 for =ll rzzl values of & =«nd b and
tasrefcr2 yle cun 2ive only sim-le »~nlc: ractricted to toe
nezativa r.2l axis 2ut toer: i3 nd rzsiriction upon tiite zeros
of yl2 walcu anzy, ozcur o way sluce.

Now, wuen P approucn s Fx tzen {by tie sate arguuent

erive ezu. (18) ) we nave

c
w2
®
s
ct
O
jon)
w
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wnere K, Kll, Klw andé K22 are residues at t.e pcle F=Px so
ez>. (72) bsc aszs,

K = K11ak } K12 a0 ¢ K22 ¥ —-oeee- (73)

i)
o1
@]
=
O
1$¥]
<
]
>
[&]
o]
@
[$)
b
Ch
c
(L
ct
,
e
|9
"3
(g4

-
—
¢
o~
o)
©]
=
ct
v
0
G
ct

-

K113y 0 K22 0 L
2> K22 > (74)
and K11 K22 - K122 >0 - (75

4

wialcn is the desired ciaditicn for tie ciysical realization

of 2 four ter.iinl R.C. natwors.

To s2%iczfy tue =2au. (7)), L7 o =ay 2cint Kl%)O

tnen K11 znd K22 zust b2 —r:zzter thon z2ro. o0 it 1s clear
that 1f K11 or K22 has a pole at sowe vzlue of P, K12 may or

2o0le at any vzlue of

{2

may not hava the pols out 17 K12 nos
P, K11 =2nd X22 must nuve toat pole. Thls uay be expressed in
anotuer woy tizt If tae desree of nuamerzctor of yl2 exceseds
that of denoainator (Ty one) tuen tne nuuzriior cf toth yll

and y22 ure one wa;

—

ree ol oer tuin it of taslr denoalnators.
wow, 1zt us c-onzider tii2 trunsfer function of a

four teruinal retwors witn a l1o.¢ r2sistinze of one ohde

The trans®sr funstion of tils actuwscr: a2y 2 written

O
O]
-
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N
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=
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1

S
=
o
-+
5]
)
[
n
n

1]
<
)
o
!
[
H
\V]
e«
V]
K9}

e gutetity 13 522 in e <2noalnncor of Y12 is

in tue »2

A ey s ~ . 2 L, o 4 - -~ - .. N + LR, s Do
oilve: vl owyls of v 2 olvie. I 13 clezar Trom
L]

a1
W
3
(@)
C
O
[
P\
[.]
o
(@)
2]

eque. (77) ta.t toec 72rcs of Y12 are citas

poles of ¥22. .lso 1t 1o tru> tiiit in tae siue azitwirs Lie

- s, B Ty L I - - ~ . - . P
thzt 2ronz2t 1: & furs rZ5730 .23 (231

Sroa v ocLove Clacusosion, vz oc o conmzlucz ouant
toz trono 7o function 12 D sy L.C. nzituort Laralazted
in o r2xictive 1 0% 15 tie cuostlsot of oolynonilols in wolch
the roe oL UaiErTlLOY Joel ush smezsd — Tt o0f tae
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A (P) = AnP74 An-iPN-t4 - _- 1 Ao
S.F) BnPBn— PRt ¥ - - —--- T Bo ----- (72)

Ylz2 =

!
—~
i 1
S~
i3
¥ :l
<,
J
b
-t
)
}—a
ct
ct
@
o)
2
[ 5]
-

ne @gnownln cor coclya wizl 2

L
N
Hy
~
"
.
Ly
Pt
i)
S—
-t
ol
N
]
—~
4¥]
~—
-~
~
7/
g

O f)
The > lynouitls 3(F) swould o2 cortad in suci & way
tiaat toe retio 2'(2)/2'(2) is slysicilly reslirablejariving
An
point - aittunecs oF o0 2. Ceo networs. La2 -ravious dliscussion

?) in susa ¢ owny tust 3'(P)
o 1.1 nest sower.

4

LE L0V L tas D[ollowlng

(W

B3

®. ®

P PLANE
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toe v luc: of 3' znd 2" oat

Lag polynowisl =

o
£
Q
jog
‘A
O
’_)-
M
ct
-
=z
@
=
}«k
-
f__l
Hy
s
)
£2
ct
H
i)
Ct
ct
v
w©
N
()
9}
O
wn
O
L}
+

lie 1n tetwzen tze 7ercc of tie s5olyncalzls 2' (P) and 3" (P)

Ine enva. (382) 11y now te ex.:nd2d to
Y12 = o AP 4 memme-e- tanPn -----(384)

37'p) 4 53T(F) 3'?5

It 1s 2 well xpown fuct 1n tae field of networ: syn-
tivesis tani b ariving golnt coalttunce functioa Y22 uzy be
2 viristiys cof ladler suruciures witn resis-
taances and cunzzltiaces as eitasyr s:rlzs or s.unbt trancues
and 1t m2y shown ta2t dlffsrent tysesof ladder networiiz wiizh
have the drlvins colnt ~cdmitbtznce Y22 Lay be Laus sucn tiat
tazir soort circalt trinclcecr 2lultthnaces cun oe exzressed oy

any one of Ui.2 saourti2 Lz2ruas of ejgu. (34) =204 fro. t.ls we

L

Q

ct
} e
o]
(e}

-

~

w

-
—
o

-

nhy
528t o sucCn .ader netwiri. Wolcu LIz 2oL
znd ifncivicdoolly ulti-lico oy o szcule faclor 8o 2s te ootaln
2 esultont netuwcre wica Tae - nlittance ¥Y2e.

Zased on t..e aocve i: juusuts we cun stort tae syn-
tuesis sroece:s. raclorizing egu. [(72) we have

Y12 = Aod L (P} ------- } anon (33)
zn (P*dlj'(Pld27;-{P¥dﬁn-l)




wrers O <O<\<O(3 4 . N (13)
The polynomial 2'(P) will nave ti.e forum

B'(P) = K’(P+0(;,) (Prog) - o (Pr%an) - - (87)
The valussof dk's in tinz =2cu. (87) snould be s> cao.en tuzt,

04K, L ALKy o LKy (LA, L o o (88)
and tae valuz of K' 15 suc. tost,
K'O(,_o(L+ e Xy L Bo = Bn& Ry o Ky (8

We may now [oru toe solynoalal 3"(P) by using eju. {(73)

3"(?) = 2(P) -3' (P) ==--- (30)
= 70 (PdA;) (Pdp) ---(PHd,) ----- (31)

where, 040(0\40(‘/\0(7- ...éo(u\_béo(z LR LAy - - - Q)

Hence, froa 27u. (27) we have

Y22 = 2"/?) - Enp4BEn-jiP*=t4 Eo ------- (32)
ETTF% DnPHDn-i PO} Do

or we 23n write

222- DnP™4 DA~ PPV 4 ------ Do = D(P) ---(34)
EnP "} En= P14 —--e-- 1o =(P)

Pividins tune cenmlo=tlor by cuunzraocr,

Z22 - Rl + D'(2) ------- (35)
al(?

wnepre Rl - Dn @nd D'{?) is tiz rerzinder :siwen by,

n I\ L
D'(P) = D'n-iP"='} D'n-2pN=R4 - "lg —oooo (25)
E(P) ERPMEnLipn="§ ------- Zo

-
o
0
o
=
-

2y inverting the reanind

Ed



an

a

=Rl +1 = mmemmmemee--
T oy (37)
DTE)

PAICMOINNEES S (38)
o'\2)

wners tne jootiznt C1 = En
LT~-1
E' = E'n-iPR=V4E'n-2P"=2} ---{Eo ----- (22)
TT  D'n-r PA-1¥D'n-2P"=-2f----¥Do

Tne guotisnt of tue polynomisl ' is tre=t2d in tue
w=y 2nd zfler snother cyzle we nnve,

211= R1 + 1

ZiPhL
R2 b1
Tep 41
-1t
ol
In the san2 woans Q; is de221t = :in and after n

i
creles of continusd fractlon tne rauiinder is @ constent and

we obtzin,

z2

2

<

N

:Rl*}_
C.Pt 1
Re + 1
C2p -

59|

The fora of tas neowork reilized 1s swown 1n fisure

wazre Ri's and C:i's of ezu. (101} are the resistunces

32



of tiz networ:.

(6]

Tals rstvork u “w2 saort circult drivias oolnt
adalttance ¥22 and tig s.ort clrcuit traocsfer adualttaznce

Y12 -

LJ_li‘O-"

‘P) w.ere 40 is a osositive re:zl counstoat whilci can
be found out by writiny t.oe .lucrz 2 . 2ittiance in the matrix
forn 202G usin tie formuls ol trinzfer = lttonce vwalcn is

Zziven oy’

Y12 = D12 ------- (102)

whnere D 1is t..2 dzterainznt of toe netw riz alcittznce and D12

N

i1s the .Linor of its first row znd seeccnd coluxmne.
¥Yext, lat us consider tuaz Tunction Y22 arxin, cut
Aane
botn numerstor .4 cenoniaz-or/lturnza ca. for e~d.

"
{1
-
U[L:
Uf\
13
!
!
1
1
1
|
1
1
!
1
L}
!
1
=
O
Bl

whizre Gl = o

E'(P) = Z'{PF3L28 4 ooooo- }
DIP TO¥DP Temmmmmm--- t

Now, we divide D(P) by Z'(P) 3o the eju. [104) beschacs

wnere tuae reaslncéer 1is
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to tues previous w=t..ca =2ad =z
£221€ Wiy s W2 ir.o.tri 222 =
Pk's and curicistcnzes Ck's o

n: toe Lol2 orocess, we o back
anlzalole tiis reczindesr in toe

DgPZ to find out ti2 resisticces
-\
£ fioure {(18). 50, we cwn write

C ol

1
a
241 e bt (108)
Cordl-
1
3.4 1
-,L’lrrl
=t
AATl
Ine networt revlized Ty toe zoove esuntion of Y22
- - \
i3 ziven in fi-ure {(07;.
20
n2re on2 oclin suosl. e cletrzof .. L. tluss of
Rz's and C2-'s “re 301 2 &0 ferent i &illzront liaésr clructurss.
re siort z2irouit trocele ttonrce o L1z Lllvor:
21g0 = o= found vy L.@ suae 2tact = s vivaen bty egu. (102)
ord 1t et e sriown thnutl toz troozlor szclittincz of tois net-
v N i S .
Y12 = 4P ------- (122)
- —r—r,.\)
o L F
eT2 aq is zo-oztoiv o rowl constout ol th2 os.aort ciicualt
. B I S, - PRI F. ~ s 4
driving -colnt 1oz 2nze o ot sou? Y22 Lo o Sivon fao27us. (37)
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B2k I LR S LN + N F Il - .. ~ 2 A s -~ - 2 N - .
cratlader Uy Tue Dirst Twe cocl2ses instind of ocne.a=d Tz, 250 in
P Y - -~ B A G $ A LS .

SIeULLA] ca Ura i rocets ol wnlzulavion, we get,

1

a3 zlr2aly 7023, 1t 1s =ow w2nipulac:d by Lo Flrci aetwod

Y
[}V]
o
"
(9]
}—J
-
T

Ine atcve equdtion of Y22 1s recllized by tie nstwork
in fi-ure (1Z2). 3o, =nd Gp of tuls astwer weve tae cowue vilue

zulated
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In this w2y (22 .zy be ex:indzd (ndl) tiuwsz, each

time w2 find 3 and © for -ne zores cycls =@nd vien oing

3

1n2l »nroz2zs and tus rew2inazr i1s t.ozn exo=nded

»
»

in t ras of "%'s and Ci's. Lo, aftesr (n¥l) tl.es, exoanding

y22 in teras of & ana 3 for n cyclsz, tre raatinair will te a
J

1
]

(0]

w

[_l

w

ct
0
ol

(¢

0]
.

coastant walcn any D2 ra2crescentzd by

o)
ct

30, aftor (n4l) tines, t.2 &riviay point adaittzace

becoiucs,

Gl

ro
e

Thne networx co respondineg Lo s3u. (113) is Jiven

by fizurs '27). Mz tranefor zduittonce of tuwis n:ztwork
is
Yl2 = ApP_ =--===--- (113)

57(2)
Low, 12 w2 coanz2t 11 t.e:ze ladcdar soruciures in parc-
1121, t.e tr nzf=r 2 oitt.ooge will not oz t.le s2ue as desired
9 y

cut 17 w2 cultigly =1l Y12 (A) vy 4ilfz2r--t conztats the
dezlvred tronslsr 538 Ittance iy o2 foand. oo, 10 we wmultisly
R | B Y : . N
Y12 2 Ly A0, B9 , —-e---- an tuea we nave,

48] a

Yle

n
W
]
=
H
k)
-~
LS
o
=
[ ad
n
4=

]

!

!

!

!

!

[}
s
3
',:J
N

1

!

i

1

!

i

1
~~
-
-
-\j

= A0+
= =+ 4 memeendi) mmmmmmmm oo --{113)
— ?

Save aultipli=d ¥Yyps by
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ct
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ct
-
w0
(@]
1=
(4}
o
3
3y
ct
(¢8)
[
3
(9]
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(W]

diffarent constants, tus dzsired [55 a2t the saue tluie wis 218D



Ko K1 Al
sab siace Lals 15 ot as

W
I
»0

of wness

connection

rivin: coint 2.4

.-

cult

£

adalttonce will

w
(-
Ho
<
W
=
=<
v
fw
~

ool S A+ A & o L ~ . o - ]
zasizy dzti-? Lo Tlod outbt ti2 vzlu ¢ oof toe constints ao
AR S + T o ~ e ~ vz = '~
waen toz volus o0 o 1s luvrse, A Tecounss vary laccr-

R R S
C -LV\A-L.‘«\J

(O]

. _at

apzli-4d to find out

=
)
n
n
?)
v

}_h
I3
O
®
ey
o]
o
©

rasicuinezs Rpd4 1

(@]
O
Es
G
g
=
W
o

- {121)

14 ~
\lj), Lins

tizu for P-p,

cgs Jn---C04 zre uuch larger

’ Rn,----34, cnd thz currzant
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Lurou_in thie resicioucss S very zasll .ecrwu2 thzrs 1o 2
scunt elactoiice 1o c2rizn. Lo Tz voli-s2 oo tos 1in-ut

cf tnz nestwory ls spu=l ts Toowo Just to tu lzr't of tue
elastance 9=x. Lunerelfors, tn: viluz of A3 is only influenced

by tie nstworl ri_nt to tuls 2olnt.

If 27 1s toz Iooubt voltaze and Zp =nd 23 are the
voltz ;es acrozs toe conducuiaze T, and Gz, We cL.u osvy tozt
- -

Z1 1s the volt=.e to t.e 1l:zit of 53 2nd imped nce looklns to

the risnt of 3=z 13 very l.r.2 in cousarison wita é} 00

‘;
-— =1
1 Gz
[=
BEL I
PG, TEmT oo (122)
2 o2

Ex © 2
7 DE/ =P
P4 % Gpdy,  mmmmmmm-- (124)
a2

terminzal,

(@]
a1
]
18}
n
H
N
[
}__0
1
]
1
1
1
1
]
1
|
]
1
i
]
~~
H
o
N
S~

EE X EE = E « P = p<
El }‘.‘:3 GBF‘B G*D2 - o



or L2 X E5 - p . P - P2
—— —_— T = - = —
&1 Lz 25z G252 2335233
or s 2 ~
R (127)
@ 33335253

puttin: th2 viluz of eju. (127

Puttin: tuoe vzlusz of e-u. (122

v In esu. (122) we hiove

A-P> = P2
e, ——
Do G1Gp218285 =------=---- (121)
or A3 = Lo
Gl&2olo/03 """" (132)

20, in a s2neralized

tion as,
Aan = D? . - )
(ul'-‘un_l \Ql d"““‘ull)

NOW, we wWill solve =

(@7

ure:

syntuesis »Hroce

Let toe transfer function be

Y12 =A Pl
74?% (P +2)

(P +4) (p 4

= P11
POV 120°¥44FHLS

we chocose,

nuazricszl exzazle by tuae acovs

3lven oy

---=(134)
5)

40



B'(P) = 1 (P{3)(F45) (F+7) -------- (138)
3
- 1 P34 5p° ¥ 23.6P 4 35 ----(127)
3
Hzance,
e"(z) = 2'F) -3'(P)
=2 P34 7P° } 20.2P ¢ 13 ----- (173)
3
Z22 =1 =1 5
Yoo 7 P2 4 392 § 23.7P § 35 m---m- {123)
=1
241
A445P 4 1
T.25 ¢+ 1
AP +1
o1 41
3Z2P + 1
.208

The networ't is s.own in fizure (21).

t—

‘LL;-Jd-

adnittonze 1s c-lzu

Y12 = 2
T emeeee- (141)
Z P> 4 5p2 + 23.7p% 35
Considerin: Yegzjain
yooz= 2
°27 3p34 7P2420.7PH13  —-m-mmmmmmoe- (142)
1
2p345p2423. 72435
let us turn it enc for endc.
Yyr =13 4 20.7P + 7P% 4 2 P2 -------- (147
- .
Z5 § 23.7P 5P 1+ 1 P/

[ne transfer

Yl



Y2

= 371 ¢ 1 1
2.2 P -+ .55 11
2.22F1 1
73t
!

.CCh2
The nstworr iz siver b fizure (22) Y12 1s calculated

Y12 = 2 emmeeemmeee- (145

1 .
Fpd 3392 } oz.72 } 23

= 567 emmmmmmmee- (146)

Thz =23:1ittznze lesvels of tus networks are multiplied

resnectively by

2X.057 6X£.007

Tne fin@1l nstwori of tae parzllel lzader structures

teralnated by a ons ohm load is swown in fi-ure (23)
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Let us coacider zay of tihe avove lulidsr nstworxks with

transfzr a2d.ittenczce,

Tnls l2dder structure is dr-wn in fi-ure (24) in such

a wiy tnaet tas Tirst two 2lziznts 2are sicwa 2nd toe olkesrs are
stown by & Zox 2. _ut since Io = El s the network may also te
zl g

recgresz=ntsi by fisurs (23)

[\

Now Ej 1s tihe volt=ze ccross tie opoints A b (across
pzr211l2l combinations of Cp 2andYn#l). 5o, if we interchange
the elements C, 2nd Y ntl) as in fi-ure (23), tuere is no
effect cn tiiz voltzse £ but tae short circult currsnt I, 1s
chunsed.

In fizure (23) toe curr:zat aay o2 glven by

Iy = ---m-=--n- -(143)

v

2ut in fizurs (26) tae currant is caznsed to

Il' = TCNP ~-~=mmemmee == _(149)
Il' = A*%"vn --------- {150)
Il = I]'

“ut we know,

SIQm
f 12 ~ L
E2 ~=cceceme—o- -(152)
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;

witlcn Lzs t.z s2.e foru =s Y{E%l) excepting the ccnastant
multizlizr. Jriwm tol: rasull it is clear thut & sincle

=

ladder stiructurs azy yleld a trurnsfer acduittance to the

Tnls inz ules “wo turas of =-u. (Z4) w.icia aeans
that the netwdor: needs oaly p numusrs of purallel lzcder
structures instzz2d of n numbsrs used in tus previous syn-

thesis process.

S0, 1f we conziisr taz uodilizd fiyjure (27), we
have
I'l' = (A 1 BSP ) E ====--=--- -(156)
Kntl
("')" [
- RYAY 2 jode] > _
- 2 j\]-_ (1 1 D.Xl"-ﬂ 92 ¢%~ ) ________ (137)
a
woasre 2 2né b havet..2 vilue retwzen © to 1 colpzring equ.

or

Cne more recistanczce or canszcitance 2y e elluinated

by assuainy a=- 1 1f gﬁ? 1l or o =1 1iF g.<L 1
7y N

&7
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curves of @ 3ix nole polyancuizl 3(P) ar 1ovil in tiie next

“rz token froa tos onostere tiazsis of . Faurick

L L
we w.aicn

2nd 7. Thoats e:titl=d MA Pecion Procedurs For linesr passlve
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Pevelcoca2nt intd & Lacticze:

e Jrivin: point i1aH=2dznce or =2d.ittance of a
four terxzinz2l ... npetworl Qre Tunctlons of coxztlex [reguency
varianl=. Ihe =2olzz and z=ro: of 4rivias polnt functions are

AY\J' -

alwoyc zlnzled r=221 nrc 2ltzror e aleony ths 2-ative rsal
axis of tue comdlaex freayusancy .lwne (82).

feour ternminal networizs ny be soecified convenlently
in terns cf tiie Z or Y co-efficlents ocecuring in tas two pzir
of lisear ejuaitionss

tx]

1= a2 4+ IpZae
----------------- (1E4)
E2 - 11212 4 12222
I =B Y, 35 Ypp
--------------- (165)
Ig = Eq Y12 t Es Yoo
If the net ort is zzssivs tien 212 - Zpy &nd the

drivings point and transfer

ok
o

0

ct

tions any inu2d in

o
[SINQD

‘D) 1

Z11 = An T A1
P
I o)
Z1p = & {g)% A(lg
7
= 4(D (Q)
Zpp = A0)4 4184
1

sedance (2nd adwlttznce) Tunc-

aertizl fraction (43) znd we have,

(G) ¢ :éi

. (r)
“11
P{ Pr

n
ey
r-1 P{Pr (168)
n
App

Py Pr
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for a.l vilucs of r
nalr of resist=nces, one Z2tin_ 23 & ge.srator zad ancther
a3 2 lo+3. Th2n tie trunsfer iancsdonczz of tas complete cir-

cult w2y he ~ritftan =25,

RI ‘ T,

| ]

where E and I zare csnown in fusure 30

T trancfer 1aos2cd.ace 1is =z ravional “unction ol

ja)
]

coaplex lrejusazy P witli r221 co-efficlents (4). The zeros of
thils function =2re {2 s2ne ss/criviar point function wnd

since the networt cosatiins o.ly reziz.znzes 2°& c.pacltances,
thiese zeros will bz simple and ozcur au tae rezl resative

axia of con:lex Pfrageenzy plane. 4And, cince ths nztuork
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@
]

contains resicstunces Rl zund Rp In seri

trarnsfer ccxittance cannot nzve a zero at P = D.

v
po]

function

[

N
~Ya-
LA._AA‘)

tL

)
()]

Cll quation ol

N
r

found tazt its poles are rnroduced silther byzeros 212

of 2yq7 or Z,, weich are not contiined D, tle
So trerz z2r2 no rzzirictions upon tiie zeros of

wvo. no

conjuzate wotn complex.

W

Tne tyoicixl position of ooles 2ad zeros are

\

figures (Z1) =ad (%2) ressectlvely.

)

Let us ceonaider taat

teraminael network is swort

Putting By = 5 Ip = I & 22 = 0 =----------o--o--
ZT = E1l = -1
Ip I y1p -===--=-=m-=m--moe- (172)

Tris esustion siiows time

two mesnes,

rastriction uron tus vo

the

it ¢can be

or the poles

les of tne

gxcestin: tuaat they should occur in

srnown in

thie cutput terainals of a four

circuited 2s suown in fisurs (33)

ounly tronsier ilanopedince 1s

not sufici-nt to scecif, tie networt bescause it contzins only

ons of ta=z thrze functlons wulch siecify a fcour-terainal

natworx. e reazlaln: fuactlions Yyq and Y22 azy ve

zlven

by 2ny vzluss, s> lons &s trne three functions obey tue residue

tneoren.

Let us consider here tuzt tae networt is sy.uaetrical
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cle.

23i¢dus t.ozorca holos nere at eacn
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into cortisl frzctions o

co-efficiznts =~ ba of any sirn but r-z21l.

and Yo» are ex»nzaded siznil

inz to our zssuantions, we

For =211 viluzs of

taat freca a2 exs acion of

rived cnly by faxin- 211 rza:zi
natrix of tils networ's 1s now coumplotely
networxz 1s z1lw’ys rezlizadle by a.3a35 ©

The if.inedz2nce watrix of tois

golvins eju.

equ. (153)

Y22 I

n
=<
1
jod
Mo
U
V]

1

Y12 Ip = ¥90° Eq

oubtr:.ctin: taucce

2 N
El (YllYQ;_)“YlB") = .f')‘)Il -

(175) =g 2.

Now, 1if bota Y11

“rly into partizl frwction, accord-

r from tils ejuation it 1z cleour
Yy0 = z71t {71 a1d Yppo may ove ce-
~os3itive. lhe & wittince

c:eclliza anc tnis

L]
I\

2 lettice structure.

retuwort oy we found by
(154).

»urinz 1t with equ. Iroua

no

t
H
ey
=
o
O
<
-
v
t
n

e
S
[\
rn
=<
'—J
no
]
n

exuuticas, .2 uxve,

12 Ip
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cr, E1 = Yoo , -Y12 5 Io
Y11X02=110- 1 + 191¥00-110

cozparin-: with e-u. (1484)

Z11 = Y22 .. (176) z12 - -112 >
—11Y22Y1_2 111Yz22-Y10 ---(177)
gimilarly,

Zon = 1
717 ¥p2-¥122 -==-=--- (172)

The constant suantiti:s are all(D), a1, (D) ana

&) o

L)
O]
<

L]

~~
—
Ty
WY
~ .

anp m2y now ke written as,

dim

dim
a’w 212 = 3.12(&) ““““ ,130)
Gim

n
oy
n
o
d
'
)
|
J
|
1
)
~~
=
C
=

P Zoo

Now physic2l rsz2lizzpility ce.nis tial 1t suculd a2y ths

re=1Jue tazorenm

2

Wnetaer tue 2quility or 1lazouslity sion ..0lds nere &

be found re..iily [y tiee 1ilaits :tpzlicd 2z2ove: to tae fusctlon

222-2122 and 2's rz:zlaz:2d by Y's =z civen bty ezus. (175-173)



fo ! (. A
a17 \@) 22(@) J.l(_K /= d*“w(z‘ll Z'D'D-‘:‘].Qa) ____(182)
, 227212
= Lia Yy ¥55-¥y52 ----(182)
P 7,_’1 > 1) ,
\111155-Y“:2)
= Lin 1 ----{124)

Pyoo (¥11Y22-Y127)°

N

Tals 1izit coouolt be zero beciuse tazn Y11Y92'Y122=D
wiichh 19 imoczelnle vezriuse none of the Y's nowoole &t Pad.

C wuen P = D and so

o3

<3
ct
[
w
"
ol
Q
ct
(_?,
v
(G
ct
[N
1]

Tiils ¢nn e »rovaid
Y12 c¢in not nave = p9o0le at P = (& znd so blg(@) =C.
4ls0, il uns scecl’isd tiat By @) = ppp(@)

‘b12«”)2 = 0. 50, froa tiese wa c2a conclude tuat

Lim  Zyy Ypp - ¥10% =0 ----- (135)
P00

(®) ¢ o P
na a§) 2(@) - a@ > 0 eeee- (185)

'Tne tzrns a®) ars tie coustiant pzrts zad by virtue
of tne inezuz2lity, we czan extroct roa esza end of tae network

a sgeries resistznce of acgnitude

‘fuo)’ ‘?2)' 2.~ ?;7,
SV, V W
E N
Fiz. 34

The networi wanlch i1s left 1s etill zoyesiczlly
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1

rezli-able because tne cnly 2ffect of exiractin: trese
resistances will o2 to atke toe 2 u.llty rothier thizn the
22 terzs a(D) in Z function. Tuis

rernzininy networe, stlll syazstiric=l, @iy now z2 r2zlized

o

n oy,

w

olyzle 1lly =5 = lattics, thes =rss of wilch may Dbe ive

Z3 = Z*ll - 213 "“",(1

wiiers, le - lew- (311(a) -/5.~ (d)/ ) ____/1-.,\)

Tols eyntuessis way os donzaflliutle ~ulcher (42) ©
reatnozrin . st tue réesistzncss AMLto T: extricted frou
ezch end =n-roxiantzly of the wsgnltuce of the sazller saries
resistasce of 2.1 + 272 2nd Z11 - 212, w..izn ore tihe ~ra

r

e ti.2 extracztion and ejuzl to

To 11lustr2t2 tre =zZcove »rozeaure 2 nuacericel zrob-

siven
Zp = (P42) (PyZ) (PMA) -------- -(101)
{(p-2) (p-3) (2-4)
=P2t 3224 26P 4 24 ----c----=(122)

[
=
N

(X}

N
(]

S~

]
it

HJ

N
]
Hy
ro
Nfet=
no
N
y
]
n
&~

------- (133)
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Yy = Yyt Y12 = 2 ( 2P 4+ 422 ) = 144P2 § 402P ==m----
rr2 PIh PZY 32 T 8
Y3 = Y37 - ¥n = 2 (14 702 - 14°p 46 e---me---- {123
Pr2) P¥ 3
- 2 Zn 1 O
2a s B 82 s (157)
144P2 ¢ 42°P
=1 +2 by mmmemmemeeeee- (2C0)
124 4Z7p HT1LRLETECT)
Z3 = P 3 3 memmmmmemecemeecememmeem - (201)
ERIENR
= _]; T 105
42 71 (712 + 3) -==-=------ (202)
Here sgm:ll2ar part is 1
Ta4
7% = 3
* 7 Zoop i 5 _ mmmmemeee- (20%)
TT1545F T23Y
z% = 1 1035 emmeeeeee (204)
12224 71 (712+3)
To =2t rroosr values nul.loly ejus. (203) 2ad
by 144
ZEF o144+ 180 0 -e-ee- (203)
’ 51P 1447 ¢ 427
ZE -
37k 4103 X 144 meme-ne- (205)

71 (71F ¥3)



R1 = 1820 ' z
c3 1
R2 - _1_3_3 X 1‘)44 Ch=
e vD=

R3 =1
71 “3

-
The n=2twor's is saouwn in fi

¢l
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Pevelopuznt into 2 sin‘ls lacder structure:

e know that taoe transfer fuacticon of a network uzay

be ziven by

fron tihz drivin: zoint functlon it 1s aliuys possible

develo: a l=zicder cstructure. Zat in four terrtincl cuses tinls

aould b2 cdevsloped in such 3z w2y tazt the -alr of teruinals

(57}

¢lacad at the far end 3ls50 realizes tne transfer aduittznce
fy, (or Zp2)

he ocoles of bot: Yoy and Y12 are comzlex natur:l
frequancies of tne nstwork and t.s ladcer development auto-
natically ~ives a networt In walcu the traasfer function nas
prower o2oles.

of

The oaly tiin: left now 1=z tnatfhow on2 can jroduce
the 2ropzr zeros of tihe trinsfer zdnittonce. In a ludder net-
vork, it 1s rocssible to orocuce zero of tune trznsfer function
by z2%in. 2ither thz seriss branca imsedwuce Inlinity or snunt
croelr 1o-edwrce zero 2t tas zodrosriste frzaguaeacies.  Iluls
condition 1z & nzcessary one {(but ant sufficient) to -rocuce

zero of trinaslfzr function. Tuails ig aot a sufficzient condition
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y througnout

1

4 nuazsrictl examnclze will siiow tie wucle wrozsdure

Let us =2:cume tez functionsz:

i
n
n

From the sauztions it 1s cleur tozt nocne of the

r toun

V)]

(%Y

If the z2ro fresusnzy; valuz of 1on wars 1z o

fo

-2.5, we could si:ift

=<
ne
iJ
Y]
Cl’
ct
R
]
'
(9]
[
C
H
R

a zero of Y22 to tze voint P = 2.5 clunly by subiracting =2

nositive r2al constrnt which is a conductmnze 1In toe 2ctunl

20, we have to zolve it in arotier way. Inig
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is to shift the zero at P = -2 of Y)2 to P = -2.5 znd tuit is
throusn tiie suttrzction of =za Zppropriste part of the pole at

P hey -20

w2 ¢o°n find out K, cy ejuating Y22 (-2.5) wita ¥y
at ths point P = -2.5, znd ty suoiracting tuls value of YY) fren

Y22, we ¢:n ~roauce 2 72ro =zt P o= 2.5

o]
(B ]
N
.
(O]
|
}
]
1
1
1
]
1
|
~~
n
o
[
g

S5c the admnittance to Le suctracted from Yo2 is

in
"
SRS
«{U
{?0 = \
"n oo
+3
[ X
I~
N
(@)
]
(@]
g
\O)
]
]
1
|
'
n
P.‘
N,

Tiwus the orocedure suows thut we nave ts bulld a
shunt btrancn adiittance of tiz value siven by Y1, so tnat tue
network at to2 l=ft of trls »oint »rocduce & zero at P = -2.5.

Hence tans remalning adalttzonzs furction 1s,

R I S (213)
7
=p3 1 10p2 4272413 -55pP  mm-e- (214)
(P+ 2) (P+4) (Pr7) P2

-.845P3 4 8.3p2 4 22.5P + 18 @ ------- (215)
12 (S¥E) (2F7




= (34592 4 6.2 + 7) (24 2.5)  mm--m---- (
SRy (278) (237)

Now 1T we crrefully ocserve ths saunt cr

2ittznce, w2 find tizt teils dozs not »ro-uce =

tie Y22' to tiz left of tuls branc.. still contzins

=2

at P -2 and tas so.2 is trus for Xy Actually

2.
a

tane snunt triuca Yq, we rewovad only aart of tee

at P = -2. Sut if ths wiole cole wsis reiovad, tias
have oroduc=2d 2 z2ro 2t 2 = -2.
20, in th= next ste-z, we “ollow the s3a
ins techninuz;  but by rewmovin: a purt of tie aduiittance

o

tion, we crnnot zuaift toe2 poles of t.z function.
rsnecdisd by toe followin way. Tarouzil the a2pplic

bS]
(USR]

firzt to tne ivaa Tunction 2nd

nainder 1s thcn inverted and zero of e invarted
suiftsd, woilcin 1z gctuslly tie pole of ti: orisina
<0, ooLa tire ~eros and poles of 2 functicn 2y be
of

any desir2d rociticon rogaraleze/woere tne critical
ori—-inally werec.

w¥ow, we totully reaove tiiz nole at P = -
tte invert=2+4 “unctlon becauss we n=vs to ~r-duce -

o

Y12 at tiuils point. 2So we calcul2te the resicue of

tzis point.
(2)

7 = 1
Zoo 1,
° You
:P341}P2{50P+55 ______ -
(.245P- ¥ C.25c42.3)

7€ro

anci aa-

<

ce

Jeci

1

=

G

(V]

jole}
in removing
pole Y.o
brinca would
g zevro shift-
func-
T..1s way be

Lii

Ztion of e
tiie re-
function 1is

1 function.

2.5 froa
7ero of
Zop"' at



- A 3 (218)
(.245p°F 6.25247) (£¥2.35)
or, =1
S0, & 3éries oroncik: laosedsnce cof vilue
Zp =1 ==me=em=-e--- (212)
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1s extracted followinz tu

2 re2a”

22(8) = 25(2) -z, =
255(P) = 255(8) = 2, - (P32.3) (P45.3)  —-mmoe- (220)
(.245P2¥35.25F717) (P+2.3)

In the above discucsion Zp ls 2 cerles cranch, the

Q

values of resistaoce znd c..p2clitince of wihich are ziven below

and tils roncna croduvces 1 cero at P -2.5

[N

The Tirst cycle of tue netucrs d.veleopuent 1s
complata. “e nave -2rtizlly dsveloped tiie siven Yoo #nd also
we havs been aple to croduce a zero of Yy1p. Lo, we follow
the 3202 oHrcocedurs to develop t.e networt ccasletely and to
produce =11 ine zercs of Yo,

50, we start toe sscond cycle Ty calcul;ﬁing tie

value ol Ygg(b) at P = -2.5 azain.



a positive constant {rea>vil of conductonce) froa this value.
“ut the zero snifting procedure nzy ce centinued

cy parti=l remov:l of tiz vole at P = -2.2. Tiis is done by

attrectine & sount treoch tlulttznce Yz. o oy tee metiod

rivan sobove, the vilue of s.unt brinc.. zdwittonze was founa out.

Y} = 0323
FT5.3 mmmmmmmmmmmme oo (222)

The vslues of tie el=acsents nay .2 sivaa by,

2550 ©) = (p45.8) (B42.8)  m-mem-oe- (224)
< o5 (£¥2.5) [545.4)

from walch w szrizs brinch impadince Z) @2y bz suostracted

rocuce & zero of triansulsslon «t P = -2.5 and Zy may pe cal-

to

s

cutlz2t=d as

= .55  ===—- 225
Z}'l—'?r%g (225)
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trhe eyulve i 2t - Dor 1= 0. Lz2oualn ., T2 ot ruze-
dure cu-5350sd by J. oon2r (f) w2 a3zuw bkl Ro= Iy, °=l1s
R2 = KR 2nd Co = 3
. wow, 10 w2z z.oziliucs 2o = D4q 2nd write

tiae 1202 e2n tionag, w2 Lzve

Z1-I7 (=J3%/5C) 4 I= (=JK/WC) = 0 =----- (222)

294 In (£R-3/0C)-Iz L2 = 2 =-------- (227)

339 1 Iz (R-JK/W3) (-d&/wC) =20-=--=--- (2323)

381 + Ip KR - Iz ({G-3/WC) = 0 ==---mmmmm- (2232)

~ L5 - vy by o
" Cal dhes2 C ~J:. VLT3, W

B = %33 - (2xPrRct) o (r/ES3)-(2K2R /'.zcﬂ

{IQRB‘(EEG/':\"—)Cz) - (2%3R/:20%)-(R/W222) 4 J[({/ 302y -(252=2/2)
-(2KR/43) - (R2 ..v] ---m-mm(243)
If R is set =jusxl to 1/w.c, tuen,

g

3 :{(K-EKQ) + J(K-fi{-‘}/{( -2K-z£2-1)+J(K-2K- 1{2'18’ ----- (241)

wnere R = 1 3 15 rezl zand .25 2 wanliuce dez2ndent upon
IID:’ )

only ¥ when ¥ = C.), tizn 3 = O, wulcn is tue null polnt. =t

tois  ooint, th2 o otwor's lso wro us2ss zn abrudt cnise ra-

verszl. If ¥ i3 lec:z thazn 2.5, tasre is only & zarticl null
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and network vans2 snlft sttains 3 value of 1802 dezress as

ozcurs zors rIridu~lly zaz toae slozs of ta2 curve d2crsises
with X. Ta= 27 s2 soift 'nd avtzntuzticon curvas ars siuiown

in fizursaz (47) ard (41) whicn ars tazxen froa tue -2zszr of J.

[¢]
3

=Y
=

tainad expzrizent21lly. The

Q
O

Sower (6). Ihe curvas v

g
(VA4

()

ras-onse curve of suz. network is sacwn in fis. (42)

Aan exZnnle 1s ziown "z2low:
Let Fo= 50 C/5 and 3.w = 20

From the rescgonse curv2 of fir. (23) K = .25

OI‘,C=l__ 1

iIf we z2ssuae C = 0.1 GFA then,

= 122 - =.ox10%
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Band Zlinination ¥ilt=ar:

This nore Z2a2erzl method was su-3e. 2d by Y. oono(47)

(@3
e

[V

vary recently. Let us contidsr the fig. (32) wgereva’O and

Y24 D. It is assuasd t.at tuz tronzfer charscteristic of the
networz sh>uld b2 sy.apetrical with respect to tiue resonunt

(infinite zttenuation) freguency and

Rl =C =z K -=-==--- (2432)

<

or, R1 = KR znd Cl = 0 -=------- (244)
K

From 3Staatca's (81) siper let,

- Ry b= X \ i
AT R, XF1 (243)

oy
AV
1]

o

™
RU)

i
-’o
)]

H
n

RK/&L(._.,K) (246)

Co = g (RHR) = K/ (247)

1
=
A

where, 4= 27 f, KC coe (243)

fy = Reconzat freguency
Ire trznsfer functlon ol tue netwsrx 1s calculuted as

= P2 41 (24>)

79



wnere I = Q*y&)b(y+K) *? + (h+ ) .. - (230)
G = Z () (k) (L T RRR) o (251)
-+ja(}+K)§%

(14x) + (14
§z> ( %3

Slnce tie re oonsz2 is synastric:l with r

o

w

J

resonant fregusacy, we heve,

2
S0, Pz H ==--eeem 1254)
or, (+l*) Yo = R . (253)
e = R .
SERS
Let T, = nv, 4 R = X1, (259)
.
A= AKX 257)
our tr..ansifer functlio:n tecores
E_'-z_'_ P _ oo L (238)
E M phapst ™M 1pP_
' P P
wiere, M = 14wn + (HK) n x (252)
A = L (HK) (nK,(.;x—rz)nx e (260)
M
now, - 4
El b2 = Ef_) 4’ - -1 12£1)
El P= o0
wiieh M re resent: tus 1o . extrcar Jregusncies
and fo (D £1) o2 the equznzi r waicen
Eg_
oy (252)
23

th2a 1t c3a vz suswn toiud,
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N

Az fo-fy (2

£
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e
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whilci 1= the band widt.o.

The roots of tie denozin.tor oF ezu. (23%) zust be
re2l =ad cez-oive =nd so N> 2.

S0, if M znd Q ars orescribsd tus nziwork sleaeats
can 22 found cutd  zut 10 it i:- decirzols to Tind zicinun o

for ‘rescritea A or vice versi taen froa equ. (252)

X = Q’\"‘“"“’Q/nx e (264)

and  AY = _nxty (Mor-m)y -1 - (235)
or A . M-i-n (-n)x+MH1-n (055)

=Ny (M-1-n) )
It can be shown that A has 2 positive minimuam value

andA2 1s -ozitive for sowme positive value of x only if,
My (14 gR)° coo (=)

T3 value of x for waich A 1s uiniuua is found,

x = =€ =2nt {(1-n)° ) (252)
2 (T¥n) -(i-n)=
and A M- () . (25632)
- L
VM= 2w M+ (-7)
alninua vailue of 1 13 found
M: '+\’\_‘.2ﬁ\ JAN e - “ .. (i?C)

Jo=y
The relztions (262) znd (270) are s.owa in fig. (43).
the voluzs of 4, K and/q zre detzrained as, x;%— 5 K=§q/(= NKx-)
T,
qx -nt) = Zné—ﬂ-f»b n L
MEgInM +(Q-n") e fmn
M (\+n)_(.—r\)", bn+a2dn (Hn)‘[ﬁ_ﬂ?@

“ T
% [M‘l-zM -rQ-n)J =2 %z-a’--f l;ﬁ,/z_%.q.,- n

winere aQ

N ®
]

An ev2oanle is scLown 22lows
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From tas

B S
'

X ® =2

Let C = C

tn.len ul =
R =
35

Y1

R

rish w2 oclnose
2.2 znd
455 znd 4 o= 2.2

M2o2nM 40-MN =10-2.940.3= 7.4

~—~
}_l
-.—
o]
1
by
’.._J
]
o]
~—
N
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w
.
N
g
4>
Ui
Ul
(
u
1
>~
i~

2 . 40086 A CL—CZ:;(‘ 04 Lfk.
./ﬁ(. s _ s

o = 2.2 X160 ctumr R, =KR = 2.56 x10~ tuns.
- RX

_@3§&»= quwécﬂma

c .
= 1.3 x|°§ v = 'Y\“-“‘:Z.-q’\\Q M
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