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:\ESTR,it C T

^/in active FùLC synthesi-s i s Ðre selr¿ed ior transfr:,r'
fu.nciions con'barnin¡1 both rea.i enC con¡:ie:r zeros in the
::'j p-:hi h¿¡if s-pl ane. The poles of the func¡ion â lre rcsii"icied
to tlrc onen left haÌÍl s-plane "

Par.'ticulæ.r: att,errtion is paid Lo the aIl--p¿r,ss i:or"cion
cf tire tr:rnsiler funci-ì on. An unbi¡.1-a.nced neir,¡ork rc]Ðre-
scnc.-cr'-on, r.r'hi ch rcouire s .?. ne,q;:,t:'-ve fJ¡rirfor, is obt¡:inec'L

fo:: an a::bj-i;r'e:r't' ell--i)ass .function " i'his neti''¡o::'k is i,Ìren

rui, in c; sc¡de r¡Íth ano-uÌrer unbal¡"¡nced netr,¡ork t¡irich.

ie¡lizesj 'r,ire mj.nirnu,m-ilh;ise portir¡u ojl the cr¡:nsf er j:.unciion.

Th"rs åLr1\r -t,:lansller function is rea-li zab-le in the Í'orn of
tivo ca sc¿¡d,e netr"¡orl<s ivÌrich ere Lrnb¿iianced "
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l- . Ilr iÍìClUüTlCi\

A 'cvro-pori is nair,cC

cirivir'';-r:oint imr:'eCance is
tt".jo-to:it is "cei"minstcci in e

laj;iice shown Ír: FIGURFi i.l_
ît.',¡-. nnri- -: f 7 7. -a?t,,,ç*r'uJ [r J,! ¿_q..lJlai-¡,.- s

l) 
--_\IL /'

,/
o'/

i icunË l" .1

Because of this
trarisfer functions of
1:licative conrjiant 

"

any of those transfer
condit,Íor ihe volta6e
FIGURIì 1.I is

rtconståi-ri-rcs is-r,anc e1î i-f its
eoiral- to a col:ìstant ii i^;hen ihe
resistance R. The sl,rnnetrical
wiii be a consLant-resisiance

Cons't ani-äes ist anc e S),mnetr.ica l-
*aLaLtl-Ce v/1tn 'Lr'l¡=¡< 

"

constant-resiscance Fi-oiert,lr, all
such a ilvo-pori diff er onl-y by a rnulii_

fn this ihesis T., , '*'iJ-J- be uscd f o i-epreseni
fu.nctions. -i'*ndei. Tñu constant-resistance
ii'ansfer function of th.e l-aitice i.n

Since R

ecuation (1)

UL ,

Ttz = R(R-zr¡/(n+z^) 
" " (1)

raay iake on ar^)' ¡ra cLical_ vâ I u.e, nornâl_iz e
r^ri f h .¡c.cna¡i- t,O R. tO Ob-t ain¿ vvl,vvv uv ¿L UV VUUCjJI

Tr-, = !1 ry \ /t1'- ì /Z)L¿ \r-¿A l/ \t-rLAt \Lt

, - l't r¡ \ /lt,r¡ \ /^\
. r,e \r-112)/\rrrizl. \))

To real-iz,e the ti'ansíer'functicrr es a constant-resistance
l-ati,ice reeu j rcs that za be a p,ositive rear function {-f .!.,:.

;l'-oagr: 325,



The conc

rcal are

j ! -- ^e -I U J (Ji I i) i'i-:n()spt' lll\o:.'r T.. such r,nat 7 ie n¡ciiirrg
*,.--- "e 

'v\r;erv

I . T't 2 
(s ) ha s no nol es on t,he jw-axi-s 

"
rl

2. h'-^(iv,,)i É I
l'12 "' "' ' l

i'hc ah,ove condj-ijons cân alr,^iays'oe saLisfied. irirs'tJY,
r';e uiusi essume that t,j:e ¡:i.ven tr¿nsfer fl,nc'uion has no

itol-eS on the jvt-axis. SeconCly, tre neeci or'J-y reciuce the

,9ain col s¡ani to sal,isf y ihe secor.cj col,ii'[ j-on, It Ís,
iì-,o.,oi,r"o. âlrn:¡r¡s nôssìib'ìe to real,ize a iransfer funciion invl¡çM V¿ V,

a s)/änetricel lattice "

i'irls íor¡n of real-ization iiot";eve:', has several cj-sad-

r¡antagÉìS, The inosi obvious oisaiv¿,nlageS are the neecÌ f or
an excessive nt,r¡'oer of eIe¡iienis ario ihe iOv; gain COnstant"

Another unciesir¿rble featul:e of e SylnmetT'ica] Ìattice is i'us

bal-anceo natu.re" ft niay be possible to obtain an irn'i:'alancecÌ

eoui r¡¿l ent of the iattice in ceriain cases " This, hov;ever,
is rot. ¡-'tï;âr¡s 11Õqsihl p in ¡,hc crÍl-r.efål Casê r4)hêrì onl.¡ naSSiVeIJ ¡.Vv grvr(¡ Y e l.:!ri)ù¿UJE Il! V:i\- e\/l:uI er

el_ements are useci. It maybe that eciive e }el:ients are requ j red

ùo uälial-ence the generel s¡rnn:etrÍcal- Laitice" If sr:ch an

rìnbal anced eeuival-ent exists, ii r,'¡oulcì be i:reíerab-l e to
esta'ol.ish. :'eaIi-zâLion l-,rocedures for obt,aining, dir-ecti.y,
such an unbalanced struciureó r

.Constant
n ^ ^.1 ^+.

Îs,'o-I'ort
I
i
¡

I

-__-)

Cascade of Cons

Tv¡o-i:'oi'ts.

R

IiTGURi.J I,2 tant-Res istanc e
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L'he impociances that foi'rn the lai-cicc v¡il-f bt:corrre:"ela-
'õivei5' con,pì-ic¿,'¿ecì f or hi¡ht:r orüer^ trar;síer iurlc'Lio'¡:s,
This iisaivanl.36e can ce overcolìre. Corisicìer a cascacìe

conrì ec-cion of coi:siar]-r,-resiscance tv;o-r:oi'ts shown in
F iGL,iìlt I "2 " ,ïacli rv,,o-port i s se en to be '¿crn¡l.nateci pronerly
*-a .,i ^-ì.r - ^^-lstant input im¡ecance" The result is thatU\, j:glU ã UUI . -¡,., uuo¡ru\- o i:-

ihe o'¡er all ne Lwork v;il I be constant-resis'ûance. Such a

netr,,iorlr- stn.;cLL:l"c froves to be ver¡r useful "

l,et, t.rs consider the decoir':.ositlon of a given transfer
funct i on in the forrn

't'\z = 'r'!?e r'l 2b " . .'t'\zn"

ft is shor.ln b)'Bal-abanian $)''that each corronenL
cen be realized es e cons-u¡ni-resis-r,ance l-aifice.
cascade connec'C,ion ol' thcse tin:o-¡orts v;il I real-i-ze
-i r¡"r'a f,'.nnf i n¡ tO hi tþifr a -,rnltltipj-iCe iiVe COI.EL¿r,L.=,¿ v er¡ ¡ v.:rv vrv. 

>ir.,

I'c, has b,een shown {-:i:rt tbat a nonrninimun-phase
can be ,¡r::i*uien as the Þl'ocÌucL oí a miniiiiun-nhase î
ail ail-pass function " Tiru.s, vie can write

m /^\ m /^\¡¡ /^\ /rì112\Þ/ - ti?m\Þ/1120\ò/ \)t
rr¡here T. ^ (s ) is a minimum-ohase functic'^ ^--i . /^ \-!¿m,-, 15 e nlnJ.mum-- )n eno rl-2ots/ Is
an alI-pass func-uion,

(4)

Tlz
Thus the
ihe

r unc.tt_on

unction and

n

FIGL,itE L,3 " Realizetio:'r of
Transfer !'unefi

i\ on:n in iinu n- Pha :: e

8Iu
,i,?e?:e 326 "

>;,r;,t'A øe 765 .
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f'he nett,'or.i.i i'e¿ìl-izing i.his iunct,ior r';ifl- take the íc::tli oí

e Cascacie COnnÉ;CtiCilr Of a r:ini.nl;ri,-îllâSe LiLo-ì OÏ"t a:rC 3Y:

aÌi-¡a:ss i'r.ro-¡ort" This ieLr,,;orl.i i-s shcwn in ¡'jGilF¿E ).)"
lei Lìs nov,l restrict oijrsc.lves io the l"rìiniíruín-r:hasr

function" Iri this class \',;e shall ii-'clilde those vihich heve

zeyos Õn the jr^:-axis as v¡e-1.-l ársi j.n i;hc i-n-bcrioi' oí '¡he I eft-

half l-l anc " Fa l-a'canian {l "I'''-'.nrr*"'tk;et ¿r:' rcal i zai-'-i e

ninirnum-nhase transf er func-[ion havin!ì no oo] es on the

jr,.l-ariS ceä ì:e reel izerCi eS å constalr-¿-resis'Cance Laciiei'

net-ltork. L'he l:Linimu;:n-¡haSe coinnonent cf the generai transíel'

function c&n ihei:eíore be reali-zecì Í::i ¿î: unl:alailcei s*tl:ucture.

Ii rernai-ns nohr t,o consiier t,ire al I -nass ìoortioi:r of t'he

ã:iener¿-rt iransf e r function " i:i generaL all--nass f uncii on cen

be written eS the Froouci of sirnpJ e f irst-orcle;" ani Second-

order all-pass funct,Íons" The fi.¡:st- enci SCCohCì-or:cie¡: al]-

rass fur:ctions can 'c,e r,vriiren, i:esi:ectrveì.y, as (arb,c)o)

1112(s) = (a-s)¡¡¿+s)

T12(s) = çs2-zbs'.c)/ (s2+2bs+c) "::'n Ctt
(a\

-/i ItrrriArr
t'itr'--ôt./i ,,I )í_/,t I4/^

,/'!/ a 
i

"J --L--

i a /-1^ 
"- 

¡r^ /^t L/ LU ,,' ¿O/ C

Lñr '\'-\,2ú--) i," /) 
I

ta l
¡-IGU1ìE 1"4

I

-L

å11 elernen'Ls are re!'r€)serrtecì
arrd farads ) unl-ess o'Ûherwise

,l'Fages 3il.-338.

,"I,"1.,'l^U--

(b)

Reaiiz:af ion oí I'irst-Order irll-Pess
I'unciion (a ) , and Second-Crder

All--Pass ii'unction (¡)l'.

as inpedances (henrYs, ohnts,
..,- - + ^dùUdUgvo



l-izaiions oí ihese tr¡io

¡krrr n e¡',';or'f:s of ,.q lGLjÌ:lI ! . L .

urrba j ai:c ei ecil, i\¡aier,ts
ices Iray l¡e f'ound " i'he

i'cal- ii"ansn;iss j-on zQTo i

y rio uirbalanced ectui-vål-en1:

eìei;,ents are usei. Îhe
ced (wilL: oni.v ¡assive
values saì;isfy certain

I oirs :

r¡Ì- ,.:rl f)

{- r.'n

fi,u

f ir-
^. 'a r',

sec

cons¡ani-resisi-,e nce i a'cLlce rcìe

c*,iors ceir easiÌy be foi.ind to be

re is stil I r;he nossibij iui;. ihat
some o:l al I of rhe aiÌ-i:ass. Jat,c

si-orcÌer'lat*"ice has a posltive-
, as e resuir, ther'e Ís obvicusl
srich a l-at'Lice l';hen onJ-y passivc
or-,c-orcier' l-aitice can be urlbal-arl

menis ) f rovicled ihai the ele¡rrenc

tricLions {:i+i These ere es fol

l" i/2b> Zbic"

2, c/z'oz >' L 
"

It is ihe f.UrioSe-: oí th j s Lhesis ì,o obtain an un'celanced

struciure for. botl: the genereì f irsi- arrcì secord-crcìer- al I -

iåss I attice " Th j s rnäy ther: be exÙenCed t.o t'he real izaticn
of the general nth order all -neSS -lattice, It is Shor'in Lhat'

an-v nth a¡Aer al i-pasS lairice raal,' 'rie ttn-l¡alanCeO v'rith the

a icì of a s j.ngie nege'¿ivc ::es j stcr nlt;s conveniional Fassive
el,cinent-q excluciing -r,re.nsf orner's " !,e car' fireri. c-Lainl to be abf e to
unl¡alance any transfer function 'bhat has only poles in the
ojren ]efi:,-haif s-plane . Ii.rr-¡i\ay.rr_,y,t> _i.h,. ì.1^ÕÌ_¡;Sefl f s,l..t.; crk

¡ t/.! tr:lÜr Il.Vr w 9 U¿lç 4\'l v\ vuvu ¡_vuvYv¡ 4:,

v,,ili'ch is of constani-resistance 'r-î-Sf ructure, can be apçiieC

io ihe real.izåcion of ¡naxinrell¡r flat cìeiay netu'o'rks or phase

corï'ection neiv;Prlts {'P-) "

(8)

(e)

'i.Fage )3L.
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2" RI,iiiIZÀTi0N O¡ li¡i: O,Lìji¡;lì Àl,L-IASS i'll1¡'0ì'ii Ii" ulits¿i i'l'JCI;jj

FÛ;lI,I

(10 )

Turn nov; -¿o t,he pr"oÌ-",ie,'i of re¿LLzrng ti:.: Selitll'É:1- nih

o:.der ai-i-påSS ÍutrictÍon in an UñÌl¿ìl-ancecÌ StrucLure, The

íol lowing proceour-e v;ilL ernr:Ioy negative I'esistors io obtain

such en unbälanceci equiverlent
The zeï.cs of än aIl-ieSS functiol' are ¡he negetives of

iis poies, Such e frinction cen, Lheref oz"e, be wrj-tten as

Tt2o = ("-n)/(r:r-rn) = (L-n/rn)/(t+n/n)

rçher"e r, a¡d n ar€r, res.ecrivel¡r, the eVsn and odd parts of

a I'iur.vritz poiyi,oniaì " It is seen t;hat ii:e above transfei'
functÍon cen l¡e r.eaiiz:ed es e cons-r.,¿in'L-resisiance latti-ce.
Tiie l-¿.'i,l:j ce arln iinleoance has the foi'ni Zt = n/m' li ':

in¡eciancc zà is theref ore I ossl-ess, The generaì nih

o¡.oer. ajl-fêss ftrnciion iS, therefore, i'c;;iized as e lossl
cons'ûant-ï'eSist¿¡nce laiiiCe" j"',e novr seek an ur:ba'rancei

CSS

ecui val ent of such a structLi::e,
The uin'balanced ecUi¡¡;-r-l ent oí uhe a'oove l.at'tice viill be

of 'uhe Consiant-resistance a-¡-StruC'Lr:re" Consiier the

y-ierameters oí a iettice neLi'¡orli- '

yrt = e(Yb{-Ya) (i1)

i:.2 = à(Yb-Y^). (12)

The acrnitt¿rnces Y.¡nd Y ^ are cjefineo ín;! lGUiìE I"1"
Let LiS no\^r rearliange 'bire terrns on the ri¿ht-hanC siie oí

ecuaiior:s (if ) ancÌ (L2) 
"

(r¡ )

(14 )

" lla ch s e;U of
a nnrnrr¡qi'l¡

ìn a i-hr,¡o qilh-

'l-l
YLz

The brackets rnere]'r se

h-nr cì;ei,s renres e n-usl a

netriorl< v¡i1l be il,e pe

nctv;orks .

l-r¡ T
?L I

I

I

,f
.t_ \r I

ai

rnl^

^f+(-r: u

the
tviorlr
ct icn

t-v -r J- r .ì.\t
i r'^ I ' l-2',ni"ll"| | I lrr
i o | -i | ãi¡,
Lr

rve to gï'oun

c on¡'on en t n e

ra l-l el. conr, e

l-ì-
I

I

I

I'
J



Çui' Fr.eSenl pul'iìcse Ís to sÌiow ¡hat edcY, of ihese siib-

ne'úr¡jorks j s of an unbaianced riature anc ¿hat each Ís

¡,hysicali1' reaj izabl e'
Thus ¡Ì'le neL efíeci ìras been to obiain three si:'n¡iier

Unbålanced nett¡orks " The th¡:ee seÛs of y-¡ar"aneters are

scen ic'ce:

n

(15 )

(16)

(17 )

(r8)

(Ie )

/ ^^ \\¿\))

( t6) , (1,7) ,

- \r - ' /r-"V- - lr - Ltl ittr' llâ r\ '

r LZa

= -r /2rn

/^= n/ ¿rn

= ffi/ /'{\

= -n'/Zn

The subnel..vroltks rel-resentcd'c¡r erc\u.al-ions (15),
(itl ) , (19 ) , ancÌ (20 ) ere shov;n in ii'IGURi''' 2 "L "

I t'
J 1 I ì^ < *Ì.

.IJU V

I x¡
\/-^, a:Lar l./i\

I rr

¿ l'/a' * å

iv /)'
C----------------:*â /' t ------C

l*iti

(a)

c#c-

(b) (c)

FIG"-ÌIìE 2.1 Subneilr'crl<s íor the ri'eaiiza'üion of
the l\th Crcler AIt-Pass Function "

Note that i'c ¡-IGURIi 2"i the adniitances åre oefineC âs.

Yu = m/n and' Yu = n/rn"



I

in l"I0l.jRi'l 2 " i rr, Ís secn tìle u the i"eaiiz¿:tion cf -õhc

a.rnls ir, tire ì--r-Ii€iirç¡lç is r''ect.icerì io the real-iz-ai,ion of
ioss-l e ss cirivir;i-:'ornt fi,r:ctions " The re¿;ÌizeLicri of
nell.roi'i;s (u ) ai:d (c ) is stra i¡;ht f orv,ari " l'{etv,'ork (b )

is shor,.ir-,. to coi:tain fhe r:ege¡rve cf a iossl-css cìril'ing-point
Íunct,ior^1" The rcaiiza¡io¡: of netrrork (b ) ie; never¡hel-ess
eccolrr^l-ÍsL:ed vri ih rhe a id oí e nc,Bâtive ¿!!rê,-uor (s"e

;inpenoix Å) " i'ie'¿vrcrk (b) is shov¡n in its f inal- i'orrn in
iIGLiiilì 2.2 "

l___________.

n

iì)

I
¡

c+

irIGIIìì"E 2,2 Real-ization of -ZY¡"

Lhe conrpìeie realiza?i-on of .tire trth or'<jer" ali-pass funciion
is shou,n in i IGUliL 2,3 .
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^L=.it
,. /2n al

n

(rr_-"

I

t--_
:

I m,/n I

li

I

I
I

I

i

i
I

,---.----c,-*--,-, - *, - -L

I'IG-Ù|-¡E 2,3 iì,eal-izaiíon of the l\th OL:der i,l]-Pass
Function in Unbelranceci 5*r'r"ucture '

i{ote thai the cl-erneiris rcpi"csented by bl-ocks in ¡ICL;iìtr 2.3

eTe ajl l:h¡rsicerJ-iy realizable as iossless drj.vir-lg-pcint

in¡edan c es . Theref ore , ihis ,cr'ocdure is strä J-ghi f orwa::d

retårtj.iess oiÎ the conp I exi'uy oí 'Lhe give:-r alJ--pass íunciion "

Anoiher inieresfir,g observatíon is tha't bhe geriei"al aIl-pass
funcLi on can be ;"r,:alized in an unbal-anceci structure v¡i'uh 'uhe

aid of on e n egative re-sistor " The valtie oí this neEative
ro.ei stôr inal¡ of course take on âD¡r practicef val-l;e'
4vv¿vvv¡

I

¡-i
lrû/n r| '' I

il
ti

i
I

I

t
t

a'
/p
\, -rL
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:,:;;iì'lI lî:ìS CIj' .qLl-- !ìi''¡) t'i,!¡,C¡1¡.¡

l-i: v;as irrcviousl)' s'bauecì ¡hai ihc re¿.1-i za.bio¡ of ihe
gene::a1 all -i.¿,SS -iU:::lC¿ion ai1 éì CO.St,arrt-Ì'C:l:i'siancc r-r-l" ctt';Ork

rr?ClüCe s 'cO th e telliza cion of a cÌ:'iving-loi n c inrc'cìai1ce.

Ti:e cor;'irlexitSr of this criving;-ioÍni i r¡:cccÌancc incrcrses
es the orcÌer of 1;he ¿.: 

j l--!ass func'cion is incz'c¿rs.ec " To

o\¡el:co:ic ihis; dra',..back fac'i:or the geneï"el- al l-nass fu::rci:ion

ii',t,o f irst, - '¿rid secor.d-or'ciei- e-Ll--nass functi cns. This lÎel/

be acconlrl j.shei hy al-råingin.'' the noies and zeros in en obvj cus

t^lå)¡, The rcal izct.ion of i;lrc íi'eneIe-l al-.1 -i)aSS nct¡,','orl< v;íl-1
-bhcn bc a casc¡ide contaection oí cor sient-rcsÍs1,erce
-,-r-ílei.i.,¡ol-ks r,vhich ei"e in turn t,he rea.l iza¿ior 's of s j'nnl e

iirst- and second-or"cler åi-Ll -rass -it;nctions "

? I " i r-s r. -C:-cì er C¿ s, e, ú + r r; Lr v \/: L'

cors jcÌer the typicaJ f irs.ü-o::cìer a1J -¡c:ss ir"ensíer
f i:n c'ü i on

Ttz = (a-s ) / (a-rs) = (L-s/e) / (I'-s/a) 
"

(21 \

The branch inpedance arni is f oltnci by corrl!å rín'¿ €.1;¿tion (?'L)

to ec-ua'cÍon (2) " 1'he resr-:l-t is
y^ = a/s (?2)

and, Yb = s/a, (23)

tie refer now t.o eou.eiions (11) ancÌ (fZ¡ to obiain the

y-Farerner,ers oî this f irst-orcler alI-pass ne',cttork " The

resul-ts are

Ytt = L(s/a*a/s) =

Ytz = à(s/a-a/s) =

TÌre a Flíoiriaie decoi,t'rositi
r,recÌe " The stibnefvlorks renr
ere sho,¿rr in FIGUE,E 3,1-"

lslai-'l-e/tsillllt/¡ìo I + | S/.¿A
LJL

on oi the y-lê
escnieC Ì;".. e.u

l
Iú

dU

+ [ a/zs]
il+ ¡-a/zsJ

ne:t ers ha
, /a, \10n9 \¿;,)

/nr \
\/tr)

| 
^r 

\

" \/-)'l

s been
/^r\enc \1> )
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il'hc eni resl Ìr l-s i,ì-ie' circl ic. in i iti'ii:;, ).3. Ti j s ner-u1'^'cl:k

jrjaJ/ be l-l-acec ir: c:;scacl e vri'i]- -r'¡, c;íler consLer¡L-í.Ùsj.si:l .r", ce

str.uctlir(-t l-.serj to re¿i jì ze LLc niir;iür,¡rl ;lÌ'iase i"crl of a generai
-! -^^ ñ ., 3 ,^.- -î: .'¡ n r i nnUI cllùr \:a : r/:r.! v¿vr. " ,/_\1__-\. .- -. ..-.a.

lìii Il.
'. Lr4 /tn i

- 
\ '-,1'-) ..

..-' T-)ù:L

i¡l
t;\.
'f/

! ¡ -, /- '<r
ri-,'

t/- I i i/t '-\,ì
| /2 *^:/a

t,/' ui\ 
-ir\ 4

l¡\

I IGllFlF( 3 "3 Real.izaiion of the Fj.rst-Or'der ¡-11 -Fass
lil¡nction iä Consiarrt-R'esi'st¿ince
-¡¡-Scructure "

3 "2 Socoi'ci-Crcìer Ca.sc

In a Si-nrlar ìr'iê¡iJ Cï , oT\e majr Obtaín e constani-resiS-
tance StrL:c-ûUre f or the secorrci..or"cle r aIJ -i:ass .fu-nclio¡: "

'j'he proceoul'e ei'ji:olo).'ed Ír.l sÉìcti-orj j'j ijiay r)cr¡v bc afil-ico to

thÉr Se.COrid-Oycler CaSe . The I"esLlits ai'e aS s¡ateo belo'¡,

Tiz = (u2-2bs" c) / (s2-r2bs'..c )

<

I'4Ã

(?6)

(27 )

(28)

,ì -21.q / (r-.,?"r'\
+ ' :-,:-'t \ e,, 

-,,: 
t
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yiz = bsi (52-rc) - (r2''-c)/L'o
t, ? ,-t l- , lt 2. \--

?l^,s,/ [s--¡c) i-i t -as/ is'--:-c] i .-
Ê\/!,/ \- - l : 

lli .io 
_l 

.l 'L o"/ (s''hc )j -'

S l"r,?'i'esenied by €cì11åtici:s (i
-iAiÌirll a l
¡uLrri-) ) ori o

L/ t"o

i---j i---,i"i
i |'o/e 

i

--l-,'-\f ì'l'- -.,_l_ 
-

(1-:

j

),li = bs/(s2+c) -r (s2-rc')/Lbs

(-,i-'ti ^''i'- -'L_-L_
I

I

ì
I

,

Tr!€¡L 

iAA/\
- v v \v--!

ìî!)

(29)

(30 )

.-ì(s'-rc)/+'cs i(3I)
¡i

- (st-t c) / )+as'i ,32)

) ang (32)

o*-.- û

^-f +1,- ^vf, v1f u

I

llj'.

'{.
L/?'o . i l./zb

)i,/\-', rir '\-
ti/:,/¿Ð/ c -! --:- tO/ c

a-- 'l-li
ii'!i

6-,"-*,-**-i-*

(a)

The

e r'e

.:
i

t

I
IYr^ i- i,/ |

s ubn eiv; ork
sho¡¡ir, in I'

ii-rl

¡ IGirnA j "4 [ìubneiv¡ori<s f o¡' the Rea]-iza't'ion
Seconci-Crie.r /ill -i"ass }-unc,t,i-on '

The enci result ís shoitr: in I"iGL,F'n 3 " 5 " ì',oie tr,hai the
ncgetiv.: resisior n:a5' ral<c oI-r anl' ¡re-cticei vallte'



i1n2ø

--.* i¿"
i l\

i

i
Iì.-_æ
i

i4.

P/
I L .:l_

-'''--(-'{-Î''1'.-----

r/ ua

i,. r ,¿¡r

\

¿
;!

)- >t^, / r.
I

i

I

I<_

*-,; -; / 21..
i

)

i
f
I

I

I ^. t
-- 

/4,/(a
-rt 

v/i\
:

I

FIGURT 3"5 Rea l. i.zaLícr, of the SeccnrÌ-0rd er À11--Pass

Fi;nciion in Constani-Resislance
Q 1- -¡r ' ^ 

Ì- r r -¡ ê
ì-*!U¡ULvL'¡r-o



i5

4 " ÛCirCL-t;iliìiG iiii.-¡iiiiiS

Ûf i¡::ncdiauc in¡c¡'es'b j.s ihe Íact that r¡,'e can r eal izc
an)¡ oriei- i,i'ensfei" functj-on i,r'hj-cir na]¡ heve zeíos ¿:n-r'vrhtl'lr:

!r: 'r,he righi-half s-pi ane and i^cl c5; onl;. in iìre oïcn l-ef t-
haif s-p1ane " Ti,is ilhcsj-s, the::cfore, ¡i"onoses ä rÊvr;

nethcd oi ïce:r izin3; -f z'ansÎei" í'u.rrcrtior-c Ín êïl unÌ,-.''lancecl

Sl.rLtCtUT.e. äo ira¡Sl'or'ínerS el'c r.iSec el'i ihc: oi"ì¡'acr,i,v,::

clerent usea iS a sjni:le neíì'Ei1.j\¡e :r'csisi:,-lrCe, The n€i¡ative
i.csiSi;or e.?T: jtc ChOrrcn iO 'Oe An)' l.-1 e(Licti v;li e. SinCe
-Lhr.' ¡::opOSeCi rlr:t\',rOrl¡ jS constênt-i:'cSi,si,anCe;, \'ie (:êY\ r'e¿:l ize
Sc\rr,l-i.å-l t,re ns:,isl:i.on zí)Íos by ínsc:r;i-r'1, const ent*ref: iS; t¡: nce

fr¿r¡-¡eïfs irl <;e¡,caic" This Coes Lct ciisLu:'b ihe rcst o-i the
|l e !r,¡iOf l,- "

ii'he li.ocecìulre set f oi l;h ír: tlrls thesrs is i-e;cil-iced to e

i-eaf izaiion of I ossl-e ss irir¡ing-iìoint iin'reo¿:nccs of the
ty'rcs r:/n and. n/rc, vn:>re (:i' -i ì1) ís a iiurv;itz ç6ì1'riot;ial"
îLic colnr^icie probl-crri aS S¡eted here iras thus i'ar beer,

,'nvc:S-cigateci in ihc cese of l"írLheï' Sf cCiairzecì crasges of
ne'üviot ks, iiii e;rancìou {¿r-} Fre seíltS å ¡"cal- j-ze¡Íon procedure

in ¡¡qlri-ch e r:å'tio 7,./2" is fct:i-d " ?"¡/Zc is sûcn to be a
I'

r"aùio Of ir,ço ioi)¡nor,'ri-aL s " Therre i S , iìoÌ''evel , ¿l re Si¡:iciion
ori the i'oot-. of thesc rollrno¡i:iais . The l:ee I izati-on oí
Zl ar.ci h ås jìC cjrir¡irg 'roin b íur c'¿io:s is oni ¡r îoss: b-l.e

if i-.1-,r,q,.. nnll/ììo:lí¿ì1s hat¡e nes¿il,irrc re¿¡l roots, Thi-s rrocedit:'e:: qr'\,uv '- v¿

is in:reCÍa'Leiy ei-i,lic',i;Lc: bo'[h<-: fji"si-crcler::]-1,-,.asl funcl;ion"
liov;eve::, Ír: t,he J¿:Ûneï'al c¿rse vje rnl-rst Sssuí1tf t,h¿t ihrl it^;o

ì:,olynOíriielS r.Lcf i.l.ir:6' Z)/ZZ nüve co:ncl ex rooisr, the ,gcncraJ
l-il f; .qr¡i'-i,hasi s Ðl"OCedi res inu.SC ¡liCn be Cn,il O-¡eCì rrlith tiLe

iossibiiit¡' that Íd.:a'l trinsioriilcr!,nav be nece!csral")1 in ¡he

r.eal izai,icn of Za ar,d 7,2" l'he i:ecl-rr' j eue oescri'oed jr this
thesis nl-aces no SLrch conditi orrs on tl-.e dr'ivi.ng roÍnt fi'nci-,icns
V ='e,a \r 1.,. f)r'c,r'¿î ar n SUI:nit thC t the n1" O-OS ei ¡ CCh,n ie Uea_ CljU ar,_ o . ç ) vlrvf -r "t " t

.c' - - , : ¿.ì-i -- r-ì- --i -is rnorc ¿!enc:rai.. The net'¡,orl.: l1"or-oscci ín this Lhesr-s cen al-so

be a5';1iei io LÌ-,e re¿:liz¿11;ion of r:':xina.iiy fl-at ¡j-rlle deì-ay

r:cr,v;orks arrd nhasc correciiol. neir,^¡orks i-n unbeianccd iorm +3+,
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'r'his r',¡çercÌix cÌeals wl-th'bhe r"gaiive gYrerol: 43]"
'nr-or¡i ôrisì.r \,¡ n¡net ioi:ed in Che rt er 2 
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I;'IGUìilì 5 .i Negai;ive Gyraior i'lc'¿t';oï'k "

Tl:ie, drivi-ng-!oint inçeoance f or .õhe circuit, in ¡'IGLìRl:; 5 "\ is
r):1ì+-l

-!/ R -r L/ IIL+21 ¡

^?tz = -n"/zL
-,ZI = -it'/2"

Refcr nov¡ to'ühe Bene:i"¿l nt,h orCer aiì--pas-c function gitren
in eotiet,j-on (10), The fol.lov;ing relations ¡re seen üo hold:

R

I

i

l¿

oYt

therefore,

^. ^c.lt\tr,

\)) )

\)) )

tio J

laz\

/rçtì

ì i\r,

n'Y,^
" *t _C

\¡ - -^/^tb - L!/ t;:,

z -' -Zn/n
-2, _2 t^

2. 1 = -Ft^ /Z = -r,.1/2:t"
I

It, is notÐcl i hai the innei¡;nce funciion z'L is a I o-'.-"f ess
rl-.ir¡','r,o.---¡nini fi.¡nCtiCn. i,enCe. 2, 1 iS feeliZabiC in teimsL(]. jVfl ¿-lVIl:v r(/lrvulv¡re ¡:\ 

À

of l^ûtsive l-ossl-ess el-einent,s. V,e he ve t,hu:; iLl trsLrateci
thc j:eel.:2:tion :rocedure oí a ner'etivc rc¿i lossless
diivin'¿-¡ûír)L fun c'¿ioi u

>i'Pa8e 331+"
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T.le .,,aluc oi tìre ncgat,irre ;csis-uor shci'rn ì ri r'-iGiri"f 5 "i
r-s of ccí'.sioc.rabic i:r'aciical r-ri'roi'ù¿rlice, T.he ¡'ea-iiza';j cn

ci a-i¡.e.cii.c¡,-,i ireq¡tir.¡c l:t:r-Ístâi'ic<-: is oi:üainecì vliih Lhrr

aii oi a tL.ilncI C j cie . Cihar-isi !r-5)i"' cutl i,:rcs ihc negative-
rcsisi;ai:ce char"¿ctcr'isiic of a tr:rrnef ii-ocìe"

'r,ir'¿r gcs l68-i7L "
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