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Abrtrst
For the r€sfticted two-varieble nstwotk

tqologies, the explicit chracteriation nay be
obtai&d 'dng twG'vadable networt finctims. In this
paper, erplicit two-rnariSle description d some
classes of resomtr ladder networts arc presed€d-
Up o a certain complexity, for the regular r€somnt
ladder snrctue colnomly usEd in factice erplicit
expressions fucribing the tnevariable scafi€dng
finctionsare obtained.

1. Intrc&rction
As is well lnown, design of two-port loesless

netwo,*s wilh mix€( hmp€d and disEihted
elemens offcr many Faciical adtrmtages otrer those
desigp€d wift luryed or disfrihrted elemens aloe.
Ther€fure, mmy reseuchers harre examined the
syntresis prooefues to dcsigt two-variable Detlvorts
with luryed md disEihted elemeotsfl5]. In ffi
of the existing sMies, mor€ ht€r€st has be€n
dsvoted the lsdder rEtwork sfilsttr€s coneist of
cascaded lossless lunp€d tc/eports and
commensrrde rmsmission lines from th€ technical
realizationpointofview. Br4 $ill oqct solrtrion of
the synthesis problem of mixed structurcs bas not
been obtained malyticaly.

In recent literaurep-I31, the desip problem
of Imslqs casca&d ts/o-pofis wiih mbted elemens
has been solved Uilizing a semionatytical afoach.
In that amtoach, by using the topologicel pqerties
of ladder netqofts with tqto-kind elemsnt oomin the
simple hrmped elements and uniform transmissi@
lines, it had been $wn th* tun-variable n€tstort
finctions oonld be solved up to a certain complexry.

In this $rcdq by nsing the sri-amlytical
apmaclU frrthe orplicitdescriilim da qecial class
of rpsonail ladder networts, two-variable scdering
finetions ar€ ob@ircd.

2. Tivo-Veri$h De$riptimd
The Rconent Lrddcrwitl MirGd Ekmcnts
Considerthe rcsonaot ladderretwort with simple

lurp€d el€nent ed equidelay $ort+iudted ad
ope,n<ircuited tansission lines (omm€oErrde
stubs) shown in Figt. Thc gcn€ric form of cascad
tx/c'port aoryosed of hryed d€m€ots md sorbs can
be dscrib€d in terms of two-variable cmonic
polynomials as follonn:
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wtere; (g; h ad 0 arc r€al potynomials d fu
oorylex \ariables p and L dp, l') is a Scmering
Ifurwitz polymmial; the lowe,r estenisk (.) dences tbc
peraoqiugdion ie. b.={-p,-l).

.The polynomials re relded ty the puuttry
ooditim:

g@,l.)g(-p,-l,Fn(p,r[+,-1Ff@,fX-p,-r) Q,

n
where, f(p, l,) = 9ff1@) +f; $,)) or

i=l
(p,X.Ft1f +tr: f-t l. + ......+fi,o-r p ?u*t + fl

n r€f€sents the number of sections ( th tdal number
of lunped elem€ds or snbc of thc nixed scruare).

As it can be €asily shown ttat the tm-vari$Ie rcal
polpomials Fg(p,?') md h=(1r,?') can be etgrcsscd
in coefrcients form as follows:

g(p,l)=prlsX!; hO,f) =prAhL (3)

where, f {r p I ...ptl, *d r r, ...1+l; nrmdu
ar€ th€ t@l numba of si@e luryed efementt gtd
stubs inthe niried stnctue rcspoctively.

In oriler to chffacterire the mir(d elemds
nctwo* shon,n in Fgl, by nsing fte lGslcssre6t
oondilim (2) of tco{orts, the fircrari$lc rcal
mmic polynoniels definingthe scmering mnixof
the rcsonanladdernstn,ofts are constsucted- For thc
cltoeen restricted tqologie+ tbe canonic polpmials
hve to sati$ soms a&itional onditions to qrsre
the rcalizability.

Ifg,l Crcnedc form of resomm lrHer sEucffie
with lunped etem€ds ild $$6'=il1"/. 
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By us'rg the om-variable bqtodary oonditions and
the topologic proecrties d the ni:rd elem€ot
strucffi€s, sore mgrains for a realizaHe .ascrde
struchre with positir€ el€m€nt rafts ae ohitr€d.
Using these conditims in (Z) prqerty, erylicit
elqessions yieldiry tte co€fEcients of ftc cmodc
polynomials (h@f) ad g(p,l)) re fumd. For lm,-
order mixed scrucft€s, the traired erylicit sohtrim
to onstruct the lossless ladder netnrurts is rmiqrre and
constitles the sumcient conditions. p66 higlr order
ladders, the problm can be sohed nrmerically.

In fu followiag thc descdtrim d thc
rcsnad laddcr sEucfie with mixcd elernerrs is
grveu.

fhe boundary conditims for the mixed snrcUne
shocm in Figl cm be established by a dirsl way as
following:

r Puttingp{ in (2), the &inexl polynomials g(0,1,),
h(0,f,) md (0,?') denne 6 sascadcdof sfirbs

g(0,1")g(0,-Llh(0,X)q0,-1.)+f(0,rfi0,-r) (4)

. Puringf=0 in (2), the ohinedpolyrcmialsg@,01
h@,0) and f(p,0) define fu ca$ade of luqed section
which has the transmission z€ros atpru ard

g@,0)sO,0Fqp,0)h(E0F(p,0Xp,0) (5)

wbere g(O,t) @d eO,O) s€ Sricrly llurwie
polynomials; (0, 1.) = f" md (p,oF-d .

Otherwise, by meking the topological matysis of the
mixed Snrcbr€ in Fig.l, some tqologic consuains
on tlrc ooefficients of the canmic polynomials besides
the aboye bomday conditions (4-5), ae fonded-
Tbus, a direct solution up to a cedain nixed el€m€nt
netnort corylexity is fuined"

The fonded topologi,c propertier:

e The atries of \ are nonrcgUirre reel numbers,
. gu=Fhr + (Ugm).(&r&o-hohro)

(k>-; km=0,1,..,n)

(bq \m{,1,..,n)
(Fq 110,1,.., n)

(goo=l)

Squentiat cascade malysis of the genedc r€sond
lader strucnre unds msideratim e:pos€s rhat fte
coefficient matrices Ar ild r\ associatod wi6 the
mi:red sncturc have th€ following greuic form:

Usiqg the Sove coefficicnt FpErties and burndry
oditios gir,€n in (4-5), thc lmless equatim (2)
coildbe solvd and &inodttc @icitclpcsim
up to 4 *ctions ftr thc mircd grrturc md
on@ing rcalizdims chmired by the
€sp€ssiotrs are $orm in Table. I d Fig2
r€seecth/ely.

Cuchrrimr

In this stndy, tnn-nariable dcscriptim d a
slFcial cte.(c of siryl€ hrry€d rmtrd laddErs wim
cornmenEnate s[fis se inr€s[iged By usilg fre
rcceffly deri\rcd r€nrlts for oglicit formulas for tco-
variable sffiEring 1rencnem, te @icit
orpressions for the r€somtrt ladder netco* with
mixed el€m€nts se fuined firsly in the litemc.

Attermthtc*y, by fune$ignting qgbCic
pmpedies of another rcsotrd sirph lumped tadders
with commenmte s0rbqtb @icit fuacierizdion
of some practical r€smrrt Dctworts canbe ffained-

It is hoped thd tbe oQlicit ftrmrlas Fesc@d
in this shrdy witl Fovi& m i"*i$t iffo trc malytic
ryoxination g$Iem d two vrdetlc nctmrlas,
especially in micrwave circdt de.rgF
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Toblc I Eplicit Formulas and Coefficient Ilfarices
forThe Mxed Stnrhre with Low-Sections

Fig 2. Iaw-section realiz*ionsof theresonqnr
ladder with mixed elemens.

g*=lhJ, Et5.11tro2+2*rogoolto,
got=(fur2+2th2gm|tn,

B1=Fh1+(l/gbo)GroCfl-horhd, p=Sgn(hoo)

fU n", o1 [s* so, tl
A l= lh .  o  o l  A *=18 ,0  8 , , 0 l

L0  0  o l  L r  0  o l

grr{@ro2+2crzogm}t2, *=1160t'+2u.8*}t',
&o={(hm2+2gro&o}tr2, Wz={(hoz2+2gorgr}t2,
Erz=fv Ezr=fzr
&r=phrr+(l/gm)Gtogr-hothro), tFSSGm)
- Ezo (&rgrz+gro&r)- gozGogzr+Eor8ro)
" t t  

=

t o=15rf+Zo^Wl'D, *=19a,'+Zg^gnl'D,
*=1 69o'z+2(grogso-hr &3oF2g*gao) 

to,

*r=11tror2+2oagmltn, g=11trt2+2gng11,l12,
ga= 1$;+2@ptgo-lrt hmF2gmgon) tz

E1=Fhrr+(l/gm)Gro&r-hrhro), lt=Sgn@m)
grr= frr, Wfn" gr= fir,
hrz=( l/he)Gm Errffir r- Brzbz)
ha :(l/bo)Gao8zr -B.mEr r -&r&o)

&r=(1/F6X fuogrr- hrohrr + prgl-5g3s+fu1ha)

Bzlllrr)( rhagn- \zht r + 7rg'r-g1qg00+hohm)

n.=J 
-Ao'r/AJ-A(q'/r'J*A

"'L(oho -8c.)0"/AJ +(ar -6rg*)(n'r/1) +d
Where:
Frs=gro-6r&0 0r,rgn-Etgo Fcao-&gzo
Trc=&r+96, Tzq=fu-btu''lsFfu-Drfu'
6r=(hrdhgoX 6r(hr /ho), &=(br /bso), 6-(hr/hc)

hg=&r-&&o' mrr=8ro-6rgm,
Affl62gtr - &r &o+ hor hro+ h+As,
LFymgtt- grote+ hrohm +TzAs.
Ag= tgmg22+g2o&a-h2oh@{. 5A;qG{oAs+&r g2o)

6rGods+grgm).
&=[6r&r+6cgaods], A*(Vgo)Gro&r-horhro)

p=-l

F=-l F=l

p=-l
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