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profound. gra:UtU(ie to Dr. Solail:ll!lI:Ul noMl. ProtClOrlOr of

Eleotdeal? F..ng1nlu'r111gUOpart!:lent. 1l1th w!lOGOll:laUculoue

.gUidance, endeonattmt coe'p0t'ctl.ontits mr'l!:. has beeI') Jione.

file t:\utboi."nlcOlt1.ohe. to aeknowle1l;o hi. ltHiebtedltH'l1S

to llr.A.I1.ZShoorul- lJuq, Prote __ and tread Q!ld tlr.i.ll.Pntwl11'i.,

Protessor of nClct~i,ea1 Fonpneerinc .for theil' all-out oncoLt••

rt!llfelllent end in8pi~D.t~on at :n1l ,.1:(1:;0- of tho W01'k •
. . ;.

'.!.'banlta are aUG to Mr.Ud.Zd.Bhu1;ra. 1ore:!lnn 1ll1struct(lr- . .

ct Sheet-Metal abol> andUr.HoU. AhmedAli of MachirJG llhop for

theb oUlecl'e li$e1~tsnce 11'1.(:tlatlnrr bras13pbtoo and in aeebi •••

n~ th. bras. plateG.rolllt>odtively. 4100 thlltllro are 4u6 to Mr.
,

M.Rerlhid of Mach!ileoop for'Me active help.

. .

Dr.Mahtuli:lll' ~.m.An1atant Profesam' ot J13.ectdcol 1!lntinee-
.' ", .

r:tns forh11:l enCQU;ra!etont una for he1pina tho author with hie

olo4tronie ~oleulo.t01'.
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ilSI~aZ?gprtnpIGl~ALLtM~nn

I ,... ~ _ '. _ .

with the help of \llhicb'UlDi' el1:iptic f\'Jtloticn bundpQtio tlltei"G =~
. . ~ -~.. -~ . . <;. . -'.\ - - . - ..
btl ,t1lJlrJ1gflol!mdcOMf;l'uctfld in, ~ dig1to1 tore. DistributCld oqu:i.••. . . , .'

valent of ,lumpedbal'ldpaflslIlll,iptS.c funct10ft tilter bAS been derived.
. I l ;,'.

It .b(lll) b"'!I'n shown that ,the e~U1valontliar netl101"~ consists of para-, -. .

lle1coupled a.."'rayof l'Gctanzuli!r b.••." bah"on poraUolSl'oun4 plaMs.
. . .....•~ _ .... ., :r ...••.

The ISttlticcapaei tan08l:latr:Lx 'of", thb fJ.'l'1fa:! heu3'boon oJqlrtl"c/l. in, ''. ".~
ter.080t the el.elllCnt Vu},UGl8o,flU.lJlpod batliipc.e& olUpttc function

filter 'llbiob are depen6~~~tl:itlJ\ s..plcne lCl1-po.co eqUivaletd:o 'rho
-' ". "

l ..
p~li1clll 4ifaenBion of the elQllientsof the filter 'b0.5.bt!ontoU114 frQM

, .. '--.... .

the :ahtlc eapnoltlmc.';~lieil:.11he phyalcGl reAl1lllGtion 10 !nthe .
L, -' '.

fomof a n-wiraU.nc. one quarter Mao wtlvalol1gth:lQng4t tho den"
• 1 L I !

tor freqUency. 'l'il&couplocl 1:l.nlHIQroe GtepIH;8olOfll! tho center of tbe

arl'aN. UlSing thil.'lraaliutiob pr'oco4Ure twobaniJpllllSl!l ellipticfune-

tion. filcter$ were dee1gl1ed iilJ1dcorlotructed.tho mOIWuredporfOI'l:lIiltl ••

o$n 6f thoee1:wo l11t&r$ were $atietactorso
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t1onG.~e e1ee~lllgneUc~tlctl"ua.16 +fJ:SitodMd ll~C to\)(! llllial'ed.
. .' . - -' . ,";" . - , . .
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to p%'otoctrecch~a f'l"OS;;il'\tlR'tel:'enc~()\ltAdQl tbeit' opl'Jli"I)tintt be.ndo.

~hGr(j1~ need'tal' til t~& a,tllll fr(\!qUen~tllSltrM:ver:J 10" thrOu.Gh

mie1'Owttll'oto optical ft'~quflne1eaGl'la bey-on4•.,
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f' . I. ,
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parai.1el coupled arr~Gof reiSQno.tor Una o1eeotltobetwoen ..
. ~~ ~~

Ground. p1.an'!)!'SWAS given by MGatthoo13 •• An exact thocll'Y afnot ",.,K,
, "

uElin~such tl!'l.'~ya, aifJ9lu:ow e.Gtl'1tcrd1gita11wM,I'Jae.preool'lteCl

. by n.\7, ••17enlto1~,'~Rhodos5 ~ave "-tlout1i1l.e 11)1' a e~lll1f#iprocedll1'lttor. . .

.trlli'oUiptie function bandpu3 fUtfiX'o.l!'UtCl'G of th1$ :last t~

Aftero from others tn that. they cal'l rel.ilizc pointo .of Wf1n1t6

.atteMatUlD at rul f1'olluencil.el!lMd ere tl101'otoi'C capable of IlChle-

v1ng t)bCIt'Pcutoff r9op~~~~fheae £11.te:,o arecet\dtJ.<uete4 tn btor-
. .. . If;:-',.' ' .. '. .'
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E'lltl1tlal1tionprocodure;:;cr n0rz50'tbnne bon«pocs ol11pt!c tunetiol'3
__ .', ,\ j f _ , ._ '.-. .' , . :' _' .

tUtel'c. 2!bea,\lltQ$~a,of.Qcothod'havc boon .~veD d1ercby cqo.ct l'1llP, . ,:. - . - - ,-

, > •..- I.; . . ..

l'tCit1"'bafi4 .balldpaae elliptic funet.iol'l filt«rGo~bo d$td.cnei edco1'.l ••.,:, " .'

e't!'uoMI1't71 tI~ 6te:pp.ad'die;itilllit:tI.1l11~ tt1e phys1enl !l:eaU?:iation .is

in the fermof an l'.l"ovdrG parall$l cOUpl<ld lltll'leba-tl'Cfm e:t'Otu'ldCd pla-

. tOfleD.l.ch l~e le Cno:Qlltll.':tet' '01' Ci wcvl:i1enath 10118 at tho ,center tre-
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t1e'.ta .ofM1crowi\'I1e baUd r.aesf:ilters •. {'here D.-r-<I alelI'ge m.>ol>Cl"'Or

pu:bli-ctlticno 'intlil:tG f:ield. ~ 1'$v1ew to liait~e.tcQnJ;,,~hol'llil

~rk£l.lehdell1 ~thfitterb: hllv.l.ns ph~ctl1otrtle~ro '.~~ .

i('l tbeol'ie$tlployed'1tI thieetu/iE 1••",. eu.'U:i;:l1.re parallel el)u'pl~d.

lines 'iletwelllU parallel pletels~

MatthQftl Mtl Br,l1jahn6 bue ebown that 1ftterdS.gi.tal U.De

li'tncl/W'>fl:a haVQ fl'l''f( interesting btmt1>-ptlsz fL1tet' pi-Gpartiec.:5eforo .

tbi.u 111teli"i'lig1t;al£itlt'uctut'e.onad b<!l<!ltl.t"c~ded Ql!Jof lutel"e~t ~&1nly

tG't' uce M tl1c""'~a'\fe..litruCl:Ut'e8 ••'t'ltlt't.~&i'3: ~ mLtl}l:pl'o~to t1em-. .. .; .' . .

. gl'i Foce~~reofbMidpll\~ filteru;llatng''itft1:erMelt81' a.rt'a.fQ of" rce;e.... " ," . -" . ._... ' , .- .., "- ," - - -

nllltCll" .limt el{JlllentG blltween 1}at"al.J.al ,srounli ~ne8., .tie' ~Ol:llmtl'>d tll10

epp~~a'tG '~e~~"pJ.'QOe"Ui-esbd'~b.~f.~b;ieb'pemtt deGign'dirocU7, . .

t~ 111~edo1.~lt.'tetlo!V'P(.I)(!~prototype fi1 1;(11"6 lo:r-Chob:.rcl1cy res-

'PGl'IllllU.flOthdeGtun p.rOC(}@.I'" t'G.tllt1l VIOr'lJ; e1tl1cl:" to:' Darl'Otl or 'l'lido-

bald tll..tors. but on'll .of b13'p~coc'Ql"tls8'l1.I'femore !iraetie~ ~u..
!lions tor ftitl'J1'c 1lavil:lg D~ bandvidtbshuch at! Moctave}.'ChUe

thoot~r ct>ul.dg3;Wi Ji!ol".e ,praet1ca1dmOf1tli.MtS for ftlter3hnv1ng

nsn'OtI eel' :1!od~tAte bandw1.dth.lj'1 biG ltlnzu~ori~1l1ll rcGUlUi16 fi.ltere

are'ler'3eol:\pect. hnvtll \l.'olt>ti"el1/ llfJJi!or!t1ctll 1ilMufaotur1n; !!:olOY.'Iil'"

nc:_. ~ lIltrong atO;pbands vieth tho- eeclmd l':s.~Gbl;ll:ld centered at

thnot:i.l:lesthe ce1ltor £l.'$que!\CY of the flJ'et Pl',uU)••l:l::nd"•• F1eure 2.1lf,

tn:l4 Fig. 2. "lb ~{low t;&nerlU.Gtructuroo of i»terdigf.tal f1ltoJi' ~ gigm'(llll

2••311und 2.,:5btihcw!;he filtErS he constructeli uGiStf fl:1t1l!eglDl pro-

cedure ••Hatthaei ttlSod tIle l"&wUeof Gettdc~~7for fLnMJie ouf:the
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ph:vl:d.ea'ldtmeruAons r~~_:j;tottcccpac$.tl!ltle.O VCl11eO •." _.~."'. -

.," '8 ',,',.,' ' '"
"fatthael- ,l'l1tJO cOClpletl1ld ,111fOl'~ 01:;coob line band puo

tl1tw 1'n strip line tom., the l'esotatOl:'l5tn tbin tYPE)01 filt&1'

l(lonfl1etof fm aode trans.':lil<$,l1otl line O1~cf1te tbat m'l'J£lM:r~cir-

cu!.teliat olio I'!M Co other end 1')f eaeh Una l'.!'O &'T011n/io4through .

cqAeitanel!l£l.~tl tig. ;~;2'Unotl ltQ ,n m6 tho!.r aoooe1l1to4 C~/1O", . ., t 1 j !~... . _ .

c1ta:neess C1e to of!r1 ,s,'C~lStttutc ,,"OtlO1:l4tOl'$s~Uo U1l0C 0 and ,
• • ....,... ." .' L, ,

'tl+l61"l'l llot !'osonaters'111it 61tilPl:; psrtottep&4tJ1lce..trelillfom!ft.a

secti:et1Gat the lIIIu!sof,~~lt tutor" Cot1p3.1Mbtitn.~ l'econo.tOl'tl 10
. __' _ ' ' i i". }: ._ ' ~)' _. .
l!ll)hi$n4 in th£.Gtype 'o:f:tl1tqi' ,by '0:>;'1of £r:~1~ns fields bot\il'c@n,

rec:>aat~line", t1ttht&e'ca.,pa:iiwo ~ GpreGent.ttl~ 1"(\'~QtG%'
(,. "'.., """ . . . .

Un.a v1ll be tesfl, thC>'11 'Ylo/41c.na I1t retJOt1ancO .end tbe(l,up11n::r, bd-..,

reeonntOr4 10 predODlnantl~u~otic., .
,... ~ . 1

. - . , ~', .

In r:l.B.2. 4 thlJ:~.\lrl~t'l)ttho tt'1~tt)UJ' %'IUlotli),tor. COl:lb-"
:-, .. .

Uliefl1 to!' vhi.f:b. t:tattheei Mtla'truet&4 ~d t0uted 10 d'lorm. ACOOt'-
. !~ .•.., " _. -'~ .

din,s.te nlitll.ae1 hie e~blU1Gt'Ute:,ohQv" the foU,octol:: attrt\ctSovo
I' .', J "'"

festUI'.eS1 •• ' ' i. ,
, ,

1) '.!!he:; at'e cotlpuet.
, .---~

U) fhe:r ha"i: &tro"a :iltopbnntilo lind tho ctcp-be1'ldo.bovo tbe

pJ:1.cary paDt;DbOM cembe liMe. to be ver:1 broad.

lit) Itd •• red, t1:l.)', con btl dt'!m.cno4 to-:hue an ,unl1cua11y

.eteep rate r~~Icutof,f 00 tlla :!'ilch ddo ol'tho pa!W"''baltth
. (i ~~. . ... . .

tv)ldeqtl.cte coupling can bo l:lr4l'.lt::l1nedbetwoen Z'6SOllatOr
! -~ j . ,. .

,eleentiSwi'tli:' lsheable opacl:tlCfl bot~!'osc~o.tor lineo.
• ",i •• ' •

~.,:
, , ,



LINE NUMBERS 0

TERMINATINGUNE
ADMITTANCE VA

2 3 4 ... n n+1

TERMINATING LINE
ADMITTANCE VB = VA

Flg.2.1aJnterdigital filter with short circuited lines at the ends.

liNE NUMBERS

TERMINATING liNE
ADMITTANCE VA

1 ? 3 ~"'J}-l

TERMINATING LINE
ADMITTANCE VB =VA

•

Fig.2'1b.lnterdigital filter with open circuited lines' at the ends

~ CS5= CS5=r CS~CS:? ~
1 1 2 Nodal n .\ n "

points

0 2 l' n n 1
n-l

NODAL 0- NODAL
POINT ~ ~ = 7 ~ POINT n+l

VA VB =VA

Fig.n. A comb line band pass filter .
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y) FUtel'o or th10 typo CL\."1 ueu1l11y bo tcbl'1oct04 c1thout

the UOGof d1e1cctr1o eupport DlltOl'1D1a 0) thet 11 4oc1l'od.

ot thoGO o.dvlll1to,:oo. bUt coab-l1ne t:11tol's Cl"Oc::leodu1t. oll1'lla.L1.,. ':" 1lJ14

OJ'ecapable of a bI'oadw atop-bend above tho F1m:u7 ~b,::nc1.

Tho cloGi8ll procodul'o d1lch no.tthoc1. copl0704" tOI' "CoDbli.ao,
tUtoro" involved Doyon1 llPFoaia:lt101lG. Bocouco or then a,ppS'OxiQo-

tiona tho CCCVGC1 tlllU be.t" tCl' non-l1an'Ov-b:sM 4oa1cna on17. Matthea$.
I - •

hellOver WlO!! tun1D6 IlCI'01llll to:P 1I:2pl"Ov1De the pertoraancoo. \Ho uood

Q 0000» Sel101'Qtor emd rocoN1na l'ot1ccteaotv ootup tOI' hAvina tho

cttonUtltlon plot aftII:' oCobt1co of' tunine r.l1dthuD he cut tho bent

tUDDod plot of .ttoou4t10u.
4\1eDso1 pZ'01OC!l ted CDOXClOtthlllCl:'7of i.ater41t1 tel 11ft. not-

corkll emd l'e1at.04 coupl~ C!truotuJ'oo. SO I"OY1oTlodtho thco1'7 ot pm-o-
•

nol couplod l1no &U"l'aylJ md d1cou"oo4 tho d<ll'1vct1on ot c=ot oqui-

valent c1rcu1to f1'Otl the 1qlcdllnoe oatdx uc1DlJ codom lIotllO::-:: a;ynthe-

ma tecbDiqueo. no G111"J.tItI'o4uco4 tho thOOI"1of oqu1vll1ont couplod

ct.ructuroo :111brder to dOld the lottcth:r cma11c1o I"O~l'o<1COQaiDS

tho 1.cpe4ancotUtrix oppl'OClcll.Bo cbot'04 hoo to tlDd tho oqU1"a1ont

llot'llOl'ko 101' the 1ntol'cS1CUal 11ft. s1Dply by ~ooticn. Th. teohl'l1quoo

prosented b7 h1m 1:01'0 IJ1cple to opp17 nnd Gllogod 4 ciVQD t.l'lll1~en

I'O"11'-1lOO to be obte1Dod i.a 0 vt:riot7 of Uno cont1curo.t1ona. fbo pro.c-

t10al 4rh11lS 0' the de~ CXt::'lplo t:Mcb ho proGent.4 10 ~von 1n F1.c.

2.'. Houoec!Q cOlllbi.a'!lt1cD of comal 1ntcrd1c1tal roc1bat1en i.a ordor
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to cot 1"c1Ilt1vo~dco Uno QaI1Q;~ Cl0 l'~t:'10 Ml of elotdl

1ofol'C:lt1CDtl CD4 (iccucc1oll:J on b"Ah thoc:'ct1co1 ~cot:c~ dele.

A1ttlouD bo cc14 thot tho dcc:;:l p;"OCo01ro 10 c:eot t::t ho h::4 to

f1D4 OQt tho lc:l...--tbof tb:llcput CD4outv.1t Un~o b:1 ~0tJ of ~o~

tr1Q1 CD4On'Ol" oetb04. r.ol'cover ho uob1tra117 ~ocd tho ln~er-

cU.UGl Uno OOCUODO 111 .ZOOinc!!. no o1~ u.ooc1tw:l1.Da c:ro= lD

Q:/'llol" to oo:l1ovo tho ~cd.•.c4 oh.:cotc:rlet1co. I1ocevOS', b:1 alec 011

tboco ho ultlooto17 eucoce404 in oactruot1D.1 CDO c.=b 111te:: olch

(;:lTO h10 c004 I"OC:IUO. I:eocc14 a1c::) u..--04Clo l"Cl~to of Ootloca9

10 01"c!cI' to obtc1D tho pb7c1ccl c:1r..e:::c1c:1C~ t:1o et::.t1c ocpec1-

tc:\Co cet1"1:. tho oCDtor ~":1 or b10 lUte:' L-..:D 1.0 r=% c:l4

U hel '11 beD4d.4th .0' emChc~~ov rl;:l1c.

CarteD CD4 ~CO::o1z:l COVO0 clotc:.l:;3 40::1;)1 r-"'OC~o to Q

p::::::ot1ccl cU.c1to1 o111l1t1o ~t1~Q f11ta a1cJ c:...ll);'Ov1Cocithe'

~tDeco C1' bQllQ-oc':cp cherc:stc:1.,,~oo •• --,-:100 ~'O ;.;1VC::1b:1 the-.J

to 111uctrcto t:tP1ccl dcc1cn pocca:-o fc:: 1:'..-tb b'''~~ cn4 bC.:lQ-

otep QP11eo~,~':.DO.~vCl' ~ p:ooc=ste4 e::;,e:"!=~ll:l1 l"cc:Jlto o:al7

tor 0 ootavo b:::3Q-atc, 4oclc:o. nco C!.G 00\..'0 tho ~,--::1n..: of tho

c-p10 of tilde b~G-pClCO C:odCl oS'Co::-tc::1 c:::1 .;~~. :.===-t1Da lto

Q(lven~ac;lc; tho:v oent101l0(l about 1to oc::;;aeo~oc~00 booC\C:l tho reo-

Uc:ltiCtl 10 1n tbo fc."O of 0 ==01 01 lctc:'d.~t:.l1te:".J. t.oco~

c:!Dc: to tho 1t 10 otto foU::' c::' r1vo Cr--:Il c:'.d1c:: :::::.;;1 C1 1ntc:o-

cU.c;1tolboDG-p~ ruter of c==Jc;"c:.:lo ~t1v1t:v. ,.=ut lto ojoJ'

Uc1t'.t1oco tho7 cotlonc4 tb..,t t~,.,(l~.~tl:1'O 10 inhaot1;y dC:~.b::.D4

( > 30 pOJ'Oot) ot:l 10 cot cult:d to ~'l'oc~~c1 deo()30 .::soto ~

01001 11I::1tOt1cDO. l".oI'QOvC' t:lo ~:.oaoturo t'c::rc1~'co c~"'1co intc.~

otubo c:Je1 therotol"o COl"Oc::::a1n..'"'C1 pC'~o th'.:) c::::l :'Uta fe:-t:o.
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Fig: 2.5 A 3:1 band-width interdigital filter (WenZeI5)

I tTO
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b1. i
I

Fig. 2'6 A sample of wide bandpass fi Iter (Cross section)
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l1A'fRU n~iUtll~;N'iiA'fIl':'11 OF".@ A~AY 9:.!P A1UU.tt.COTl?t,l1!

~RANmll!S$IC~lktnB~. ..'
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. . " ". "tn tb10 chapter ",tm .Ut~ce oat-dxto%'1111lC cQtUl1(t/i t1:'ill'lt>o

j' J' .•
. ~ \,1- -' - " - " .. " " , - _.'t11Sl$l,QlllintllS b~t..etln perhll.~lpti1t;ol.; '1$pl'ecen,ted. fte ~ttMeo Ga-

, ' I ,~;. .' "

trtx ttll' ~tl port" !i-coupled tf'mll'lt'l~Clsl(lnlities between PQ1"a11~lpla-
• 1 \~ "

.teo ii$ given in an. eneloSQu~~lUIl."~'The c!.l,Pae1tonco matrix is intro-

duced lmli, tbe prQCedul:'(! £01'..•\lI1'i tS;tls ccpacUlmcc !:fotr!x from tho a&:l1.•.

t'hll1Co IlItltt'b loX' such a ~~tierc1iltea.il,,,collp1ad p3r.ail~1 tl'an=1ocS.cn
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l1he£l beboonf,1'ounlied plll~l!G1G"'ai~oolc!'/.t'lU s1'lQ!'Jho In a6(tj.tton1lJl:lor-
. ,-'~.
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m'e iSllj)ptl:'tild I!ltdw~b(lt"(ln thE:J;larr,;Ue1l. plates;,

It itltlsllJ(la~rr (:tt ~~tliH'J/)~ t.o ~,l1tr04u(lG the even GI!l4046-

motlo ~doUtancefl. Uotening to r:l~J:tatboIl<hlttonco tQ (l'J'oU1'l(l £01"1.'1
• I~'-

e1n(t1'111 oonductor. >Ilion bothcotldiiat(li'Do%' t?enm1j!l&on liDC/13 are a,l; the. . ~~.

, ntnepotentiel 1o::toe• th~eve~~~:JetJ.4::Utnueos \thoad:l1tttll'lco to
. . . j ~:"'" . ~:.,,~-'.;

Ct'oll.ti4 I.1henthetwo eOl'J.dttC1:o%'o ,ar'o;c);woeU:e1;- oharg1:lu ld.tb. it'osp~t to,.- ~ ' ~', .

groutl4 tcYQo' t4eQdd mQil.~~t:llDce ••

"
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Fig. 3.1 Network consisting of two parallel plates between

ground planes.

!-- Axis of even symmetry

«(;I) Even mode electric field distribution

Axis of odd symmetry
,_ (Ground potential)

/

(b) Odd mode electric field distribution.

• Fig. 3'2 Field distribution of the even and

coupled trasmission line s between

odd modes in parallel

ground plates.
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rolctionbotl.'JOOn tho CUt1.'0l'1ts :6ndlvolta:::Gtl to tiS tol1owe t
. • 1.. •

f~A_j'=n's[' ~ ... \~::.~,~~ 'f ~"J.
I' ,. . C ~I 5"":'; 'f ': './ . ( .

. ' 8 - VI-~.\, ',," VB . 3,,10)
~..-~ ':, <i _



Fig. 3 'J The static capacitances of the netwo,rk of Fig. 3"

---- <

.,!, 2N port array of -!.
• N para lIel coupled •• •. .
• lines between .

NA ground~ planes ,

, L

I---
Fig. 3 '4a Symbolic representation of 2N port network with

parallel coupled tran smj'ssion lines between
g rou nd planes,

....••••

/, // It

".I, I /"( / "'5 I, )' , / .
t I I t I___I /J /' IL1------,1 ,_L.

/ / . I , I
I I •• • • I I • • • • I ,I
/ / I I / I

I I / I " I
/' / I I /
I / / I I I
I I I I I

•

Fig, 3'4 b Network representation of 2 N

coupled lines between ground
port N -parallel

planes .
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Cil Ii °
elk 'b0

,. It.

t.:.,,""
.0 1

.~ ..k;,
~I i

•
:' i" "".-'" ,. •••. . \." , i ~~. .. .

:r..l'!t \19 t'10Vl ccml'l1det" MtJrrrq of .tbree PlU'cUal cou»l~acon-

ductor" Qlf eihorm. in nc.'.5. ~~, lW', oupacs.ttlnCO cntris blllO tho
. t: " - ,. . _ . ..' " -

ar.d.n dbSO"al.teX'BlJ (l1vM' ~tl:1-tbe'tJU::I of au ct.\llacltol'n(l~ectec1 t!:t
: :.1.. :, C:\}. . .

elnchof the three un.troUtla~tl C(mclUctol'G end off 4lMQI:ld1 t0ros C1Vf)t1.-
b~ the l'Iecati,v$.Of tM ~cpadtnh1lt<t\WC01\ con4-oJ-ctOl'n.t ~et'efot'.i- ~ -

c = -(,>-

'.

•
. C2+(-/~+~.3

! 11
. ,".- .

-Czj,

•

':0 obtllitl i.lphyG1cal rOlltteaUon tC1' a tlct1:lO%'1l'. of tho t:n;re

ab01lm .UI riG.'.5ettn't!nctr~ n (:!.vcft tbtdK C requ1r6£lthat plty-
~ ~ I ;_. ' ,

stcnl 6b&fif;l;!.Ollel be dotam:tlnaa ettbet'e:peI':lmCfntc11y ol'll!l~t1ca:U,.

b1 oolut1on of Laplaec1a :JeqUatton •• Unt$!'tun.\1te1y, ttw its an cztre-
, . #" .~. . - ~

Gely 4i:tt1cu1t prQblfilC-l fOr l:!O~t .C<lOOfJt:dc c::mti~D.tiotll:Jo and ClQlu"

tiona are known 01>17for ,_ te~lliJlecs.l111 ClU'lou.one caoo otpnrticu"
.' I' ",

lG!' f.ntoret'!t ia Obtdpodb1 "a~icsthllt. floCh(lcndQctQ:'iocoup"lc4

411"t)cily to 1UDelU"eet ~!ticltbout'1\lc-nl:1. '!'biG confiC\U'oti<ln it;QbO':1l1

iftnS.'.6 tor three ecnliuctCZ'o •



Fig. 3"5

Ground plane

3 line array of parallel coupled lines.

Fig 3"6 Parallel coupl~d array wIth coupling to nearest

neighbours only.
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'.'file co,pacitonee l!l4trt:l:~~'thf.ll'I.ne-t'CIQr1; ic r;i.von by'
:. I" , ,~ . .ot::-' ~
\' : I. :";

e1.~2:: ••ci<! - ~O
-_':"-~"--!'--'-'--,~-'"t--r';i- ~'-',"J •••.'!ft-J> -

,! ••'~

\"'~2' . ,.0..,. 023
. ~ r~,J ; r";" , ,:!;<) ',' . ,_" . , ,'. ' , '

.i'be e •• tr1J:fora l1k&','QI'r~d1th .01.l3' llucber 'l)f CO'l.dIlctorlB

is obt~n0d in (l a1tliJ.~!Illlmfl~.inao M~pt1cnof. Ol',)Uf,1.i.n6 0%211to.. ,
'" ' ' -' , • , # ••••, •. ,,'. -, ,'- ~ " , ' "

'MQrIJi5t nilli5hbOurerGwlt-sIn e trotril!: e1tit non 301'0 elmd1ta on the
. '. "', - . -. ~- . - .'

OtAfl dlegontill snd~d3ac~t!to tbe .clain dLQcona1 onl7. (ltv-on. a taotrt:
. : ,',': .... ;} . . . '. . ~ . "

.of the ebove typO. dat~c~etG tl'0tld11ch phYdi.d.ol ~i31oUG ebft bo
. , ", 'I " '

det0rrltnedtrGlllGGttl1~"'G "0iihr;1'~1' Cr1ctclt" pt:lPe~h\,

!uveat1gattns li'c15l$ib1eOl}litVall!lnt eLf'auits $.0 to u!Wd1inoe'l' tr:me- .
, .. ',' , , . : ~:"-l i ,."'>' . '. ". •

tOt'l:$dt!onel of no1:lIOI'k vM.'tablea,-(vo1tQ8'O end/or CUrrent. tor ex::r:p1f).
,- .

Uneer i:l'enstomatto'riS: or ,netrrozoh viui.(lbleo <len be ;pc ••f"'''lli1:l!d ~n ,.
••••• ,': <"

t:1QtUlor $Uch t~f;net\ll~k r,all~i.tittio QQ'.:Ute4 •. HO'l1tlV01!'i n.n1sucb
" ....• . .

tt'aI1ofcrIlla,t10n w111b061"prootie~\1t1Ut". only itlt ls oaG11~
" • 6 • , ..'

$;nt~p:r$tea'nnd1eadetc' ~ d"'~~Q'hlG.piw~eat !'Jtl:'uetl4'l'Go
.~,.

. GuUldna~'h!Wdil'J~ihl1taUi:lctQ1UntlcZ- .traastoxmntlon
- ! l. .: " (~-, ~.

. ' , ~" '. '

1" ebta.trJtd biToulttpllYlnathero~l'.!. aiIld eolutW:l ot Q paratleter mo.-. <'~~~'.:~", '. ' ..
trub:r suttl!ble conotanb. In ioilXr211113out th!a t&>tu:lci'oi'l.'3ation Oil

." --, ..' ,,'. ~

tl static Capac£.tril!lCo lU.~ri.t ~trN' 1"!)Qu1reathat each opo~dt1on
. .' ~ '~".. .

bo 'il.\PPl,lo-dto both f.'l rbft~:ti ita eo:rracz!Oni:t1na colucn,
- .1, . 'j,

\.
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. -.. ~.~'.
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,•.... ,. , ...~'... ~.'.'''' ;~

-',",: /

,. .... --. ' - - .

, .

,', .

. I .' ,

'fOci"!!! 0 i'.lot'«lt'lt lntetp:'etat:icm to the ccpee1t.mceOat.1"illi

b;mstoh.'lctien of'('.15l, let Ulil"I)ciu:i1ci,ct' the li.d&o1 tl'Mcf(ul'aert.l ot
• . ' , j ,; .

t'lU:'1'l$ i:'41t10.~. ~.1. oonnec1:ad to ';;il~ aJ••pertoof the n..UM notwot~

chow 1nFig.~.1t1. rho J'l'.!~1tdl.t':1.lGt'iOOi'ltts /ilhClw ion Fi.B.},,'/b.

Ph;vatCn1.1'. 6nilo netWo;t"lt'bao b~n£ort:!104with voltaso £t1d ClWl'i;)!lt

vot'iab3.')$ l'Glato/l tlo the'~;ct.th~"~dgblo1lIotwork b3'
• < " • ,... •• J

v11:Qre 'lule atdil':!t'»noJ, :tfkN~3tl'if!t4th elOllWXl.tG 12t. l1at ~''''.'\:, I .~< ", , ,~ .

I,. "
r ',.~, .,



(a) Network with caP'Jcitance matrix C

(b) Network with capacitance

(at primed terminals)
matrix C' (c) Network with capac itance matrix C'

obtained by changing cross-
sectional geometry.

Fig. 3 '7 Network and physical interpretation of the capacitance
matrix transformation.
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'l'bc foll~ sta1:ement GIlt1C~.100!l tho 1'.U"f:I'})r1t an4 pbyoiclil'

iapUont.1Qns of' the eopl'lc1tt'ftcoQatr1s tJl\l!lJlat'om/ltioi1 ••

G1Vel111 pl'Il"ellel line' e:tTe<rJ..traflafoT<llatien of tho eoneo-

ponding.BettrS.1/: C'recu'ltG: iao imatd:x C tbateorreSZllllttdo tell Qot'

fl.etllO%'lt identical to the 6Z"i.gtfJal \'I'1thidea1 tranGl:01Ioero oftlU"l'I~

ro.tio,ni& 1. .ddeda.tbotbe.nda of enlilhlinQ.' Ph';vo1eG11v", "t1lenew

t.lot\llOX'kean' be roaiized byn ebl:titee itl. erO$Ol-~t1al'.a1 ~otq ••

'rbei'l1otoral1i noG('! in pe1"f~ 'Qcopo.o1taru:o l::)."trix tralU>

fomo.tioneenbcchGi>e1'.l til"b1tX'~1~ as l.onSe&the71o~too tra'l:e-

t()mooCfilllGe1trnnMmat~ .•1s oboeo ~tts obey tho reiStri.ot1~no given

by (3.12l. '!'he condit:Lono ttnl!la- ,\'1111o'btil" Cr6G0~onG1 geomotr;j'

:be attore4~lle. tlspecU'l64 tiGtaork roO,ttouoa J.a heUi.5nvlI.t'lontOl'-G".~ .'
~"'-'~.' .' , '.,' - .. \,-',\ 'l~,'. '.': "-.

, 6$ fO,110WI.'lt 'U.el.'lcb<of tbe ~l"tG of t.". ps-atlolllno cwr~ 01'

.'.~tf.'.1a.1stot'tlin"\to\itnapaea1tl'o D.dC1ttnne,eytu.lII1li a ,••o••••••••zm
• " r-r ~':. - I " ".F I I' -••~. . . _ _'-. •• . \ '_ •• ' •

, ,t!l.IMI'additian 'C-f.'tdobl Jtr~Gf'o~G (w,!i,n'l"1g., ••7b) 11111affoct bn'l:v..... '~ .. --~ ~ - - - ..

the tietoork adJ]itta:nce levol at otJydriven port..Hooaeva", •. iCl:ic!l tor-

n1tmtiDi odCllttonce tt.em 'be trool',ltOt"l)OO th1'oUG'hldealtrensfomOl:'fi

to;p.e16 V1'1me4term1oati~ QdIoU:tance 'f't" ~.Ii" nto original ,

a$t\1Ol'k .eM idetlJ,. transtol!ll:len;, 'oat! t!Jl01'l be ,l'eplrmed 1)70, now ,tlGtwo~t

d:th IJldit:tercnt :tm!)ce~UO!1t.'1l G«r.:l<lt~OG ,lioecrib1td,,'rt1e tiboV0

statgt)\GtelLr1zl'!4 40. i'OU-ti\llUI the- trM~G1ll1ml req:l.ll1Q0 otapare-

l1e1 '1:1!lCnet'llOl'kq4th "C~ee1~t1tltr1% C tlDt11lnet;~.eM "1.

io identical to, thQtof aparlillGlHno ,raetlllOt'k I!i'I1tbeqo.d.t;mcEl't't'.ltm
/ .'C an4 tomL"lGt1Cf1$ Vi. . "121

2 i1 uboro tho :n~ nt'e tl1eeonotants \;ttl..,

l1ead 1ntr~nf.d'orcWlg C into Cf <!J

llol';arU1ng the e~ae5.t8lleo Cllt:'b: tl'oostoma.ttml \mtNet
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f611o\dns' factGc ,IM.tiplyttl3, thG kth rOlland colUll.lft

__ :0' t L

'. " . ' .. ' -~ -' -' -'

'of ta oap.cUaMe lllfittix ,b, 4W1'factor n" o(}l'J!'eepont'l.1l to ltI\",l,tiply'"
, - . .

itlr; tile adld.ttQllcft ,10Villlo~thekth nod" 1Jy ,n ill2• .m4tbett'an$'"
• • " ,I •••••.•• ~ "

tor adtiittanc$ between\nod~B adjacent to the Mhnode byl1i ••It
..•.••- j ~ i ~

tM,l'J trettefol'lIat1c:n '15 'Pltdoniiea"on Utty ,inteMw ~w ,and ec).w.:in.
, ' . - '. _ . - . ~ ".- 'l

, I, 'I ...'
tlle f;\T/O••port perfOl'IIUI1'lC'oof: tnebotlllOtll illU1lcb.atlgedj if' performed

~,~ .

Olton m,d't'GW lilnd colu,'lln. ,eh., il\~ttaneobvCll of the eOn'Il$pon •.•
" I "

dinS port 113mu1tiPUcll~by::n.2 and' the OYfll'eUtruster admlttcmco

itll:lU1ti)'lU..c "1 nl• 1'~9io~ingnl1ltiple 'I;rm6foJ:'lllJ:.lt.'s'c'lloii\11c)llG an'
l-,.~"

,"ftfillite ntie\b(""~ Qf'iIlq'.l1valMlt nl'ltworkl!il end pert-atllll:l.ttIIMll loveh

,to btlobtlllinild. 1ft perfomi.tlgthese trofu:atOrlill1tii.0l1m~Car6I:lUt:lt be

t~kill)n,W 1nsure that thetinril. i:1rC'lt-t coftto.1ns tloneeat'S..e ttle-'

ftli.\nto" fh:lls1e.al:reo:l.boalliUty l'Cqukl:Je1 that the sW'IIci'e1e=ents

otan1r~.or columnbe greater t1:Ulfl. (or « ,Will te)nro. end ,ivoG

a 11oUl}tlcn on tb", cnb!c~'ofD' ••
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'l.'bi. ehallt:0r mainly tleetaw1th the dmvl:lt1~nof S"plAne. . .". '<. r:,' . .'

• -eqUiva1flbt ctrcu1t ,of ~l.lrMle1cGU:plfldtt'llmeotea1on line!! beh!tlm

~OUftl! »htGSfoti' only t:'IIl)Eipac~ canet!•. ~(ltS,on4.:2tlitl'odtW;lo

i1lehe.rd'l'J trMlatcmat$.ott by ",hieha dlctri. buhd l'Ultl1Ol"k ctllibe ben-

ted 1)1£3a lumped ftlltwork. In eeot$.on .q.ii -M.ttet'ent ,nl1tu!'~of e/!'tI.lll-

inga nl!'ed1scuesed. By tr.ariDf~~k1an ,$rl!Q'8 of Patt'!d1<i1COU})lt/11
.' ' . ~>",~/ . . ..

tl"on~t<is:l.oil ",ir.~oto Clstruettlro111 .Meb. tho no.t:ul:'O of eou,p11ng
. . -l;~:' -. " . , ..~ .

becool!l -eati117 l'ecognillGIlta:e the,'i-El'-lllenc Ql';Ulv~ente:U-cid.t cantle
. ". " .- .

. fOUlid by inepeetton only.:'. . ; " 1
'_ '1;j

" "'--,'
4.2. .tB4tlfl!Qr:~41'*(If o!!'.mS?ll%m:rr.tpn~ •.ow 1'0 t.gr:TlUtt;:t'ilm,t

. ." \ ....
•.•..• ~. .}

~tl tllit'l .sect!ontne' s-J.~'C~o.cUot'Ohd .G-pll'ltle indUctor

ar'0 Lnt!'o$ced. 'the applic •.•tion of mod0rnuetl'JOl'ktheol'j to tbe dec1gn

of e!crOl11ave4ii.Gtt;lbuted~n"twor~:10: b;ililedupon II ermp1elt ;;lM9 tran£loo
. .' : '. ' '.: -.I." '. . .

£Ql'tIllttion dor=onstrnte6by:RichIli6l!l:l3" al'JfJ.!'lOVi$,1 that 4!etd.butedI2Qt-
. .

, .....,' .
~lt-$. ocmposodof coc:sensuratc',l.m(itbi.lof trantlCltltloiolJ1ine «m4 l~

, . ',.' -.
ped resif.jtor, eol.l1dbe' trc.ated in 'ond.:vsta Or ClYntl1l'lG1e liB lu..."'PCd

t..-c••n flot-worlt(1 bY using 'the ComP1I11:g't:'()~Uel1Cf vI:lt'1nb1e .••
, f'- .•

'j I'
\ ,.' .

- .... ,/ . JlW
..$ "3.n. 0\ Jj tt\ll 9cjtnn ~:t"S ten-w" - ••.•••• (4•.:1.>. . z. 0

wbel'e Ji.:i.o :relll0l1dQlllo h tho :r.'a/l1Qnbcquenc:'l to-t' ~ll.ah tM trtlliO'>

ll'liai:P.enl1tlol'j are 11quarter tl(l;lIe1tmgtli"

-~f.
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eon-o~~dSlto 'tho a&lUt~co~'~iil~dc~ac:l.tor (llii '10 ••1/"'0"

1.'bedlotd bUt;ea chm:~t(irhtie.volucc of ,go_IS 'fothuo eorrea..
..••. ,". . - ,,:,,' -. ,
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In Ciarl'ying 'l'J1~.l:. the eo,p,.;f.t~nQel!lo.tr,1ztf'~Dt()mtl;ti"a III!!

eholfl'1111 ebllptel'<'o3th0e~c2.t$ri4elll lU'C treated 8$ tllOl,lth they repre-

sont .tatio ,capac1tQ%'S in. a plMns' 1;t$CIll1.tl"$ ••••• O= Q.l'lliCZ'OT1I1VO view-

~1nt. the, t'~pr$ae1'lt coup11agbetRoD quartor--w:l'1e lineD tlnt'i.ll: 'the
. .'0 . , : l" .

.for:s of tbeeoup1:l.flg eouldbe fk!tc,i~!,I'i0\l the ,miorO\l13Vl:o:,£uf.vatont. ~ ~
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0 1 ,
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( b)

Fig. 4'1. A single line above ground and its

static capacitance representation ..
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c&r-4c1tor '0£ ng.4.th ellllr~pr,~i;Jtmt tbreetltst1tlot tOrtitl of coupltns,

. t ~-,'

dept.mlitn~ Oll tbet~rminol conaitlol'.\s IllJIdthe t(J~s.l1tl1obet.,e011 "M,ah

tlS~'elecl:ri.calpei'fot'l'611eols obuel'17cd:

,1) An ';;"p!8l1'le~p»ae!tot't 'fbo e1l1ctr'1Qa! -b$ho:vlcUf' ct the1tl'tCl

at et~hel' port with the other )1ortopencueu1ted. !rho v.,;LueotUl't

s-plane call1llcit:QX' isEii yen by Co! 1/~o ••£e/llo wh!u'e 2\0 1m tbceho...
, "'--1' .

t'octer1atie ii1lpedatlce o£'tbe)~'nf.iLllb. ~~ ', ,'. v' .
f, \...'

UlAn S-plf!!lo 'tnlluet.othl'be' eilZictl'loal bfihl'J,vi01U'ot tholtnee
• """', . ,""~_1

. at e1tht'll:'pol."t v4thtne Q_tl~~rpOi't.lllbot'tl ct1."Ou1tod. '!'he va'1.U1!l of the
'. • . '. .-' -- "'1

inductor bt;iven by 1..='Zo'" <rI.j {j; c.
. ~. ' . -. ,/

I:".•••.,.~ .' - -.. . .

US.)A unjj.t el5!roetlts thi>eioetdcs1, behl1v1oUl'Qt thel~,11&
. '•. ,t

the pOrte. fhe ~Plh'l(ln.d~ot'the ue1t;Qlf1tBl!lt1t to aquet.i to s•.••:!oC;
. -~. v ,E~

1£ tl:ae lU'1'n)' ~f':l.g.} ••4b~catlb(l put int:o III tOrlll, :1.n'tih:i.eh: the
."..... ••• L ~ , ~. ~ :

. . '.. .:.- "',. . . .pr~vloU4ty,mentioned~7P~~'or ~~~plin~ be~~ ,cnai~yrccoGft1?.e~bl0•
.o~ equi 'ltl.l1ent t;..;plc:rie=et~orl{ can be totltld bY'i:l~cetion.1~tlntlfOrlMl'". ".' . ,- ,<.;:, ....>..:. .
t10fi of the c~eitstlcc m~trix pre,aervlt the ,per,t(),t'i'\m'l~eot the net-

, ~/ ..•.•.. . ~.' . '

110%'11:; witbth~ poca;t.tile excepil,16nQi, a ehun~Gin Ulpcdet100 ill'vOl,tIM"

, of'Z"lI'-tha po$idb:UUy of chtllig$.'llg t~n~tWl);rktCl'1!T,Iinto onG in Which
- , , I.' -.

't;\\-il~t1~ttl<t'ElQt l1ll,1ch COtapUng :tG eMil;\' ll'ecoen1zel1blo •• 1turthercot'e. the

CfiGlt:lettinUCI; i'letwor1t a1tlO t'epr~sent8 otaUo CllpacUCll:'S lUll!! ctt>&bo uneli

to obhin a.tmellslone tOraph.;yaicall'etl1tl1lat1cn.

,-
" .• f

• '1. - .,
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.~.'

f)lmlVA'l'IO!i Qrs..Pl'.l.llS Ii"tll'lALn."A: e:t!lCUI'J: :"Ol~PAllAl.t..m., ' ,

l'JhUe tirlaillS out the pbys1oo1"l'oa1!Mt1onoi: t.ho olUpt1e

ftltlotion filter ,1n chtlpter-5 1tiiUl be l'Ulc.ooory ,to 'f:i.nll cut tho
&\iu1valont 41aital l'epreSfil1ltflHatlo£ 1m C""plMe &etwi'l: hlI':ilntt all

. ' . "''''';''.-,~1

"-lnduetc.nCGtl 017 $l1ca:p~e1tl),ncea.,< '",

'~--"-'~ " "

tn thi& sectton QqU.5.vIll~e Ihacbeeft estllblll.ehod bC'tweon

n. $gitmJ. itne netflOl'k wi.tb:~)' t~,liM~g:'01md$C1 at one ella ,tmli
. ; •.., • ,I ,

€ln,~p:l.limenetflM'h hl\ving :-shUtit and,~~.1e6 ~)bM irldu.e~ors (lacllo~
~~- ~

!n ~tt.4.2e. At$) c~litv!l1an61!1ha~\)~nt'lata\)U.sb(!d botweQn a d1$!tc1-
. . . '.,- ~ .-':> ~'\,'.\. .' . ' .

Ulle ,rtat\'l()rkw1thJ.1nM ell ;.6pen 'at J)otl:ilflnds Md 00 Sooplano, el(paei~

tancenet.VOt'kbaV1n£ slmn:t: and (ior1Qs$w'plnl'le cill'neltnnelt tHl chom 1ft
• .1- .

....•.
-).::0 ". e' ' , ''',

the'oMc,of'three puoaU-ol <lou-plea,tl'l:itId••. . _ ...•

I
, ~''1 I ~ •

. ':.f; ,~~).~:'~ . .
PQ!'a11el eou:Pleii tt'W?~1es-t6n U1'10l'l bctl'lceugr!lund pbtos

t:-' ,;

omonUneabetween grotlnd.lldp1a,tO'$.;l t 18 ,ll/llSutJ104thnt thl!l line" Orc
, ,',', ' II '

otO'¥lnl len~th and all ,th0 _U.tJe~,oregrl;lUnde4Gt one end,•. lNle tbree
•

Un<ltl ot'Q ~OWl\ in Fig__4.2a ••

'l'b~ representAtion of th1tJnetlil'Orl~-b~ stllt1;e cnpa.eUan<:o

\'till ,ob\'1rJufllybe ns ooovm in Fig- 4.21:1.. A.fter rJrl,ttn~tho el:\1t~ltance

'e::>.trS$ tot' the natr.:Orl~of ll't/ll.4.2bll\l$4eorry1ns otlt tranafO!'l!'i(1tll.olt on
' ..., '.~.- ..

nceo ntmbe:r OJwtlcen 1!I4k$ the cltPacitl>l'1ee tlGtwetm not1o ,a ~ ~ound
. '. . , .... . .. . ..(::

o>;/~t\lto l!lOi'o. bOrder to, IlIhO'l1~~illl''lot us ,l'Jm::ti!eS, that the valUOOf
. . . . 'e.~

oaehoaPao:LtnflC l!! ,1.1:1 hetwt>rit4. 2hta :e~\ia). to 1... WheZiJ:ii can wrtto the
;,~ ..



(a) 3 - parallel coupled lines between 9 round plates all

groullded at one side (Ground plates not shown).

(b) Representation of the

above network by
static capacit<;mces,

(d) Possible coaxial
representation.

o @ 01" . I~

1_'_T
(c) Static capacitance network

ufter trullsformation,

(e) Equivalent S- plane network

Fig. 4'2. Derivation of S-plane equivalent ckt. for 3-parallel

coupled transmission lines between ground plates,

all grounded at one end,

.,
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tQno.s.c,gc/1:padt~ce :tJhitrii, itO! thte oetl'lOrk

< .

;a .••1 .Q
.,

nt~ •••• , ••1 •,'

.,

<" •• -. ~0'.
I

••1. ';a
1n' .

oultiply1ng the2ntt r~~ '~4 :c:(;l~of tho abOvoCo.trb b1' nt leait$!l
. .' . h . . \

the two port prOJlortlelJ1ftvarh~tt:.'bUt S'ie;ldo .an. flqutvalebt noti~r1t
." <

- ...:.

~' ..- ,
•••0' ",,' ~-'-~2 0

'o.li' ,o'? ,••1'1'

0 .•ou' 2

'. . . . . " '•..
. - . ~~

S\hJslefll. t'ealbab11ttsarequtl'ea: tbi,;t:
."--

. , .
" .'

18 c1vtll1~'

;Z

'.••2/3

o

.••.2/'
;t./!j

"-2/,

!"' .

o

,
"/ ',2"' ..•

'the otatlc o~&Cit;liMenet\'lOr~.l>lM aph,ydea1 r041U13at1on'
,

tAth the h(jlp of coaxtal 11nl;ttlat:1i'l .Qhownia nco.4.ac tlbi1, 4.M ree-

Pget1ve1y. Uno I'IC. 2 .its now Ilotat $11. toup104to et'O~d bnt on11

to :Lii.eel eftd 1:\.n~' • fl'()lI' Il':\.S~4.aa the forao! ollch coupU.na
~_. .~ ..' .



( ,,- ,
!' :,' ,.
I\,,1 '..t.,

,.,
i

.••.". t, .
..... -, .2..4-"y.

\. ._.I; . ',.", ,
.. '\. .,. . '~':< 1"~-._'~, ~ . ..'

5.0 1'oa4111/ dotol'l."l1no<l.ond ,liri~o:uct t-pttJ.l1ooqni'lG1ontc1t'QtI!.t

cert .bo'1.\l%'itten bt 1nSP!ile~i:~~-;tbeeoupltnab$ttMOQ out~ line
. . \,Jj' . .

i$tld l1ne(l)tsth",t ot &ns.;.piano indUctancG bcCl!lUao the othGt'
ettd of i1infi 1 10 grounded. Bohnen 11t11i$ 1 md.'.~tb0 cou-

p11I:1$18 :l.n the 1'011':1 of Q ~pll:i\1clbl1uetQ,ne6 iZlucttothQt' end4

of bOthU.nbt> (t)llfld (~) .erG gr()ut1de~~&uIle4on 4 4la11flt' rea.. .
'. t ',;- .~.', " '. .. .

oonlng tbeMtip].insbetderx ;ii~~ami :3 "is;ift tho fol'r.l ,of
. "<'.. "' '

t\ &;plane:iiiductance" ~iln$ ~a .hOBbClWevea> 01)couPUnarAth the

Gt'OUl'1d•. \'Ie canea$11i:ftn4:it~;:coup1!tillb&tween11ne' aM.'~. '. .

#Qwd atI a e r..•••Plt4'1~~-:bidu~tarl6(h'fboect:lp1e~e &ol'lAno oqU1V/1O>
I -. \\,.,'. .. I •

lentcu cult 18 I1lM1il!1; 1.nl':ig.t+. ao. ttl! ~ now 'tJq tilat the net ••
<" I • -. .

'IIl:)d~.ShOd i-tli':A.g.4.ati, i$ (..ne~i'\ll:i1(ll'it ~lMa II:'litPrGi:Jent~tton
. '.. -.~ \ .••....~.J ." " . .

Of tlhe nettfOt'k Bhown'in flB.4"Ue60 that gt'\li/lna s"p1mu) notwork
, .~ ~1, . ","

Of Fig,,4.a(.} we can' ;t;M.am h:tlaas.~tC!'l:;- e>f tM di(!i.tMl1otllOrk Of
'.... ." ._"' .•.}

_ . .....,', _ .:. f"" "f. -

P1g.4.zao.s .ilf)eqU1~o1~ntn~t~l'l'"
.. ,_,J; " ,'V

(b) Parallel (lO~Pl~atrM1~nSi<ltl UI'l!!G jj••tllGe11 !%,otl.'1li plf1~e8
.' . "," ... '." -~ . :'..• ,:: - ~-.'" .') - .' . .

beth MdO:ll13lJ ;.c1rclii~l)d:
~.~

"ot Us now eonl!l1(!cwi
.tbaC31:l9 .of tbret'l paJ:'al1elconpb4'~. - ,
; .. ..., ~

tr~lSG10n. lll.t1U of (ll('<1~;lenGtho:bctveeD grduntl p3.Qflan as tlhetJn.. -, 'J'

lnE'iq;.f+.'l/lt :tt llI!l MIeUl:la4 that tM Ui!~.oI#EIOpO!l c1rculteii ,at

. " .

IJotl'/OrltOf tig.4.3a. Fls.4.'cebo\!lio llhe Dt:at1c cl:lPacltdlce netwo1"lt
, ,

!,~.,,~ -_. ',", ..

otter l:lok1ug tbe vill'ue '0£ the -c'll't1cltttloe betWOi)l1nOdo2 &tid.
o •••• \ _,

. 81'l)Wl.d.equcl to zero. 'fhtt/b~'t-l~fin t;}.O@:l in tho caGO ,of dUo UnCIa
,

. , . ~.. ,. ,
;, .
\



(a) 3-parallel coupled lines between ground planes, all open at

both ends (Ground plate not shown).

. ,

o @ 01~1
1 I_I

orl

T
ep IrI

T
(b) Representation of the network (c)

by static capacitances.

-Static capacitance networ"k

after transformation.

CD @ Ir-jr' 0

0
T J

(d) Coaxial representation. (e) Equivalant S-plane network.

Fig.4.3 Derivation of S-plane equivalent ckt. for 3-parallel
coupled transmission lines, all 'open at both ends.
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r:'.:l. n- .~.~.~ .
gr'ol1#deli at ona .nd.. Jlditlilftt!l.<m.cdlililU'l10l:'the oot'l!/'!)$s.t'J. Fit~q..l'b

, ...,- ... '

end :l.nF1.S.4.;;c a.reoqutv81efJi. Al'J.oqld.vo1qt QO•••!'llChl %'epl'osen- '
, , ' ' , ' ""J' ,--' , '. ,
,tat'i.on otthenetJlOl'1f"c£ -l~'lg••l+.30 Ie Ghown:l.n F£g.4.34. As 'betot'O. ~r ..\, ~:,'- .
tho ,$oopicme eql1:h'!ilMt, ~~eult 9cnno\ll be <lrililn 'by 1nepection.

Uno 1 ccuplSGto ~Q~ndb1;~;s-»len$ c'\Pacitor 0lt:lce1t.:u'lo 1 io

'en ~1?enos.t"euU:(')dl"'~. ,~h. 6thol'1N14".t\.iotb l1nol ami'12 are
. " , .. ' .. .

. " ; 'oPen cbeuttlll4 ,andthUd tho Ci)u:pu'ngbet..~n 1$.1'10 1 nnil ,tl 'le iYl
. ., . "", . " ," ~:' , .' .

the tom ota ,""p1llltle'c~aoUoi41 Icthetlmo l1aunu and blWOdon
. . i i '. ,;. c .. , •

, ' , -~ i -~,I ".- ~ "

thllll!ltirile 1'1$8GQning the' ~oopUfllJl'Ieha(i1'l ,1:Lnil$ ,2, amd , to at" •••
. .. , .. ". '.,~

plQtle oL\P$M.tOl'.~tl tri :tbeet,oe"ot line 1.'. 111:10 ,3alm coupleill
• '.' I;"

to g;:.oUt1~ conducto'" l'1.e..G-p1~oapllcUor.. ~/.,,
. ",_.

I,; 1[ ~
,I ,., .

\ ~ :
.•....1 .-'

f.'

, I '~.. "-,
~i .r ;

".-""

i',' !

./ "':";1\~:'-)
, ,..

,"

. -:~:-,'.•.• " .'
I. "_.

'\ ~ ~<

" .~
I

f i•.
"••J .
. -.•.'~~.~<~..
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C UA Pf, B 11"',2
.!I!SU:tIOIt ~7m CltAi1ACT.imXMIC ,OFLO;7•••I1~ ~U.lrnc rllNl;1'IOt~nt.T1m.J.

,5••1 ••

In tbh eh~pterl\ dettnitlcnof thetnoortion %l0'~.t" nme~ion

fA~mt"'r.d.thUs relat1.ll1'lGh1pW1tb' the r,eflcet1on eoeff1d.d: 1$ pt'lllbentctl.

tn'otdo"l' to lil~blevea particUlar'l:neerUon powere!tare,etaristic W<lal'l,

tberetot'e tiM out the ref1.ection eoetfieilmt fun~tt<m.,!!'r0llJthiGre--

flection coefficl.ei:lt f\1net1o:!l.'m'J'C$1 ,£ol'i:l 1:lput' ~donee ~, hence 'w&"

CQJ1oynthcm.1!l/l tbe't1iltl'l'ark to tichieve Wtt requb-ilId :l;n$erUan :potier-func-

tion. f.,briet tiiae'Us$i:ctl on itl~rtU!npt)'l\'el'ch:u-c.cte:dctle ot tM ,ell1-

,- .....-
;,

"(pt,t.c i'<lne't1cn ,~iP91G pnsente4 ••Ydeteehnlqt1~" tOl'~•••tligninB'C lOilPM$
, : .: •• ":: •••• , ;. \ .•••••• '~ '. '\ -, • ' •• w _.,,' .: ~ "'.\ .'. ~ .' "'.

:.(b.1iiptic, tijn(rtio~fU t~i-'£~,nclm.n1tl6 apr~~t}cd inlK>l"tion 1.001;1Q~. ,

lraDtel"!.stlc1(1 tilt» given 1i! t~e chapter.
.< ",. •
" •. t.. ;/. • l .•

$••2.. ,!'iml'ltLATlOll BM:1'm:NINl.l~!llon pe;;m FlmCLjJcm At'WR£li'L,J:j,'l<l!f,

,£2.if}'JCI~~m::A:H,!,:

'rbe input illl~anMOf tbeequivtl1mttl'O toroinal netwrk 1ft

F.lg••5.1bio

+' •••

1'he pGlIJer <loUvered to theeQUlvalenttllJO 'termtnel net1lO1'k in

Fig ••'.l!> ,1m

(.
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I, ( L-C NETWORK
f 0••• OR

""v E

11
R30I FilTER

I' l'

A 4-T(>rminalnetwor1<

(a) Power supplied to the load thrlough the filter,

/ y, I r----------------,, I XI I I

I t I
I

,1,/ I I
I L-C NET~RK

I Z.
~

I
I RJ

El
I I
I r

Y'l
x'2. ! II rI .e:.- - - - - - - - -- - - - - - _ .._J

An equivalent 2 terminal network. .

t Cb)

R'1

+
+

rv E, E20 R2

(c). Power supplied to the load directly.

Fig. S" Determination of insertion voltage ratio an d
insertion power function of l-C filter.

,,
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. ~(~)I,= oC (~ + j t3(.R.) ",
".II.

oI.(.n.) .

(3( 11.)

. ::,",

CIy, 4- ~ R1. e2J;( ::::

(Il.rr2 •.t..
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lR'Ttd ~ IfR, R,:
lR.-t 2~\'l-

:: (g. ~-P.I)~+Xr
IZ.:+P-,j'l-

,
• • 1- lrR,f •.. e14.

(R,+f?.)'l-
/4(jJl.) - £,/'1-
12-\0 (jJl) +/(,1'1-- •••••••(5.9)

res) = 2.:(~)-(2,
~':(-5)rR,

rO-'0 = 2,0.ry_~,-
2~O.nj+R.,

c:::;t)bo cri ttC:l co

.l- 4f2IR1.. e2o< = lr(i~/"; pljJt) r~j.1t)
~I+R~

.', r(-v r(~)=: 1- ~fl., fl. L
([<.,+RLt P (oS)

•••••••.••• <5.10)

•••••••••••(,.U)
2.0{

d101'opfl~}. .e. • i.Dc*t on t:')or fUIlCt'Cll. ~t.o 10t:lo rclctit:ll

It 10 therofore 01.0.7 that 1f co Co:;:I f1Cl1 t~o c=!,)l'cceenfor
of"

f;cho ineorUcn po~cr flmcU01t/o L-C fUter arc.it""" = 0:::1 1::=:led1ct.o17
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fi.ndO'l~t the Hfleet1encoeffi.ciGM fi'. Sqti.C5 ••11).fl'Ol:fth5.e

rGileetiQt:.coeft1cl.entlt ,till thllsbe.con';ltni.eltft t.OG3lltbedS.1~e

<tbenetnork b1 t.\<jeusual .(ljlltb1l\sis proce&:l'&13 nttol" findirtj; the

'1Dput ifIl1;edtl',neeo

'. '. -

\' .

5.:}" m.Jlr:L~flPN,.8~"l, J..'fj!I,:mr.\i'to;l -OF,A FIt ••r~ Ann mtt

li~.cTX:CN ,.etJi'::ti'Fl e1&NTt

'i'hc relation b.tr;l!ilim e.ttenunt1an !on: dB 4l1d l't'lf1e.ct1On

,eoliltficll£11lt e;;noas11y bo toune. £.1'00sq••(5 .••Uh I':'om Sq. (' .••:lJ.,)

, "

5••4. 1£1',..j>ASS,!IvS~ION l'O~lJ;;R,CIl:.l'lA~!SlmC (if nm,
nUf'IIC YJnCTi,!:li ~,!l?S:

A 10t/IlIlS8 1osertl<:m pOller clla;r&.etl$li"u.tie 'Of t'be ell5.ptl'C

ftlnotiont;;lle fOT'thn caseofe-oda -eM be tl'riotl'ten IW23
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. 2.0( [ ]P...e :: K l+ f I SoCofI.)

.'

.r'. sz'r (.Q""'eX""".JlJ:") ..•.. (n." Jl~ .].'
~, L(i~~'".ni~j((-k':n~Ji)....ft~Je~.rcj

Di1d . ..J2."'" =:s~..(2 .••.•.)< .. ~). • .
. .' ., n J ,vn: J J 2.) ..•. , A. j

.~ero. :It '" etl~.to eUipUe 5.l'1tegral ot r.lodu11U.l it

. . ~.. e~ete elliptic 1nto$t"81cf modtl1U13 11,

. l ' j', - • ,',. /' t ' ",

.. ' . ;.J1... ~: ";'1019 pll:Gs';e~arU"~dfr(lquonel :I21th t'ftqleot to 4 . r

~"p

.ay. plott1n.n; .l:qn.(5 ••13) .we.~bta.t!l :t~e~s,;rti.on pOfler ct1orfletwi6tle ' ". ,I
. .' ' .. ,. ",.:.. "" .",. - '.; '. "'::'/ .•.......,.--~.• ) " ;. / "'-'\

. ,cfr1a.S;2a.. 1rh1a plotJ.sparti~u1a1"lk tot' n",?•• 'NJo heoJl n tel).s' ./

us 1\0':7t:lany hori~ntal tangtmts the ,chal."actenst1cbal'J \i;n the paso

10 t:i(j.•5••2n 0 -.lip reprenenttbe p~ant1. f1'~qU&~7

:range • .np-..n.,[ reprolllen't the. trtI.U~tior.l!Il trequeJ:'lCl 1't,li)t!c. Sl.;_ oc
/

repra5ontthl.'l,llltl:!po;bnnd troQuel'lcy rtllJse. «:lG J2.=:; .roprcscnts
p

In ",l;.5.ee wetl!110 tl1at irllliertien 1'01:01'.:to.,!}.1$ld:tnit~ (;~.

_ere 1# tho hit;l:i i're:jut'm<:yetopbl!.lnd 'of_a~~Ul$ netl11Qr1tf01' this

OM0•• 'fh~. is usual.lya f.eeira~le'featut'e inc lo".paOO ,j;)etwor'k~

I-plct ,ofZ{)(Jl.) (in !>q.•5.l.4) S.l$ Q1.l$O givo.'11n Fime5.~••In

the r-assbW:ld nt .n.,.(l..g~ (.Jl.)", 0 o.siLa endentfNa tile p:lot,Of SQ(.n..)
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Fig. 5' 2a. A Plot of in'serti on power
the elliptic function type

characteristic of
(n= odd),

So I IVUiVi'
-J I .

• I I : I
1l=7 I , r

I I

I I : ; '/If,'-
I I I1 I J

\f~ YI(.Q" ~.n.. '/k'J2. .Q=.n:.fli

Fig. 5"2b. A plot of So(Sl-) for n = odd.
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. . .,. . 2PI,_
fiance .fioam Eq.(5.1.'HI$ ~et P, '" . 12 :=, .u:. A~ in. the plll'SGbantl

Qt ,.n.."'l.SO(JL ) .••l..heneo 1:'2 •••e.1DI,•..bctcoa~13 <te}l1t'il ~ KU1"fJ
At th~eaae otthetranott$.atl re~l:li.~••lid;JLI:.nj ',.. SoCJl.)~-k....
;:mdthuG we getP.S oj: ~)e Kfl;:~." Tho ~~ts.cn frl/l~$n~y

,. ,. .' .- I , ' . I'

.Ji'IlIlg9:1S het'l:fElenthe freqll~l:ll::le~ Jlt wdJlt '. '.!'hocPlill,'Ol:lotln.' J-e. ••. ':!M~
.s.s ()bl/:iouo1YeOe~o .of eth~$teopn0I)n of the i.noe1"tlQn pol:lG!'cha.-

.l:'ac:t~1etlc :ttl the trane2;tion ft'equcne~rit'alf:0j>

01, .oniil 0(1. 'Ore. l."eGP~t1vel1. thG numm." less raul tho .~

loStl in the paGSl?an/l...QG.4ell1cte$. 1ft nc..5.~ 'the tolerance ;in tIle

pA6Sbc.nd /U.:GtorUou ,ia. . "
'.,. ',I - I .••••. :\ :\~l' , .~,

, "..~,"".:./i •

. , .

"or.'

<Jh0l'CXp ,is the PQsa'baM. a16to'rit('l~tolercne$!! indo.

"0 Blt» find that

. w.p .~ ....K( 1+~, )e - -- e201., J,<.

2

0(p:= t 1" (I+ f, ) ,., e,oeru

"'.'. ... S.G86 , '1n 'i+ f,)' 'db
:Ai- 1i:J: •• - ••••_--.. \..'

P

TberefOre~,!eamenmroof thetol.or~ in 'tbepo,sl.'l1:lCl'l.11

.Mstordon ••

01, Mil 0(3 are. respcct1vel;t. the ll1tn:5m:i:l lo6G .:i.n.the pass-

band Mil that in tho .etop.-bllttd at.! dep1etl'.!u ieF1s.5 ••2Gi; tbetl1n1£lUlll
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•

(.
1+ .. )(>, .•.•.

~..A.~gA!.
At .:n..~I r g col

•~& .'tih;9 'thQt
sn'(..n,It) =-

end ~n.(5.14)bacomes
So(1)'i:t $'1"11- ( 'I"I~' . K '~I)

" .. ' - S,.,.•...CnK.I,k',)

for n Odd.

,... ._.- \

. -- ~

i 't .~,." _.-.
• , '.r .
.~. . .

."I I

1.'hls i.o inaioatJlld ill Fie.,5.Zb. fJ1c;uatlfJl:! (5.1'> Mwhlll:~the lorl:l

p •• .e~:j.<,(I+E.I)

- K(I-t~~r)
- 2.cJ(p
Ke.
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("" .' );;.2lZ ..

, .

" .

. £quQti~n (S.22)c&n " U$e'd tOmll1l1Ur.l1:e ~, iof It nndo are kno\'ifJ.

'I' 1& a' .e.ottstcnt fol:' il. given .~

kAAU~,tl(1nor 't!tei,noerj;ioJ\ ~cbPrnet~*!£ief!t tl:I, m!c901

tho Gtop:b!!!d.

.'
'"..,'$~(~)=

:l>epeM1ng upon tl1el'letbQQs o.f.~thll\sio MId t.11(li,;r a~

eie:wtl .net>eork' cen£igurtltiOtl.fJf the .il:l~exn 10 ,related ~ tbo '~

bel:' 11fcircuit .clemil'11ts .in d1ff~ren'tet1ntl_nt1onG.ond is. tb'eTEl-

fore. eo aeaSUt"eot thclcGtlp1~1d~ of a nCl;'I'lOrkb..'1W-1:\!il' an ,eUiptS,O*

:funct;,lon~aeterieltic" tn 1);1lin!n'31,the 1.m-Se1" tho ll.t'he ~ro

c1reu1tclell1ento tlf'C to:jn1l'cd Qnd ,otOOpliGl$S of too Utsert1n 1'000%"

ebsraeteri.sti.c curv~ :in ,the tr,::nstt1on 1''O:gion o1~ incrt!r,mea..

.",.
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"

...... '

.'
.": _'". J " I

... .. . -.
".' .t" •••. . .

J1l! ,l!;"iUtip attftl'luatto~,'tn'thePMpb!l!1i1-\:. p!dthi*imua Mts;u!tic-p
. . ' . .... -.

:in .thllotcp bund" &' . ,.
. . i!l1n.. - .•

- - 1 -- - - -"

: • ij . ~
LIJ . r '

In the tlyfltbe.is'pr?ced~'~.i.l"JtSqtl,,(',,1J) Soe aelllUUedtQbo.
. '.. . • • i ~ :.~- . . '. - . -',.

e~tlal to Ul'lit;y. In tbet-olu;ie the. pac1'lbimd dttJtort1Q11 tQlel'a.,"lcc qpw1.11

c1ve DO th. m;Ul1aUi:l atten';1:1'On~'a11'l~pet'sin tbe pl1$tsbanlh lSi-nee 0(, ='0
.. _'.~ .~ . . .

thuefore the passband .di!i~r'ti(lll tolerilac& tp' .1ftdecibGls ~u14 nell
. _ _ i i r ;. . ." _ '. . '. ,",

b41C01llfl themaneucette:;utit1Oll .iJ:i. tbe pa88b\'ii14 1n O. t'e .(ib~l c1)11 .. ' .

thl0 ~ attonuat1otlUl' tb~ pallia band to be \tu(dB).

S!i.!lIUerl)" ill. the etollb$1ldc{:, 'Illl1ba equltl1. to "1".3napers (siMe

0( \ =--0 )" .,'tbe c(lrl'espo,:!,lii,ng attenua.ttoD in 4a 10 10" co cbt111 o'I.T/I !,lOti
. '. I,'. ,. ". '.' . .

tbat this It'; :10 -ellUe1t!-t: tb,. m1tl.1C'Jl:l ettcmuntio-n1n tbeatopbnndin as.
~."., '" .

. \1eennllC:ld.l tb1tl ainil!ttS.'l1t.tenQ,Il%1.-on. 10 tIi~c(jl:()P band tn b& ~(dB).
'. ~ . . , . .:''::-:.'. 'j. . <.'. . . . ". . ,

'<,J'

S.5 ••'IlE'l'EltI1RA-fIOn' 6f:i'1t.m,CQMaWftn ••mm. ltonQGR&flh
~'i., .t' /

'-:'.' " .

..F1t,!.~h5 ahl)wettie"tioeol*8~b pu.bUohea by ltfl'l'JcOO:!:.1j which 10
, ". ,lr', . ". .. . '. .

VtiT euc:h 'QliG:fuJ. ttl 'det.~il')1r.ig.'l1ol'e,,\1ired d~srCltlof tl"O,'lkll':lloOion
\. ", - 0' < -..,

. function inOr4M'tosl).t~af1 G g~V4lndom.F conlis.tloh" (Source Hd .•~i4).
, ' '" ~ ~

'lhlJn nQ1:lOcraph avoidGa1r.~t r~f~fl1le.to I:'!J3 ol11.pU.o function JlUlP~, . r-., . '.' -.... ,- .
l!lll!tfl!'. fbC'illI2~VriiUf1¥t ripple.li.utile pO$obl!lDd 'Aa •••l1s then at

, ..
tho 10ft sideof' the nO!llO~aph~):'beIWd.CUl:\attenU4t:ion tn.the o"tQpband

..•.•".i" .' " .....

(A~._) 1$ No$!) g1vGnb' ..th& lett}ui1'ld.eS-doof tho tlOO0C7.11ph. tho bort ••.
-iC!;J.:U ••. r- ..•.J I

. . ,,', . '-. . I
~nta1 .ttl of tnlrcooolirii'ph l'epreeoots the bteepeQ J2. = .Its" or tho .~.- ~
lOt/paso 1Di:tert10l'1' (dS){'1~dI;lCbal'llCtCl't6tJLccnrve" If th&volu0of ~ltt.

. ',''''''''J".•.•..
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Fig. 5'3 Nomograph for determining n for elliptic
function filters (Ref. 7).
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Fig. 5"4 Use of Nomograph.
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A.'n' and till) steepnelSG ..Q.=~-ll\;o, , <' I 'Jlf.
'.. !

lowpass tUter tie can 1oll\<ild111tely tJLndOl1t>
< "

. " ~ .

cOlllp1mty nby the a.Ubwi1hgpt'oeedureo

tbevalueo1' the tuter, ..

A etra1sbt lino 1B<1raCl 1'rolll the v.alue otAamc peraitted

thl'Qugb tbe desired 'value of attenuattoil 11'1the otopba11d ( ~tn)" !/;h"
'. , , .

l1no rune up to the tllirdvertlea3. l:Lnc"and is then rotated to rutl
I-'~' - . .

pe.rallfll to the Jl. -scale. ~o. d"1l1re4WlIoUIltof attenuD:ttono.t a
! ;', . . .

g1.venfrequenoy 1d1l be ;gniU'anteed 11' theti1ter:l.ng !unct:Lon is of the
./.'

order .t~1'l4 at the lntet'fll?etion ~(~tbe vertical lbe erected from tho

~aClale value and thll(:u.ii$ .h:l.eb' runa po.rallelto the JL "SI':a1e.tt:
. '::, . ,i:',: ' ....

the ero.oaing appeM"l!I b&t.!¥~~i1 ttlO',CUl'VtlO 81'.lshollll'l in Fig.5.4t the order
, • • l'

the!: ClUlStbe. cnoeen is t:hei,il.r'gei!ltl5.ntesor, T1X'1tten above i:becurvo •. .
.~.

;( ';',

, .
I',

l ~ _

, '
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CBAP'lI:n.6

In th10 ch;:ptcr Q mottod hM bocDproca1tc4 to trczu:sforo

od~rC:c:' 100-;= prototJpe elliptio flmctlcD f:UtC2' 1:sto DOt-

t:orhG thQt c=n be rooUllCIdbJ ~enc4 c11c1tal o=rJ.cd Unoc.

ID COCUOD6.1 lo""J'GQtlto ~dpClC:l froc;u=o;r trcnnforcctlcn in

prOCODtcd.t. t;rp1ccl p1-C:lcticn of tho od~rJer 100-'= proto-

t:rpo cU1pUo fUDot1cDfUtcr io trcnnfornc4 1oto bec~oao fno

10 occtien 6.%. 'ill. rCGODotc4pi-seOtiOD bCD:2zl~ not=!s. 10 tbCl

rocl6r:od 10 tlse foro of ho Detllorlul of dic;1tol couplo4 linea.

':.hoeothod of cchlcYlllC trCDef01'll101"co:rp~ ct Clo 1:s:,..ut nd

outI'ut porto of tho 41E;1ta1baDl2p1""Otutu 1tJ cleo choo in

coct1c:n6.7. 'i'bc chcr'otcrietio adttccc co'ncco fbr both not-

tI02'luJc:o obta1Dod • ft. DOocac1t:rof ~tt;.;:lCO cco11Jl:::10 dio-

euomd in oectiOD 6.8.

10t!;=3 pnltct)'pO eUipUc fuDOt:ODrute:' or rUter ~o::1t:r D.

F1:'Ct of G11co moll cCDcider tho r=U=tir:1 of n tr'..,1cnl ~

oect':"'-D:lO~<:D 1:sF1:.6.1 Gith shu::t o~:::c1t=co Cr-l CDC!~~

cn~ I:l1tbQ trCl2ac1dcD Gro at SLy. 1/ ~ Lr-cr•
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C2.

0

Ie,
Fig. 6" The odd order low pass prototype elliptic function filter.

Ins. loss

, i' II
, I' ,I
'l,,01 '-' I

I
f,,,
I,,,,,
•

-I

dB

t

o

vv

••
a. Low pass (lumped)

uv vv
Ins. loss
dB vv vv

~ -I)

b. Band po 55 (lumped)

..S1.e-,"

Fia. 6' 2. "Lu mped low-pass and bandpass inser t ion loss

characteristic 5 .
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bandPass lUte!' fJ0 ,$hall tIm 'Ulo~tlG to bQfl~"1) tr,aftGt01'l:latitm

.n.::: a ( Jl.n :--::kB ) I

Jt' ,
y,'bei'e ' Jl. = JZ./'" .non:ll:iU.pd letl'l'£m& t~e~tteneY•

...QB " ~/.:tlOrtJcUlo1I"'d ba.niS£lallDfr,,~ne7.the
, JlO ','

prh'led vtllnee aN!aetua1f ••ttquGtlCieD\> Jl'rot\ (6.1n) .we c.t

t'hQ 1011pnsisincart1@ 1000 (lID) eb~aeterll:ltlclfJ .d1om in,

Ftg.6.,2a.

.••••(6.1(\)

. . I' ~
JL=O., Jl,B =.'!:fIo '.f .fl.s:::t 1:-

. ~ .":. ,', '

.na/ =- to..+J .'1",.•.t/ .• ~•••••••• (6.1e). ._'. ~ .

Jle• -:to.. - J ifo.•.TI .
. -._,.,..

f~ 10\t pIll$t$frequencr .Jt.,:. - I, S2.~=- - to.-J t",~+j
. J21l e, e -Jp.+ J tc..~t-I

'fhe bMdp8S$tnaerUon lomJ (dS)cbart:reterlt'ittc :&0..ClhoWl:1 1n.
!"

tqr 1otqlfl$StrEl<r.leIle)
,,- """, ....

," <"' . '\. /'.'-" - ,'.'" ':", --
, tOl'.1.ft pass !i'e\'aUene;, J1. = , ,

_ ~ " 4., ".. r ,"' . -. ,
. . . ... - ..•. ..

Inor4er to. convort thulbandpar>lJt 1'1IqpOtH.l'3 ot lutqlOC1 ntit-=or~

'-'a'tothot oril1otrtbuted tletoorlt fie tV!p~the trorl$t(tJ:'l!l::tt1on ....Ilg ~ -Itt ••~l.'
,chero lis the length of 'thotrwds&t;u 1tn(lS -o!the distribUted

b4ndpaoll tUter and. (?>~'2.f U the F(lp~tltlon, <:onntent. CoQl'JClIW:l.e

tl1e lengthot the lineD tobs. e:au4 t:~one e1Chtb "ave 1en~at, tbe

bllll:lll c1l!Iltet' fre{lt!ent!y 1..e., '. ~o::=/lois
;0.t.l /[ Wi.••. II.Q", '2/\ • ~ !.!.;J... = -

IJ >: 8 '" lit: 'fw,
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, '. . ..,
'fiber.e Wo ,is the .fie$!ilftc;; Elt dl-icll. the tl':lftt%iGl:I1en '11neo

,of tho tahi' ,!II:'<ll ,o.no el$bthrm,"c ,1.t!l3gtb ••

. "

Wo' to '!fit )

" .,

, -

-~~bOOClllle$ .elluo1 tow gh(\Jl'e Co) corr~l$,onllc to the £t!'eqttllmct oe£o

i,.ll 'ltI~h tho (l~tfi!1".ft'equeoor 11ll 1& ,,'!ba~etor'e tbe .tl."<':l1'lsf<lI'l"'Atit:ll1

110~beeomqs ..Q B ~ !a,., cAl

td" S -; j .IZ.s. :=j ~Y\W .•~••••••••,(6,••,2)

'ClbOl"e, W -: ','~~ '"" ,the' tlOt'l:lau.~(flial1dp4fltl fre\tU~ ,off;bc 61••

trUm1:e6.betwrk filtcl'.A :p1.ot of..R.~Vo••w 10 ~ven lnFis.6,,'a ..
!!le' repetet!.vEi cbvMtei"ll:ltto of -!-o."c.i> ff.i;tb rcepgt, 'tOJte tltikl3t,ltbe

band Jl,3ootnoo:-Uan lo!tecllln.~teri.stie'Of :Fl(t.6 ••2b a repetiUvtl one

. -, ~ . -

,PL\GO(d1etd.b'o1tmi !letfl!)rldfl'~qUCtie1' ;tratlcfoi"i1&tlOliiL~ ::tiC;tllQ11,t

..f1.~ a. (t..nW _ L )'lZlnw

'l'he band center troqu~a l1atfutG nomali?:eil to OJ~Tyy mt!

tbe bMa ed.gefl'e~endef3 GJ::we. Qfili W::: rr -We. ) (!.oJ<.~Tt(¥)

In the abovQ,eqa~tton l't/il Cefl fud t:hev~W1 of".' mncc mil

,koolNtbat -k = JLB ,-.!lal(

,., ',':' '0.: +a.., 'Lwc.
L,
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I

Fig. 6'30. Plot of DB vs. W

Ins. loss

vu w VIJ

n:

)

uv

•

Fig. G"3b .. Repetative bandpass characteristic of the

distributed bandpass filter.
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~Pl?lyiJ'lg the low }?sasto banlipaen tranefolMllate1onto One '
of the' 10•• pa$8 pi,.cecM.Oi:l.it Wi:ll !"h1li b~ tzlhovm tobat 'tbJ.a P1'O'"'

ce/iUre has theoretlcally doub1.edthodeGl'ooof the net\!lOrlt. llut

u'1t1tl&tol,;yit fti.1l '~,!Jloen tbat~1 tl.td.nc the proposed stopped

d1uJ.;tal rotilbaUontb:e nmbeXi' of, :nutJ•••reduu4::mt .eoupllild li:n~s

lneClllmll'ry to ree1be ,any utVel'l filter iae:::uQl to the degGG ,of

, , 'tb'<!i '1.ou;.1;ssnprotot)'peo '

','

.

,
....~.,

,

1.Gt US COIlcider tbecentralpi"seet!on .of tho .lowpaospro-

__ totypa li1toral F:tg.6"lwbteh i.s, asaiQ'tJboWll 1ft Fig. ,6,,,4., .--. . , ...
, ,

.••.... ... . -- .
,: J ,,-',

'".0 .

~ '

,. ".. 0 TCr~ "T~+' .. "
,F'iZ••6 ••t•• 'f1Pical ~e.ct1.on of the oad 01"801" I.owptu!G proto-

t1PeeU:Lptte futoleUot.l 'filter.

Jl.= 0: (..Itg - ~)"

.

thm"o .l26= k,., Ct,)

1h SlH1J.l now (lppl:t ~!:Ifl.atr'o.fiGtln!mtlUOn to the e1tl£;le 1ot:p:4\s13 smt'

pll.lZectlon of f1!.t.6.~

" '
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applying the lowpass-bandpass transformation of Eq.(6.4) we get •

•. .~(~) L?
-

a;- (54-+ I +2$'l.-) LTC.". + S"'"
$.•....

£*.. S (S'l-+ I)
• Cr urf,,, rt-e. J sz.-r
Cl~[s it +').S'l--+(+ ..J2;-sj, . ep..

d.e :;,(S"'+I)r .

. S4--t-(l. + ~)S~
Equating the demominator to zero we get

,s1>-= -(~~2):tj(Z+~Y~-'t
2

•

+ J2~
a."

I I ~ •



••

41

$1-- = S2.•• [_ .5l~ _ CL T r(~()1--+
I GL 2 CL J2.r ,-Q

"1- .

$, :: J: [~~~-1~
'We can rewrite the above equation, as follows

.... (,'1-b)

51~-~ [- ~T

5~'-=-J~~[_~T

.+ Af'j
A1"t- 7

--'

((,8a.)

w~\z~e .A-(.;.. =: J(S2r )2- J2-r, _. +! + -.'2a.. 2a. ,
>l\.r_ -= J(;;)~1

J2.r
20.

Now we can write

1..•..
-:

- ...L...
a.CT

~?(:S.....+- f)
(s':... S ~)( S;::.St)

f
-

j + A'f'i:;
e ~ .- ••

,,\ Y"- )" y ;-

A;;: + ~1'-J\yt-

~- .. . ( 6'11)

Since from Eq •.(6.9) it follows that A A =1
'i. T-
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,
f~om (6.8a) and the value of K

1
put'i;ingthe vdue ()f
from Eq.(6~~1' we got

••

.... ((,./=5)
~ [>. - 9:J- (1+ A(;)S 0.. y... J:i-y I

aCr,
It is thus clearly seen that Z -1 contains an inductance L

r r -
and a capacitance Cr.- in parallel and their values ar'e given by

c.,._ =
•••••

I+Al'+
..L
«C,-
I-_ t1: c.,..

/ putting the.values of ;\("+ and A(_ in
above equat~()n We get

I
L 'f!"" - ~~~--~

trt Cy [ 1+ A' ;:]
'.' ,

the
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s1mila,rly frO~ (6i1o)-.' -. .'. ;

putting the value of S2 d K' t'. .. '- .' 2 0.11 2 we ge

I
, ... (b'IG)

It is thus seen that z 2...contains a oapacitance C and anr r+
1ndudtMce L. in paral1eir+

t",
Gt\. "

..... - _.~.. , .,

~[ JL~r;- >~+JLI+A;:J

" . , .•

-- 't

,a.C..f ,+
• 6.' •



Nowapplying this transformation to the shunt capacitance of

the low-pass plsection
I

4 :r: • C
I J.n.. Y-I

bC'COl~es

(6.18)

Therefore this Z 1 contains an inductance L' and a capacitancec. r-l
Ci 1 in parallel. It follows from Eq. (6.18) that

r-

I 1
L-t-l O-..C.-I (6.19a)

I o Cy- rand C'f~1
(6.19b)

.. .

Similarly we can also write for Zc2

(6.20a)

anr:i

(6.20b)

. It is therefore clear that we get the circ'.lit oJ Fig.6.6

after a~ilying the lowprlss t() bandpass freque'1"y trsnsforrnation

to the single pi-section of the low-pass proto '"fpe elliptic

function filter. The circuit values arc given by Equations

(6.9a), (b.9b),(6.11+a), (6.14b), (6.17a), (6.17"0), (6.l9b),

(6.190), (6.'!Oa) and (6.20b).
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IMPEDANCE. LOWPASS BANDPASS

l"... LT- LY"~
T'

Zr -f Llj-l
f' Cr_ Cy+'-'T

1r, Z"('z

r
.-L
-1 C1'-1

2<2 1 I

C:r.•., . Lr+1

T
" .

Fig.6.5 Lowpass to bandpass transformation.
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: I , j" I

"1 : I.••••.l' .'
'-'. '.' -,... , . '/ -'" . . .

'&he r~dGn!l.Mit pt••tJe()ti,en :Bhe¥m :lti f!g.6.6 can J:lcw'l;e Clonst.;.
1. "",,", -

. ' . . '<, . - .,'. '. - :.', - - - - "
4$1'60:.uothe l'Gsu1tof tb"tlbnnt C'ormeotl-01'1 01' :f1GtlllO~k.1 an/ltiot;.;;

. -. . ,.I.' ',.' ;"," .

WOJ'k-~ofi'1s.6.1 at nodes J'-lt 1;imtir+1. ttl 1s cia.- that tho

ottuctUt'oof thODE!tfl1Qfl,lltlfOt'ka (~~!!aentS.e&1 wttl1tho~ of thO'. . • ~ . r. .
. ,\..:'" ..;I ~_. < ' •

tlcttro~!".a shown 11'1n€.It ••~ Qt'l(JFig.4.'Qj ill!!d1aU :lGor.rAiv.e -1$7*"

oteaU" both network ••1 '1:lfi';:1.(l(jtwoj:'k ••~ in gst.i-i.l;;uhll.' UGtWOl'k tm:ir:l
- .' .

~tb:thelU.J:1ta1UMe. Attot' raatizltJ{j: tb~ tl'lOtret",ol'ke wertUl

CO~1'10Ct the two ll$tVlot'ks itl ,6htmt.

6.,. ~mAHtMtIOlfOtm;'tIrom; ••l..;JW)-ttl~mB&E,nll)tGI~J:!N1:!i
. " '. ~ ~i .., . .

Xncb!l.pte~t. litl bli'ltt' 1lICil't'iIi~ti(~Vhyt;ieal'4loU.~ttch of&-P1t:a1e

Oetli'Orka ,li1l:ti .netWCt'lc:-l ,~r~ t11)tfJO••~~()f riG.G.7. tJ;'Om the ditlCll"
, '. .". ' .. ->if' ' ..•••. - .'~ .. ' .'

-flEl1~ .lLl1 chl!lpter-4 it i~-.rtiaentha.t"th» MtWQt'J~••l CIm bot-ea14.totl,
. :. . 1 .~. t.,.. ~-" ~ '". < •

.itl. tbe 10m 'ofthree4tgt"tla1 k;n~$.h11l)t tht'i~,gtOundociQt ono ~iia
" '. . ~-

l!\tld~~utt&d at .t;h$ ~oth0reil4eo tlhewfl.1n:rlg.4.2.1tatWt't'ka<a

cen ~ r$a1i~d :tn t~ fo~1a':et~r~ aJ.~totUnos e.l,':ibltbOlll 'OPCil
'. ,", • - '; <,

,ctrcuitot1 ctbcth oillia as ,shown t~'.Fle;.4.,. Fig.•G.8 ~leQ%'~.shows
.. .,1:",::..;,," ,.'.

bot;htl1& l1i1ltl/ioru after ,oh1ilitCQmiei:lt5.on ••
. " .' ." .:- /-; .~:~~: ..'~, . ;"., '", . .

'lb.d1 (lbo.ractol('iBtlc:~-a_ttllTJeti I!etdeu!fofncttKll'k.l and-t:let.-

_~a nay Ull!llltfot-ll!.'be _:I. tten'~~n'~e i/i1t>jJ?'l '1fiI _ 3 i;at'1<O)p1~ i1s
. . -...." - ~

. ~'.
toUowsi.

:~7ri1, ".',.1; I ,.'

" ,,: ' I ;

'. ,'.'

':.- ,t



L1"-

1'- I

L.•..-.
IP
C .•.•+ C,,_

Fig. 6',6. A typical resonated pi - section
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Network 1

I
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o

b. Network 2

C'1'-
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o

Fig. 6'7 Splitting the resonated pi-section into Network 1

and Network 2.



o

I'-!ei-wo,,)( 1:
(1"-1 )

47

(T' ) (UI)

, 0~-
Lf+

1- +1.- -.1..
L r-•. Lr-

L.•.-

.L I J..;...
-+ L:Ly- L'1_ . '+1

(-f) (-(-+1)

-(1'+ 0

Cy+TC,_ -Cr.

- Cy- CT-+('~.•.I
(6.l4a) ,(6 .14b), (6 .17b), (6.l9a), (6.l9b). (6.20a), (6. 20b);

,-
1
L -~.
. Using Eqns.

Ndw",j( 2. ~
tr-I)

Cy+ +C;_,

!rom the above matrices we can write the following matrices.

N ,,4.0)" ,J( I : )_ (f-t.. I (LI(>,~+{"~(f+l~+")J

t'-a <:y (J+ )-'f+)
.. 0
. ,

l'J )
- (l(\ (/-1' ,,;-+ )
~c)'(1.+ )<~+- ).,:;-.)

- u.. Cy ll+ ).~)

tn-I)
o

-CL(>{I+)~_)

,a.[CY+1+()'(I'" A;:)

I • j

o
'-aCl(I+,X\:. ')

C{CY+I+ C~+A;)]

1- •

(I')

-(t(,.0+ '11;=)

o

(t-l)

CL [C..•.I + C\ (1-1- ,,-:;:-) J .
.~ . I ..

-:-Q (" ()-L ft,~_) 0..('.•(2..1- 1I~+ /)~)

., .

, .. . ."

. ~.
. .; .
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fbraCha:-nctw1J!ltt4,l ~tterl000£ UnOl'tQ ~d.in notnnite

QtthteJ I!l~t. thlG CGr.b?lmade tinitObr ceQ1U1athe .ittQ!'lee
" _' I' 1\' . .

1cn'ol 0.1: tbe cei'ltlllr l'6V1s •.and COlm'illO itl tho abovGl:\~t:'1e(j1il b)' a tae-
. ~ ~ .

tol' eroatM' than un1:t,.Xn <order to ftl')t:tbl1le~C1ta1'<CODn.'tr1a trot!
• f ..••• ': i, .,

theoeohat'ooter1oUc ll.dllilttMcG~trlcetlt 1/I9tleed to cultlpl$' eltlQh. , .

l!i1tm1M1tot l1atrlcoo (G.~i}::~d(6~22) ~. '\1•. '~'HGllco it Ct.n tiOw be
. '-.,' .••. ~, (' J . ,"

stAd that tMo t1pe ot. ~~~~tlme~ '~e1ift8 ,baa '6oe~ d:lQVif1.ineh'IPter-15
. ~: - . _.. .: .

~ oh~tez-4. hoolll t!l"GY1OUS61uowsstoutl it follo'$ that tUBOptl"fA-
. . - .,1. f }; " •..J, . . '. ..~~, . -

tion 4oauilot altO%' theillxtel'l1nl'pel'.:toroe,ncG of.tho $ectlen botl'1eoa
. . .'. 'C, .~. '.' .'

no4ee 1"*1 oM .to+1!.'!' the$~111 ce9Un, ~1:1<l'tOl'ta usee en btlth th)tmr!-..e.
. _ '. " '. r;..:' .-:.i ~-". _.

'J.'hedimtatll:ebetntnn.d,1nol!it\t ltrilil!!; .Of:otlO nQt~!'1I:bElt, dp'ro:ldJ:iu1:$11
. '...,' "-.1 • l -"\ .• _... "'n

'b&G~ to tbo d£.ettitiOfil'~tvr"n em'Osvet:ldint! 1inoe ont,~. o'tlitlX'tlet-
I .:', .•

1!101'k,'-n oraer t()Ob1l~i~~~lo 'P&fc1eat ,ttltOll'eOMl'llct:i.Cl'lth fhltl con\U.••

t10ni.e McUtOsat':r' tQI' P~~~a1 ~i~14uu.enOth~l:'t'bAn. th(jjno~ .~.
. - _.'" . ' .

.~~",' -
~dOlll1n$fld:Vconattlen~F l.\~tit{e»Cd .in ~ter..,S in gltQtJ.ttC'ti{'~l;>O .

. !, .J I . .'.
, ',' - J ' .,. . :

. 1t .&ethttt'ofot"oelcQr. troll mstr5.cl'!l.t3 (6.21) l1tltl CG.22) ~at tb$.

o.dl:l1ttElJicetG 6rounti ot'UlJIoe I: O~ betb ;ft&t~kl3 1 tli1l1.~.will .be t\'le

I$UlIe aftctt'neCefJsm"3 d~ttan~escaUns. A1GO ~" the .tiW;t.Of tho
. .

coupli.ngoelclimt vdLuoo between :t1110s %"<'1and r. i'tInil %',..1 Ql'lt ~t3t

Gttle to1;o both b~t~t'k(j•.th~ 61stanCEl\otWoon llMC jo ••1Q!idr.1 oost
. .,-~"""1 .

1tlbllirent13 be $!mrG.i:lt~if&qul11. In~t1~tlOti. !'JtacQAy+ ,Cfid /ly-
'~'.r'.f ' .

11%'1.1of tiM O1"der ot utli tYf •.tlte ph,si.c$1 oepCll'Gt1Qn itl. .la' tt't.nt!lveroe

d1t'oetion of lines!' on \;~t~notcerk$ euotfl~celiSl:l\'1%'1l.y b~'Oll!1l11e
." ..;

. : ;~~-. ::1; ./" ,
~.6. LXtlsponDmSATlclti.. ~::-;i

. '~~-' .' .

~l!l.hp,ve3u1itt (lOlll'! "iQw"~;;ehl~;thGl basic l'emnl).tod pi••oootiena
I.....,'\. .~ .....
:~.,P. -L-~"

. -,"'-: •. '

" .0:1. !I,
-,• .- ,
.I, ,.

-'• , . ,

•



~ ;-.

"'.1, .'" .,
, " . ~. - ,I ~- .••" _ .,' ,"

in tho b&napll!:l3 ,fIltc!'Owa~~'gl11.p~!6.tUftot1cn.fUtl!l1' par bo ,<:onotrttC"
•.. ,'. '",-.

teattttUciDga pd.l>Of ':"i1ro ~g1ta1 Ub.lii:h Oft~ it ~t ,be V,Qce--. p.O.. /'.'~ . . .
ooar>1 tQblll1etntet'eo'M(lCt1cnS't)f .'t~orl1il)rG'iih8l)twe>bt\I.tl1c;'re£x,mated

~$Oc".on tot' ti'l tore bav!.ngbigbkJ. Ih
.~'

,11 Qn:ttllJ;1r etci)l'1duct()1'GU,5 b!lUom n:,;w.tre11n. ere ot the ~,

$tIil,'l~pOtGl1tbla,t ~oth eMfl,tl:1onat f41'$lntefti!ediale pl)1flt thegn;"G ~

nt tt\tr et1\!lepct4tltial andlaa.1 eeiiIll6Q.llflnt:ig ~ l'eplaoeil til fl. ~tlsl,*,1!.tli~.,

,Idr,\;i:io C'Utl'$l1 fUt¥lt'ltbe:i.llf;.t'COlltllmtlo~()t COtit".bCllttvo' SO<ltiLm'ie

rO~NIIZl thlll•• tbe Mile at tho ~iui(\t:LQnoft'Moutl'Ji' PG1t' of Unfit! 01'
",. ",) , " '

one tlltot1Qt1 'ill) at th"sa."lle ~t~n1li.~t\o t:h$ft04e l:\t tbodune~it>l'1 -otr~'-.... . .
I "

, the{lorre!:lpl.\tliU.CS»~l" f:)f ,1:!..nceLof)fue a«3acent $i)cUC)n~.sitle(\\ the "oppo-.- r .. ' .

fill" on(liS of thQl~nes~",net~rlt ••.l I11"Gstlortlet.t'(ZublilrS to St'QWlI1. end
,~ . ,., 'l'-J.-~ n. -l;, _ '_ . _ . _..

tberet6re .t tho ce;i!IlJIle501'0,jpotOfitt31.$' the ~~~pt'late,',l1l1J:'ot;lines

. , £l;'1:if1l adj&llJetit,Met1o~G ~'tlct,Jj~1t••l111aY b$' <et;;ildeotfelo!l$;nto fl td-ilgle lwe.
. '. "

.'...... t'r< \ '\
I ~ . j

. - ~ -,•.'\~/j . .',

'l.'hG oPJloatteen~ei -et.t:he:U.nltl;l ttl ,i1etwotlt •••?' M'0 open ~l:f'cultt'laf
.', ~~', ~ .. '

tI1d tbeIN':foronot !ilflces$iu>1:Ly etl,ltbe sano potGht1i'l1.• f'ortbio ~"son
• ~ , t' • •• •• .' .

. . "\", / '-. ~. ' ' , - : ..
tbtlJ 0s.apleprUlelple 1!ltl;j':-totbG; ~pltC!d.dboet11/. UCliJevortt t!ur. 'l:il'J. .' "., ,; >:./
6~O1ll'! tbatI1GUf£$.C:i.ellt;_c~6it1~nl~o~thc<:ond&no:!Uonot opoi:l-<ltrcu1 tad

Un~" together Iflt on etl~>1sthat ;~otthor ,M.neeou,lee. dll!'lSCtlWno%'
. . ,. '" ... ' - .

• 'j~ •

,tt1etr\lctlr to Qfiy,ethell'i:l:i,no w~!eb. to 1;ot e10G oponcirct'.iit.ed. t:hlc

prop'llriy 18 of tulldnmentnlililp~~tfj1\~e'!!ben (joneidoratio,ti h tt~on to
theaethod of trandol'mercoupltni; tnto '~o, netuorko.t the input ~~,

output' ports ••

oooti,tlti (fifth deg:i'lllliJ)' lUteZ' 't.~~.overall 'tIGtt;tl1'1t :-odttcOt,'l to & pair of
) , IJ " ' "
,I)' " ' ,.~. '..

r_~,>~... ..;"
';.,. w



Network 1

Network 2

Fig. 6'B The coupled line realization of the basic
resonated section.

'np~TC, TC~ re;
output

•
,Fig.6'ga. Lowpass prototype elliptic fun et i.on filter for n=5

Network 1

Input ~ I 2. 3 4 s__ • Output

Network 2

Fig. 6'9b Realization of a two section filter (n = 5)

in digital lines form.
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five wire line$ a$ $hown in Fig.6.9b.

The lowpas$ prototype elliptic function filter for n=5 i$ $hown

in Fig.6.9a. FOllowing the procedures who$e details have been ,iven

in $ection$ 6.2 to 6.5 ilndfollowing the procedure of line conden$a-

tion the lowpa$$ prototype of Fig •.6.9a can be convert"d to the $te-

pped digital network $howninFig •.6.9b.

The characteri$tic admittance matrice$.of thetwo networks(net-

work-l and network-2) for this Case of n=5 are given below. The values

of A2.+"' A;._ ,~lft- l A4 _and o'ther nOces$ary values can be found out fr~t1

the relation$ given in $ection 6,4.

o
o

Ale j-"'vyj( 1 :

~ rr',+fiCl+ '>;i+)]
- a.C1 (1+ ).2';.)

-(.((,(t""Il~) . 0 0 0

aJ2.(H /I~+t),1"-) - G\.C,(I+),;':) 0 0. )" .

- ~(l (,+ II2=-) Q[s:,+C,V+?1?":.)+(4-0t/l~),-(A.l4v,c/lt.c)., 0
o '-C1.C4(1+;>'~.•..), 6.(Vf.;:;.•..+(\'q,-I1(lfb,c~~)

o 0 -aC4(I+~;;:»)ak~t{i,(I+-Az-:)7,. ' '.-J
, Ne f-w,,"Y"Jt, 2 : I )

Ct.f<:,+t,O'l-A~ ,"-t'C1.(7+>;:' 00 Q

-a.CJ1+ /1,.'":.J ' d.C2"(H/!';~+~~)', -CA.(,"Dic};~.) 0 ()

o ) -o..C•.(,.-:,\{::) ,a.@.3+(ll+-V..jt-{4(I:I-~)J,-4('1 (It-II;):) 0

0' \:;.-'. a ell + ;>,~_)? o...(4(2.-+~f},;;-::),-QC.,(It-~~J

L
o o o

.> ••

",
.' . ,

'.,
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, Wec!\nllOVI 1lI~-t.t~atforMelliptic tunctionftlter of

,,'4csree$ in the loJ:P~~l)rb~tYPelVOi'~On 'thec$D1ei:e n(lt\'sOrk
- l": ....::'_'; .. J

U! ,ihl!lbatiipalJO tor~e~j1V(;J't6'into I'.\jpai;<,' of UfiUom iMettal

5-w1rlLl l1Mllfldcb a;'e~~i&eig"r.);tl'l. o~ $ w'le1Q~gth ,1oti$&.t tbG

blll1tl"'centl1r fl\'e~leri~~i;ln gell~,al tor ~n o.tu.ptt~fUneUol.'l fil••
" ~"i -. . ' . - ' ..

. .: .! v ••.• _.' . . . . . .

tel' otdE'lgr~ell.~ttie 'eo6p1~t.&t\et:fIOt'kCll.'lf!'tertlil irltOf1 pat,;. of ' ,

Wl:l.f(l~ 4ll.gttnl n••lt1re ltnl:ll'l\'lllleb are one elt,bth of &,\'J(ilvrilength

long at the oal1u CentQ1' fIl'0qUeno(f. ~ttJ pall' ot etgtte.1i:1otwOs-l!:
. . . . - ..

tEj$bUl'lt conneoted ant ,tho CQtlp).otQaet'lJQi'k 'tl!1?:$ bEl 1I'1owei! as con"
. '"';'::'.:',.. .

statinG ot llo o$.ns1GIGt~p~1ii~!!ta11lnI'lWh!(lli itl /tlt1Qi ~tO!'of
.. L~.;:~- ..

!{\, wav&:.L$Ue;tb long tit ~thl'lt,anla oent~ £t-<lI'jUI!Ui.CU.
" '// "./ '

I- . __l •

c;~? ,e~~~~pilJA!:'!1flli Ir.Y11'£~m&.ei11.;n1l.' or, m:srn.at,
. ,,' -.- .. ;,. ...

It'he :tl1ptlt(l.114:t'llitput 'te1'Otru!lt(l fll!.'Q 01 tlllllt'GU at thecen f;$tS
. ","\ .' I' ; """ "

. - ~ - ~ ..,.,.' . - ' . ,

Of tli(i fir.toM lMt' ,,:U.nelf'e$~'''H:im:i ,in 1'1(;.<",.9. '!'he a.110Gtc@ftec'"
. . '. '. - ~.~-~, ',- . .,. ' ,- .' '

t1l:.>ftotth(llllopo1nta'to thci'c):tertml p~tli:l W')nlet:;ieM It ti1tl'!l~

w1tb. tholNltlllb'eaeleetr1CQ1Z'(!EI1'0!l$G. butt-be tntCl'ual elCl\tGnto
• ~ j , , -. - .

. . \.t .•... : . _ .., , , ' _ _ .

'I1Oula'00 of low ~Q;d1S1ce. 'roo.et'cQ!l1e tt'!.1Qpt'Oble.:l coupltne h'oo '
, ' ,)::::'::1 . " -, ':

portO 1;0 t'he Cetlte~fltl£ tl:i6Stl)'btlf.llllitl,(lt 'b$1!ItJ,6e~S:\~ tr".usto~w
, ',~'-..J

, Grition. !l)oaCco~U~Jt.i1s.'tiltitf)i~tG are £t\tt'odue"'"l~to the
. 11'-"::: .~

n4twork. etlo at Gli,li;l\";.etid~ otMit:fCblU'a.ctf:1'lstic ~atl11C$, (',.hd
"'. -

one 'e1ghtb of awvclef:eth long at th(lba:illd cf!1'l.tet' fll'e(jU&iicl{ao
. '. t:'~~) . . .
shownlfllfi~.6.10.ifhll¥enoequ1vci1ent ctl'ct4ec£ rlL~.~.u.01

,. ~ _r_~

, '

the 1tlt""l:"dl{lita1 ltntl'tlttbe tl'1pu.t d,osriy rihows bow UMofQII."lllC1'

eoupUnc:l.e,QChiGViJ4'.

/
'J, ,

.... - .'..



Input - - ..:... .::. Output

Fig. 6'10" Realization of fifth order filter with

transformer coupling elementtl

-
10. 2b let -"C::I~ ;>G~ \..t.e.

\" 2b Ib :lb

Ib h. "=" -:- -
- 1->"/8 --j

(a)

FOg" 6.11.I •

(b)

S-plane equivalent circuit

(c)

(right) shows

how transformer coupling is achieved at

the input or output ports.
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bliG tiowlnereaead to 1:1+2 an~ 1tl.n romlting ehcJ'ootc:r1t.lt1c altAi-

ttl'll'lO$ ht\0110W b~l'Jille •

1 o

., ~
•

Q

. .
InootllTonttcndl 6.1et1tnl fUterma&:'4.ttanco tlO1l11bs i.e~':~,. -

.necGUlS!I.t';1tot' phteleal r-<laltza'tliUtU. '1'b1'l Melling factors are
. ." ~. •..

1I.~~l1felloaOtl ~ebt~tth' •. capo,ettQncotlt.cl lS't'otU:l4of An tho
. I. i I.' ~'- ,

Uneo, 0¥Otipt the bkiit:' 'and 'OlltP,ut li11l'l& I!lt'G a1r.iQl'.lt 0qUn1~fhyG1ea--
:' '" ~'. ! .

/ , ' ".. , -;1.).1_thi6 retUlts i.n bars of.opprox1mntQly tho lllZll0 1.lI'11.'!th '!Ill\cm n
, I;' ...

rectaneu1fli' 'btul'eo'l1fi~raticb't8 UGGd'.tntbo pi'f>Gcnt <lace, how.-
., ,.,' .

. ,. .

evOi'. t1<ldlttonn1.;po1nts't:lUl!ltbe conG1d~!'od. to tb~ CllJ10of -eGUlr,1e
" I , _, .

seeM,on1t lt1fteCl'lss.~,f~Ol'the emp1et:1entar3' ,lines in t1GtU'Ot'lro •••l _
• • > -I'

lltld: ~to be setJaratllfl'bYtlPprQg1I11£\telythG Oa.':1e physical d1atl.1!100i -

!!.'he ecaUft(itaottn'a l!bouM tb&t'illtot'obocb(>fl!':t1 ouch tb&,!; tbol'o :1.0

e l::lin~Ul:lstlO1:ltlt.0 f: variation ,tn tblt\ gi:'Ot\tld. ~"'l~'ooupU.n)3 cbpaei-

ta.neGIi throughout both networks ••1'.end z., Genorall;r ot. the bt\cintnc;.. . .". "--, ',' ,

" . ; - .
OV~ une tn tb<l atepJea d1l?tl)1 tUtor. &ltC~t tho 11netl~ vh.lob--- " .

tho .1l'lput eM QutpUtpofite 1ll1"elB1tuntea ..t1Q1 b0" ,QtCa1ll!d b:r the fo.ctol'

,~.. ~.

,- ... '~

.- .
,....(,.

r I
\-: ....• ',.', '

. ~ .
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:m~noOOC'l'lC'1t(F ':"I~
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PIDrSiCAt .D111~iSJbNSOr;COUPL~atmA:llcr.n.AR
••• \._ • ~ J" ' ••••••

Biil.S JBirt'Fl'lNI'M.u.t.ln, .fA",frcJl~ .
. - - - -.. ~ - .-r-< ..•.•.), .

., .
.••. ::: " -

'!t'h(lCbarMtenaticfadU1ttQllce Bntrb: o1:ltaiuQ4:ln chap~er..u
. ... . t,-_I"' .•.~.' ; . ....-." . ". .' '.

attte.ll'G fa-oll'! theetatS.c eapaeUonee eJ3.1:l'U 'br Q tlQllOtan~'aetlU"iOflt{) ••
~ - -' I-",~ .' ,'~' , .

Xn tM.tlchaptero the filroced;iuiell 4WOpreeenhd to det~ne tbo »hyoi.en1.
IW ""_~ .' . .. . - ,

&ene'l.cf1sot thetUterNic-tm iom of pal'e1~o1~oupldr!!ct~al'

t~ooSl1eiSionlli1eeb0ti1oenparall(\1 plct/aia tJfoo 'Uo 'statio co.pacittli:loQ
. " : ~ . '-'- -

.rl1llbb" 'ihe gE"tIlfbe! of GetG1tl8~' lire usCf1 ~ thJ.sp\U1iOue.

llWfli AI~DODl')OOl)li OAPhc::t5lANti.MFOl! ft() PARALt~
. ,- - - - .. ..

SgupJ.:i@ .1RAt~a;sii\m.[.:tij~1'l$Ii! :r&mQ.rt:tamll,
.....}~ ""

. ./ .
F18.1"lQ IlIl1d'7.1b-l:lhol1lt1i6 plli'aUol ooupled t'~QtM~.at' tl'&l1-O'

. - '. '.' .,~-~~••... .......,
~t:lIiiot1 :U.nes of fl1utll width., ceut.edbetwlttl ~utlrlp1at!ls. Fil.':••7.1a.

\ ' . . .

$14ow$c1aat'ly the Ve;'lcUs~~t~*etls.mrOl~tll1tn tbQOV0ftlll.odoct!SGl
. ",' t ' : f" !../ .

el1'ld Fif:" ?••lb snofloclen~i~' th", verioilo oBPoo1toncfla $.n.'l101vod in theodl1••
" "",-"" ,

molieC4\Sel. ~t&i-mo Oddlll.(ldl!l 8'iI4';tti:r&n~e cli\llac1toneo.o vor~ l:nt!'t>duc<!)d

$on chapter-So ~M tot~ 'ctiplllf'ttelill'lti-ot a t~l'.lI'ltlilli$O$.()ll' lUic 01' 1'16',,7••:1. is
, \ ; ~ -., -. . ",,' ••

iJiVall b1the per,a11el 1tl~(l';~l;l1l!\os.tlllne&t.iplua.tlPllr~t:r1at:e fdn~~i1lJCilpa •••"('. ",' J \' I; ., •

eU(l!1ces (Fring:lngeapaeil.t_oat610 into accOunt of th~diotortion of
. . ,I ~ . '-.I '

I\:' ,

the fioll! Unes tnllhe 'vtelnlbottheedeot:iot the t'l'icttmzul&r bh%'6),.
.' .•....

..
'''" ~E from <ine barta;';Nund<io""'vd' 0 ii ~i. "' ,t.....;"'i

_ _ w-r__.-:_I , " ..'

CQd~" 2( crlec' + Cto• l~ .•e"f 1~)h., •.••(7.1)

@dthe' total <ldd-lllOde ClJPllcltatiCO eOJl~trotl on~ber to CZ'OW\d is
. . . - . .

: <" ~\.\. ,

" ,- ~



IAt ground potential
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'!C I Cp c'se )! 1:~~~~~.I
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Fig. 7.10 Two parallel coupled rectan'Jular bars

between ground planes of equal width

showing the capacitances for even mode
case.

i ,
F iiCJ'. 7' 1b . Two para II el coupled

equal width between

the capacitances for

rectangular bars of

ground planes showing

odd mode case.

~,r....
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,-'!" .-",
;.;~ij~

,': .~.".
"<,-"-.
! C-.. ". . -:," .....":

Jl:cJ1lq.(7 .•1) .Md .li:(j.(t.2).C;.~~\tllGPtaran.l ••.plt1te"Cl!l)QCi •••

tooCl)trOlll tho top or buttom.Gide1ot .one bal:' tc theM$t'estBt'tlund
. (. .' .!:, .." . '. .'

.pl~eJie' :i.13 the Cl~ac1tmicG t(,l,8tQund f'1-0tI <maCOm!&1I'0,ild. !lalt. .f' - ,....... ; I'
,', (t , ,i', ,'" .; j •. "

-tht;l .e.mliOOUteQ villrttcal wnU 1ri .tlieeouplUtGf'&tiOfiQt a btlX' for
, ~';" ~ / ,. >'" . .

G1tlm ~ti~ClKe~ito.t£.Qtl;C'to.1s tbQCltJ,ptlottmnco to Sl'OUndb'br,). ontl
" I. '.' '.

COrtlOt' aM .batt tbeQemsc1~tea.v~1it1ell1.,;Q11lnthOc .eoupUng %'oG1on
." .''''" ~/,-,.•.,

of a bar finoQ~ii••mQ4~exolte.tio~I'and 0't1(lthQ c~a~UMee to
. - - - " - - -', - -~- ~~~-) - . .' - .

srcjnli t".-ot! oneCOi'M!' limalmlf, ,thO;.n6$Oolat0d vort1oa1w:n11 liV1~
. . \,;.,."','.' .

.trQt:l.t~ cwpl&ugr~s:l.on ot e bar 10r M1t exc1telt:i,,,n.rto~th$ d.e-

fin1ttQIlCl QtGItt'nan4 oM-Dode cop-~taflceat fie get to'r.'the. -!:w rue-.

bn~~ bl!it'l1~t.l!'s.c.7.1,.~hl!lttho=:ap8lJttrt!lc~.. 4C/~ "from one bld'

to tb~otbe%' ls at '\1el'lby . "°1
. .!!

Ll c . . ...., .t.. ;,j

-E.- =a( coe!f- co,J.~) ••••••••('1.,), ""'-~. ;, .
, .'. ~.~

. t.., i '.' .6C Coobo wittenDubll~a.cUonot,?l) f1"011I'~7•.~)'sht,ll:Wtbne ~
0%lt1:rel.Vin tCZ'lllSof tlte:f~lut5-~s:cqpl'.\oitMl'lCS as

j \,~ ',' •.'

A...;~ ..0' to!"; .:;..•• e't!'" . "'... ••••••• (7.4).
. ::. '{ '.

l1'15.1.a *1'.\ aplotct, bl)t!:I"~e'ltC'tl-!:lOde trl.nciusonpu.c1tSlIH'l,

effIE. ,Me! .thiJ,Cl:!Pdcttance. L1:eJ~b0t\Wenbartl l!\llfunctlCn6
, .

'Of b~thiQkne(!;!'l ~dl'lpaC~tlStwbS-).IiI.:rts.1.:S iB a.UI!l.t'ttrl1llh .t!il1'
,0'; . ,I '."'.' .

the odd••modO)trb~nl$4epacitMce,.~\er'cS ..r:t.g.1••4 gtvGa tho idn-

Sil'l3capaolta'llclil(\.1~tro\ll tho(iutlll~ cdGe!!!oftliObars.oo qtuuc" <

Uon ortldC1mQ8~ 'ih~ p~;nlel :~~tecapacitance crl~if) (li'len h1

0/,"'" ~i~b. 1:'';, •••••~••(1ilS)
,,' ,". •.. ~.'

.c
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wb.et'O "liM t ere th~ ~dtham4tb1ckn"s$of. the bar- T!lft)\AChtM
. .~.-~-l .

} ""'\-.," ,.-.' -""..usc altho abovere1t\,tiQhe tlbi\;tl1tf1%'Oi!.$.t. U poofJib1c 'to,rell'1to
. -, . (' •. ,,'.' - .~. \,

phfs1eol ditrlaneion£lof,'k!l(; given ecntil::,Ut'atioll to CVOf.looOdd odd- '

.md.ecapacitm.coo. i~il~ti.on(~~:~)tlo:;be¥trittQn an folloWQ
. ~..- ~>... .,"'; .

'(JIb •• » (l •..Vb).[e/e] ". ' .•.••.•u •••••••.••••(7.6)
. . .' .'. , " , . '. ~ .

'i.,!'. eAtcUt1Afl9~.:;t;.~tA¥l!l,!Jt ••mn ~t,tTGUit6BBAns.

O!".I~:U,N1lttP'rllY ,:D~lligJ.f.ffl.u.tfJ.r!k/l!ii~

Lettio Q!1J:atti! "Qned:a~ t'liItlPoral1fil ecup1\!6 rot:tent,ul ci' bat's

otoqUOl wdl1thlilbet~ ,t>a:tnUcl ~iates lie ebQrmin h.s.7.1.T!i .,
. "', ,'- ~.~ .. '

~llttin!!iib.~:!Q~!i$otcpt", 'tom ltqUati.oa~1.:U iJ) ('1.6) we
-- i ,~~!. ..

~. .' .•.."', .

t~tact 1/9 ',,,rot, to c31e\!latethe w1litbof thel'O'Clt.lil'll';U1N'
. L - r

blU'strof,l the CfI\paoUanee htrl11i: ••.For' this ~1e OMe\70.o.\1i11 Gct

n a 'b1 2. .c!IPne!tenc.Batrl:it.:A~tng $.l'arti{jti1u r6~l)l'colU1.'m ot tho
• < '1

ocpac1tanoe tlI$t1'11c gi.es' Ust111'J capl.lo:f.tcM(lb&t~n thG (IonGI'l\1pOt1-. , . ~: ',. r ~', .
d!n6tr~tMt(ltl 11~"~nt\ ~01Uld...Tl::l;~copi:lo1tnnce 1s e~al toCoe/E-
. . . '.' '. 11<; > "
(It i.$MmlUlled thattbc :c(\1laclt$tl.CeG of the C!'lpacs,tfil'lco Illlltm 81"8

bO~b~ w1t!lntW~~t,tClf:)'~ '1Jenca it ''0 tlt/."it(l tbia Ctl$laott!.\l'lCC
'. '1""'..' . '.

eqUal to clE\'!o eo,nm'Ue the abOvoequat1ct\ nti tollolre.
. "!

;:'Jj
''JI/b .•• ~ .. (l~t/b ) [( :e/fi:)" c'fJf::-:..c.,ij ••••('1.S)

" z--
rlhsrQ ,0 11; the C1.Wllldtlilnoe b.ttMel1tbe tl'ertt.=hlil1cn 11M end. tho trcund.

~I~'~'J,
. ~;( '.

". -I



,"."r,; , ;
,--«

, ;

Cinco botb tbeberl')\are ,otll~Cl1vrl.tlthl\lt 'thl\l1reopacU~MO
\, "< •• ,f <:

, '

~-!- '

'.rltlfm CM.cULAtlOW~~R,'t~_U!I~i4u!J.,bn,,~.. ,

comt..u:9"C'll,M,Gtlb&' iAt!.'lBfli~ Hnr.oUNDpt.M~~~_ , ., _'"" '. _ 1"19 - AI _ • 3 "_,

. r' '. ' '. . . .

',' . . F!lh1.5 ohOWGt~(~~I~t!'l_1tit' I:kv;oofaitferimt w4iithQ CefttOF0d' ,

bl)tWGCfl V'01.md planGS~Both the'bara ho.v(l toM ,aart!Gtbio.'d'Jeea. 1.ot Ut:l

, "cfl11tho by Oil, th$ left' si.6fl MI .Uno~ r..ftdt'heotb.- flO line 'b. the
parallel. pbteoCl)tIctte.nce OfUn~~o:'l!l C: M/i th.nt ()f U.ne 'b'i,~

0:. !.et UI:I iaS~o thUt !tb~::tottl1eapao5.tenCQ,of '1J.ne,lll' to Ji'9Wllflo
=: ' I. .

"ca and th!lt ot 'Une. i})':ll.0f'b" l':'~dlQ1.\ eatloab the e~llo5.tal:leobet ••

, ween lU!e8 tli' lind,Ibl :.':~ tll&.'\~~OI1~bQforGl::bl\lVal.ueor ell ~'bo

obta1ned 'by add1ns the til'lit l/'oW $i'! eclU11ll:lof thtl, atn~ic c&)l&c'ltm.lce
- . 'jL -.' . ,

o:atrb: tor thb ceee .Qf1~.J.~U~~i:<'1bCitlZ! \'k) obt4l1tlf)d b1addtD6 th$
. . " ,7' l' ' . . .

'S$eendrOJ;l ,O't'eoluma of~e. €ltatlcc*eitaMIil Bltltrrlx lor tlli$oal'Se.
, r'., , ',," ' '

, But a1rtQe,osMdcb.~~' itli~'~tiot; ot nPJi1"Q.trl6t~liIo:'alle1 p'1ah

ctlPaeitsnce mdfring1ng n~ac!tMM8 frcm1!qo(7.1) WIll Ctln 'Il'1'$.tethat

, .



.;/' A t ground potential

Fig. 7' 5. Cross section of .unsymmetrical rectangular

bar po rallel coupled lines showing

different capaci lances.

.Fi g. 7' 6

••

Cross section of an array of parallel

coupled lin es be tween groun d planes .

i .
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I' ., 57':_,.:1 .
• < ~ •

r ••' . J j'

- - '. / -. .'

of pm!'1'J11elplatGoe;paoi,ttltllleS 'ottb~ twolinet:ll>
i" ' ..', '.

, \~" -",
'!!:'he <!IqUl:ltiOftStOt'tt!&w1t1t:.be'eJ:'G thuG

L->' " ~

fI,j b ••»(l ••.t/b) J{~)e~l~~)•.c':t~.. ()lIJ ••,...••u,t?W)k _ .. .;",' ,tG

",/b •.•» ( 1•• t/b) [", ,(,.~"'E)~:';•• CO tiE ,••,C'#0 ••..•.•(7.U>
.II II: :, '

. " •.#. -~; '. <: ;

'.'1.5. . D1.M'IIC.u:.CUi;<A'.lP:C<Nt9BA .Aml4t Pl..E"nAL1,r.tCOYltLt:a
. . ~ ~

;.B@1'l!ilO1l'LeR 13lii'!} ..~l1!l ,Goom!f?•.i;,LSr:.sJ.,
.~ . , .,!

Fi.g.1.6 Mowa tl.llBrl'$'Ji of por4101, caupletirecfiatlt£Ulnt' tranl'J'O
, .. , , ,' ...

• ., , • t • '

1llt"ea,OJl 11.1'le5 oat\'fliJsn E>X'ctmtl.pienllo. 'JIhe d..titbe l)t dif£erMt 111'los ure
, ,, ;

aSQUt:ll1Jd to be a1tfer4nt but all ,(it thCO!U'tI:!116~$dto have tho Ctc!)

..' ,t~icluie$8tt''rile (ltf'tercmtUiil'llS 1SI't'Jn~l1lcl8$ 11.ftillI'lO"O,,111e.'o4 Gte.

fh~etWalllt&I'lee of ltna no.Otogr::mnflb QOc.U3etito .bl!l Co" MtsUarly

c1.02' C" 04 ete. ~~:~Cll!nt thetotn1 ctIPl.\cttll'Jlceoto grotmdl1nos
. , • ~', .J. ..1.a,', md ,. &'ecpacti~e:t:v.In ~cne:,al011: tCP1'e~tsthe toto1 eq~

. . ~.' . . .

cU=1!I toeraund of kth,:licle•• ok 'k+l l."e:pt'cs;entG tho c.ci.tnnceb;)t-o
" . .'.~-"i ~.

l'Ieetl ktb Ulieatt4 (It.: 1'nh J~~ gti,t1'cre. .•.1. k r.Mnnto tM capllclt<lno&

of (1':.••l)thU~ md ktb;i.::l.tio.:':
\~...>i t'~.~'

Fig.1.6 ;o1&lil'116btl:;';e' tbeee enpll.dt41ticoa. fbcoe,pl:le:lto.1iee
'.". ~. .

valtitH,)uo ell U pw'unit; le~th. 11'1t,he iitllaip d tltftl,.tol tUtor"

tbil& type of &ltt:ft9S tU'<!I touiillar<i!ttle neeeoeuy t<> wr1tc the gene-
. I. :~~ .' .

l'albed\1l.eoeion tOl'.width ~:(Jttll Un." .etoX'G tb.t\ll:. " tihal.1 'in'1te:. . i ., ~ . .
! \ : I _,' ~ ,_, _ .

tbe ~xprG8$iQnfo:' tl\ecapac1tant:1J of k;tb li~e to (Wound as we hQv~
~~.•.. ;. ..•

ceon 1l'i. the e"ce at i(lo ;~n~et1'leelPI1i~a11¥)1c:otll'h"'t2'e:nft:liatlion
, . .'.•...•••.. _./. ,/~,

).illef!",. '.l!hG expl:'eet.lten$'~,e IW .fellows!.. \,~. . , .

"'1
'.
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..•. ",.

the capact tQJlCtl of Otb 11t.le~o,~untl ia. . - -,.

Co ••,2 leOp +c' t -,.(o.t~)O.lJ
.~r. cG t~ the parallel plate e~ae1tcne.ot Oth lino- p. " '

of 10 the fringing oapacltQDCeto the lett of Otb llne 48
I_.r ~••..~ .

dofln.elStll Gllct$.on '''2 : :
,t' •

t' • ;
.. . .' .

s.~ tb", fringing capad.tano. e:d.Gt1ftgbetncn. ..
. l • ;.~ .

Uno lloc'.(k .•.l) and 11:aeClef1r.le4 1n lloctJ.c-n'l.2. •
. -~, .-

(c'te)k,k+1 h the frtnBiilstlapacttanee eld.et1ngtletl1loM uno

nOG. it end (k+t)
, , 'i

Ue1ng ,!<l6(?6) ,cndua1ng tboVa1U~lJot 001' and c
k
p hot! !(tll.e (1.12)

QJ1d'Eq.(?U) we o$i1wr1te thoe~1"t)l!lelton forth. \ddth of Ot11l1ne

, anti tho width of, kth line .li foUO\fi5~ '

" t) [.I.( eo)' 'r/ (c") J":;= {JI-1. •. ~ -r~ i:o
••

"

"

.. '
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'"1 .; L, ,

;~.'\ ' .

utienl>.;Oi.e the 1illo wij1cli; ba$ U01'101SbboUrto th.1&ft of the.--
1ine llIhere•• kth Uno is' 0111 i~&..oxeePt tbe !\inc 111106.

. • c . _ -: r . .
. i.

Sil1Qe thiGty~'-of fU'l,q ..of ptll'Qel couplod r.ctongular
. f - •

• . '.' I • . .. • - _. • used,
condUctor. between ground pla~e:.wU1b$ .i:O'.:~ in the constt'Ue-

. . " ,'~. " ~ .
Uon of our digital clUpt1cfUncll5.oti fi1te..~t \'tG ehall noediheaG

forlllu1at.lin order 1:0 tina out the widthr:! of' oUrti1tfi:'.
.' .' . i'" : : . '. .

'l.G. . UpE O.fClRAPlIS tOr..~Jl:j;AL():p:r.ATIC!lOE .am;:UG 01, 1!$ LItWS.

ANl).THE JEACI,l1q -s;rM ~l;' 1,1NES
'"; ..~ '•. J'.,~~'"

It has illlre~11ti:l!feli m~ntl0n.4that tbe values of olE- of
"-eection 1.S, O'~lltld011(, ~t'..tl~otton 7.4. ccl~ 4ll'/.tl e!l~of

. 'd Ie .

lS00ti01l7.S Clllltlbo found out f:tolll:the don-GopondiftgcullttC1tonee

- '; "
of fi.g~1.2and 7.4 arothe f~l'lgc:l.pacltGl:l.ees C'te nnll e't •

In order to .fUdout thoeo 'eapt.c1tanCfl& 11'6 llllJ;St Urete!
,. "0;-.

. . "', t 1 '. .

aU ohOOlSO Q value ott/\) tor ,tho'~Gl'al1elcoup:ad tl'an~r.Glon 1in~t!. . '",. ~.

between ground plotGth nG.:re t,:11S,.~.e thickn08fltlf tho :U.tlC!8 004 b it:J
.~.,. : :'". ~

the ground plane D1>llcing. If \fli~arslllUtlCi a patttcU1.1.U' v#i1Ut1 (it t/b WEl
.,:" . ~- -~;

Clanget .~ pal'ttctllar curve in :Ftg.'l.a. In c:n-4ol' to det.el"lllinetbecw>
: \' ~'j .

'we $h~llhli\;o:!lO find out the mutut'll Ct:QAc1ttlnClll,_. ,--»aclt~cecttel~
botween tholiaea
plllt't1cular value otVb:and AE-~:"." get a \I'&1u&of fl/b tzoOl!llhe CUl''1G$~

,

ibero sib lEI the ratiQot. th0~1l!~ln!botweel'l the UnCIa end the f',l'ound
• ...~ I" '~ _

plane .ape.e:l.ng. From tb:l.8', value ,of" 'f.t/b wo can f);lit thovll1uClot the SJlI1!!'"
'" ..' ,: . - ,.: / .

ell'J,~between the litlea 's '1f IfG;a8SUlille a value of b. For ,tbio pEJ.1'ti-
. . .'~,--~ ;:. f'~

.cular value of sib llJ\llfoJ' t~.aGsumedvtl1ueot Vb we Cllllreadtil$
";~-, L..:':;,)
.. '.). .. r/..0:

,.:,:1
r'I •.~

. ,".:._J
.•. - .~.
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I. ~

value of e'r/re batween':'thJee two 1£.1'108 fron the l;1'~hotli'lg.7.,2.
f:: , ' .

.-
llofteyer roranen4~1i'llet in:.'F-dOI' to dotemine ct Ie- ." ulle

"";..;-' . :- ": .."' ..
the 8l'apb. given ,in. nS.7.4.':~:r01" la',pllrtlcUla.r vuue of t/t wo C~

eaaU, get the eOlmel!!»o~~vJu.;~ot~'tle. fro" tho OurVIli ottpitt.7.4.
. I! I' ". \ J,

, , '". . ...•.- I . '~'~.~.- ..•..•
'h7.,COliS1D!ilA':<10n OF Aectl'RAct }"ott ~IN!i9 or 1tfJ!l:IOl"I rJIpTYSt,

.. .• 1

. 1£ thebal' width ",:1& tIlloi'"oa tobe<lOlllfj too $tlla1.1, thei-e 10
.' '. ' ;,'\) ,.' . . .

interaction of the Idng1'ng rhld~'trot! the tl1lt> cd£>oCl.on4 the 4eco'"
. '-~i .

poGition of totlill cap.ell: •••ee into'PAI'fll1el plMO' ctlPacit$nce and fr1n.
. . ",/1."\), '.:.1,... .

gifts eapacitance. (whS.ch" IU',tl' bolllld ott1#ti1):1of;~ bll%' width.) uno lol'lc:el'- ' ' . -~- >~,...~ .. . beh..1e •. .,
~ocurate.Cobl.'i31 abo.ec1 thatJfor '8' m1nttle bar e~t(!%,Od/parA11cl p1fltlCl!l,

'" .4'
. ' .

the' error 111 total. capllcitlinot fl"Olll interaotion ot tho fl'inlll1os £ill140
. ~-~ . .

£8. 4boutl.24 percent: tor:[JII/(~t) ••O.lI,.1lhere ,,:La tho 1ttdth of tl\e
:.. . •...•l. . "

.bar, t hits 'thlckn61S1I. and b 1. the 8l'oUlld pl~ epacitlg. It a mad••

IJ'dmerror in total cfl1lAcUane. ,of apPl'O:d.Batol;v this 11lesnitude 1.$ all •••

QweQ, then 1t i$necolllsuy tbat

[< w/b)/ (l-t/b)~> 0.35.

ShOUldthis lnequU~ be toorestrioting,it to pOotJible to
!' -_j'i, . .

. . . ~.- , - , .

IlItlk$ epprolJdJll.ll.te cOllnee~i;onG balSed on an 1noroaeo in t.hu pt\I't1Uel
. ..// .
- . .I,,' •._'_,

<p'Late ,eapo.cltance, to c(ijppo1\eat.,tpr theloJll1!.l 01 trl.ns1na capacUence
. . .1':'" t';' ....

due to intoraetion of ftt~~l'lg.fl()).dl!J.I:e an iMtle1 .•.:a.ue ./b 1(; touM. \ /. . ..
to be lens tban 0.35 ti';Atjb~J:"a n,,, value, .'/bean beueed.'llbo:re

. !~;.-' I .,.f : .

,t/b •• {b~?~,'[1;-}t/b~ • wlbJ /1.20 ••••••(7.16)
./~, "r" .provided that 0.1 .•.....,....~t ~/b) / L 1. (t/b~< 0.".

ti", '~',..•I,'. ;...*
I , i
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7.8. fAPoA'LL!SL. eUPLnD'mAfl~tIS!Ictl L:t,il'R8 J!eTI'JEm

@ROUlfprpLMumntf11 0inJ.1!iGD CJSnlm
. .... ~:_~ J .

Let uo again con$16er thll .wra:Yot pl1r'allel couy1ed 11»0&
i~~,

bet.•••neround plan\tsot, l!'t8t'7.6~,1.otuo fUllOOOOtbat tho lottll1dl!lot
. ~ .~,.\ft~

u.n. 0 ot the array toC1os&4b;y.srou\'ld "aUa AOr.ihOwn J.n Fig.??
i ,_.-"-.J

' l.- " -
for thitloaeo ,thll' totaJ: ..-eapac1t1ltt, It to CE'oundot l1no ftw:sblllr 0.,

= ~ ~ 2.U:po~d~)'J"-rc~J ". . . I..
',', -

'1~ order to tiDd out ;tho~w1dthof lirae no.O. wo noed to utlG
1"-"' ..••• " .

WO _L (/_ b) [1('(-6) ("~ (Cj~)<),l
b - 2- b. L e - G - -e '.-1

. -

In Ol'tl&2:' to find th~ epactng b~t'l1ool1 the end grouM vall end

lu. no.G,. "e Ghall UDe tho #apb !t1",en in tig. '7.). FromthU 6J'4ph\'10

I $hall set e/b 1!lIt'113:thus tret' o. 'rhe. UPIlC1n-e botvnD the end£ll'GUUd traU
l " ,

and Uno 110.0 will b. el2. I. ,••

.
&ood Oil contorii~ Qapp1nB ene.1.1c1olilvon end odd Dod. fring1ntt

". - , '
.. _ . t ~..
-capSICitetICe OUl'veahaV., -b!en pre15entod by Goto1nser.'N1oDCI curvelll have

, '.' I ••. ,

been ahoerJ. at theb.~13g ot ;tbitJ ohapter. Althoul;h fr1ngiDS ct.lpUCl•.~.-

tan~o ourveo hove been pl'ovldeli tor ride l'tm!:ea of bartlU.cl':nOG600d

coupling, there 10 inWf~lcin't/t data tor Tory-113ht couplins. Further-

l.'lore, the aQ,9lU'I1C7 with which oopacUanco dQtCl ean 'be %'01'.4 tf'OI:l tIl.ne
., ..

curvea fOl.' tlghtly coup~.dbll!"'J 1a inadequate. n.n. Gupta 15 publtha4
. . ~

•
even edolft! '~l;)de fr1ng1ng e@l!\c:Ltance curveD, en D.tl expended mal",

tor tightly coupled coplanarl'eCtllQgQ1ar barG between parol1el crowl!

pleeD. AccUl"ate vlll1ueo of medo Cl!ll'tlCttcnc ••. have boen ca1cu1ated. ~-'.



Fig. 7:7. Parallel coupled transmission lines between
grou nd planes with one side closed.
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Fig 7.8. Expanded plo~ of normalized even mode capacitance cfe/~

and interbar capacitance Ac/{ for coupled rectangular bars.
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Upper bounds on tho 110de clipa(l1t€lm;:e.' Accordi.tl~ toh1m tiloCOlllpQ:ha

, c~ac:l.tMlCe 41!ltQpruentGd.1,"'the Il~era<>e ~f' thetl;1O bO\Uid~ end 1~eo.- •

~rect to' within~/4perce't'~f t!.leexact,data ("fQJ'op~otting) ,AjF,ilct

ot these Ct.n110EJttlpreeientlilc1~"n t.l.g.:,'(.8 ••

1.10 ,£.ALeULA'l':tONOF;mlGm 01i'i!:~callsri'iORlt orU'lU~EL:L1l':U:C

li'tJl'lC'rlQN DIGI'l'.u.-n.uU)l'ASS, nl.'l'B1h_. -

~ ,.'''-

of eacb 11M and tho $pae:l.ngblltweoo tbe litleoo£ tbe dig1te.l1 .11ne tU•.
r"," \.

tor' was prtl3finted. Il'ltb:!.a' :B;c~10n tbe prooedurca ofobttl1tl1ng tho lenGth

ot' th~ l1tle!S ofencb 'netmrk of the e1l1Pti,c tl.incUon d1r,:ttQ1 bandpQSIl '- : . \ .
,filter wiU.be pt'4!e:enMd. In chapter (; it halllbootl cl10wn that the fUter

, eonQt$to of twon~tll'Ork$ ilencthe o£IlQ,cbnetYicrk mtou16. be' onee11jilth

wavelougtli lana o.t the oentr6 frequenc¥o

i; .
to. JI. ,CUll.

g

. . ( ',.
Ll!t. U$ al:!~o that, .the 'center;~ trequen~y 1s fo• 17ecaZl tMn

. fina the wllycl.engthfrc::l th~:rei.atic1'i 1\0 "''If/to 1Ibersv •• v01001t;, ot

.. light lo 'x 1010 cffj/l!l!lc•• Irhel~i1$thor .notwork wi1:i. thCfl bClJimllly equal

t1 ." 108'
"

..
" - ',:' ,', '

'rheoret1etll1y th&.1ength 01' Det1l101'k 2 eho6ld ".leobe eQUal

to >'°/8. But duG'to .thepres8ncooi' the frin~lig ~rld atit-of; cllPuoitlll1ceo

at the ti10e end ot thlli lil'l.~ ofnetv.brk ~ it ~(.;t1eCo:earN to aborter< thl»

lfll'lltthotthe i1nea ofnetwor'l>: 2. NJil.11uotrated tn :E'if;.7.9 tbo;:;e .f&'1nw
. ,~ '", '~'. .



?ction taken along the length A
/ / / / / I I ,/

/

T-t b
L

'"'-"'" C~
~

~ t "I View AA' (On Iy 1 line shovm)towards
Length at network 2

(1))( a)

g. 7' 9, Parasitic end effect capacitance of network- 2.
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It ". no. intend to caloulate the line d:1.menllionefra:l the e:d.ting

eatrix for network 2 the capacitance of each lina of network 2 to gro-

und ths.t we shall get will be greater than that which was estimated.,
'l'bis will definitel,. introduce error in the caloulation of widths. In

order to get the exact dimensions, that 1. in order to get the actual

capacitance of the matrix from the digital lines weneed to shorten

the 11nes III1dalISO weneed to augmentthe mutual distances between the

linea. So formulas must be developed. whiohare applicable to such

cases, in order to overcometlli. difficulty and in order to cet ~he

accurate results.

Derlyation of th, formula for lenflth correction of network-?

Let Us consider that the corrected length of netlllork-2 ls t.
and the length before correction is I corresponding to one eighth of

.an.length~

Therefore fromFig.7.9b :l.t :La evident that

Capa.c:l.tance
~ • Area

distonce =
w(l-1.'l ::-
i(b-t)

C'. W

If we a.sume t/b 3 0.6

•••••• (1.17)

"e get ••••••(7.18)

TIl", value of Co IIIllY b. obtained from Get6incert 8 9 graph given

in Fig.7.:1/..Fromthe value of Co thus obtained and by using the formula

(7.17) we oan get exactly the corrected length of netoook.2.



G.L. Natthnol,and R.J. woneel whU. iiQr!d.ng Ql1 tfiteDd1gttal

tUters with ouch X'eotangillublU' ccni'iguratiQn, bad to orbitrlllX'Uy

_orten 0 the lcngthl'.l to G~t 0 th~ MClU"atle X'eS-At. Bl1t bero atorlill.111ll 18

o ~reeentedwher.bywecan knowf!1'C1'.'.llluch weDeed to shQrten totolte 1Ato
. .:.. .I '_ .

accountot tbeeffect of pl)ru1ti~1.I.llllpodend effect cailscitMeea.
".; ".

o ltowever the equation hu been 0 obt-a1U.d trolllthe alilBUlJlpt10nthat the

o distribution of luspQdoapc.eit'lIIlce alofl$ t1i~ end of irA'$bar tn net••
,:'~,"" ,

work-Zis proport1onl.ll to °th. d1atrillution of CCI]'}l'.leitAllCl'Jto the f$J'ound ,
'.' ,;,. -

• 0 oJilll1tee &01'0$$ thew1dthof the:corresperulins: blU', ant! thhttbc dbtance

t...t'leoons1derably 0 ehorterthM a .qua!'tel" flnvttlength. !fuio COIi!pSllliJa-

tion prooedure nlillO ncgloctl'.l the .t,nt~bar fr1ng1nsoaprlcs.tanc.Cl.
o • • .\ •

. , , . , : ~.'~

: ..•.
:lJueto tb.fJhortonilllf~t .~ensthot each 'l1tllil otnetllQl'koo2, the

polel5ot infinite att.!l,l.tion~U be .M.tted i.e. the1'0lesof infite

attenuation ~Y1:= kl1Ai . w11ibeCOI!Ie 'f;dtlfJj; l! 0 •• 1'hia IU:i»'!a that

the value of o.dTA1ttance YY:f:~ h~"0 '\14.11 c1'i(ll'lgeto A ve. value. Ilfl'l!J
. YT":t is thGtheoret:l.c,('.ll:l' uerived coupltng Qd:~tttMC°t!l ,forlaS-nc part

. or tberesbnr.ant circuit wh:lch;lrcdu(leO tho pole of intWtei\thnut\->
o • 0 0 0 0:",

tiou at tho llOl'ille1i1ll0o$ft'llllluCllo:f tnn /lY;t •

Inot'del" tomaint,a1n ~htl \~roduct Yr-;t -kl"li Q Ubl;hanged (.inee tb!.o
" L ,~:. 'i : -. .

~U1~give us the udllG l'eo:>n~t'frequonc:r) .a need to ehe.nse Yr:t toll
'I. . '-.... - .

M" value 'Yr;t • flli. lll~an•• odllo:.<ld ll10ke

. Y":t'lanAl '" 0 Yt:~~~rf!
- 0,' , R.'

lN, 'f..-t AH F y~-/q,;,CT fa.;' ;)Y1)
• 0 I

"'. 0 Y:-t; ~Y~t;~ 1
. hi'TI T -10;;- A r:!)

o." .
- ;;'w
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so weticd t'l1n't 1nOI't'ler\to tto1ntein the flOI'l'&ct location
- ' ,' ' ,"l -, '

otthe polee ot Intll..nitJ afrt;~i:ttiati~ndutilto the reduct ton in 101'1«1:1:1
.•. '*.

otnetwoJ'k.-2. the ~uPltng~~'t.tl1l1ce in network.••a Illustbe Qugi'llentol.l
.; - """. -. .

eccordlng to 'theEquat~en (?19)~fh1s oOl'l'ection muct alGO bo applied.
at the center frGqtultlO:,(tl'ithe ~ard.tttl!leea b0tWClorrthe ond lS.nc$ end

~," ~: l i

the groun4end Illalls,i''.' :

, "

: '. _.' ._l.. .~.
•.... .". .
. 't '."

- , ..~,: ,i .
, ,.

_..... 1

... ;

-.

, ,
," - ",

.' --

, "
, "
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R,E$IGn'O!:Jl~ilP"S:1 ,!'1l;'1'fllWJnU .'fH~l'l 'Mf.!lICne l:!:r.ALJ!A(l:IC~

8.'1. INniOOOCf14Jlh

fnO (lxmpl~oOftb.er~llI1:lza'U.onpt'OCo&u-eot' elUptic tune-
t'ion btmriPMd 111 tel' Vihich haG ibo~lldoVcl.oped 1.£1presented 1.ntbil:>

&"ptet'. t1:l11e deei~!lng mil!! ca1cu1.C1t.1tl~ thltlph~col dilllenoiollG. -, .
. .'. .14. 16 . . . ..
tllblesoi' Zvot'ev',. ":al!l1an~ llaeoljTl1l'bs l'\,ore u:zea. ft!ettrl:lPl1& .of

7 ~ . ..... . '.'
Getl:l1ngerv~G need .1n ealeu1.ating tho phao1etil ~OnGions fal'Ol:! ,at.a- .

t1c e~j:tal'lc~va111G6.

.... ,TbElre:qu1r~lmh .tor tbia.;fUttJ!' l1Nlthat thlulltopband tl.tte-'
, •• , • ~ '., -" .'_. • • / '(.,' .: ••• • • • < \, '::-.~~ 1. ~

tluat1.on .le>ve~(~n). 6h.Q~d. be 6O.1A'l.ll. ~pjiQobanU' :V.:;rm:Gh~dbe1Q3lll'. . '. .
ei'li!lft 1••222; bandllidth 6houU 'be 11~ 'nIi!cent01" fNlquel'lCY of thtoblltltl-

, . ' .. ~ ~.. . '. -~: :,' J." '.~ ",' .~"~'_ ..••...,., '," __ ,~ .

vallB ~Wptie;:l'uGCttl)n .ni:t$t)6ho~4be' .2151) .iJiiIe...n f,.l.tai1,t.'lQ ~eoit10d
. . .

that' tnthQ tl"$sit1~l'l .region; (,0••1 aBo;tt:eOOntionshcmid()ecur .at ~420.

::Jcls 4tl:l4 at 1880 1l.Ic/G respectively ••.

Depfind.i1l8on the infor.:l.nt:l.oo siven. tho bl1'l1dplWtl cbaTactm'lo-

tic Qr .ng .•8••1a. ctlflbo d.Nllm.=or-.tbo .48<1$ of t.'!'lc J)Q.St'..bl:lnd are sh~-. - . .
to be <!Ojl••?$ me/i). Mil ~8.25 ne/. roepocti'ITc1Ufor 11% btltldWidtb •.

Frcti theg1ven pai!l'.Ibl!llu,t v,stm ft CQ,ll iina rotbr:Udl'lCootfi.cient P and
. .

thusntl1ng Eq.{5.12)l1ee~fi.nd J."..- the.~ (It'tenllo:tion ir:I the

po.tJDbt;;1ld.1n t'tiiocace t1ofilla. ~x 100 ••044 d.Dt<:lr tl ',s~ I'" 1••222 l.c••

tor a p •••10%. 1n order to tindSls w ~~fi to 'e:mve~.t~0 siva Ire-

quene:i.es1n th. b.'U1dpas6 to tho 1oil1ltlrlo fre~lll1e1es.ln ,Clrl1or to find

tba.cQmpl.mtyof the fUter -. n, <:Va.nelltdto I1nl1.51J fl:'O!':' 'the lorl,PIlSS

,

,

f



"c1n

AI. dni

60.1 dD

Tro.nsit.ion
region.

AmllX O.04~ dB

A dBt

1880 20~1.70 ~1~0 220~.25 2420

••) nAND I'ASS (DISTRIBUTED)

.6868 .7422 .7854 .8286 .8840
GoJe ''1'''f ~ ...We.

b) BAND PASS (DISTRIBUTED)

I

~.f t'e/"

--"""W
"or.~al~71' ,\

radic.n f:i'equt~ne:"

L(G«,/L<1t4UU~

A (ill 1
-ns, ~'+

.8199 .9171 1

~I ..Q.!>l'-

l.e90:! 1.21904

c) BAND P.ASS (LtJ>l1'I.'D)

o 1 ..Q~=~.31
d) LOWPASS ~LUMl'ED~

Fig. 8. 1. PreBcri.bed f il t.l:'r speei ficat.i one for r;xp<:'riMentnlFil tPo""•.••1.
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tll'ltquenC$ response. fret:! F4-g.S••1a tleCMe~U:Vflnd (lut thecorras-

. pmldlngnorllldlizedl"adianfrCtql1ene1M 6.}G~ Fic.8.1b.ZiflCe r.ro know .

that J2B" ta" L0 vreCne Q1ac«et~oeonosponl11ntt froql.lGrlC1.eo JUt Jl..a
saol. by 'usin(\'tMslrf!la:ti.(ln.e'e rooal.1 that tb. lo-paoo tc boni-

. [ . L'
pllSG tra:nsfo~'rlf~Uonsma 1"l.=a ,.n.~_ ..Jl.8). SOre£(lrr1tlgto;FiG.S"le

, I:'Z.ldng.8.1acon:'<!~nd1f1gto the' vtiluo of -R.> ~lItbolf)w-pI1tJlJWIil get

'JZ.s:=lt.(J2.s.-~i.) = a (.14" Jl.1') end eeOffeGpondil1S to tbopClSsbmn4 o4t,e

frequenoioliltnthe lo...-.paI!lt:l- 11<>11t! St't .1l.c =. 0 (Jlg, -:n,) = a(./la,-na II)
. ~'t1iecetllO relatia;ri$~eg-et ~;. JG~.-Jls, ' (8••1)

. ,'. <R.c ,Jl@,-'-Jlo4

. For OlU'Cllae ~= '. beneGl.t~ngthls .••e~ati.onwc, ',Ct:l'l thus ,find the

value of .JZ.", ,.Far-this (,laos As 1s to:md to be :2••:3'1.. 1'lill0 lllet;lrla

that ti'llt

,b$ Si-::

trnnmitiOl~ .r~inn Gtl!~n,,$s'1'1'0 thelQ\'IIIae S'et1PotlSlil oe'-:.0'l114
.fl.. . -',
J1.c :.2,',3 1 , "

j t .
,.f,' .,.•,

.e,. •• 0.9265 .• 0, "', 1_66511

C2 c O.O,s66 , • C4 •• 0••li01•

'~ '" o.8~J' t
end ,~52__" 3••6119 .JL4 '" 2.;,5038'.

• llov :i.l'lord"r- tc ,deterl:ltnen tle abatl tuM thef!ol:;o!);l"~

~;, \gtveU incb.QPter 5. FQl';' .~ i=66••~aB'\illX~O~O~4' 4BOnd fo1'" ~~<'31
.'

I'l'eset n 'l>5 trolll the 'ttOcosropb"•

.F:rOl:!thodatn nowavatlcble WQo'Ct)ll flolli£i.ndQut the ieiii"'

paasprotot-ype elenent 'vatueefi'oa ZVC1"e.~i4 (~ the tablos for ,(jUl-
, . '. ... . . '.' '., W,' .

,puc tunet'S,\)n lowpaoo .filter) or f'roe n.Saal,"s "',FUter .Katt.ilQgll,.,~be

fo1l.cldnglow-PlllS8 protot~e til~lll'1t v.il.ues. QJ'otbW,lobtninod.fol'

ttltS. [/,=1«' ;limdA~ •• 60.1' dB; tiM tor the .termt."lction of' :Ka••l~O••

1.2 -1.3061

%.4•• 1••1?~:;~ .'1
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L•••

, , c,;
, l'OJ_c._,'_, _~~ __~.,

, ' .
£lS.6.a. ';L01!=JlMSpr;ototlQ?e 'tor 'll"'S, ,W; RCo> 1,,2.

. ',\
Calculation of "A' ,Md, pole9,l)t;~;tnibi.te attgnue\ton. ,

, ,_ _ . : " '_ i .• l '_ _ _-
,Frolll Fi.g.8•.1b it lseoen that .the ,center frequenQ;f10 Mrllla1hed'

to ~ •• 0.7854 l'ad5./;'lll aot~at tho~band edge tl'eqUGflOJ oJ. will be .7422

fOr the 1l~ bandw1ath tilter. -\ .'~"

teria!JS.. ; .n.<o;,*'rhus we !!tet a ••••-_ ••• -~ ' •• 5.'77
a, ',:a:

':: !). l'
Since the center tre<:jUonc:r ie 21.50 fm:e. ther(ltcre the lMlgth otthe. , ',. r.. ,
el~C1.ltl3ofnetwol'k-l ;0 ,~ ••• 600 inolh

'.. " ,

A1+- ,'" 1.:361

/.1- ••• 'nJS

) ••+ •• 1.219,

~•••-. 0.820

Il:he corre6Pondiflg tlctulll frequlJJ1e1e. are

f' •• (+ct;; C>-,J",'r~7- ~) 2./ s-o M c./J

'1' ••17" !mIlo.

"2 •• 1880.14 M1t&.

"" ..~'.
'.', ~ _....J
,

.' '-'\
,~-} ,,-

I', ••2419.' Hn~.
ft4 OIl as6S.35 !fIa.

. - ~, ..' \'

These .e the freqlleneiG8 at which the poles 'Of1nt1rdte atte--
, .I " ,

\' .' . '

nUll.tionef.1l"19 located in di'l'.ltrlbuteli benap.ctl Z'$lIponoo.
. . )...l .

• >
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The vu1U<'la of /)'0 bX'enow uced to caleu1ate 'the ele!l\oflt
"- " "'

vt4Ul3e of the ehllt'llct$rietic h akn.ttanco l!iL1trS.c.,,' <6.ash (6.23) tina
(6.24). 'rea f01l0w.l.n8'iAatrtee~ ~henrOl.'lU1M

. . . ."

Not!Ork ••1

(0) (1)-1. .••1

-1 1.,U':; .
0 •• 9654

0 0

0 0

'0 0 ..

0 0

,"

<'.2) ">'(,)
, . "

.-! .' ~

0--0

•••9654 0
. 1.4867 ,•••.521;5

"'.52'1' , 10.ma-
o ~.2.JOS1

o <6
o.

.Nebor It.a

(1.)

o
o

. .

,'r',

...96'.
o

"

,- _: '1'
',~ .,~

: ; \
" n

" .(~) (4) (~).. >.
«f'') .

(> 0II ;0,~ .-, .

.. ".9654 .. 0 Q•

.3..2.1<$0 .:1..5$07 . 0 <8.5)
. , . '~ .

f !••' 1.<' , ,.eSse..••1.5$07 ••.2.,05'1
~.: ~-. ~o 0 .., j " 0 -2 •.305'17.130S
" J I. "\. ,

i. -I
'l'hetle valUE!iJof ,cbaractedsttc e~ttallCe$ of thesell\o.trlces

o ' \ - ...;.- -

1;- , .
m~ not (t1ve us a physically reiallzenble bandpnll8 filter. 1t hnsbeen

mantioned ttl chapter 6 that t~::,'~hyl.lieal l'0:iU.zeabWt1 aem.t~anee sea-
, : •. I ."

l11.fl101eMee8$~1 ~ Adtl;lCluis'i<fn"l)1l thl0 r.iattElr we g1VOl1 in tlect1on'

6.8. 'theX'e:lt W2l6l1\flnt1onea that at tho bettin1ng every lina tn tbe



,

70

.. \

stetlP$ddig1teltilter;Gl:J'cGpt the' lineso1l. which input and output

porto area1tuljit:ed. llIar bGGcelei! by the factor 1/ra" However :i.n

this phys1ea1. ell:t'i.ljlle we sli&11 at tht'l bagin1ngecll\l(t on111ines(1)

and(fj) of both tbenetWot*' by ~be tactor 1/;am 1/ -/5.71 .",.41.6.'.
This proceaur(l andtbe 'fol1oWl.ng aatntttaneei;caUns p~CfildlU"e gene-

\ , '
r&11yresult In capac1tance' matd.eotl .~ich gLve (1 ph1elcal1:rzo&Q1t..

$eable l'lotwork.

After suling 11no$ti>end <$>ofbothnetwrk by tho fsctcl'."
,. ~-,~-

.", ,.
. <rh. resaitlinelin~0Lwere then ooaled auch tbat the cOn'Gaport';'

., ~ .

aing mdn d1ngon~entr~~l!)".tntbo capacitance lll.tl'b~roproecnti.ns

net1lOl'k-l' ••.erll) reepecttv(!ll~ equal to, nndll faetorl"a t1r:loe Feats", .

than. the cain dtagonml viiLUe ot1.:tne (1) upto thocenterUuetl'OlI .

the input. mil l1ne(5) uptoal'1dU!.c1;ud1na the center lins fl!'Oe the

output. 1'hi.G .Ul be <ile81' 1fwe ,GOthrQugh thefollowins tilt~pe..
". - --'.,,."

fhus we lllekee,J'", 1.2 :b.1l1'& <:55and 1lI0k6lUlCeliltlU'l/' el1anges
1. . ..~ . .

:1h othet'-1:'elllted chll\l:'ec,te!iIltic,&\dmtttancca u .ehan kho.m.tl1 the

procedure for tbe chanr.e-:ln Qd!i!~ttancolevel in ,cl1Qtcr ;; i.mll 4.
: ~. , ,. . .

Acco:r4ingll/' '/tEl ll!l:lko C;'j;':,:i1ew C;4tm4 other;ne~<1sGll%'11 cbt;ln~$ :l.n the

a&ll1ttalleeslevel of thti' ~atri.xCaa) of Appendtxoo.A.f S1m11ar1:rw$ make
_ ' , .• J "_.' - - _ .

,022 •• 1.2 ti1llG!l C11• TMs. is don. in Network ••:&. in llIoti'i:a:(W of Appen-

dix.A. Exe.et1l/' uimUtU' chang/lb 11'1the Ddm1ttanoolavel of,ea.chlineJ' c... .. .' !', , "
tT01'e ,carded out in netWo.r!t-a OltlO. '.t"'n~t£leono Uno GU1!lber(4) ,of net--

work"l r.m4 Unemkber(4f-otnctwot-l:e-a .l'Jlust be lIlu1tS.plied 'by the BllliW'
i~-':',' !'

fector.The chango'in cicbittance 'levelS mUlit be done lilD C;hQwnin'.
." .~

..•,~..:.-
, ,. ',

I.,



i. ,
'" ..

. 71 .'
'.

~.. '.
~,' __ J ~

• '•. !

i'hio o1mple pt'I')cadur. "ot.changtna tho ado1t ta:lI1ClJ 10vo1l5 relr.J.to
.'

1nOl'lItll1'" op!:illlumrelattotu,l'-j;p between the coupl1nG tlnd groUIld. CllIPa-
, .

,,' ."
c1taneee of bot-b t1etworklrl ••l and 2.

, \

~e Illatrtcee for network••l .&nd2 which wore obtaineli attol' the

bibbv. cEll'.ltiol\ed ohangaa in "dlll1ttanoe bvel uo the cl1tS"1cet.l (;la) and

(;5b) 01 Appei1tU.x-.", i'hee1etlt!ntil ot lftntricetl (:Sa) end' ('b)ot -!ppm••
r' ,

(li»oA.te the chuactell'lat1c 'Ia~t.ttmtle vclutllh 11\01'6411"to «(It the

static ee,pac1tance 'i!lQt1"iceo for .air Q dielectt!ot we need. to f.!ulti.-.,

,pl:r theae tlatriees bf lj~:. '!'he'static cllPacUance VnlUOD. l1l"e e;tiU nor-

m.:L1lte4 with'reepectt~the ~erl!l3.n!ltiOrl1clpe/idiee. In orllQ' to oo:vwt. '. .
.. .j, f ,,'

theva1ueoflo a~ohtl $Ystellllle-need to div!l'le tbooe valuea by $O.'fbcr •••" ~., .

, to1'01l1 order to COllvj,trt tbo;.eba~i:l.etariOt1e adtlltttnnoevalueliotma'tr$.-

CM(,'a) Md (3b) (of j\p~naix-A) !lothe statio cc;pac1tanc& valueD 111 a

SO oho o1stem \fe need. toltu1 ii-ply tho matricos by atl1otor .••••.'>1•••.0__ ••

.. ~
-, _.'l

..'

, ,
\. ~... ,
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Aftort:lUlt1p:Ly1ng e.iehe1fllllentof the f(laU'1cec fol' both. the

network by 7.5:;'" wo set~th$ :tcllowJ;nS&t$tic CE)pacitoace oatriCe.oc
< ~,"" ".' •

<"v •

(;;) (4) (5) (6)

0 0 0 0

0 0 0 0

.•••1.;95 (I 0 0

1l,,9S8 ''''e8ll8 0 0 (8.6)
...,.8~' 'U.5S~ ••).068 0
0 .S.Q6aJ 9.6'1 -,'.136

0 0 '''3..1.36 1.s,4
-I

'..
'.

.;. .~t

I. ....i
\'(2)

..•.• ~.",

1.1io"';( \ ~', '-.

L _.:..)

(",,'.062
•. ; . "",

6!Q~J'i!)tk••!
(0) (1)
'7.5:;4 ••;;.136

••,.136 9.546
0 -;;.062

0 0 -,
,0 0

G 0

0 0

(1;)
o
o

(S) (4)

0 0

.••.a.58, \)

:u.2!i9 '.2.$88

-2.538 11.••S$8

0 ••4.S£i1

{.,,/;,
. l (; f~'..~' ,\ . ., .L __(l!)

•••1.653
11.456

(1)
7.661

••1.65'

,

.-,,- .' ,
, .' . l..
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•••.14th CaJ,culati.on for lleh9rk::1

the following is the toble wh'.ch p1"eoonta :>11 [;'1. v:>1uea

of eelf capaoitf,\l1ce (between line an: S1"ound>, mutual capacitanoe.

fringing capac:!.tanco f1'o tho :letoinge1" s 7;l'ap:ls, tho r;idth ot the

lines und the spacing betwoon lIneo c r netwo1'k-1,

~.

inohes

2 6.999 1."'

Ia th1. tabl••

0.7

0.ll3'

0,'1648

0.4215

0,115.5

0,10'

0.109.5

0.0722

0.19.5

0,20'

0,16.5

0.2

0.128

0,103

0.126

0,12.5

4lJc • the etaU. Clapu1Unec ot ltth line to i;1'ound

C!.t,k+1 • the .tat!. cap citunee betwoen kth ~JDdk+1th line

• width of ktb line 1e ir,ch'cG



r, "

Foi' tbf.o e••.••we have'hhorien t/b "'0.6 <mil t ••O.:S?5'; that

113,btoO.625". 'l'he graPh ot 11:,':1.) waQuaed. for tjb • 0.6 to #Jet

the neeessa.ry value8 ot IJ/bC\1.l40' Ie • 'iO tind tho 'lfn1ue oro' t
tbo gr~h of Fig.?' w.e !1lSod.

, '~ .
; .

'J!he w1dtb ce1eul&~iQl1Q 'are d1ofll',1 below

'wc/b •• ~ (f- %.) Ij,C~j~:~{_~o,]
'''Jt/b ~ t.('-~/o)[t-"(~)_,:~yi)~llk-(~)lf/lerJ (S.9)

,,/b c Yo!(1-.6) (1i '~.'4.398 .••o~I~,-.42) ,.. .n,s
, c'. 1
: ; :;. , .' •• '0:> ,0 ••••"."0 ."'6

••~ .2 (~ KG.,,!> .•••?~'S)\

, tll/bt: .2(»0x4.642-.3Soo.4in. 1 .

,

,wr,lb= .2 ;(*xt •• :59~.42-1,.2), .
. , : ',:

l1econ now caleU1et,ethl!cU.c~tn,aMn ot Network.-2. UlWag

equation (7.18) the lentJth ot~;ftetwork';'2becoll!&G
l.",i coo .2 e !:II'o

t, 1Il 0.G86 ••• ZJ:l.2xO.t.e:; . '" 0.536 tnch". (8.10 )

Nowusing equatton (7~l9)tho'c~~pU.ag a<1~ttanc.1) Yrt of 'llatda

(8.7) be~Clmeo y:~of the :tol16Vlinfj~.ta'blt!l.
, .

, ,



Ground wall

Fig.8'3 Network 2 showing .the coupling admittances.
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1'+ II' yt,,. + uZ'I-o. 2.4 ,.t~1-
2+ 1.6S' 2.5

(S.U)
2- 2.$8, '.51

4. ~.~ ,.81

4- 4.sG1 1).27

ner.'o' eM f.••..arc ,AS.ued to be ,3.41 tor COtlVeMonco ot
, • 'V•••

cone truClt1on.

,aets1ncerts Qraph and h10 formula tor 'r1i4th calCUlatlorb

It CK C I(,I\!",( , k~.)If'~H wit W" ,SW"H f S "',1( •. 1 .T <:- T b j••4.. b ("d. .

0 Col .3.41 .159 •1~2"
1 (2.59 2.S .5 .159 . . It .245 .15'".0995
2 7.22 S.,51 .38 .Slt6 ,.41" .18 .. ".U<$, 6.098 ,.81 .3" .4598 .281" .1'7 lOOt! <8•.12.). ,

4 4.409 6.21 .US .'22 'll .10 .06$11.2

S 1.349 ,.41 ,.09 .056"' .162"
- -- - --- --

'l'he widthca1eUlatiotll!l of the 111:100 (U'O dlo\Wft beletl'

" . "!'''2 •••.•,41
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FIG NO. 8'40, ORAWING OF THE EXPERIMEN~AL UHF ELlIPilC FL;NCTIOi\i 6A',OPASS F;L-:-E~ CEMER FREQ = 2150 MHz,

BMJDWIOTH = 11'1., Arn,n = 60'1 dB. P = 1e',•.
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&tiput and output :Unea al"e st(lllped~ Blots wer,ecut 1tl . the eentr~.

plate aocording to tbe dimetll;1ol'lS end drow1l'lg 81veD in the top trtau

of Ftg.8 .•tta~ Theel! siots .ere cut ~:1.d1'1U:i.ng ba100, outting by tjt!lfWoo

llQ1'Y !!lawsMidtbonby U1inl! b~lI(1b.M of je1'i&ller3' fUea.' if this
.' ~:))

oetb.odl the trcnom1as1on lines ~ i:he opaeingl'J wel'oc1'eotet1 :rro~a
, ',-.~~'.

_,751Mb. thiCk r:aeh1nedbrlU)s :;Aate. ~e top and bottoQ plates
. ." 1.1"" - . . .

have well fini$hedtllUrfIMlc$" Fts.8.4a elo.ar116holllathe conMctio~of
- . - . ' I . .

tho input and output conheet<'))fC~O"'~6i.nPUt a.n6;cUtput tral1cfomer
. I fI L::~'.j

>

'fhe pl1otogra,h of,'ibe
.L .
.,:-- ......:,
'+ r'- ''1
..t .••••.~, :' ;~.~., ''l
~ . '. ,j'.:~:l

- •....' " "11'1order to impro.\r0 .thepeX'~orcm1Cl!lof the. fUtor it \faa 1\MG-
" .:. I.''' ,'" "','

- --..,. " • , ) 1 _ _ .

(lear," ill) ad4tut\ing screW\!); A aapari1t1) top cover plato wso ta.lton tot''-:.•.-~ ..• .
thto :purpose. l!ole15Md thi'Gad«iw~re cut on it inOl'der to pleos the. .- "
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" .•...- ..
of Filter no." 1 with top cover removed

"" ..
..:'~#t"h~~e_~_ ~

:"~.~ ~'f~~ -~~..• ~-~ ~J

. .
Fig. 8.4b .Photograph
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. I " •. . \
. In tbth section wedosigil tII10ther elliptio tunct:l.Oft l!lil!ldpI1SS

. .t. i

fUhr lflth thefollow1n3 Nqu1rOtientDi'
. ("';' .•

I,

i

Aaift •• stop bandattenUat10n lovelc63.52dB. p ••1($ :1n'

the pne. bench this eot"t'O$j;ll)nd~'{~]PaoSlbMdtllui.mwllol:l(l Amtur:••• 04441. ,
_. . .. '.. . ~.

Bandddth-required •• 10%tlber'a the conter !raquene)' i3 4en'i~(j1t to be

1.6 it CC/li. It i. all» ment1tltl(ld that It. the trallCl1til.on res10tlCl
. .

6'.52:aBattl!mutlt1on' 0001l,l' at fretti:tenciM . 12'1.$ mel. and at 19B!> me/o•

. .J:!eter!lll'1aUQllotn. "'!d n.~~~'...-------~' ..=---...- ,r l. ,)
LI:. "

On tbo bilge otthe d0-n,cn re>:iu1reZ3ontn. F1g.8.5e OQl1be
.", .

dralltl 1lIhereit La c1e$1"ly -.een that "the o4ge. of passband are at l.$il1.O
- . -. . . - . , - '. ,,' "

me/e end at 1680mc/". ret!lp.etl"_~1.7. Afjd1l!lcu8soll betore !'lC;.S.?& can b(l

Orf.\110 trOIll Fig.8.54\. 5bool'le kno"that .!2g. tan (0) 11'&01)/1 thus aloo &oaw
" , ..' '. ' • : I !.n. l\s .

FiS.S.5o. Using eq\1Qtion(S.l)s.;ei'~; ~- _Il./ .., . we can t$.ndout the", " --.0.1 13

Vlll.Ue of ..rt.s- of Fig.8.S(l~ 'iS11'1CO~ OUr cace..!l< •••1. 'lhusthe value ot.l1..s
.- /"..

i.found to be2.4)G. fbWll-l;h. tte~l'll!cs of the tranG1tiot\ :Ofl"10'/l-ot. .,

i'~~.~.~. - ,

l~o~tor n"5, f ...1~ •. ~I '" 63.501 <m tl'oa the ta'bhs /J:1V(ll'l. in
.. " <'.. .

thO book of' Gaol' orin the'boO_k.l<tti 1WVev we got tho low-pllc::! prototypo

eleitentvalUGs.~e.e ar~ e~ £011.010'13:

the lowplUls respQI1Ge i.sknDWn.AS .b.tore ue:l.ns th.ftoll103l'aphs e;1ven in

.ch~ter-,.fo&, Amtft'" 6,.sa ldB'i.~~'" .O"4Bl.lfId for ~ ",a.4;lG'
. ,". ! / .

. ,~.

we getft*5 •.

e1 ,", .9'-'28
Ca •• .0499',

....•..



J\.,i n 63. 52 dD

,

14G7.~8 1620 1600 1e80 i
f.,.

llc/e
•.•) TIA-'fOl'ASS(DISTTlmurED)

A dB 1

.6908 .74613 .7854 .8246 .88
l»e [i;/~ ~- We

l» !lAND I'ASS (DISTRIBUTED)

---w
Tc.dic~nfTC'l.''''''~j
( i1or",e.li:"E'd)

.02~ 1.0 1.2097

c) llA}lDl' ASS ( U.lI.IPL'D )

63. ~ dO

___ ••.••.J1.
""

1 ..n.= 1\.436

d) I.OW PASS (I,~.ll'!':n)

Fie. 8.~. Preocribed filter epecificatione in a) and b) diatribnted
ce.e~o,c) L~ped ~.nd~eG c~ee ~~dd) in ~ped lowpaoncase for filter n~.n.
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"'r'1lt.8.6. Lowp9.sS prototype for 11'>5, II" • 1.0

Frore fig.8.5b it io sOlin that the contertre,;uenoy is normalized

(8.14).
The.. we

to J.j.. • 0.7854 radian 60 that the hMd o<1.::efro'luenoy 1Mwill be
'f

.7461' for 10:: bandwidth.

(tan ZIAlc.)/Z • 6.3534
get a.

:II1d live: • 0.3%'73'

'I'he length of netwol'" for a. center !',equoncy of 1.6 k ucla 1s

"°/8 • 0,92'"

,
• ~H". 1.2"7

The corro.ponding actual f're",ucncic5 at which tho poles

infinite attenuation are 1.ca~o.axe
~ ( ~~ ('\T:!:) l' ?til> -:- IVIf) I' lit> tl1H'
,
f, • 1.296.644 1m••
,

f~ • 1~'.915~~l&
Co

,
t~• 1796 }om ••
;;

tI: • 1903.'sa l:.Hz.

.
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.'ghl'U'aet,r111tioA&:littunee Katrtsets.

~e valU!il$of ~$ ~bts.in(til are flowus.dta caleu1at$ tlla eltY.!lflnt

vO:Luecof the on61'aetGtist1c tl.&d.ttcneG Catr1ec8 (6.as) ana (6 .•24)' ••
1'-\
I ; f

'The tollollling lllatr:Lc0!'J.then relllU1t:

.network-!..
(0) (1) (2) (') (4) (5)
1 .••1 0 0 0 0

'" .,'-f .,
-1 7.8214 •••8919

. ,
0 0 0

0 .•••89'19 ],.,885 . ...4905 0 0

0 0 •••4905 1'~'298t• "2.13" 0

0 0 0 .2.133' ,.•sa14 ••i./~l

0 0 0 '. ,.' 0 ••1.4481 7••8864, '.
:,.

0 0 0
. .

0 0 .••1•
-'-

.IfctWOl"k ••a
U.> (a) .•..

' ,
(4) (,)., (:s). .: -

6.42 •••4905 .,
0 0 0

': \

1.;,8,8': :J 1 .
••••4905 .•••.•~91?,9 0 0

0 -.8979' :. 13.00721 .1.44S1 0, .' I

0 0 ...••1.~1 3•.$814 -a.l'.l'3
.A

0 0 ; •• I 0 -a.1", 'Mil1S1.:_'

. ,
,
I'
\,,

(6)
0 ,,
0

0

1

tho IktriC\!1II (2n) and (2b) of Apperui1x-ll••' After thll.J:nactl1irlgon the

rOllla11J.i.ne; l:l.r:les 1't81'$ done al)tol1otlt'J; In 'network 1. C1,4 wl.tsli1ade 1.a
tilli$$ 0S5 • CZt!,\VIlS made 1..2 tllMS 0"1 4tl4C133 WlI\&l!1ade eQUal tQe44•

,..." '. . ,',Howeveroperation on e. particular 1$.1'10 :to ea:rr1ed out on 'both net ••
r;" .'; i .

1iOrk$. Aftlll' tileee opohtic>ns the lC'etiU1t1llgehca'i'leter1~1c ad:;I1ttonce
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:tnoi'd",!' to. got the~mtatic capacitance v<1luQl:land alflQ '-1:1
, ,

!.
o:tdel.',to cctl'li'ert thevul\te~toa. 50' ob1t IllY$t~ \'10 ncea to scala the

matrices <:!ia) and t~b),of' ftpp~fl~r.t.a 1>f?"J4.eIi!llUt/Wili gat the kolle-. ....•. - ,.

",Will!! static' eapncUaIlo(frnat:r'1ccilll.
, c

(4) (5) (6)
0 0 0

0 0 0

() 0 0
,

••,.42Q4 G 0 (S.le)
11',2226 .••a.791~ 0. - - ..

,••<i.79l' 9.'5m .••2.988

0 ~a.98877••5}4

.!' ~.•.

',' I'

(2)' I ,1 i:0)

o
..•. "

••2.'7G9~ '0', '.

o

. -1..2748, 11.22aG
, ' ,

\) . j••,.420~

'0'.

o

o

o
o

?S),lj -2.98-S7 0

••a.9887 9.2819

,,(0) (1)

I)

o
o
••4.112'

8.918.s

o
o
.•..2.:;'2"

,,- ,

-1.$129 ()
I;""~\ .

,U.•138;" ' ~-2.3'100
, ' , I ~'•• _

.-2.,,40 ',10.9891

o
,'0

o
o

8.a949

••1.512a

.',

w. cbootls. "t/b ••0.6. ~d t ••O.6u, tho%'ofol'e,.eaet blIl 1"•

.J,ength ot notflOrlc-l •• ,~ •• O.9aa7ineh0S ••,
, , I ~.

'. "'~~'.'
, ,' ..

, '.,'

- .,' 1
} ,
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• I !

~(t v81UGtll ot :f'r1nBingcopaoitlll\Cell, apaelftcbet\'foen linea. wi4the;
.' ~ -. J- ••

ot the.linesetc. sr~;calculLated I1S lllorttioliod in chflpter-1. 'l'h6,1.
. .,~

fo11.o!1lit.lS table showeths valuoaof ooltCOPllc!ttmcllu" tNtuQ1 cnpa-

cUencas •. tx-ing1nl; copacitlllictl". widths of the .11nODand tho q>ae$.ng'
~,"" .. '

between tho linea.' ".

•
0 4.$4S3 2.9887 ,0.432 .0.125130 1) .209 .C!09.,
]. '.Sa37 .2.7695;, ,0••478 0.1? .11 .W .22', ~.-;l

, -',a 7.094' 1.?7liS . 0.718 o.It, 0.41 0.406 0.406, 6••5278 :';1.4204 0.4 0.429 0.429 0.18'1 0.18? (8••20)
, , ,

'. 5.0109 2.'7913 0••46..• "<1.329 0.'29 0.22 0.22
~ " ~ ~,

,5 '.572 ,MBS, 0.432. ' ,0.179 0.1'79 O.~ 0.209

6 4.51.5' '.. .•. :- . O.US, .1)
,

".W~. 0.1281'.
tbfj21 QoZ'1'ecttcn muf.lt be

,fiidtb: calculationsl, .-

.01'0••,y,; (l~t/bl ps (~)_ %'_(~)O<l ]

110 •• O.2(~(4.,4;5') ""1.e •.•412 ) •• 0.1281'.
. " . .' "

BUtwe Me. that it 'Vb 1111 <;'5 <3.- t/b)

~p1tcd.
Here-C.35 (l.t/b~'l!f.14. thioi:ll'Janllf:batw()/b 10'.< .1~ .

'111er~toJ:'fl. correctton "-lint b& epp11Cld. '

.a.

.-
t

/. "0 ":0

I" ! •\ ."
.. ' .•...;.

..~

I'



.,. ' .~..4'102 inch •
'c;,

.. *:: •• .42918 inch ••
;;

"4 a •329 inch •
, "5 '" .179 hoh.. -

';I J~.
'" -,'

• 83. ,
'';i~ •

,Similarly.' 6 I; .1' i!lch~*•. ";
Now" ( L [J(- C;) _ ~J<-I'k _ (~Jn:~1-ll

1iWb '" 1. 1- -t) L"t: ,~ f".J
!. ~'."

"Vb ",.2 (jS g' ).5231 •• ~45a:".41s )"0170'7, .', w1 ••.•1? inches
r- .... .,.

" .~-- •• < ~.
_.alb •••.•2 (1i x7 ••09& •••4~:,....J;n.8): ••.~.4'102,..

~. ,.., -:lb •.• 2 (» lit 6.5a18 ••• ~8: •.• 4)",,'.2918
: ....~.'; .

"i/O ••• 2 <," :g 5.0109 •••~/.6) •••32909
i' i

1('
w/b •. .a(~:It 3.572-.46 1~••~~e).. .119

,
,CQ1cu1t'lH.6n of,' phxsioal diBenslonef NGt!!(lr1f:? .'

A,;plytnc length eOl'Tl'ICt1ontOl! the parae1Ucluelp~d-end effoct '1

oapaoitances tbe cor«,cted .length.i?. " ,. f I)',
:f:.t •• i ....2l:l c= 't-~2C, i> .92a1.'56 •••• 2 ]I: 1••2

, ,', • 0 r~,;,'1 0-,~ ~-c' .
a.n4 ~Y~,m..6821/ .921? its:.~••?'9S9~'~

. (,<' ;"}. l.j'"
AuBtlenting tb.ttlueual eapacUanca v4\luesduo to sllOl'tal'lUlS of

-, ",

,tt, ••
0+ •,.. .

,,'
"-0, •• ,"

'2 ••1016, "---....... ""'.

tan (.1j989x tan-~ )
/;: ,

Fo1"tbtfll 'ctlse we :b~vfae.ti11!l t@1' Md YSG to bo equal to ~.,1016"

It h'ne beena'BBUltoti4that tl!1,o tlouldt,1've .Gu1tablA d:lme1'l$5.OI1so

Y'a .= 2••413$-
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, ''It.19'
.175"
.10S"

(8.21)-

.a8S"

,
L

••258 ••258 tr
, ',~

.5'+715, ,.Sf.? I'
iI

"O.'mn.t,'7}'r
••,49a'

~ .

~. -,.
, (4 Y..,"~.'50 .

\", '.~y ••• ~,

:.41'': ,
\: . ~J

,.}Bsa," ", .
'.'n7:e f ':, <

I

6:058'4
. ..•.~'.

ihw
It, y~
ill

0 ii~t

1 ' ••5821
2 7.a915
:5 G.:;O,
4 ' 4.'7584

.5 ' 4. 866a••,. 2
..••1.G66

,

-------------_._,--------------------- ", I ' ,. ,
A' , • ',,; •

$.dtheolcu1ptionl.'l f(\rMt!ork';~£J
, '" i.. I " ,'..

",/b.. ••2(1'4:;. 582't. ••• 50):.;.;~••258: •.v
'~ :-~~.." . r ~~-.~:...

''Ilz'b •• 2.(') x 7•.191S •• 411o.SO F=<.rW715
.. " . t,,-;

,,;/b •• ,,2(~ -::6.•JO" ••.• 3'i8 .•...~4i)•.••ll727
.. /-, "

-JIb" .2 (~ x 1+.7S84".'7S".a5i5 ) =.:;4924

••• 11:;6
" '.

, (
,C:onetructionof Filter No';2:

f' - - .. - •

bf)tween sroundet1dwa11 nnd lui. f ;a1tl6 betwoen 'end Viall and :u.n. 5 arc
. .",' .

.,' "-.-' /

found out wi til the .elp ot' tLSl:tt'l,'l?.•)aliJ iI:lf)ntt,ofttl4 b(lforo •. .",:"",
I'~.... ~..-

r:_._ ~" .
• R , • '> • 1 ". ,

'the drnw!ng of the 'lJectiontbi'oue'h the ci!tUtrc1plntlil of filter no.a
. , " r.': . ,

Iilong with other neeflt!lsnry'dilllerlslontit$ precented ~ "18.8~1!l.. 111 th1G
•. -.-i/

figure thec:'olltJJGocttonDl,~8w,ird,il:l(ltol.I01l'l1.1l:o.e'"r itlrl.-llbe the

1 incb and theti'd.Gll..'1\'2I3S of the 'conllrlil plate 10 now0.6 inch., '.



Width = '13"

Outer conductor
O'37'S"dio hole

N -1

WO = '13" 501 = '209" .
WI = '17' 512='223"
W2 = '47" 523='406"
W3 = '429 534='187"
W4 ='329' 545 = '22"
W5 ='179' 556 ='209"
W6 = '13'

'"I N-2
WI ='258' 5Gl ='285'
W2 ='547' 512 ="247'
W3 ='473" 523 = '193'

. W4 ='349' 534 ='175"

\w, 0.'15' '" 0.'0",
55G='2B5

'"o
-3,

-lOf i'47' L J '429'~. J '329~ ~"79' ., I .1 I I, I ,
_. 22 l406;- -;'Ij ...i

1

'22 ~ UG- 1911AP
I : I I ~ Connector

Q:)
~

I
-~
•

_L "7'/%'////%/////(/1"//// {//(// ///=///L//(//ff««W~«="(~'U=(<=","(((=' ",,",,""LPoU,",,",=<',"-,~""''"''I 3'053'+ 2'[ •. 2q+'260"~ 7''S13 ~ ~I
CENTER FRED, 1'6 KMC/5, 10'/, BW

FILTER NO, 2
FIGB,7a. DRAWING OF EXPERIMENTAL UHF ELliPTIC FUNCTION BANDPA55 FILTER U51NG 5TEPPED

DIGITAL LiNE5 (5ection through central plate) ~

r-n'--j
f---,. '\UG-191/AP
I I Connector
i '081'

TIW%/U~
,~

-L, I
•....•
N
N

,a>~

' •....•
N
Q:)

,U>

-1-
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The toP. bott;Ol~ Il'lDhthlll other. t~' plates (ftcctlGGar:i fer
. . - • ~ I

ma1nta1n1n~ gap between thetrantmlilllsion:t1nea e.tl.dthe t;t'O\lnd ph.teS)~.~' - .' '

were eOI:II,tructedM bofGre llYlllilll'piU l\'ltlobin1ng and cutti:tlgbrt153Plllt~!l •
. _ . ," ':'\ i .\f . _ _' _. _ .

lIo.ever the olots in the central plcte .••re cut for this filter by

15ell'lDSot tndall1 cutter rsnciilDhfbll3. lllacbi.De ",1Ul cho.$en in order toi; , ; 1 ,;' ,
, I . .~ •• I "; .

m6@ta1n better accuracy itl dimension.
. ; '-, '

1- .. ~."

tlh01llll.
"~ :~J ' .

As befor_.tunln~'80re~W&~eneee~G~7 in order ~o !cprOvo
, : I ~ < ,- -..; _

tbGlpertOl'lIlMCe of! the riiw'iojo Tl1-:fsGlIIerep).nced din the top pla.to ,ouch
...•••.•. -; "

that the IScrowtl f,lppear :I.n"<bGi.een l:l.neGot eceit .networIk,;;., -

"C.'./'

!; ~1.

...-

. ..,.,-
•.... """
'....., .

""J•.... ,':,..'..
. l '..

••••I
,~- ,.........
;~. r-,"
~.;.)
~~
•.J,~ r

•

. "-I.~_- ~
!I I,: _. ,..

.,..-~"' .

;;.,,j
0 ••.' -.~ ."

~'
~~'-

" "",
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Fig •.S. 'lb. Photograph of Fl11.er no. 2. with cover plate removed.



I'n~b~pt(/r8 ho 11111i'.1U~.t~'if'ullct:i.Ol'lbtmdpiWG j!1.g1ttJ1 tilteD
, <'" I

mI'-O 4of4.grtod Md ithAlfl been r.lention"d th<Jlt'i) that 'both r.lt tI10C4!tn-
. '" ", '

r ".' 'A' .
tero l'JOr~ u2.tit1iD.tolj!' cone,!!ructetf})1 ttacbininS braGG pl/l,tfJll. In thl-G

. ~.,'.' f'-' .

chcp"ter ~wo1:ICawri'!1llent o.t-<upt{al'~pr.aentod.cl.tll tho hel~ ~tdiM!h
• • \" _•• _' I' i . .

tho .ttenUl\t1.o11,or the ~l'leertion.lo$& eharactoriQt1c4 ot thefl1toro
. , .. ", • "l • . . ,

Wlor. l'!lolltltli-e4. !theflt'l 1Ill',&(H hetei-bayn1na t\otb04 (Ul,'litlg 1-F tlt1pl1tS.&1'

lmdM1lJel' reet1f-ier) and (i$,) theoet!10d ud1.ng tberl:li~tol' l:lOunt e.nd

powerDeter. 'Plote of the1l:1eel."tie:tl loco "erlllUD, trcqUe1iCf are elM pre-
~ , '\ ~

Qe1ited 'for these t\lll.leui-ed Idata•

•. (let up to,," mellUNrlng t~ ,ineert1Cfl loot; cbll1'acter1A:ltie13 or the
, ' 'v" , '

" _ • _ ,_ _ _ ',' .• of " " •

~.Ue!l'e uo1.ng t;ype 12l6"AUt4t :.;." JMlpil.ifier an4 4 t;vpo 8'74-rm ~lixcr
, ,~

~ect1t1or is !ShOwn1111il:;.9.1. 1bll type laS••! Vnlt I ••F Alllplit!or 10 a

tour $tM" hlgh~ain. 1rlf;Nlllo&l;e-fr~que..'1e7 a.:spllt1w OPffllt1nr: at a

tceqUOl1c;v of 30 mole w1th (I baltdwldth o1'O.? me/o •. Tbere1at1vo n1cnal

In&l :l..s !a:ticated anI:\. aeter.'tiiiil ~oter 10 Cllillibre:~od in a deo~bclt.lco1.tJ., ' r il '
It. pl"ec1ato!1 reo1iStal1ce type et\,p":it;l$llllA.TOR 115 prc;Y1dod. for dll/;e:mininltr ,..~r

rolon,,/) fJ1sntl1 levels ~eyon6. thtLron61ll of the Doter.
Y. 1~,: '
.•. : t '..., -:. .

, fbe ~p}U~er 11,1ut.e.ain:' :con~unetiol\ tl'ith 11'rIPe 8'7~;..11Rlitxw, Ree-
. . ".,~ ,."

, "

. .
:,' \\
"" i

_l'.; •



I

Signal source

Unit
OsciUator'

Power supply

10 dB pad

r ----,
I Filter I

under
I test I
L ....J

Type 674 MR

mixer

10 dB pad

I )I I

Type 1216-A

Unit 1 famplifier

Local
oscilla tor

Unit
Oscillator

Power
supply
to uni t
oscilla tor

Fig 9"1. Block diagram

of the filters

of the set up for measuring the

by heterodyning method.

insertion loss

•

•
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U4t:W, =ich 1$ Got to a fr~qUen01 .$0.rlc/o above or below tit!!» frorjUw

. '.¥ 1 '. .

enc, or tbit aignl'll to be dotoetM. are nb04 tn the 1tiXox> RoctU'ier,
. .. .; <. J ..

and tll& 30 'me/a dit'f.rene e fZ:llquenel prOduced iotlllllllU'iocl and detected
. . ':'., ~~.... ""- '

by tblllinlltrUlllent. GathfaetQi\ipertomaneo ia Also obttlined dlen tho
.. ~- ,'"

td.lfnal 10 heterodytled with ht.ii.:'=6nicti of tho 10el)1. UlIit-O;,cUllltor fro-
. . . -. ~. : .

q'Uene:r..bence, .avery wi d$ frequency' raneeetllll 13$(lover.d.

. In 01'dert~ get tho insertion 100G of tho tUters \YOltUatut,lO Il

tlQUree of rt 'pO'H~rto driVQ the ti.ltor ae $bovm in!'1g'.9.1. !ho IUter

under het 1$ connected betwee:<-.tho tonol'atol' and dehetor am chOWll .;m
, .. .~.,.
:rtg.9.1. tor a port~eulhres.iinal\.ft'equol2.cy tho 10<-,:11o$CliUl:;.tor fz'equ •••. . .. ~. .

eMf obould be ,-,~t'0 150/S abO!. '0'1:' boloti tho cigno.l frequency. Tho atop
. "(.'-.. r-'-',-~. .

A~mltJA'rOR(If the 1-7 Mllpl1fiet'"4.n then 1".djuct.e6to pli'Oducea t:\etell' rea-
. ""-;i ,":'~\~

.c1~. t't1th1n tho (lalibrat'~d 1)e~ib~i"fort1on of the Dllter oe~o; tbelocl)1'. .. -
~. - . -' " " ~."- '~. " .•...,'

o0CUlator beqUellc)' ic'elighUt' l"ea~usl:l'Id tor POI11i:rc.opond •• 'i:be i)U1!!. .... I>; ." ' .
.0£ tho f.'!top, A'l-''1'£mJIlI'Or{end b~'lbi:i ratite=<, bOt.10 J"llo.d1nC 1,6 obtdftod •. !Cho

. ~''11.• .,
filter under. :teat il!l then re!::ove~ Md the r,MiOll'l1toX' l'.l1'ld dotacto'l' era

. . .". .' "- (., ~t~'

'comected d!rect1.v tos.~her.~.+-1!' amplifier .otep A'l"l$i1UA'fOIl 10 then. .
l'o<1d3uated i;trtecoGl!:'lry,. to pfod,UCI!t cae!:.!' ~,;(l.d1!'laid.th:Ln the cQ11brllto4

. ..... I' .,;
4.e1bolG portion of thc8eal,o*'an\l 'tho eu~ "fibs atep I\7.l.'EilUATOR and. .,,"J
motor d'ecibelf1 read1ngc areob"Alhed.fhe inou:-tlon 106001 tho filter

-. '. ,~. . .•.1 ~~'I

utldcl' teet in decibele 1ft equalL .1:0 tho tattereneo '1n the CU:l6 obtAined. ~

. ill the 1:1:10Cll4WreClenta. For .~~utIlll,eCUl!'Acy. theloc!).l OscU1Atol!' tu-...
. " . t _. .

n1nn Dho\lld becheckCld for treli\1ency drift Wld the: I-F !!ll:Ipl:S.fier step
, . . .

ATftmJA'rOrt 6UIll r.leter r.oadin(i eh(\uldbe t'llchecked. i'h(l rCtll.U..I'lC8 fOr the

inflert:101'l 10$8 of both the t'~ltorc aver the f'rcquGtlCYl'lUlf;IUJ ot1ntercEit

were taken by tMt;\';l@thod~ The cOll'plete mil of. ren<1ince tor bothPilter

L

l

I
, . I

;-. (
I
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no••l and Filhrno.2!U'lBg:l.vetiill l'tible flrJs.l,2.} end 4. The Plot

-- . ~ ~"-. .

attenuation charaoteriut1e fort11ter no.l (without
(:" :~'

lln1 tunir.g) 1&given In i'ig.9.2. tel' tntel.' no.l (.tter tlU'.J,nS> 10

,gt;'en11~fiS.9.3.Alllo the lll(llA~~~ att~nullt1cncharacteristic: tot'

i11ter l'lO.a( IlIit,hcIlttuning) i. prel>onttld $.nF1g.9.4 end tot' tUtar

rio.2 (..,fter ttmingJ:l1ll preaented i1',\ .Fifi.9.~.

- .

.1\ .,

,c:

. "..

.;.::\
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" \ I~.. '
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tme

Attonuatlon
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.. - .:.' ..26.5 (" ~;,
.~~,~,)

"
, ,.' ~i\,

L
,

Itt: ' I
' "e .. ..

, ' .. •••~'i10.1
,
, ,.
~,~,..

-~

1..~ ~I: }l
"

1. ,
J .~.,-

" :..

~1' ;,-- '\~.,-~ ,. .
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17$0
,1~80
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,

1800
, ,

1820
1840
1860
1880
1900
1920 ,

191.lO

1960
1980
100&
2000

("f 2020
2OlJO .
$0 ••..'

'aoao
gq9Q
2100,

21ZO
211+6' .
2160

2,80
"t'

"
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Attenuat;l.on
dB

,_ ,9,0
•.. "l

; , : \' ,
;_ lA!!:!'lfO'L

!tNR1A> A'1"rmroA'l!!6k'Cl:iARAC'rER1:bl~:.te OF, FIt'!'&! W.1UF'fJ:R 't,lJP!Y!~)H
. . ',",# '.,~

Ilttenu~ti,on ~ __);-,Frequ@c3'
MO/G•• ' ,

1150

11 0
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CRAI>~ER-I0

DISCUSSIO.N AND CONCLUsION

Twoelliptic function bandpass tilters were designed and

constructed ueing the realization procedure developed in this study.

FiJ.ter no.J. with center frequency of 2150MHz'IISS designed to have Ii

Claximwapassband attenuation of 0.044 dB.• (corresponding to a maximum

passband VSWll ot 1.222), lllinimumstopband attenuation of 60.1 dB and

n bandwidth of 2,36.50MHz.Themeasured attenuation characteristicG

of Filter no.-I were presented in Fig.noe. 9.2 and 9.3. The curve of

Fig.9.3 whichwas obtained aftor tuning, shows that the can.mumpase-

band attenuation is 7 dB. the minimumstop band attenuation is 47 dB,

the center frequency is 2125MIlzShdthe bandwidth l.s opproxilllately

237MHz.It is observed that tho passband attenuation is llIorethan the

theoretically predicted value and the minimu~stop band attenUation is

13.1 dBle8s than the theoretically predietea value. Tne center frequ-

ency and band width were almost same for th~s rilter no.-l.

Filter no.-2 waadesigned for a center frequenc:?,of J.600MHz

to have a lIaxilllUlll pusband attenuation of 0.044 dB. a lllinimumstopband

attenuation of 63.52 dB and a band width of 160 11Hz.The aoaeured atte-

nuation characteristics of Filter no.-2 were presented in fig nos.9.4

and 9.••5. The curve of Fig.9.5 whichwas obtained atter tuninB', MOWS

that the maxilllUlllpassband attenuation is Z dB. tho m1n1mUJ:lstopband

attenuat~on is !l8 dB, the center frequency ill 1532MHzand the band-

width is 125 MHz.It is observed tl:lat the max\.cUJ:lpassband attenuat.ion

is 1.956 dBmore than the theoretica1l.y predicted value and the minimuc

stopband attenuation is 15.52 dBless than the theoretically predicted

•



"

• •

97 ,
I' <'

I ".
! ,

vtilUG,; 'l'bc voluo ot the .centin' ~.qtltlnc,bac docroiusd by 4",~;~
: ..' ," ". ' \ "

'the- ba'lid lI~dthhaG shrj,nko4 l)Y " Wlr.. itb o.'ll'JO obl)ct'Ye& f;;llct tor

1;lOtbotth/lt!efU~Q:t'$ tunt~stel,llt'avol.!the l'+iltmltt'Jto'lIJQ::\e .!rci~.t\~'\. " dI .'l \
A1~hoUghit io hen that 101' beth the fUtQ!'lS\ tha l:l",\t-' \

curedi!\ttolll.lat1Qll chal:'llcterlatlee 6eY1a\~d to QOt.\I) exttlU7 ~Olll t~~ ~

theoreUcallY pf'c41.oteddharc.cterttrtliots.thG ilIVer£l2,l.PIl'(fO~liinee~\i \

of b~ith thoso flltOln"Q WltM !lot 1.l11~!!l~it;tj),ctory. \ \. ':\
" . \

. ,,' '. \.1,' \:,
BothFU.t~l'10,,"'1 tina filt. 210.";2 Wll!reoo+ruotlldb;V '\

caehtnUl/f brM. ,htea. In th" ellMtruct1Qrl ot thoGfl £Ut~f.J. aOcut'aCl'f

,a:t:ru.~tt!'iSthe :f':ittorG U' sat:la UltleclW~C~int.roducolS'~ the lengths of
. . . .

-., ',"the'11~ft~'.th~tlli8chtlt1G.e' th;:eeti~'rt-;"qqu,,,i?ct,,;'l~'tber;{i;':t)ji~l~',: '. f •

_~.' _' "', , '~'~•..,/,' '. _ :-:-'\"'"./.~_'.....\ ,~_!/'.,l~ .• _~. '.< _". '.__~.!..,~~ ' "~,',

- ci'eaft&~ifn:~nGth,then thore '.111 bl! 1l-:~or~tl.ftCill the valU(l"I':n',t~clliltor

, .• treq1.U!lnc:t $tid vice 1'erOa. ~O'rc~rIIpb.tMtoto.1:1tlpl:'thfJf the ,ltn,lt$ ot
• \:; " • .' __,. •• 4 i ._;- I ••

, ..: --' " ~.: .- - . . '-" -'
FUUl' ao •••~ (befo:,c, l.ength ,cGl."reutba) "'"0& e~ul\\lto i.•.~454'!tlcn~(tOtdl
1tlflsth. >'./4 ft' ,,/4f~}.Thte corr~aptll1dlD 'tOil '(letlt~.t1'ao:;umclf at l~OO

llrZlo\\.l'lQ" 11 dUr1ns: IlIt\chintllilh duo to ai;>l:l(l: ti.nMctu.aCy i."1trecluUll.. th<ll

length rlltm1ne 1.S6 i.nch. tbel'l tile eorr..,t1;9011dtnsetlliter trlllqtiene;r beeo"
•

Q 1581 2iIllk .Thb.nO'l7tlthot Q ft!l.U ebc.tiae 1.n1ggth of ••0146 inch ••

(laUGlll$ a oi.grti,t'~cal\tClu:ngo tn tho etmte:ro troqu6ney.. Go t'M.l1I MY bet one

ot tho rOMQlillldue to flhich !1 shUt ttl e0111:.o1" treq\\0l'1ey "0.15 obeerve<i :l.n

the ea~ of 5',U.tor no.-20 Agllin;<eterdnu t;; the lellgth 'Cl)r,roetlei'J tor•••
mula tor lIot\tork-2 £;1von in 'eo:ct.tcn 7.101t '01q be tetl'llill\}d hero tlUIt

,tbe assfu1ptioIVSOr. wblcb thtat rOl~11ltiWlll$'Ciov01'01'l'14 WlU't'l not o'Xl,lctlN

!IlClCUf'ate. So thltu to SQille :tnaecw:'Ql'Iu tl'1l:hat fom~,la",nut 110 other f~'

111"<11111till ro1~lQble 1l'llien dan ~ 'If: un Il hotter (m'(!aor4! _curate result •

•



• • , , .. ,
.l': ~,

,
'''',"-::,..1 '~.'

'1'hu Q~be anoth",. :t'e'~n:fot' Jhit eM,no! tho contei' £roQUCll?e,.
.'... '.

Curves of tiel i: 'vs.' e/b iii fig.1.•2 !lhOll!l thut tt tili$ht ehQCIt-
. ,'. ~, . .

. • , . , t,' . . '. . .u. .~(tbe 6].)aCtrlgbetw"l;lll'.'!:he 1tMtl) in t~ !n1t.ia1, ~rts.e>1'l of the

.cut'Vecaut!uulooturl.dG1"able cbe.ng& f.J:l Lie (Ctttu4tc4Pttol~.mCI!l between

ltlh'lllll. tOl:' lJ5:lir.lpb tort: i1 'lib •• 0.6 ~l!bm1" i,t 0 .el'u:nO''lIofr()ln, ••2.''
.~ .• 11" then th", .atue of eaCCJ'Ott30'C' IZol:!(> to a ''I''aluo t)f '0 ~ it

to lJft$ntbat 6 C 1.CIa :vetj. ~l'uTiU.VI!l flil1ott,onof «;. for: Otu" oanlh tt
" . "-I' r ~

1a v«il'yll.ltelytb4tdUtltoJthe lnacetll'ttc1 of ~neh1M13iJ 0_. Ot'l"cr:. .
.~-j .

1ll~1be \\ntt'oduc.clin ~ii~:{ftt01'ill8Z'QfItlinc{c) ..!l!b1~ca'J$et:l A ehdltO. .

il.nthl) C9j,lIllC;.t4UtOO=at1t'1~ whlcl(1h tvn CatlflOfl G C"bMr.;e in the rOll-
. : I' "j' '- '. .. _ _ " ".' ,t ., ~ . ~ .

ponsill o£ tl10 tiUer~ ~e.rOifot'.~ the CCC\lll'£:'#7 1n the t'e'q,Jon.wl(1 Vt'f'U
'_._~. '. I .

l3'JCb d!$ctlClent on tho 'aecui'eey' ot "7ch$.ntnli_
•••••• u • •

!~ • . •

and O'lltput conttoCl:ol'S to'the input: m26 Qutiut tl'lll'll:!tQm~r.o1fllSontf!l.
. . .' -. ~.~ ~', .

. Duet\), th$d!ft1ou1t~ li.Ji:$Qch1tiUfg U ~atJ'4klom: 1t:''pOG'!:Iil:l:lotoCl~'"
:',.. ,>. • '~"-": ,.,.' • \ ;. - - ~

tOt."i ahith dcl':lt'lto of ~Clm'ueVatth()l1le -cOn4\I1ICttOt)4. lor oxttl1l1e. tor
; ! " ...

. . . - . ,'-.- ". ,

'ttle eol'.ftO#UOI'l betwo(jtf'thetr~lIlt~1'lll(lli:'(ile!:1~t~d tho ,conn,'etc!' J.t. ", ~ -, ~ .
.' .... ,," ./.,' - .

\'lAO l'10Ci'iOllJtii"Y to eon6truq~ aeo61c1Gl trt\tlt':::ltllc1on line or ~ oh11w ••
~ .~~

chMaoteJ'1ette :i.ttpodcJlCc ,MI ;OOdtmtn F1g. lO••1.t!ut 4uotctho laok., ,"

'01' f,WcUrAQ1 :tn i>bYlOicriL.~cr:iiserisitln and duo to t1l& fo.et (that thootmtlrlll1

conductor 1Ml7 bocom(;JIICcentdc?4th the ~t,er(londuCltor ottbo' t~an.,...

mis3f,ol1 lino, thechrivaoterlot!e 1t:lpodQnce t:l«'1not l:"~ .so ohtt•. so

Qttheoe li!.ptlt :bed Ol1tPut:pol'ttJ l!llpei!llmCet:l~tlteb DeJ' boprotlent.

tie l'J1ei'Jateb te veryr:n1ch .Ufl.deo1Jo""iIlol0. ~Ca\Ulll cuch a d&i'!le'l:eh enu-
. .

l!ee t»1 .1nQl'cUiJll 1ft lol!lSl :1,1;1,tho l'coobcl)d •.
'.' I'i'~" ~-

if •••~'_.' :..,;

Considax1.flc tihc. tolel'lUlcfl m.th1n dl.ieb tM 41tter-Clnt e1(1<Oo
• ~- .' • - 1-

I'"" . " - ,

£I1l!t1ts of th. rUl;@reould'bEl llIacUDed m.th OlU' tc.1l1l1t1eo. the
..,

: .. "~, .
:
. i

. , •



• •

Input or output connector

"163 dia circular
central conductor

r "375 dia outer conductor
of 50 ohm. transmission
line.

Input or output transformer
etement (rectangular bar)

F)g. 10"1. Details of connecting input or output connector

to the input or output transformer element .
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Theol't'ltica1'1,ytblatftilb of fiUer t;ihQuld be Ct)t\IlUuctod.~-~ ,',

ldtb,1'!:!l.ter1a1e hl1\'ing ~1nfltllt~:(;OlldUOUV1!lY • i'beb%'Qtlo p11lltes
, " ('j",

thct ware u$~dior tbe'~"llstrii~ilOi'lot eur t!UGt'Q 1lI0!'OpurchaStld
" ,

: _ __ l " I, \'\

freta :looat Clarltet a!'la~wet'6 h~t,lJeentfol' thie,kind of tItot'1:. fbls
, "

~:-~~:,.- .,.' ...--,.

mas Catl.iS~i!lOf!()ll.O(lS !.r1~tb.epaatlbiltld.
,-:~ ..,' .-'" -,-:, -- .•.

,Contlidw!u$ the a~~b'5J.~t.1of lllatt!lrl410 Qf1dcofin14e-
. I. " ;,,~ . .

ring tbG lllnehs.n111@taeU~U~ti::that W6bwe. floe~ oaytbc,t til!,

a1tterenoo that~Petll'ei1 b4ltli7aenthe thOOf'et1ctll latidmeasurecl eha-.

rneterlst1clll wootolerable. RVQI1ltitb the eustirir; tecl1:1t111G £U-

terlll in, the UHF r(,ltlge 'call beae~«rtl,'}d lWdeotlatl."\ictlld 'C11tb MC~

table 1\l0al!lm'edportot'I'4$Dce.
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ebAkiJ,GOF. ettAnAC1'ER:J:S?-,Xd .@IIt-TANCl!: MA'.l'nIg1>S. 01 mgJmI~!l'IJ.
FIL'1m pO.l

'1'h9characteriatio .adJll1ttailCo matricee(S.4) and (8.S) tOi:fllte~no.l

,, 't .
.~..

~e 0$ sbovm.belo ••

l!$t\!9l'k-l
(0) (1) (2)

1 ••.1 {)

-1 7.'11' -.06$4
0 •••9654' 1.486'7
() 0 -.sa,
{) 0 {)

{) 6 {)

0 {) 0

o " -~. 0t ", _ ' : 1
...,: ",,"

-.sa" . 0, ;

~,7792•~2.'051

"2.30$ ,3.8$SS

o ,";2.•.5501 .

no

(5) (6)
0 {)

0 0

{) {)

() {)

••1',5.!3Q7 0 (la)

7.'161 •.1
••1' .1

$.86'7~ .-.5215

••.•521' 1,"4867 (lb)

.•a.SO;!

'f.l'Or;

. ,
..

" ' 0

••••9654' 0
. - ~.'.I

. 12.1290 .••1.550'7

••1.~507 ,.8s$S,

(2)

.0

.0

(j

.0

.0

lletl'lOt'k-2_

(1)

"

Lines(l) emtt (5)ofbothtbe '.nett«ll'k t!lt'e then ec&ledb;y thotactolr
~, , >

'" .416," 'l'herenuitulg l'lltllr1~es~Cl $.IIt-ollow03t

; I .
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,
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N.twork-l (' ,

L
"

.. -.,
'-(0) (:1.) (2)

( '.(') (;:;, '\. (4) c,> (6)
" r Iit

.1 .416, 0 ,-0 L , J 0 0 0.,' ...
1.26'(1 ".•.•416' .4019 . 0 ' , 0 0 0

- " (aa)
0 O.!j()19 1.4867 .-.,au " 0 0 0.' ' ".. )
0 0 .•.•521} :lo.i1~i;J .••20'O!,$1 0 0
6 0 0 ! .-;-2.'105"1. • 3. &s:>" -'b<j.S~ 0

0 0 0 '0 / .••., \ ":'.6456 1.2184 -.416,t" I' ,I.. " .. 1

J0 0 0 .< 0 ,: ':...J 0 -.416} 1
i I'. -

.i r ~~
Detwork-2 . --. -•.••••..I

(1) (2) <') J ul (4) (5)
,~- - !

1.0168 . -.217 0 0 0

-.217 1.486'{ •••9Ei,4 0 0 (21))
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".-,. -
" .,/',,)-' \\ )./

, , .., L jI ,
< ".~.,, . "('.:.)1'1 !l. J
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(3) (4)

o 0
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,t ~.-.", '\

'1 ,'I
:-.1652. 0

,1:5;4, ..•5106
[:7-:'- -"'t."•.••506 1.5341t.- - ,
'0 •.. ', . ..,,4072--..6'-",; , . 0
Li_~.:..

(.5)

o
o
o

o
,••;'4072-

1.2784
':,,416'

(6)
o
o
o
o I (;a)

o
•.••416'
1J

'to get the I5taUC cnpllo1tanctl dat1":LX.troill tho ant~1c.c we need

to l!lU1t1ply each elelllent'b1 >1.,•• 'J77.701nce ait' will be \loed as .

di~lectric • Moreovtlrto cQOV01't the capaeit«lllclt '\I'tIlUes ltl Q 50 oM"

ayotea, liie neGdtel:lul t1ply "bolt tbellll,ltri.ce b1 1150. ':/.'hie tllliMO to
,., '

g&t the static cQpI!lc1tanee ~tt1cfl~ tor & 50 ohlll I!IYste=IiJC aced to

1:lU1t11'1y both the llll!ltr~C(!'" ~S' (. ";0 •• ~~7 '* 7.5,4) 1.5)4, The

above lllAtrs.cecart~tb18 llluU1pl1cnt16l'l. beooaoG~
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(0)

7.534 ••:s.nG
"'S.l:56 9.546

0 ••;,.062

0 0
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0 I)
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1.661

~"-1.65'
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o

•
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o
o
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(4) <5> (6)

() 0 0
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0 0 0 (1m)

•.•:;.848 (; 0

:U,.558 •.•,.068 0

••,.oG8 ~.h6'1 ..'.l~
-3.136 7.S}4
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0 0

Q 0 (4~)
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SCAt:Ill~ ..OF OO@AC'I."~XS;I(LN!t!tl'4!1C'!.!AmHl!'9, Oll' iltfian"mfAI:
mt~fl()!~

(4) .(')

0 0

10 0

.1,,4431 0
{lb)

.$.;5814- ••.<'l.2.')'

..,a••13" 7.5'n,

(lJ) . (5) (6)
0 0 0

0 0 0

() 0 0

...~.l"~,0 0 U.s)

~•.5814 ..l.t~l 0

,.•1.41f81 '1.0864 .•1

0 -1 2.

~~, ,,'1.__-,,-2.U"
(..., . 'r"'-'~'
>-. 0 I.' ; I."J! .
\,jJts,~.
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o
o
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1.388$
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o

6.42
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o
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o
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(1)

1 ••1

.1 7.•$21'•

0 -.8979.

ill 0

0 0

:0 I)

0 0

tinfljJ{1) tald (51 of bfJth tlls net.ark ~"thon ootllod by the foetor"..... '., f.f. .
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'1'0get tbe stlitic capacitance l'2ntr1(loO tor Ii).500hlll O1stea V$
. . '..'~.

need to multip1:v both the matricea ty- ( 20 "" 7.5~) 'i.5~.1'b&above

mAtr10eS after this .~ultiplioat1on bccomeoa
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Uetwer1t-l

(0) U (2) ( ."':. , (~) (4) (5) (6)
",

1.5,4 ••2.9887 0 • 0 0 0 0,

•2.9887 9.2819 -2.769$
- .

(') ,0I 0 --~'. 0-
11.138':',

, "' .
0 -2.7695 ••1.2748, () (') 0 (4a)

. ,,'~..",' , '

0 0 ••1.2'f1H) 11.2226 ':'S.4201+ 0 0
~ I ,

, ,

0 0 0 I, , I ,••,./fao'. 11.2225 "'2.791' 0

0 ,0 0 1 0 -2.191' 9.3:;20 .•.2.9887

0 0 0 I ~ "\ 0 0 ••2••1)867 -'-S'j..1 ~ ).r . "'.
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