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T..., metl10tla of' synthnizing inttu'Stage nctl«lEks for •• mul Uat.o. trantaillbrized

fUter to schi!!vlI banQlaso raBP"n"" 0' de8ir'ld llP"cificat1Qn have b"en 01v,,".The first

l!IlI:thoddeal. with eynth.-aizing each 6.nt""..tIl911 that "'lIllIt :realiza II clfrtain n~b ••r of

poles and lI!Bl':!. of the o'IlOJl-rd.l tra"efer function t""'t aehi8Vll the Pretlcdbltd r"sp0rlSlh

The IIl!mnd llne deal. with ayntheoidng sn 1nterat.ge ,of p;re..edect.ed c:anfilluraUon to

.chill"'" the Pl'fterihed rellPOf'lSe.

Using frequency tra"afollllllion. the bsnetlass rllllP nsa sp!llCific.tio". were con-

vertl!!d into the corrl!SPllnding 1olOPass llPeeif'tcatl.clna.Ch8b)'llhav llPIlJ:CKimaUon "as uSlld

to obtain ••ntionlil realizahle t_far 1'unctionsatisfying the 10""_ lIPecificlIt.ione.

I'flolying 10WPQllIIto bonq,Q!l!l tranofol'Matwn, trane'er 'unction that ••et ban,*,aae epeci-

fint!on. was fbund. ThetllatlpiBBion pol" ana zetOo were divided -='"08t the inter-

Itagee r~termininQ their ~ber end configuration.

Wh••• each int.ehtQge WaBdesigned to ac~,bve onll pair of pal •• and t>olO ••• roll.

G single tun~d circuit relulted 'or each .interst8ye.

wren muble tuned circuit "'Ill se1l!Ctedf'or the configuration 01' the interstaglt8.

it _ tound that elthnugh the COllIpOsitecircuit was cap••bJ;e of rNlUing the desired
•

tranll'llbsion pol!'s. its tranlll'liepon ."'%0" wera not dividttd equalilf b"twun th8 origin

end the intinity !JI'the desired 2111'08were. Sinee th8 lOCationof .eE08 _I'll fbed for

thtl lId,.eted configurat.ion. thlll pole loclltionll WBraadjusted to thtva .~8tricol relJ-

ponse "hout the cl!lntra f'requ"ney and tel keep pa9sbtlnd l't!SPOnae within tolerable H •••it.

Two ellG!'IPl",s. one for each trle'thod, of deaigning transistorized banq,aos.,.,u. ••
fieI' were tumished , prototYP"1lware crl"Btructed end their Measured perfoXlT"lnCt!lI ••• raa. llI)cpact"d.
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Elf:CtllOnicci:teu1u I'lften delIl with .tgNl111I'lf diff.rent fr~enciq.

rl'lr ~le, the aigne! if¥)ut to an audio circuit IIl8Yhave ~th high end low

"diD f'retlUMlCl..,,;en r:-f ebcuit can hove II ",ide range I'lf l'IIdlo frequsnei".

in !til it¥Jut: th. audio detector :l.nIIIrad1ohtls~th radio fnquencln end AUdio

f'raquenr:i_ in tha autp",t.

In llUchIlPP1:l.ceUoft8whera tha eigne). has coqaonlllltaOf fraquencie.,
it:l." UtlUellyneCfJllllaryaithtl •. to f'awur or to mjl!ct ane fnquency or IIIgroup

of fnquencillll.

Th. frequency chancteriatica of certain types af networke een b•

Sl'P101l1!1dto ISlPlJrata"'eVllaof difrarent f,riIqUt!l'leislhThe allPllraUon IIlQYbe

aUsct"d primuUy fOr the PUrpulJllof all1lllCtinga _il'lld bend t'lf fnquenc1ltll

I'll' fbI' thll puxpositaf njecUng an unde1d.ll'ISdbond. Selected bllnds Ill'll called

pellS I'll' tran","ll11"Ji,onbandfl. ""d rajllCted banda ara cll.lbd ebp or .ttllRuation

bands. Anynetworkwhich pDlJlJ"IlSIfBdefinite pzupartie' of fnquency d.l.llcri",lne-

tion and wMch i. cl'f)lllblaof slIlP• .,.Ung electric weve. of dlffCJ:ont frllqUel'l-

e1q1e called en electric wave fUtu or, IIIfUter'.

In te •• of thllir function, f:l.1tel'llcan be clanift.d • eithlllr 10•••.

pe•• 1.11'htOhpeaD. Alow-pase fUter ella ••• thll lowe.,..frequencyCQlIl)On.:nteof

the lr.plied aignal to deve1cpoutput lICZOllGthe load while the hillhu frequen-

cy C!l~nl!f\tsare attllllUatltd Olt reduced at tha output. Ahivh-Pllll8 tU ter cblllll

the oppoeite, e110wingthlllhillhltr:-frequancy~nente of the IIIPpl1l!daignal

to devs10p lICllOellthlt load.

In ordar to 111111<. tho tl1udng !lIOrit .elective 11' ttlZl'8 of which

'rtJqUlJIlctesera pllSll.!ufto ptoduc:eoutput wl~. acmsa the lc"d, tUter

•
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circuS. t. glll\lIrally CClIIIbinainductanc8 lind ClIPlICitence. SinClil indueU ve react.nce

Incre,,"" with hiql\llIr f'~eift$ • .mUll cllPacltiv. r!tllC~. dcr •••••• 'the tw

lIppa.U. effects I.""mve the fU tell:'ingacti"n. Wit.•• COlIlblnllticn of Land C. fU.

tell:'8 erB !l£fIll!dto COl'!'II!sPond to the cill:'cui t col'ltlguratit>n. The met comonn type

ar. t1'la L. T and n arnn;-'lt ••

,. Mgh-opa.. fU tel' cnn be c;olIlbl.l'l"d with • l_p.alS f11tar 'to pUll t"-

bend .nf frllCluenciea thttare not .topped by.J.thllr cbcuU. In auch c•••• the =-
bin"tinn i. called • band-opu8 fU tllll.

Tuned circuit. provide " conveniant lI"thod of fil taring • band ot radio

frequenci ••• b1!e_e relaUlIltly ••••11 valUll" nt t. ond C ar. neCftl'l~ fer I'Q:jnanc~.

A tuned cireui t prev!dea fil tall'ing lIction by .,,""'. of it" lIald- PlIP0ll\!l. at the

1I:'88O"""t fr.,.uaney. Thill width af' the band of f~ •••• ttClCtad by relOnence dep-

IIf\ds on thlll qIJlt1ity factor2 Q of the tunlld circuit •. higher Q prollicl1ngMar_l/

blll'lo"idth. sur:h'll tllria lire elll11cd band-stop or bend-pllss fil t.r •

•
Thai'll all:'8tl«l caqlfttitiv. IIl1thodllof filtu dnlO"'.en•• "'8 originatad

by 2l:lbal end is _n knoWn •• thta 41q1l...".r ••• ter ntl-cl.,J. The IIlICIlM "lte originated

by Norton lind l!lInnatt end is known all the 8lU1Ct lIlethod. Polynmo:la1. lI'ltihod. er 1nau-

tion 10a8 MtI1oJl.

The lhqll-Par_tllr thllllry 1'Utorb basadco the pzoperUeo of tran •.•

••iuion 11nn. ", 11..,1111 network with lUl11PlIdCOlllpQnl!ll\ta is d«lcdbed in tlt¥ma of

tMa continuous Dtruetul'll. Savlll/llIl of eue" elllll8nU1'1Inatwotk. with aqua!. cheAl>

tari8tieta:ntlinal ~d8ne"., comoctsd together to produceee_in of ll1ddllll net-

.ozk•• will poD!ilU$ G tnn •• iIlIBwn eo•••ttant aqull1 'to th. alA of ell thll individual

t~i'lJian eonlltontSlof tI'IIl e1ll!llllfltl!ll1l aec1;ion••

Th. ift>aga-par$luter nthod ftlt_ to be in di.r~ute fIll'Ungthe notlolDtk

t"-'rieta partially beel1tJlllI! of t~ eut-llftclootl'.v Mllthod that is inwlVl1d and partly

bet:eU!l8 of the rntrictltd frltllc:l:mlof' deaion •

•
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Pol~ Illethad dell1$directl)' with effective per_teh and pl'OVidda

enll1eQlllI'It. 1I01ution to the Il'PlOJCiooUon pr ••h1.tIlI. This IlltItl.,d 11'1V31\IQ the deter-

adnaUon of en gpp&'OlIIimata utianll1 functianS ttl ftl)l'8lIent the =ivi""Olnt or

the trllTle'ol' i""edllftCe of the natwark the fmQ\lancy nepoflll. of which IlPP&'OlIIil:Iatn

the deeirnd on•• Solution to •••.•lIVPl'Opd8tGl llPPi'ollilDlltinn pmhlsn ill thus firat llt.1l'

in the dnign 1'1'OCedul'lh rt ~.:ldB the mUonlll function rllPrnl"'eUcn for the

"'•• ired %ftI1""se ehareet.ri.Uc of the notwark. The ollCQru:! llitlP inw.\wc the Z'lIalh••

UD"of thi. ntiunsl f'unctioninto ••nlltwd< uf8ll!1eeted COnftll\u:lltion. tIa~.uN
the nUonll1 function ah:luldbe ltlM%hthat 1t is Il'n1bable. The lIPPZllld".Uon p_

1:11. $.a thus cont::lIlrnl!'dwith thlll Cl'Instl:UCtlon of •• I'.UoOGl 'uneUon fulfilUng. on

tlie nn. hand, the l!PPJ:OP1'1Bte l'I'JlI1il'f1bllity condition •• end 00 the other. thll c.oond

of' the 'liven data reqardingthe perfOlt1l;allc. chIBl'lIctorleUce of the deb-ed nlltwad<.

~en '" fil tv cit'cuit containa fICtive ell!lllenU thl1ll1l1tol'. feR I1lt/lfllPlo, it
t. clllied en acUve fUtor6• Active 'llter confi9t"taUon IIleyvery .,idely. fbwllVer.

P.l0flYof t!;""" fU tel'lJ liIlIYbe looked upon ". I:On.t1ng of 0 chatn Q#uUve e1ell1ll1llte

bat_ each pair of ..hieh 4!lpemva circui.t. called "inqratag. n.twodl1, hllllt been

IntMPo.elld.

This .tw:ly is lildttr.od to th:l$llI llCtlve circuit eonfiguraUll". tt.t .<bit
of mpllreUoninto 0 nl~btIrof .action$ 1n Buell e ••ey thl th totel t_rel' 'unc:-

tlon is 1l1"en by thG prodtmt ot the individull1 Uanster f"ncU .••• of the sact1ona.

end ai"' •• t .ehiavinQ liU'f~Gcdb••d bent%JlII!IDf'rsquencyreepcnu tor the fUter.

NlIItul'lJ0' the 1""'_l'lI"'']lt netwop:. ;lnd the eireul t &1..."t:" tila' 0l0daJ, the
.etlve el""ent. detelt1l1ns the "hap. otth. OVllIl'-IIU character10Uea of the fU t8l'1"

The InteJ'lltltOlIJ C~ bill .yntheaiz!!d for lIl1y lIPeclf.led tilt ••• ChlllJ:IICter1sUc •• Such

veneral considerations will Iud to nntlondl. of vuying oonflguroUlln •• LhdtUng

'Uta!" 1:1'eno1'Il1'function to II clan w111 l'elltti.ct the nBtwrk. 111.110to CBrtain

eonfl;ur"Unrna.

The tranllfel' f"rn::Ur.mll of' the .tntsretllGf' Illltwl:lrk. oUllt bear • .,.'init.

::elllt1ooodth the llvl!l'-1I11 vl20efar f'uncti'ln of the fUte1'circult.bDcauu the

•

•
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interatll9. n.twoJ.'k. ere to be \/Slid to nfl15.t" the 2eZ01t and the poles 01' the OVltJ:'o

• ell tnl""'erruncUon th.t achieve the pZlIaerib"d rlltlPOOSlh

0,," ttul p"ha IItld 2eZll. of' th" traf'llJ1er function ot the ILl toI' "ra dater-

I!l!"edto HUo'y thtJ Oivlll'llIPeettieaUona, finding the tnnetn ,_tion of the lndi-

vidue1 lntullt.,gu dllpandsnn their ftlIPecti,ve polllU,," "tth ftIlIPect to .t.ha total co•.••

ti.gul'J)tinn of th" tll ter """ on their fl\IIl'lbar. The c!'oSIll'l ttl tar canfi;urat.lon !ll such

that the product cf' the tNflllf'"r functiMIa 0' the int1l1'Stag•• give. the oWJ:'oall t_
. '.

"efer f'urlctinn" ThUlls"wn! of the cdtical f'rl!lqUanel.eof the tre"efar functions

can be •• lIlcned to an lntftrtataO.tor ftlIllzot!nn, eubjct to the condi ticn of hlll!-.. .
l!lib1Uty. The '*fey.fie pol_ end zeral!l of the transf.r function ot the tUter are

dividRd .,ang.' the intel'steQe!l "ill det~:l.n. thlIir nUlllllerrandcantl.gurat:i.an. If

1'Io",.vel.'the eunfl;url'ltion 0' the inter.tag. 18 already selected, eo th.t tho nature

of 10cM.on and the !'IIJ'lhol.'or the poln and Zlltoll of' ita tr_tt!r function aro .,bed.
the criticsl freQUeoc!o 0" thll OVItr-aU tran.fal.' fum;tion .\lst be CCI.!lPatiblawith

ttl-. lrt BCd!t1Qn to aatu"yil'lg th" dmaign 1lP1IlCJl1'j.c"Uon•
•

'the peX'amr,:ero of t.l1lCh.l.ntl!t'8tege c:ldpftnd on the poait1Qns of the poles

lind thlt zero. that hav. bftGl1eulpd to thlo.1:-o. fO:l: realiutiDn.

•
•
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NT!!!llSIMA nOIll

,-
tn "'eny lIIlP1:lcaUono. aueh n in actilllJ fll\d p••• iva electric: fil terti. U

h nquire-d that the lllaQT1itudtl of thlt tl'ansf.1' function ba itlo11y ctlostent

within a certfJln dl!!lIind fhqUlll'lClf I'lIlnge. called the peaPnd. and idul111 :raro

over the I'Il.t of the fhClUlII'Ici.. offered to lII!I the atopband. Such an ideal. llI.go-

nitul1e rnponsa fbI' low-pesli~bcl:'k. 1. etl:>Mn in f19.2.1.
Iz, 'l- (J.I1) I

1 .. .

--PASS l2JAN()~..oo!t'--SToproAN.D~

L -l --<o_.fL
o

/
j/

1'htt tren.fol' function. de1Ieribsdgrllllhicclly in f10.2. t. 111 not phyaically

rulJ.zable, t""re1l:>I'll ene een Im11attr..pt to find ntion.l functions ••hich lIPPm-

dllllte aueh behaviour. In _. ether mpp1:i.eationalineal' variation 0' tha .,nQle of

•• gnituda funetion with frequency MOYblJ ~d. Here again. a nt1unal function

feU. to nelh. IlUCh Ide••l b8haviour arnS on. _t Z'IIllOrt to epprald.llletion.

A I'II.DbIlI'of di "lInnt •• thods Clltl be a<:qlted to lIIlpmlll.llts ltJeal chal'llC-

tariaUc shownin '19.2.1 • nlllllelyt

(1) by tnU lIftd utlu.••••hich UlIUfJlly lellda to en _I:' eul'l1lJ of a generally

oscUletorll natt,ll'lI.

(2) by Minilllb.Uon of' the "',,_equlllreerr<u:'" which llivn IIlDreor lealS the
a_II type of error function.

en by Taylor ap;>mximatl.on-which giv,", eubatanU.Uy ze;ro ez:tor in the

vtc:initlf of the poi.nt O' •• KiIllN lIPPl'Clllilllatwn •

•
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(~) by OuttUloiCll:-thapprollilllllUcn' ",hic:;h gi,," 1lllIx1I!lll11ytlllt "q:lonall Ilnd

t.n II 1l!'ttll DheI'Ply DutUde the lIPpJ:nxm",tion blind.

(5) by Chebvsh•• applOnlat1on - which givl!lI liQU1ripple J:c~. in t~
IllPI1Dt1fl.JJlltwn bondei'll! raU& iI'~1dly'ogt.ide the IlPpmlCillll!lUon band.

,--.

I.

l

•

One of the ab'J•.It llIenU'lne4 lllllttqdp allh be USad to IlIPpmld!oate the Idul

ahat'lllCtari.tics. en in practiee. raquiJWllel'ltl!lan lIVeh tlsat thtl lll'Utu the
.haspnlrllll outll1t:le .llPPftlllUlation band th. h.tttlle thePIlI'f'oZlllIlftClt 0' thlt ay.t •• to

IlIhieh thlt til ttl:' ie inau:pol'atard. Thull by U!ting the l".t tlfO Illatl1odB. •••• cen havlI

bl!ltter _1 t9 c:aq)llrudwith tha other m.thods.

tn thi. c:;heptGr. ••• lIlhe11 dirleUllIIonly the Butt_l'th end the Chebyohav
IJIProlllUtlJtion.

Ths appmMi,.,linnprobl." to be solved 'l"lIl1 be 10Q\ced l4:Ion ••• that 0' ~p_

xiJnetlng " constent,ovarl:' a tini ttl r.nge 0' frsqultl'lC1eu. To .tntl':1d!~11 th1ll c:lncept.

we ehar11 eonsichtr the icitW. lIIagnitud. chatllCtel'iatic or thlt'ltlWoPen tllttl:'.Conf'Jl,.. , , ' ,

td.ng .tt••.•Uon to tblt 10"""1111911til tM' is nat a::l hDtrtcUve •• it 1IPP1l!lr&at the'
glance. ,inee by UlIing _tabiD f'req1JllllCy .thnaf'Ol'llllltion we cen eonv"rt the lo""'"PlIlllll

Ill.i tudlt ftPpmdllll1lt1on to • btghoop.ss. btmcttau 01' band e1JJ'Il1natmn eharactu-J,Dtie.

C:moide!r the ideal mogni.tudllt chal'llCtlltiaticof' II lowoop_ f'J,1tel' .hawn in

, 'ig.::!. '.whlttllthelllsgnitudlt 0' the tnnsfer AmpodsnclII .•.• plotted illgainst pooiUve

velUMoftht! !telll, f'l'llqUlIII'c:y.In tAis plot .11 aignll1a with ~all inthtl P.u-

bend 0 f Q ,{a. IlIrt1l ~llfJlittlld w!toout .10118. wherltQlt .i."puttl with froquanci..,. JL> 0..

yield zem output. rt is k",:,WIlthat ,lauch a chrilractlU'iat1c (bIceuH it lIqlIlI1,It.1O

QVlJt 8 non-ztU'O nnga of frequ,,"citm) £e lIntl!.11z ••bl. by • pt,ya1cal nett.lcdt. so

that i t b~lJ' nllclllJ1iI31')t t:l lIPproJdr.leta .it.

Thft function be (ng l.rlQked 'or lIlU8t lIIPPl:tllCimllt•• COl'lllltlint in e••ch of the

two ranglhl unity in tho r""ge 0 f. 0. f .Q d l8Ild 2UO fol'.Jl. > it.. Trua .I.l' thll tunet.l.on

• •
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••••••••.•••(2.1)

b UlI!'d. it 1ft neeeesl!!'Y that

Ar! (it) L.L. 1. o•.Il~1l-.

Ar! (.n~)// t, .fL;>!l.

1-
l!eU_ th lIUlNlltlted that An«fl- )

tIQft. (2.1) tho". bwcc_

.,,""
• .fl- be UlI!'d ea lII'l llPPtoJdllatlon. The

••••••••••••(2.2)

The rupo"". f'unctloll repl'Ue tlld b)' lICl!'.(2.2) La Mown Cl3thl- nth-order

Mtaw:lrlh all' WIa1dMallv netl'! low-p."e rt,lIPon ••• IIIld 18 En t';l;>rod.r.!tltiDn to the

ldNll rrllPO"". of' no.2-1. The fttltuX'lt at thtl 1PP1'Ollaatlon functiDn I.e II-' t_
be abee%'Vlltione,

J
U) '_ the blrlom111l 1ttD'1•• upandan 01 .~1'IIIIsicll LI .•..alii] (It- ., we -

thllt fttllSl' Il. '"0
r "1.l1,-"i '1.)'\ '1h...s:..n:.'7C, .•. n?~J'/7.-= (I +..n.. J = 1 - t (1::-t %.n.. - (6 .,. - •..

(2) The ftl"'Jl"litude I:tt2 (jJ ) I • 0.101 for aU n.
Iz'2-U.Q) I

i

1htt "'Qnitude 01 :tt:! (jill p1attltd eoe1net t~y Ale oh:.W' ln 110.2.2

f'lIr n • 1. 2, 3. It 1. ab•• rvsd thet the chal'ltCt8rltlti.c 1. IIIOnoton1c1n both the

• •
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pH,b"nd end .ttlpblllld. It i. 1I111'lclur that the hig""r the V1llue of n. tha

9"atlll" the dlfgrH (I' lIleldlllal natnell!l p(lq1bl ••

, K -1. 2•••••••••••2" - (2.4l.

1hft rootSD' eqn.12.3) are ~tv80 by

:Ill •. n .1 rrJ n4 •••••• 1-

••••••• ,(2.3)

'he pol•• ,on ~bteinM lU'Il lneatad on •• un1t dral" in tho e-plane and have

tllI""etry wi th rlIIIPftCtto b~ttl the real oM t.... iell\1il'lery aICelh Pole lcC••UQ~tll1'

_. \'Ia7.. lSI'ld rw::; "" .hi:lwn in till. 2.3.

\'Ian.
( 0)

j-!L

,..2
Ib)

jA

\ "< b
\ /, /
\

/
/ \

/ \
/ \

/ '

,.3
te)

1
r + n.'f"

The polJl"Cl"'ial Snt,,) ot d"1l1'llll n ie now tal:lftGd eueh thet it po_ •• _.,pll the

left halt plen. critical fr"quenelell indicatlld in tiO. 2.3(.). TheIlOllinelda!

flnt-a) nall thttr•••fore. thtlrdlleininll critical frllqUBnctltllof '.to.2.31.) .which e"

•



'."-,~•.. .,

.,

. ', #

•

.~
, '

1

\(0) \(-a'
" a .1

(.02,1'1. ,1 + ,

.-
, .,

1.
Oo.-. r--a 0n.

-~

Thus %'2(1'1) 19 an all..pol$l'atitmal functlan. ita polee be1nI:ijJle aline
1$ thooe of _left hn1f pl~pn1eliof 9uttenorthpo1~ •

•

. ".

2~2 P2e!?lmh.w PM)I!pj!1alp in.mpmdmatipn!
\ :z,'DtJ-'1.)1

1

,/

,... ..•.
o ..lLo (

I"t9.2.4 IAn m:om!dlnsUon wl tkfZGui ••lUppll!l in the PO!JGbond.'. .

An epllmldmaUon thot glveali \'Ofilt'e Ul't1f'orm eove:rooe tIU:ough:lut the PQllbanl!l

is the oseUlaUnO tlno eho'fl\ in fig. 2~4.- 'fh1l1li1lgn1tudo htlPOnalll vai'll!Gbetwen equal

ma'dn>um' llfti1equol mlni_ valUl!e tn the poosbend llI1d dllChB9es l!r.:Illl)ii!:lnicollll' outmi(\&
.. . '. . . \;I . .'

it. thg plot ill thuli said w tmva en e~-r1pp18C or eQUl-ripple) tlharac:tol' J.n the

pallblllld. Such e charactedetiClilith equal petlks and vall~m.lo' ba abt6fnBd .tINthe
_.,

U!Jeof' Chabynhl!lVpoly!1(lll!1alllh .
I, ~\.. ....,

Chp.~hlJv pol~l!luleqQ knc.n) ere defined in t~. of' the real variable ".fA

b)'thl!l et;Uillt1bn'" " , •. " ..- -,.~ {
--~ ..•...•.
'.,,. ,/.

•

•
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.1 - .--"--c (.fL) • Cos ( nCOG ::t'L) •••••••••••••• (2.1)

n. ' .

where n 1ft II polli ti lie intll9d dftnUting the ordsr of' thepol~a1 en(.Il)•.

Thll,lIllPress1nn co.!n cn.-h) lOftytllISUy b. p•••t into 1'<1:ognbsblll pol~

nomial es fo1'lowlI'

Let
q, • cos-h

1IO thmt eolt cp • .fL'

Clllll ( n .11 <P • 2 eosn</> coucP - eos (0-1) 4>
Ite h!!". the ,reeuusnee foltlllU1l1

C «d ( (.11). 211-& (.ll.J - c l(.fl-)
"+1 " 0-'

•••• (2.9)

•••• (2.10)

Sines Co(1l-)-I ""iI C,(.n).lL fltllll sq!1.(2.1). other ChebyahevpDlynon.iw rney

be found byUlSingeqn. (2.10). ~

'+I,

••••• C2.")

-I
. ,

-1 JL
,

-I
I

: +1 i
, , \~, ,,

Sevnai USe1'UlpzoPllrt:i.SS of Chebyahnv polllflllllli,lI1a ere OhcMl'l in
c~ c~
H_______ 1 '!:.f _

, .,
I,

. .

•
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The ttml. of the 1101~e1. are ell located in the 'ntel'Vel -1 £, (l .•.1 IIll'ld

within ttlie lnt.lMll the •• ldlMa )te1ueattllind 18 +1. thll ~ val_l J i ••••

ICnl Ie 1 for -1 f 1L~1

Out.lda of' thi. interVal. the qgnitude of 'hlI po1~ie1 bec:o•• velr11org. in

c:oq:larillOnwith ""tty.

Since the po1~e1. ta'" on ntlQaUvee. well •• poD1Uvevalue. with

•••••• ebeolute vo1u. of unity in the pullbend -1. 4, (L ~ t. the,v on not

.uUabl. by t •.••••e1Vltltto appmldaote a lOlI;lft1tuda"",cUon with (I value of unity

tn the p•• abcncl. I1etthell therefore UIJlt II J:1pp1efector £~ ell II cu1UpUer of the

~re of the ChebyahavePnlynotd..l in order to lbllt the ...,Utuc!e of it. aac1-

111oUon.Toobtll1h the ev••.•funcUnn thot ie required to. the ftClRltllll'ltationof •

eegnltude chllrecterisUc. weCI:luldu•• the aqtqra of a ChebyehavePolyrue1al air

1'o1yrat11iel.0; arder 2n fbI' n • 1. 2. 3 •••••••

TNa • flM'Ctionto "';:lrolda~. the idnl looop_ cherected.Uc of fig. 2-1

•.•••the aqIJtIrlld•• gn1tudot to••

•
t +

1.. -
C C 2(11-)

n
ie .h:lwnin 'iO'

• .........••• {2.12)

have
C (01 • (_1l.",2 and c I. 11 • 1. n even.
n n-

C
+ ~, +t;,(0) • 0 end en - 17 • - 1 • I' odd •••••••• (2.13)

The•• 1l1lIlUll\lDl~ of the rlllPllnae in fill' M ie unity and thie value

C'lrrapondll to pointe afJL"""ra C (11.) • O. Tho IIIlIJId.1wD value of the 1'1!IIP0111S0 In
1 n

the p.1!.band ia __ • occuJ:'1ngwIWlICn(Jl.1I .1. n-/Z,2(OI/ia unity
-J IH~

fbI' ell odd n and t - tor all 8\l1li1n. 51I:lUerly(Zt21111 • .•.•1__
V' 1.< v ""i. £""v

tor .11n ll. tahoWI' in 'ill' 2.4. Tho ripple width i•••dlffR'cncD 0" lllaJd1lla end

\111nhle 1n the p.uband "'IIYbe IPPmlllllated for _ell t" by

•

•
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ror 1arve v.lU1llltof A •

1- 1 _ ('l---,- .
II %'2 (J-41 ~

1. rrn ·11...771
n

••••"••(2.15)

rmm the lItat two equationa, ••• Clift conclude thet the puillllibl8 dppl. width

fix. f and the rat. 0' of the tDagNtudafuncUcln in the .topband

Th. polea of the Chabyahevfunction of aqun.(Z.12) ara IJ1venby the

roota of
1 + f'l-C 2 (.iL) .0

n
••••••••••••••••••• (2.16)

Thenthe pol ••• of interaet oet:UlrtoIhen

j
C().+--:-
n - <

••....•••• (2.17)

L•.•t. JL. eo. • where ,I. u + Jv. thM eqn. (2.17) bcCDOlllll

C (.ct-) • co.(neor1Sl--) • co.., •• co. nucoahw - J ainnu ainhw. + I ••••(2.18)
n - t

1
+ --- f

••••••••••• (2.191 and
••••••••••• (2.20)

or.

!lJnc. co.mv. o. flOll eqn.(2.19). we"'.va manu • 0

1 nu. ;--(2k-l) ,. • k. 1. 2 •••••••••2ft •• ,,""""""(2.Zt)

-1 1
nv. !li"h T •••••••• (2.22)

1 -1 1
•• -;;- Sinh 7

•

•••••••• (2.23)



; : ..

•

S••J-'l.. ••j ClClS(U •• '.1\1)" ,ices.
i I

.....( 2k-u. ;.(.2.24)20
. , . ',\c, .ct, 1" 2., 'ft ••••••• ' ••••• 2n •

•• ~•••.•• (2.26)

• •
. '-.>

-...- .•

•.....
C>;lending thiS! ':eQilt'lttan. the ptl1~11:let.lUoniJ\ "'::7 ",+ .'lAO<.. orB found to be.

'2.."," ~ Sinhe ail'll ~'+¥' . k ';;;1~ 2 •••• 2n ••.•••• (2.25)
. .' ..' 2k 1.\ .d

on!! -n.. K. •• coll1'lm cosf .'n- .~ !L/
i .. ' _ ' . . _.;,'" I ,"i

Squoring tho" elOPltetla1clne end lidding ~1Bldl
. 1-, '.JL~ :"-''',
~ .•._-l!---1
Sinlll'l COshIt •. '.

, -
Conlll&1' thetretll.'P."ClI J2..",. coelho il~ whiehthis tJ11£pee CrollllllS the

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

imaginary ailis .01' the Ilo>p1l1l1le. lit this fl'eqlld'lell

. en ( ~.,(), ••: coohn eoSh~leotlh••~C:oBhne <•....••••.••(2.21).

. _( f ' 'I ,.1
&:t I'le _ $,10'" -- .•• .t:rllil t, (

. '"
1 . t '••• ( . .11-) •• (1+. -). .

'l1'J- c;{ '. t.v-

1 •.. ~.)y~.
;.'

, . , . . ,~
•• ,•.e _ •• ,••• t'202t))'

.Thent~ ml!l(lltitt,jde~ol1!le 1%'2Ihos thl!lll$lue •

. . 1
,2
(.1 COil,,",): ' •. , .' .. 1 .'. ....1 (:ti! 30). [i.c"C 2(cosha)]i"'L--- -(2 .",~)"r-'''''' •.

n ". , .. ' .

•••••.• (2.31)

'.' ..... ', .. ,.'
.• 0.701

E t..t.. 1ror ..
t

Z,2( j «:osha) •• -
-/2

l' , ' <'

which J.II the .hall' PnIfl'lJ:'or thlte:ut off froquencll of' the ButteftDrth responso.

SD ,:!illCall i cornp~t'fI' tbl!lBUtttiMtth r!lilPan,ui~t f~ency J'L~),.•'With Cheb;sl~ov
It' '~

1'eI!lPOntlll!l e1Vf'zeqlIency .11. •• coshs. , , ',

NoI\>ll'l1bi."Gthg frmluf!IMCY Iif'WB :~~hlJv 'JIeSPtlnee 'by the'fector COGI'u!,
I '. -- .

tnl!nthl!eqn •• (~~25)bl?~.ll. : .

. ,....
\,

i'.'-.•... "

.•
.•

( --".
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•

I C 21c.l )£0- _ • tanhtl IIln -.-.-- ••~ • n
.a..
2

lIl'd .a;' COil C l!k.1
"'- n

I ;. ••••••(2.32)

",. pole locations 7"01' Outtetw:lrth C1lI9. with n lIVen.

K • 1, 2••••••• 2n.

K • 1,2, •••••••• 2n •••••(2.33)

Ccq:lerinll llQfl.C 2.32) and (2.33), we can aay th.t p"les ora •••• excllPt

that the .1n. ""d eollin. ter<oa lire intarchengad with di1'fu •••t lllult1pU.IIJIlI.

b

6

and n-3 given by eqn.
~

2.G nuU_l"th pole location for n _2,
J.fl-

rig.

Th. pol. loeetione for the V"riOUlIl K found f%Of., eqn. (2.33) .re eh<!wnin

1'10.2.6. The c:o~ndinll Chebyshev pole location. lire ehown i.n fill' 2. 7 with

diff.rent etllrttng .l!Olnt and II different di.x'ftctian of JOtation.
J~ j~

2. -..... -
<

.-'1

•

•



~n.iog the rIg. 2.6und f'lg. 2.7 forthlt eAallll /'1112IIftd /'1113.ardve at the

follOWi."Q proclldlln to locote the palea for the ChebyshlllVcu", I.o.cetl!! thepolea on

• unit eircleuaing eqn. (2.33). ».dUee the imaginary peru eo obtained by M~tipl-
yino by tan"e and tni. bet:oItes the ;reel part for the Chebyahav cne. n'e Mal part

fro", eqn. (2.:tl) ie the ueglnary P•. t for the Chebyshev callIS d1t'l1C~y.

aut bllCliulleof' that different order of eppear"nce for the tlIiIO Cll9lJ8, fig. 2.6

and flg. 2.1, thie pt:~cadure itII ei"*,l1Ued 8lII I Locete pol" fbr tne Butt"l.'lilDrth

Cdll UlIing """. (2.4). llsue. the 1'5 port by lllultiplying t.'lh •• but ulle the iMagi-

nary p••rt direet111' !"or e~ll!!. fbr the Suttet'lODrth pole " •• 0, +;1.,
the lXIrr!lflllOndinQ Cl1eby.hltvlJ pole is givlln b,y •• 6;tanl,. .+;1"", when •• 1;- ainl'r'1:.

How10111lire i." Q position to d.tUl\\ine tho poles fer loli!PlIlIIlt '11 tar. Then

poles IZlUflt b. tmngfbllll",d by II II eui-tablo frequenc:y tranafo11lletion in the flPl'lOP-

date bend in order to hl'l1l4t pol". that o:Iiv(I. th" pre.cnbad blIIn* ••• fUter chllrae-

tedetie.

Let p • L +;1 (L rtlP:tlI9ent the i'l'equllllCY 1'01' thlt 10"f)8BG funeUan and •• 6 +jw

ftlll'tloent the new frequency vari.ble 1'o;r the banq,allll!lC"M. It s.. nqUii.l'"d to find.

J'llllaUon

between th. varicsbb Il Qnde Iluc:h th"t x(a) Ol!J"t tonvert the haquaney rang. -I~.fl.~ I

of the J,owpesl!l chllr.etrietic to tll. d""ired f'~"'Cy 1'111'08w, ~ w ,;. "2 of the

band peas reap~n•••

II'fIlnowc"nllid!lr the lO"'Pass to banq,Mlll trans'omation. Th. lO1llpaag .UenuaU.an

ch.recteriatic which i. to be transfol'lllad ill Shill.'" in flO. 2.0. In thi6 trlln.fo11llation

WI! requim thet the pal!l band~ I ~ rL ~ 1

tive axi" and the other on the negativ••

be divided into , •••Ilb:.nda. one on the poal-

Since the illigi'll tude CheJ'IICtll.d.UC 1. en

•

•
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11.

,.

-1 0 +1
F'iO. 2.6 I Lo"9""attn-tien charactedstic.

bs cf the part1t:ullll:tpoint. tlt"""Gfn••••Uon na.dedll1'. Ustlld in bbl. 2.1.
Thes. point!' Ql'lt sl'r.:wn in fig. 2.9 lIlhich indi.catq thll nllure of the funetional

'Tpbl! 2.1

PointD in j 11._ad.

jo<>

.j1

(I

•

o

. relation !'$Q\lircd blrtwQn wand.{L. Thi.l!l 1ft atzongly 1'l!I8liniaeant t~ Cllrve of thtt
Sl.-= xc"')

+1 -----------

o

.I
/

I
/
I

•

•••~••••~•••••(2.35)



..

,

•••••••••••••••••• (2.36).

$Uhwtttuting p c ~ ,jt end ••• jw in .eqn. (2.36) \fahave

tJl2 _

•• ~. w .-w 2 ••0
k, 0

Thetolutionao~ thi.~tlon .•r.

•••••••••••••••(2.37)

+ [1
• ~t

•. f(!.. ,2 •. .). J •.....• (2.38)-".~,
f't!>lil t"h result. weholflt

"',"'2 •• "'3 "'.••• "'02
"h

• "'II - "3" ~ ••9,
r,~.(2.36)

"'0Pi •• "'=1] -(!. •.~)

"0 •

••••••••••(2.39)

Whsre "'. ill the ~etrlc llIll!lO!l of the bnno.edgti 1'a."eq"llnc~and e i~ths banOoo '
width of the PAllsb~d.

rIO'" equaUon (2.39)

o •• .:tl- ••...••••• (2.«])

o
Wh~N'k. -----

2"o

'"2 -'"', .. ---_ •...._-
2"CI

•••••••(2.'!)

If' thl! lOWJ)r.lll pole positions are given 1n p- pi"". wecan tJat~1rlll then
banttlesa pt'lIIitirJI>& if> 'l:hellcttJal CClllIPlex pille II by ulling ISqnll. (2•• 0) IlOd (2.4tl •

•

•



• <2.421

••••••• '•• (2.44.)

..

~, _ .1.0.+ jO.O

"2- -0.5 + jO.86G03
P3 ••.o.5-jO.ftG6B3
Th. CXltthPonding ItnoplillB Chebyahev pule" with t db Z'ippln (E ..0.34113, f'; 0.1220 )

Ill'll I

P, • .o.53OB9 + jO.O
"Z ••• O.:?65Jl5 .• JO .116603 ••••••• (2.43)

"3 ..0.26545 •• jO.86603
The poll"fl 0' ~. (2.42) and (2.43) .1'11 IIh~wnin fig. 2.10.

where 8.' •• _" •• 40 I(fh~
r. t

"':?, ').. ....,-n •• 4'15 KHI:.

" • • ;In• • 435 KHz.

, • ..Jf ••~'2'to .,,-- •

and "llul b. when mlftlolhad with Eeapect to

II •• .o.OO5U + JO.431ll4, -
II •• -0.01062 + jO.454442 -
II ••• 0.00551 + jO.472tB•
:I -

•
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CHAPTER -3

A GtNI':RAL rIb TER ClflCUII

TheUlle 0' l!!1~tric wlIIVefil tam in lII1ectronJ.cequiplllent has .l.ncrlll••• d

•••• quiplloll!l\tha. bott:o!'llllOO1'acot>:pleoc.Mlanllwblllyat•• operaU"nel'll1)' on fil terl"

Cbctric weve f'iUe1'can be c1aaeifbd by several. clUte""' lft.tMc!11o

In tllllllllof the frequency lIPect- t•.••y fOlJ-~be llltn"ed n IIUd.!.o-f'nquency, radio-

'nquancy. and InlcrowavafU till'll. In tlllllll.ot thto c.!.rcuit ennfiguretion at the

bulc all!Cleftte. til tel'll "'oy t ••• the a:ntigu1'atwn of a ladeer( in the ~l'llt ot
T. b or n) or 41 l.ttice. Oasll.l.f.l.eiion 1n taZ'!\l.of the character of the lI1_t.

ie eleo _"I LCfUters. n-C f'Utan etc:. If II natwork hllll en internal llDfl"Ce

of' -1"Q1I. it ••ay b. tlll'l'llftd" active fUtar. An IF anplifter te an eJlafllPleof an

ective nllltw:ll:4<.f'il ten with no •• ",,"ceof enlll"Ol(with1n thll net.wcu:l,are tarmad

PllDlII1va.

IIcc:ordingto the natun of their fl'ftqUanCYE'OllPone..the tu ten ClIObe

d••dfied e. low.-palllt.hio"'asa ."cl bantillllls. Alathilil at ••ely i. concerned with band-

1'•• 11lICtivlIlf'11tel'll • " f'ewof the lilnic configuration. of "a•• lve bantilaas natlOlOrkll

•••• eli.cussed below.
9land-paft ". A bllOd-p••• f'Utar (fig. 3-11 1I110w'aband of frllqUlII'lC:i••• t!lO,"certain

lower to '''lIer lil!litli to paltSw:i.ttout or with negligibla attenuation and atop. ell

~ outside theti8 .tooQlimits. Thia ~ilt1!Z'1. by f'1Uithe ~at inlportent and most

eontnDnly used in ttlectzon1e equJplftant.

II earl_l'lI\ItI"ent ctrcu.l.t hall 1llII~ CUl'l'lll'ltend 1Il1nilMn.edonee at the

I'ftllOn~nt~rlll;Ueney.Connected in aerie •. with At., •• i" 'fig. W(.). the •••d •• -

tunaellC e1rcui tallows frequanc:iea .t and nsar _nanea to pXOductl_ld .••••••output

ero_ Rtproviding II ban~.ss fU tel'.

Thll1'''1'011 al I.e eireu! t COMlICtfldacroes AJ;' aa .hown in fio- 3.11 b), aleo

providJm • b"n~.II!l fil tar. At rea:""."I:. tha high iJlpedIJcllof the parallel Le eireu! t

•
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fh

(d.)

L1'1
(b)

om
Cz_

C, L2

(C)

c,

(e)
'1g. 3.1 l!and-p••• filter circuit. (a) sari". nson"nt. (b) pllhl1ll1 ~t.

(c) Inverted ••••tW •• (d) Laddelt'otypa (e) cbLlble tuned twa.

allo... Rt. to devlI10p 1tit output e111"al • 8ll10.. Raonanc.. Ill- i. .l'Orted b¥ the

low lrenct.nc. 01 L I "bove J:'elIOnenca \ 1" ehort"d by the la. ftlGCtenc. of C. for

fnqu!!l\'lci.s "t Clndneer nacnenc •• though; \ ilJ .hunt.d by 0 Me" iJopedll!'lclI.

ruul Uno in ""l(itruo output signll1.

series-end pal'llU111- raaonant cUeuUe c'" be c:mabinedin L. T. or n
.ectiona to iIllpJ:OII8 th. fUt.lring ee .l'Own in fig. 3.1(C). (d) end (e).

In thie ch.,,"ar "''' will ."al)llle • 1l1lft1l1'111eascaded tr"""J.etodnd fU tar

cUcuit for baod-p"l1 eharect~i.ticII ."d the nat,ure .,,0 the Clnfigul'lltion of

the interet"o" that ere plllcttd b!ltwIJIlfl a.e" pllir Q f trenD.ton,

Th. q_Nl Getiv" fUter circuit under conllideration i. ahownin ng.3.2.

It Cln.iet.s of n transistora and n pOlls1vdI intllQtagea ",, "2' •••••••.•• tln•

•

• •
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Tn'

N,
A".D

fbi ASI Nl>

N,

r,

"lPlec1no the tnnaleton lIll1ththeir lnc....-ntal high (~ h~~id-n

IIlOdo'll.(lndUlIi"1lMiUer '1'(.et12 to ~1if~ ~. the 1'Utercin:uit of fig.

3.2 h rem""" in 1'ill.,3.3. It 18obltervedthet the coq>lete n.tloIDzi<1e no••
"I;

\- - - - - - - .- - -- T
I l H.. fv~/"Jvvt. I Ip--]<i:I . : tn<': l'i.,

c-~ I '" I
;.;, 1 " I".., 1\ N".J ~(j) ~" N.eli"> < ro: " '"

I I
I

I IL -

"ill.3.31 Inc~t.l equivalent circuit of 'ill. 3.2.

divided il'tD n np.ret. perU Hi (i. 1. 2, ••••••••••• n).

tli con.i.t. of intlOntea- H1, ou~ut ".J.etence of' (1-1)th tranaJ.et:>rend

the input ntd.t_. end e.p.c1tence of the i\h • trlIneie";r. [41 is \he

output volt"". 0' Ni end cnntmle the input C"l'lent Ij,fol<>1'the P;i.i.
,~ 1'ig. 3.3 tlie wlteQ' .em.,. \he load R~ c"" be lIl:Ut.., ('1S

••••••••••••••(3.1) •

\n\ere En+lie \he ...,1\elJe IICm'lI\he input 01' nth u-l.tul' end t •.:

ia tlie p.raUel cntnbin"Uon0' I' end \h. load R whichiB considered to beon II
l'fJIti.U va •

TI>tItren"1I1' 'unction 1.- of the 'UteI' ein:uit tt_ becol'lJOe
II

•

•
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VL
Ql')n En +1 \

• -----_ ..•._-- J11
1

IfDw tY £1+1 E
2 [3

1-1 _. - -
11 II 12

[
••..•••••• n.-l

In

_ ••••••••••• (3.3)

rftllll ~10. l.3, ,.,. 111PutvoltllQe £1+1 end the outflut c:unent 11+1 of the Uti

tnnlthtnr enl n1.t"d by

••••••••••••• " •• (3•• ).

£1+1
_. 41.". 't(.) ............•.•.•. (3.5).

J
1

SUb.Ututlll9 (:'I.").nd (l.5) in (3.3) • w••.•••••

....... ., (.)
n

tn+l
or---

1
1

PuttinQ C3.6)

•••••••• , Cil •••••• (3.6).
n

•

V:?C.)-- .
l
1
C.)

Wh.",',C.l, 1.1,2 •••.•••n. 18 the tr_fn funcUnn of N;. r:ro" •••• 13.1)

it ie obllSl'Vlld thoot the poh. ""d ZU'O. of Z12C.) er •• directly gJ.Vtllll by the cri-

tical f'l"lIQIJlII'ICi •• or thte trenefer function rioC.). Ther.fore, the •••gnitude of

Z'2ljw) en be controlled by PlDPerly all1ecting the pou • .,. ._ of '11.) •

•
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3.3 lfynth""ll19f. thn typic!!1 it••intmtaP,.1

A Typicel ith intentlll}' of th!! til t!Ir circuit ill .110,""in 'ig. 3.4. It

1e .vtr,lent from fill. 3.4 that hi 1tl to btl synthnbed in ~UChII way that thal .tnt••1'-
.tell' N.ll!lu.~_~~_1~~_~_~~~~ ~~ of j):ll ••• end ZIIl':1' of the ave!:'-all ttun.fer

l' \ Ni. I
( I £'.•.1 1

.~ I

J:,,
I,
I

, I

'- - - - - -- - - - - - - - - - j
I'"io. 3.4 , TWice! ith intGl'.tlllle.

Onceth" fUte:' epec1fic.tiun. UIlI furnished, on. con find rational fune-

tion IlPPMltWeUOn to it following II .tend.rd procedure.
. .' . , . . .

1'h1llway the politi! end ZNa' of th. tnn.flll' function of' U. fUttr IIlra

divided e-nOllt the lnterlltlllOlKI /'Ii ",Ul <xtulDin. theil:'nUlOblrr end configuration.'f. I10wllVerthe CQnfiguraUon of the intel'!lteo' Hi is pr.-.lI1eeted • ISOthat the

"atun of IDc",Uon and th. nUllb••:t of' thal pole. andzlJl'O' of It. thII"tlr function

ere fbed. thll cr1tiw fnquenc:i•••of the nY_all trart8f.r 'unct.l.cn lII.l.t be. . . ' . . .
c:o~ettble with thlls. in addition to ••••U.tying the dea19nllPec1ficetion.

The pmclltlUn for finding the palll$ end 2e1'0' 0' trenIIflis' ',,"ction thllt

liIlate the Oiv"" .,peciflcation haSi bllllll'l outlinmd in c:haj1tlir 2. One. thels" pol_
t.,., 11':'1'0'det.zminlld, the natlllCu;kll Ni Qf Fig. 3.3 twa to be eynthe.hl!ld ttl realize

thMle. tn tlii. section, a $yrithl.;lIIilprocsdU1'll is qiven for this PIJlPOI ••

Th. lcie"Uone of the aerall and po!.. for 8 thi.rd creell theb .••••hove band-

pan nllflOnse b .t-own in fill.l.S. Allor lJ pert of th<tn pol•• end zero. _.t
•

•
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JW

LJ""
~ @3

a.~ infini,y

o
'oA ;n("n;/y

1'" - "',
I .
I
I

I

----{i----- 6 - I 1 1),.1 Dr! gih

Fig.3.5, Pole lind"mil
locatJDne fbII' II 3rd order
Ch8bYllhev bllf'ttlr •• G relllo",,,.

f'iQ.3.6 • LoC;l!l~ion.o~ pol" and ZUOII
te.'b. rnUnd hy •• c;"interat.g ••

b. l'I!elhll~ bVinterllt.g. Ni.' In it. oilnplut fo:rm,Ni. mu.t at lu.t realiza

• piliII' o~ poles end ~ zertl. o. arown in tig. 3.6.

• __ ~' F_' _
os

Where a •
C

2
5 +., + "'0

6?-• wl'-', 01 .26,

••••••••••~(3.8j
/

This tranllfex- function la to be .ynthestzlld to nnd tnll interatego n!rtW()1:k ~i.'
The .ynt~i" !,mcedure i••.•iVflll belowl- .1'2

of"

(a)
(b)

F'ig. 3.7(e) .howe • ntt~JI< driven by a cuzorant lStluree and terminl'ted in

• load il'I!aietonce It. ror thia natwJl'k••• It wUl C01IPute%12in terlllll of the open-

circuit implld,,"cfJ function. Z11' t
'2

iliAd 1122of loa91ea. neWozll /4, Milking us. D'

•
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n....,enin'. Th"nIl>. If' tIltI lolld 18 J:8kl"etl. thtt op"n -cireuit output. wltalle

i., f!:Oft t"" d"fl.nitlon of

The TheV8l'lil'l's tl(\UlVll1ent ~lt£ht:1I at tuminal8 2-2' 1. foundby ~lacing tf'1a

euftllMt OOUrl:l!by en !>pen arcuS t. Thill £rllut illlpedanee is Z;!2by defin! ticn.

end the Thwvenin'g IlQOf,ve1entnetwot:ll La thlot Gho•••.•in f19. 3.7(b). fro", thi.

netlCltk.

V2-. • ••••••..•• ~. ~'.(3.10) •

If 2'2 is Ili"•.•n, "2. IIncl#22 can be fOlmd f'~ Ilqn. (3.10). 2'2 end 1:22 en'"

be e:1"thetliz.d by eny stendltrd procedure to "bt ••in the netwod: N•

••• "I!P. _ •••••••• _

"D. a,a • .0

",-
II ." o

It is evident thet tl1, nel1zlIti,," of 2'2 end 2~_
.tmm in f1<;. :l.e. where the 1.0ed i.R aleo u.

,
<2, J

•

•
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'..,

I/j . L.i

Ii

e/
•

..

I
I.
I
I

',1-.
I
I
I
I
L -'

rig."" ith interat~Ge
. (~difilld 1'ol'"1

; l'1g.3.10,Gernew for:mO'l' the i.th
, .. ,~~ers~ ••, . ,. " ,

,
\

1

the r«silttl,jl'lctl ~d thEt c:$aCltai>eeean be 'divided (III aha,"" 10'19' a.9.
, . #". / .

fib\<,ef.rt:uit of 'i9~ ,:I. \) ~;;'btes that 13fthe in~ra~1l4 t4i OlIl.hown in 'f'1g.3~4

whetel;. iB:l'~lacod by Q eepacttor and a induCtor in pRmllllll. "'hen oU the cepe-
Jl. .' '

d:ln1'!l stlll ~bined tegt'lthnr .lis "eli esthtll re9iswre.the (jllfllltal f'QZt> of tl1et.:-:- :-,~.
tntl'.mtG1]G Ii; i$ orown :in' '1'19' 3.10.

I{. S.. ......-~_.-..:.. - _.. .
2 . 1 .
$+-8+

R
i

Cl

..s ••
i.•..
• '$ -

J.

tI -.. ..__..•..--_.......•--

. Cot!Clllril'll.'l eqn. (3.n) end etll'. (:1.1;2), wI!: have
-""'".. •....

• - 26 •.
. --:." .... /

. I' .
••.~_.J

•

•
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••••..•• '(3.13)'" 2i
1

and -
liCi

T"-1'II1'ono.tho int.rateg" nstwozk ttli ) of fig. 3.10 can bo used to reelh" th"

polu and 1:"1'0. of fill. 3.6 and th1t el""!lI'ttl aX'll givan the 1lO1uUons of' "qn.(3.13).

TIle intOrtlteC}8 " •./ eo elllO be .,.ed in noU.zo two p••b of' pales IIfId four

1:01'0.of the c_1'e11 tl'll/'lofell' l''f':tion Z'2(.)' os slrnon in fig. 3.11.

" Gl' 2 0.1 /" ft"n Ii y

6

rig. 3.11t locaticng of pol. and ZGlI'D tXI be reelb_a by an interateo".
Th1t tr_fer f'uncUn" eom,;>rillinlJ the poles l!I'ld zeros of fig. 3.11 •••y be

052 '.
",••ittllll'l liS fits) •• _... ---.. •••••••••(3.1.)

" ;, 2
S •. -a" •. a2 a •.• ,11 •• 00

Whore n is • constant.

Lossl.IS
Ne{WDtk

N

tbuble teX'llin"t"d 101l',lass nlltwozk.

o ':/-• ,. :J --,----
• •• llJ" •• 112 a •. a,••.• 0

•••••••••••(3.1~)

•

•
•
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3-12 it.'ll'e1atlJd to the transfer. Th1!.trl!l'tltliGsU>n dtef'fic:ient tee) of fig .•
" _. '. 13'

l.Illplldlmc:lJ t'2Ie) by the i:e1etion~ .

4 n .'
[t lo)t ,(-81J~ co •• .:. '.[ (216) 1'2(-11) J

It. .• .
~2"-

- ••••• (3.16)

.' _, _.r~ ". _ .
•• 1'l2 •• 1.11...-end ~lI!1111 fl!~torl'~vedeqn .•13.16)

, .
.•.: :
. . .

[t (al t ('-1ll11 ~ •• [Z'ills)
< "~.

Z .. '(-G)l
12 . --'-,"--,13.17)

The ll'e1Qtionll~ be~ea•.•the tranlll'liiloicn COeffic::tont. tl !i). end tho
reflection c:oe~fletent~'Qlven . .

{?(9if~(IQ.:1 •• ~ (~) t (-G) ._~".'.,.,it.~,•...• ,.,.••• ,a •• 6, •• o •.•• (a.16)

rrom eqn. (3.15). (3.17) and (3.16). Will heve

. .
o

o

bj?l'J!1d,boc:nnbewr~ttM 'intoxmil Of.El;;' ail'!!' end DO
.. j""' ••..

o

6

. " 0

. I

•

. ,
The deMmi.netor. of pey 10 fOrmed by lilu1tiip1y:lng thuGS ptt1et'lOf the l!l<Pre-

ggion 0).19' >/hieh lh.£n the left h,olf plene. The zeros of' thelm1!!tlI"etcr of the

e>lIIll'eOsS<m6.19' are inqlJedl'lint tl)llm:'letl.,V, eo hoWl'l in f'iO'. 3.13. Since the

•

•
•



f:.._ q"- -'t::""-.
-/, - ~.

tor ~.-.. ••

r"
•• ~ •• , J.

:l .3D-. ,'~

rnJIleratot of' p (5) 'nasI! no; ~i e MlJrwf. tz Poll/l'lO'lli.J~ it in. foxmed %' tho .liflC1u--

sion of' Ii lZenl6l1dita conjUgate ant! .r4jec:Unll the "I!l1il'lU",. of tn.e ?:er.:lG.

---- ••'13-20)

v
....w... of fig. 3.12 CIllO 'be
L /1;'61 ;L .
, •••••••• (3.21)

••.Z,,(a)
1- pes)..-

1+ PC s)

Thll!!!p(~ csn be written as.-'
_ /I' II I. 2 .
ells 4o. CaB• C'28 + o,e • Co

. p (5).. m • - --_ .•••••----.-

II 3 2_
9 • l(jaG • B?,S' • 0,0 + Go

!,' .
The open eirt':lJit in\:lut~edactl

f... ~~

~fo~l'df'ln",the I.'$lntian - ;ij,(e), .
. ,

Putting (3.20) into (!i.2,);"wii'hsve
11 . .' 3 '. 2

(l-C/1) 9 + (03- Ca) e + (°2- (2) 111+(0. et) e + (80- co). ....
ZUlal •••• - -' -- - . .. . ..•'--(3.221

( 1 • elll ,} + ( Illl + Ca) 03• ( °2" e2) (}. ( tlIt+ c,l e .1°
0
• co)

AOell the trat1(\ll\\ission'tlllnlel1eet the origin end 'at the infinity, the
. i' \' . .

function of' "Qllo (3.>'2), ceo_be developed into e la~~rm,
. ;,-.~_..d

r:;'i
'l'heeGlBced@J of elWerq!.;of oue.,.1n~l'etallea gi.Ve riee to en ovex-all t.tenaf'sr

f~tion thtl will have evk.~er uf'),Oles. Jln .Mtra eifJgie tvnl'ld circuit c!110be
,~_. :,. : ,~'.., . " ~

U9!!dto me.lle the avex-all trM'llf'er function haw en odd n\l!llbel' of poles U'the
.•..'::,. ,:.~- .•..

.."•.,
In this Sl'lct'inn WI! anel:vce the '!buble terminllted netwi:lxl<of' fLg. 3.14 ~ Ii

possible eonf'tgurution for. the~terlilt,Gge netwoJ:1<Nt'.
. . '.) . v.. (..,. , .

Ii t R, e,l, L'L.. C'L 1<.'2.

Ftg.3.14 I Pre~el~tedeonttourutiQnof ith interst&g••,

•

•
•



Th. circuit 0' '.1g.3-14 't,.n be llilr91if'hd by eppll(ing Thavanln'. Thoor••• to

the left of the poS,nts 11-'" •• shown 1n 1'ig. 3.15.

7-a

rig. 3.15. Equivalent fDm otfiO' 3.14. -
R,

Where 2 • r;e
B

R • ..!..
t C,.'

R;r
'~.• - ""' ..
. 1"2.?

let Z, '. ls. SL,

72 • Z • Sl.CI 2

~,. ~ ~. Sit, -n:;t:1 whe,. It t. coef'icient 0' et.ll4'11flg.

,, i

Z, I, ~ ~ 12 • 11I.

~\t 11 + ~ 12• 0

• -(3.23)

--(:M~41

•

\ ;'~ It ls\
0 "I Z ,~12 •

+ i II" . 4D • 4.

t z "~'I, ~~ 1 2

:~ Z
••

•

•
•



v .12 Zo 0
••••••••••••• (3.26).

• Va
_dE

L

-.Z 1. Z
T M • 0...•--_._-- ••••••••••• (3.27) •

ftlw 1 [
It,

£1., (n •. 1 )]Z, • - •• -1 C,. .,' . C,.R," _
. Ct.

t. . It
( &2 1 1• -L.J Iii'" •• _ .. • 5 •• L7c,l

S( ", ~a)
£:, R,

1+ ••. - ••.
Cll2

....•]

1
.'f ~1 ,

1
~C

. "
1

I ~

• •'0

1 2•. • __ ./ ( 1. k )
l.,C, Cl'2

._-.---(3.29)

•

1'hlttran.'ei' functlnn ofeqn. (3.28) hss U.l twopair of polea .t fifUtlt frequ_

Cid and .(it) four :earna- nne at the origin and other three .t infinity •

•

•



The pole diet:dbuti.,n ie lIimllllr to t.nat of' I::t>ebYllheY 01' Ilut tel'WOrth

btm~D.lI 1'l!!epOI1GII,but thll :taro distribution 111 d1tr"rant. In !lutt_rtf'> or

r.",,,hyahev IlIJI'c:tIlIIIll nllPonsl/l the ~er,'lJ lire QCJUally divided between the origin

1IfIdthe infinity of' the a-p16ll1l, whermlsfor the clise un~ contlidoretion they

U'tl not. As the nU'llberof 2elOl!I d infinity i. 1111):'. then t~,lIt '" the oriQin.

the f'AqUltOcy rf!llPllI1!l1t or the nBtwozl! of fig. 3.14 ",Lth the!;>YlIhevpoln. wUl

decrease eheYfl1yafter the CtIl'ltn frequency ell the input fnquenclf 90 on incr-

_tng. Thus the eiJ:C:Uitof fig. 3.14 p&<Ivideswith en unlly=tatdeal f'l'ltquenclI

Z'flPOMe eherectltri.ticlI " II!~ in fig. 3.16. Aathe lOC.tioB 0' ths ZIn'OII

ere fil<l'!dbeeause of 81".1ectlldeenfiguratilln of th!! intel:8teqe. the pole loca-

tinne "ust bit adjusted to bsCOO();,teblewithfqquency neponse ch.ractBd.atlc
IllIl dlllllllftdetl by the design spllel'icettan.

Thtt denomin,tor of eqtt. (3.28) Ctlfloot lie f.ctored in llenl!h1. Such nltt-

work. iOlmt he synthellbe "lthsr by lIPPl'(Uliml'ltionor coefficient matchinll. In

coefficient "!llltching. a ,~ind polynollllW1 is lIet up and the coefficient ••• II •, 0
.,, '"2 and ill:! are eQUatedto theOUllerlcal vslues or theco.tficientB at t.he
known pnl,yMlll1al. This ,tIlotlnd can alllOlllY. be ...:played PlOvf.d1ll; thB /'I1ltw:lrk 1a

clIPable of """vinl) palMI and 28&<111in the d<l.irl!ld PCIa:i.tillna.

gtvenby
., • 6, • j"'t- £, - iVtSt "
112• 6?- • Jw

--(3.301.2

- 6?--- - j"'28,? •

1\ 'len.r.1 tNngfaJ' function C<!ll1Priaing tl",s. poles alhd tour 2Il100,

oneet the od9i •.•end other thrsc at infLnity. i. conlltructed flD

OS
t.--- .J 1 __

• •
•
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Putuno the valuP.lIl of the puleo, '1 CIII beenm"

D,S.•[ _... •• __ .. u.
( ••• 6, - 3w,) (a. 6, + Jw,l ( 0- 6>--j"2) (a- 0>-+Jw2)

• -2 C6, +-6'0

••••(3.32)

Ii • 2 « 6, • 6•. )

Solutf.m 01' t'- .et of equations (3.321 Q1\t1JlJ the velueo of fl1, A2"

L" L••, C,' C2 end I( of ttlfl motwozl< in Fig. 3.14~

With 100$" coupling i •••k U 1 end with 6,u"',end if,. t L "-'•.which ar.

t"" "eusl CM"", the eqn. (30-32)can be IIPP.ll:llGi.Mlttttd ••

1 1
E1"1 • .C

2
--0-

2
-

II rt ~ .. ".' •• Iif 2 .• iii 2
1 :rei 2 1 2

-+ 1n--.
22

.• .1. ••- ( 21"2-w,2+ 2 0, wl) ..... (3•.33).
L,C,C~A2

1 _
1 •• 1 •••• _.

L2C2LtC,

• • •



1
t,et ,TJr- • Ie •

1 1
• Y. Z d-1-" w.•• lIIl LC

•.•2

(3.34c)

, (3.34 d)

•

ThadQht _bera

•• -2( 6, +0-,.. )
b.",2.w2t •.•

• 2 Ie , • ,2.c.,.-."\ ,u)..w
1
•

C/'•• '1I2w2
1 2

••.el&t1 po.SlivllI GO10r,0 etI 6, GIld 61-- hiIIIlltn nelllltiVlJ 1••• the pol. locationa

nroaln in the lett hal' of the B-plen••

Let •.•e ,"ns:1.dar ~ of the pol •. locations Org sixth oJ:. Chabyah",v'Utlll'
'. ' ."

with '. db dpolil. bat1tMdth at 40 KHIIlII'Id centre tJ:lIqUliltlCY IIQUOl to .55 KHa that
wiU btl tealb!!d by the "••twudt Clf fig.3.14. Thelia ara

S, • (..o.OOlG8 : JO.43SG5 ) 2 n • lOG

52 .(..0,00465 : jo.4l'lOlSt ) 2 il II 106

f'ZQlIlIthella pol. loCtltiol'ls .

••••• ' 66,o-O"'UA6G 'x 2'n x 10
, . (\

6t...• ..o,1lO4~ Ie 2 hilt 10
6w •• 0.43565 x 2 IT x,. 10

1 ,

"'2 •• 0.44061 lC 2. nil lOG

The right hand aida 01' aqn. (3.34.) of' the order of 104• Thua both • and

Y. 11'1of the ordl'lr 0' )1.)4 or 11lS$. In eqn. U.34b) w,2 lIlnd w:/ to of the ardel' ot
10"'. Thull the pro duet 11)1 1!Iay bill nIlI01ected Ct'llpered with w 2 ond w22 ,

, ,

•

•



.3£-

Ther'afbre the eqn. (3.J4b) c-n be written ••

Z.W.b •~••••••••••••• C3.35.)

z1c. lIc el- -Y III

•••••••••••• (3.35b)

Io'hlare ely and ellA arw each 0' the ordQ 0' w12
hi

z

£" (2).::'5<0
_----- I?<>. (.3 -:OS-0

£" C7M~
Go. (3. :?4':J

/

/

cI-y--c-
I" Y

f'iq. (:1.171 I GrclhJ.cetl I'l!IPll'lI881t11Uono'lIqM.(3.Js.) •

••1C H2 2

The IIrl$lhical I'l!IPreaentationeo~ aq'l. (3.35a). eqn. (3.35b) l<l'd oqn.

(3.3Ad) er. ehownin fiO. 3.17. which ehows that lI01uti<Jne0' ~. (3.358) •

••• (3.35b) end eqn. (3.34d) lIlCiata in the 'irst quadrant. Ibwi'_. th1e IlOlu-

Ucn .~lICttod by t"" C' oice of II end y. EqJ'I. (3.34.). lC. :'. -2("i+ O"l- ) • a.
1

eh:lwlt tlvst in~inH. f'IUInbaI' 0' ehoien o~ Ie end 'I can be 1IIm!e. Uut lIinc. II • n •
1 1

~ • too IIIIla1l• ~iC8 fOlf tha value 0'w.:1- end '1/.
r
q

.Utu.r • Or y 1u.... to lRrqa value 0' Q o~ corratlP',,,ding coil. Th1a lM.Y be un-

acetlPtabla f'ror the point 0' view of p1waic1 ree1izebllity. Se1"'Cting JC and Y

to be ne",r1y tl(IUII1thull Oivtta the belIt .,luUon IIf\daneu:ree IIl!ni$ po.aJ.bl. Qt.

fell' both coil •• A ~u p1'DON!'".. been Pl'l!IPlIltdto .,lve the IIq\IlItion.(3.321

_tty.ThUII with thrill!! pol. 10cM4cns • the eJ,JnultllMllOUl!!.,luUon 0' the non-

•

• •
•



•

UnO'l1'eqn. (3.3'-) ~ive poflitiv& lIB1uelll I)f tMpe1'i11llatGrll whiehi,s e pml'equisUe

oond! \ion fbl'lltu/Bie11l1 reaUll$bllUy.

~1 i;ntnrntogesof' fill_ 3-14,l'lIlch of ",h1cb X'Mliz~ II prescribed sst 0'
pole& and lIe1t'Osetmbe caeeacfedt-:l gi\lllG singie olml'-all I'lenlll$lly net, . .,qu.l.-r1pple.

.' .". _. - ."

linellll'-Phlase. or similar f'unction,hlaving an eVan .,..,mer .01' pol eo. An Clttt'fl eingl ••

tunl'Jdcircuit Ctln ba used to ;"eke the o~"l1 ,funetiiDn have $fl oeld _btll' of paba.

Such O!(lltems have &.!encllll10d"stliQller ~ed-5 •• booa~e the wot obl!atvllblc ph~

nielll1dif'f'crencebl!Jtwean the vllriou$ into:Gtl!gOl!l ie tliedl t'ference in ttl. lCleJ:ling

rl!!liettlrs.

'.

/

"

•



•

In thlI b ••t chllPtll" , tlCl _t!-ods of aynthwidng 'tnno$.el:l:11L' 1l'1tlSl'ete',lfJ

tal' lIIPacifiled l'/IllIlOnae hllve been Qiven. Thi. ch8ptel' providn lll'I ~le of tr_

alatal' lIlI'PUf!er o:lnfIlgn with thrn .!ntimltelllS8 MhilOth., nupcll"llJD of the "",.ufier

w•• I)needbed. using the firat IlIl11thcd.

It i. requirlJd to deaill" •• !:lnnq,lIlIlI fUter with'; db talll!'lllI'lC!J in thlt PMe-

balld, having c.-ntR freql./enclt '0 •• 455 KHz. 3-db bandwidth .co KHz. AlIlO the llIagln1-

tude 0' the 111'''''111'.,. function fWlIt.blt lit l_t 15 <b/~ •• !lOll KHzf_ its vll1Ul1
It

at the ClII'lUtl trequel'lCy, '0'

\\!awill have tb ClIlcubtil n fall' theraquirad lIlaonl.tutlo choncter18Uc which

.,111 tletel'lltina ttm OU!lbell'of p01_ of the uunafer f'unetian.

r01' "an~ •••• el1l:ll'oct'lllriaticl
Centl'lJ frequency, , •• 455 Kllaa
Oond edgn era '2 •• 415 Ie""

f' •• 435 kill!
1

MegI'Iltude c:ondiUof. &ellivllfl .t' ..5DOKHz.
II

The etll'l'II!1POnding points in the 10\lPo" lllaQl'l1tUda chcIracter£.Uc c••.•be

cbtetned udng the h&1:lUoncy tr •.•• fodlfttion given by thll nl••tton of eqn.C2 ••311).

Thes. pointe ara

•

point. in b3l'ld peea

.i 455 I(l~z

J 415 KHZ

j '35 ((Ilt

j sao Kif,

•

Corr1tflllondtng pointa in low pMa

o
.i.'

-J1
J2



'l- 1 '\% I • -_. *'- -- --_ ••..•••
•2 1. ("c1-(.11.-)

n

Since tlul IIIl19flitudecharacteri4tic nreaina unch,""ged by the fnqulillclI

tranlif'o11llaUan. we Cl!\I'I write aft required by tho iPee1f'iclIltic>n•

••_.__ 1 • 10-1;5
~ .•

1 + E Cn"(2)

or • 1. f~cn21,;?).22.4

or. cn(2) D 13.25 -(~)

(",.1\&It c (4) .,2 A btaining only the Urat tetot of thG thlllly.llev PoIlJ"OtaW.
n

WUh n.2

c2(2) ••a
",1til n ••3

~«!) ••32

••..o~5• jo.1l6€J03

•

P3' ••..0.5 • JQ.B6eD3
IIfld thlB corl:'lllS;lOnding lrn;pntS ChebYllhsv, poles withT db lf~p1e tin I

P, •• ..o.s:mOll + jO.O
'"2" ..0.26$4$ • ,jO.86603 •••••••••• (4.2)

f'3 •• _0.26545 - JO.96003 •

•
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R-F.CIYOU J ~ ~.F.CHOK£

7Sm({ N R41~ . N

C?t-f1----l' C8 C9 ~ I
). c't_1LL22~~' i r % 4_1 LL33~ I

Rbi! '~fiiJ w Rb2J - I RRE~ -CEil Rz. I RE"i: CE2 I 5

'- J_.~_~:rJ _J_1_ ,-t=-'~L
STAGE 2 STAGE 3

FIG. 4.1 ACTUAL FILTER CIRCUIT
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CE3
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!
If e I:a, eft £3 ' :az E.~ ee2 £5 I :a3 06 Co
I A-I' I

£2 "t I 11 ~~1L
2 RaJRb, rb.k~1 tJ L::, !."c;lL,~ RiRb,P"b Ra, Rb) 'b'~.W ~ 2;RLroT Rz f 1>~ ~ro T R) T£, roR, Z 7 I £2

8'"/ I I I ~"2 , I ~"3

-I -4~. ,
I , SrAlif'J5TA/i'Gl 3TA6'62

I

•

1 .

FIG. ".2 EQUIVALENT CIRCUIT

•



•

The lawpaSll tun.fllt Metian nnw bl!COlIlu

1Z ~(p) •• ._-_ •.------
, (P-Il,) ( P-P2) ( P-P3)

Thepaln giVlln in eqn. (4.2) at. nnw tr.naf'otlllllld by 10"'P'" to banq,.'1!l

tran.fo_Uon, eqn. (MO) end (2.41). Hue

o •• t -f' ••40 KHz~ 1

1;p •• 47S KHz

f ••435 KHz
t

't> •• ..]1,''2

The pzagr_ultlld I"bt' ftllQUllIlel{ tl'Bliaf'oJ.'lll.Ucm i. llivet> in Appcendil<S.

The tllQlJitt!'d poles (noll'Otlllb.d by 2 Ie 1(6) are given below,

" ••O.OO51~ ~ jO:43154
112 ••0.01062•• jD.45444

113 •• 0.00551 ! JO.47as

1'heref'ol'll in blInq,asa CIIS., the t?'l,flU' functia" 1e
3,

--,._-, -_._-_._ ••••.-(41.5)
(••.•2i (•..•2) ''''3) ("'.3)

Of ,b: rtm'., three are at the origin end thll othltl" thr_ lit irlf'!nU.y. 1M.

trangfer 1unction IIlftrtt$ the dositad' lIPec1f'ieatli.cn. The intentoo- fl:l. t of 1ig.

3.2 hlll1lllto ba e:l "eai.,.,,,!! that the ~Uf'ift ftlI1b•••the trenefer function

(4.5).

•
•



consiat. o~ 3 tnterstagn. Fig. 3.2 with tranai.ton qndbUaing el-.nt. 111

• ."'wn in ~iO. 11.1 • The ttp1nll9 81'. used fOr illpedance •••tching pwpo... The eqU.i-o
vel ent o1teU1t I." .hr:niIn in 'ig. 4.2.

~w eontli<:!p.r• tyPiCLtl .tl!lO •• ueh lIB aug. 3 of ftg. 4.2 and ia r.dr •••
in 'ig. /1.3.

••
1.

••, c'~
L"

STAGS.3
I'.a~ e. "c;I (;

••

Rt' • Ra3 1/ Rh3 II l'be3

to I\.

"'0 • '\.

A' •2

• •

fl.!

••..'••••• ,.'••••••••• (4.6).

1</,I/. ':7

L~

1"1.9.4.4. Nat wtk of 1"10' 4.3 af'tlJr ~1i'lc ••tiQn.

Thecircuit 0' 'ig. 4.4 can 'ul'thflr be eillll1i.fiod to the circuit 1n 'tg.4.5.

:"1"~ c,t .
l"iO.4.5 : Stmpl1'1ed fbI'M of the .tag. ,0' 'ig. 4.3.

UaingMilllll' _"ed the collector capaeitlance CC3 can be nplaced ~

an eQUivalent cGI'Ieci tance connllCted betwaen b' and glrOund •• shown in 'iO.4.4.
rRl.where A3• \.3 Cl --
l'+Rlf5 0 £,



•
_- ,(4.7) •

P1'3 ••LI C
3
~. • pal'll11e1 equilfalen' or th •• slid." "ai.tonea R' 3

of the inductance LJ •

C'l •• C3' •. 832 C
t3

Ct., - '1:113 • Ce3 ( 1 •• "3)

It:t •• £rI Eg

• •__(4 .8)

•

Thill airtlU.'iltd -tao- resftlllb1e1l the int"nt,,;. nsbto:rk ,,1'flO. 3.10, thU
!ltlllll! is to rl!l.ube the palmi $2" -0.01062 : jO.45444 "or Which

G 6
1/ A:l~ •• - 2 Re 52 ( 2 {1 X 10 I. tl.02124 x 2/11< 10

62 62
end l/l3C3• 52 (2nx 10 J. 0.20664-(2n M 10)

If L • 0.0157 ••h, thQf\:J

and

'3" 1625pf

R] • 4.05 It

• - IiiL •••• -_ •• (4.-9)

----( 4.101

C] •• C3' •• ei L c
be3

•• C03 U •• A:l)j.--(4~1~1

"'fl3' Ab3• I'be3 and ~d dependon thaqtiiecent point. Thsrertll'll. thtl

Quill"en! point 8nd the If.uua of 113l!IUlit be G!tlect.!td in .uch _ "'IIJI that U) "3

given by eqn. (t1.1ll ill mt: l"Sll than 4.95 K ••••d (Ulthe va1ut1 of' al[Cbe3
•• C

e
,! (1 • A,,' J iB not qntater than 1625 pt'. To "'lOatboth 1'lIqu1r•••entlt, f_ t:ralh.

fbi) dete1'fqine the qtJnet.mt point, P.t3Y .,be req:u1red. . .

•
•



•
A tllP:l.CIll D.C. .tao" of thtt 'u tllll' circuit :l.s llhown below ('19.4.6)

D.C. lIquivalent of fi.g. 4.6 i. 8h::>wnbelow.
c .c

•l:E

+

--t:oc

1":1.9,.<l.1 D.C. equivalent of fi9. 4.6.wl'oeX'8 b•••

~w teE • Er,C - RIc - "tIE
Sut Ie • It

tc. Cor." (Ii • RE: )- ( fe! ell + Re»)
Ie • fo - fer! ( Ii + liE'

WIler" I • £ _1 (tl + It)
n or. It

•

---(4.14'



•

Th. cil'CUit 0f' fig.

4•
-

Ie. (Ii £, ~ £0) I ( A, + ( 1+J31 "£) +ITR, + Adl ( R,• ( 1+;3) Rtl]Icm
__ (~.5)

Th. cn.f'f.ichnt llOIJltiplylnq lC£O .ineqn. (4.15l is e1w.y. hu than unit.'l end

typically it .ie 0.1 or tal'l'" Thus ICO,'"'." e negUgib1e effect on tha quiacant

~int at raol'J!t~ ••r~ture Illnd Ic can be calevlatl!ld tQ II good 1liPl;'l:Otd .••••tiofl '.rolll

• 0.6, in oUicltl'l trl!flsi.tor.

!i1ta9' 3

To detltlftlin" thlt qll.ieI~lI11tcurrent. O. C. p.r ••••tan and tr_l.tor par_tel'S,

•••.coneider the srltterCUZTent 1£ • 1 lilA and auppl1f Eee: •• 6 v.

For 2Il1683 trlld'lBi"tor. f?> • 90 (Appendix A)

P.R"" current. I/P.; • Xc If?;. 12.5',uA , •

Let th•• bb!fd current bl!!125;,cA •

,



1.08 !lA.

•

CuI'Jl'ent f'1ow,ingthrough RaJ '. 125 + 12.5 •• 137.5 "",A

Lot th~ voltaqu sera.. f1~1" IV

nE3 - lVI IE - 1 K.

'\,] • 1.2V 1125,M-A •• 10 k.

R .~ _ 4.0 V I 1J7.5 tA-A ••33k
II;,

1'1, _ 7.GAle

t., _ 1.39Sv

'ro~ eqn. (4.16),
I _
C

'01' 2NfG83 UwnlI1etDl'.

'T ,-SO '!Ha. "'e .!lO.

we have R 3.301'. " 454 Kllz.p.

""'3 - qlc/l(Tc ..0.0432 mho

!'be] • n,/ 0w.3_t.8SK

Cbe] - 0..' 2 'T .137.Spt
II' .fln Q -691:o rtt ••3

A.e. !olld ia t.ken to be 41.71<.
T0a.a111'8 tha pal•• 8~ ,.(-o.Of062+ JO.45444)

". • 6fIRst] ••• 1'1"2 ••O.D2f24x2"xlO
is 2."d flL]t] - \821"- ••• 0.20664(2 "1110 I

F'_ eqn. (4.6)

"] •• 90
rol' 1.3..0.0151 f:lh •

r_ eqn.(4.;!l)
t3.f625pf

'ZUM eqn. (4.17)

•

. is
2 11lC10 by Wa a"ga. _ have

-~------(4.f7)

, ,

•



___ilt __~__ •• , 20.

---4.19.

• A' ,,1.5 I(
1

l"l'Olll £qn. (4.7)
":! •• ro 1\ 1\ 1\lip:! wh,," R" •• n'l al"

n ,,6.3 k.
l(

.~2••fl't I fl. ...m
"3 " 0.1\00

F.l'Ol/! fill". (4.8)
Ct3 •• :\'429.5 p1'

C'] ••C3~,"32 Ct3 " 10]5 p~.

stem. ? '
tor th" alii'll.operaU"Q point 85 atsgll 3, the d,c. perll1ll.t.ra end

"transl.tor pllrame~.1'lI h.ve thlll Valli"" .a calculatlJd for .t8g. 3.

" "', 6To 'r""lb" the poloo 5," (-0.00511 : JO.4J1'".;,4) 2n Jil III

by .t@Q" ••• we hllYe
, " 6

lIR'l2'" 0.0102<' xl n It 10
," {j 2

and 11 '1.2(;2 ,,0.19113' ( 2 n II 10 )

From eqn. (4.6),
"2 " 1ly,,2 I'lJ •• ,210

For 1.2 " 0.0039" ~,
'!:OIll eqn. (4.20)

'2 •• 1~Btlpt.

1'rom ltqn. 4.19

112" •• 9.05 K. '

fl" •• n •• 1.5 K.
t •

,

A •• •• 3tlIc "t437 KHJ:.p"

•



r

.- ....

•
l"rorn £qfl. 4.1

. ,.. .... .or n •• 19.1 ".lit ,,'

lil;? •• 0.289
I"J;'Ol!l eqn. 11.8.

•• 2(,(;9 .5 pi'.
, .

f;
4.1 ••.•..•.. .•

, "

, '-C' .••, ••. C" • Ill."', C II" '" ct.? ••135 p1'.

----,."'4.,22

_rOe

the other 'tm ctl'lgC!BIlIn"it
'6 '

2 nil 10 • '$0 that we hovlIl

.,

The op0ratinQ point of stege 1 is snma en_ .•.. -'.,.
tell1bM the poles S3 •• 1.t:MIDSJ1. ~lr.41r8)
,1/R,C, ••O~0l1IJ2 lit 2n. 106 ',""" ~

'"
end 111.,C, •• O.~3'-S ( 20 lit 106)2 Ir':->

~ .. .,",:-, "". ,•.-

'.
l"or I., •• 0.0711 mho R , •• 2S Ii lit 412'Kilt.

,I' .'",

rrom~. 4,.22 C, •• ,1SaGpt. J,

l"rom $Qn. (4.1.')
,At, •• 9.15 1(. '!'l,... ..l.Sk.,

,
, • ",I

. 1 .••~ ,

•• A II : I't ' "P ,')I
A":~l!>ra R •• ~ H'/ ~2pl, x, 1
", • I "

"'~',

Il •• liS Ie••
. '

11'.' A,1 ••' 5201.Spr,: :J
"Ct' •• t, • at:? Ctl •• ,UOUpf. ,- ,

C..tetA1'lt~ pllmmeter lIalUl!>B nr~'llho"", 5,n: ii\tllllttached cil:'cuit(!:'I'''';'~

"

•
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" s''llK II <>111

c;- I
Iloo~r L, I

I R,

I I
L I

STAGE 1

•

RbI

FIG.~

II<.

ACTUAL FILTER CIRCUIT

Rb~

I
I

R.I? C._K~
7~wJ.

(If

Re'f'711<

-J

•

•
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Pbutol{l'oph Qf. Tho FUt-or Cilrcui.t
(Sinal. Tlmed IntorD~auo )
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•• Il Co!!?••rhon of J" ••!!,u~d f'V19uenc¥ !lespa'!B1J Cheractlllriptic!! with ,Ttmg!]!U,Ca1
• ~harpct••ri,tiSl'

The prolll".'lllt fis"d to determine the thllDr.tical frequencl{ n.pon ••• char_

tadlJUc Ill. of l12C.) (Eqn•••.•5) :is 01van in Applll'db C. The nau1t thu, cbtainad
h plottlld in fig. 11.6 (Curve 1).

1M d!!t!IiqI1ad fil tar clmuU (fig.'.1) wal alO,tructed .,..d il.t. peI'1Iu:"'ance

- •••••eured by ",••• uring input currant .."d output wl tl!l91 fbr the col'rllllPOnding
frequenclftl1.

Th.. rnu1t.1. qlven in t.ble 4.1. The frequancy reaponoe CUl'V11 is plett!!d

(frat:lUancy VIl. 11Cl1ll'a1irad glllin) in fig. 4.8 (curve II). tbmaalind g.ln in db Va.

fl'lIIQUllftC:yie plotted in fig. 4.9 both tl1llOr.Ucal qnd Dllelurad CllI'.

t'-t

"01n KHz

Th.,retica1 455

"',nurad 455

flo.of e..ndwidth Gain _, G.in atrippl. in KHz band SOl) KHz
'c!gIJ' in in db.

db
3 40 -3 -26

3 40 -3 . -17.2

ThDughatt_.Uon fAt 500 ICCfor practical elSe 1a much1... then that of t h-,
tht!oretical e.... but it .Ull Ill8Irta t'- !pCl:li fication (-15 db). Therefbr.. _ can

conc1udtlthet practical re,u1t lsi quit. "Uafacto:ry. trough ripple in U. practical

cue 111not IIxllCtly aqu.l but they 8lr1t within the U",il.t of t db. II par ~ctfic ••Utln •

•

•
•



" ..!_d_,~ __ '._'~ •••• _~_~-'.'~'~. __ ~ __ ,_ •• ~~_ •••. _~ •••
J't'equencg I %t1pt1tvo)talte I Input' . 'output 0GniIi .• Norma- t tiOl'mll'"
in Dill v! (peeltto pol\k) cUn'ellt 'l1QlIaeo Fe(l).l1tl\Qil liMQ

• . '1n vaUlil (Poak to (peak 8~ gaUl
peak) to 'out. .~e) tn f.l!\
'.. Yin ..pollk) lin GJ.. :- ,

. . tift ~ 10' .In . 106 F(G)4SS .
. .... .,.... ". '. '1'1'\ N ..., velte. .X ...'.., . .a•.~~,__'.~~__~'.d,_~ .,a._.~*~.a,~__.~~_
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• CHAPrr:!!-S
• AJ:TlIIE F'ILUP OCSIr.n WITH llmn,E TlJflrO IHTfiflSTAGE t

Thill ch;pur' p:mVidell an I!Illlll'llP1/tof' trllnoi.tor ~i ~ittrdHilJ" with thtiee

intllrataQ". When thti reliPllntl" .Of' the tllllPl:l.f.l.ar W~GPnilcd.bed • Ullin; the lJG.ccnd

lIlBthod «llcull •• cUi ehapter-3. '

It i. lMtquired todaoign • bl9n4l"1l$filtel' with t db. fX)1erltfle" in,
thtt pl\Ilsrn,nd. ,,",vinO eemt" f'requ"nelf fo • 455 KHz. 3 db bandwidth 40 KHz•. AlIlO

thq lIl>llJ"itude of' the tl'GD8fu f>unctitm'l!:Ullt be .t l_t 20 db dawnot f' .• 405 KHz
. ~

1'_ itto vB11J1l"t, the centre frequency.

I!nt"rMi!!l!t~nn9'.trCl!\!!f'flr !Unetion !Jill' lO!lp!!lilJ N!'P0n!I!'

lie will n.a to c::Q1c.:ulotil n f'or the nquirlld lIlagnltude chftractar1i1t1e

whieh w111detllll9:1ne the nU'l>bu of' pal,!,. of' the tranaf'"r fU"ctJ.on.

Given potntll .re.
Cantril frequ\lflC)I. f • 1\55 KlU.o
e.ndlldges fill'S f'2 • 475 kHz.

1', • 435 KHz.

Magnitude cnndlUon 1& {liven at' • 405 KHz.
Ie

The eorrnpanding point. it> the low-pallll l'laQn1:tudeeheractedetic

eliif' b"",obtd.t'll;d UIli"ll tho f'l'tIQUlIII'lcy tl'1lOtltomatio •• given b,)' tl'e relation of' eqn. (2.39).

Th",,,. point •• re ,

Point. in tnlnq:Ullll8

j4SS ((Hz

j47!l t:Kz

j435 1(10'1,

J485 "H%

Corl'llllflallding pta. in 10l>lpll•••

o
Jf
-jl
jl.i1

•
•



.2••10

-,----(5.21.

.so..

"-ror i db ripple. E. 0.2434. E •• 0.0593•
•

Sinr:!I tht _lMJI"itudlleharacteriBttc rt!IlllIing unehal1Qsd by the frequency tr.",'ol"-

•••Unn, we elln writs "II rac;uired by the llP~cifll.Cl;ltion

lie 1 • ".•..c
n
2 ( 1.4)

or. 1. {'--tn2 ( .1.4) • loti.

nrc C (1.4) • 40.B • (A)
n

aut C (.n.) •• 2n-~1:.teini"ll only thlt '!rat tam Chebl/Shsv poly1\OllllDi.
n

Withn.5
C5(1.II) • 20.6

With ft.6
1:,11.4) •• 41.

ror nee • lO""llIl1l1nutte~rth poles .ro •

P'
t

•• -0.96593 ~ .10.25802

P'.2 • ..0.'70711 : 0.70711

1"3. -0.25082 : .10.96593

.-nd the carr...,mlc!inll 10"".'" Chebyshev poJ.ao with 1- db. dppba (E'l-. 0.0593.

E •• 0.2434)B%'0 I

Pi • -o.327BT~ jO.25062

P:! •• -o.24ot11 ~ .10.70711

P, •••0.09785 + .10.96593
'", . .,.

t• _--' , ----(5.3l.
(P.P

i
) (P.P

I
) (1'.1'2) (P.P2) (P-P3) (P-P3)

s.~.Jl:rtetl'lintUon of b3nd:!n!!l pol,,!! nnd gmo.

The pales given 1.1' Ilqn. (5.2) ere' now tren.form"d by 101lllPl:lslI to bant\Jau

tran.fb~nt1nn, sqn. (2.40) ond (2.41).

•

•
•



•
It." 9 •. '2. 1'1. 40KHz.

',; ••. <115I(H.

" • 435 Kit••.

1' .• ~
tl. , 2

Using thll .pmQ_e 1n Ar.jlsnd.ilc a. wtI Iiv" th•• requ:l.redpolaa (no%lll81ized bN

:? n Ie 1(6) God given balow•

. .S1 •• ., O.Q01Gll : 50.43565

5:?••..0.00465 : 5°.4406'
S:t • -9.001548 : 50.44936

G•••• -0.00663 : 0.41912
,

s.: •• -0.00495 + 50.46890
.J ..• ••.

G~•• ..0.00183 : jQ~'ll!a 41426.

___•__ (5.4)

ThenI'D" in the """,,_$, CIlS". the trllftgf'n f\1Il(:tion 1.
1$6

2'.'2($) •• • .••••-----------.-.--.---------
.(•.••••,)(•••°')( •••••2)(&0.21 (&o-IIJ)("'.3)(ili-84)("';1 (•..•5) (•••isl

------,-(""II) (o-e
6
) . (5.5)

of 12 zeJO". ail< IJR .t t!'l. or,ig!n end tt~ other .be at infinity. This tran.far

funet.1on1Il.at9 t", de'i~ 8P~e1ficGU.on.The intustflge. tli of f10.3.2 have to be

eo duigned th~t the IIIIlPlifiergivmI th. s_ l'aepons8 ". thllt of the trenafer

function of Ilqn.(5.5).

Fig•. 3-2 with "lIisinO el_ts is a!l?"'" in 1'1g. 5.1. The tllPinllll are ll."d

for ill'lu,dmlce!latching pUt:\'lOse. TlltI l!l~vG1ent circuit ie shownin fig. S.2.

in 4'10. S.3.

•

•
•
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(c~Es II as fq flo I: "6 £11 10.17-It

-H;

L., 1..,
Yo C;- " t ~ 1<.0Cb-

R.; fl.! '4
Cbe;. ~""7GII r

Wl'>!l!'tl n' • 11.. II n ••x... -b.>

Th. equivalent cil'euit 01' 'ill'

."lJCt and ill ai'loWn in fiO' 5.4." ,n~,,"'~'1
(0 C5 - cG

fl.!

•

•••.•••. ,.• (5.6) •.

The,cbeu1t of 'lg. 5.4 een 'urther be .iMplU'i"d to ttIe cf.:t:CUit .hown
in fiO.5.5. with the 1'0110••11'10e>q)X'Os.icn.

C,-

rig. S~5.$illlplif'ied formof ttl. 9tsqe of fig. !io3.

\lIhe,.e a6 • El1l E10

•
•



..

•

1/1'1 ' • 11 It J •. lIRll3 •. 11 3M •• ~e

It •• R' I II ~ II A'1'5 M Ii pG
.---.-(5.71

R'6- Gertu reaillltlilnes (lf the irll:luotanco L4\

11(, • lrl Cr; Rp6

C(, • C' 6 •. 8(12 [Cbe:! •. Ce3 ( 1 •. ~IJ

113• Qm3 l'(t't I( 1'0 •. '\)

R. • e 2 I' II fl'
1'5 5 Q 1'5

R'5 •• pr1l!11 rHi.tane8 of the inducqnee LS

AS • LSI. C5 ill'S

Thi.oirlp1ii'i~d lltege ntt-=b1tlfi the int.;ntail. netllDJ:lc fo fig. 3.1~. It",,,. Ilhown

~t this otaoa can bl ussd tnnaUu tw pdl' of' polu eftd four I:lI1'Q. unttVenl.v. .
dl.tl'ibuted betweenthe origin end infinity, eo are.ult th1s cltcuit lb." not

pl'llvlde wi th 8~e~icA1 1'r~y "lIPon!!. charaetel'1.t1e, if the po11i1,l?cetion

tmJ unehllnlled. To hDC1elI)'ll!'l>atrical fnqu.nc.v I'IIlJPOno', tlla origin p:1. locations

(sqn.5.1l) lI!lIst Q .djust8d by ~ appzopl'iate Illethod.

The vet,,,, of per""stew of fig. 5.5 nalizing tw pidr pollls and four

",ems eRn be obtdned fJ'O!'!ths B1Il>u1l;(lIneouSl 1I01I<Itlonof' the nor..Una.rA equations

(;3.321. Thll value of' bai.tng almente end trunahtor pel'l!lllleten dEpend on the
i

opl!l'lIting pOint. '1'hllref'ore. tha quisc:unt point and tha values of' 86 and lis !lust b•

•• beted tn eueh II "lIl1 t"-t 1111. the parl!l'lllter. bKOlO8 pod tiw. Tom•• t th" ••

requil'el!lente, 'tr1iI treUa "'.Y be required.

rot' stago 2 8.1 elCaetly aimUer equations are obtained.

•
•



In this lIlICtiun ••• w~nt to .djuat the pole loclItion in Guch• WD)'that the
lIPlIC1f:ic..uon of ,.,••• band tol.r.nctll is !!!.t with I.I!'IlIqu81 dill.iaion of' tha zeros bfttw•••n

tha "rigAn .nd i"finity.

Curve1 of fig. 5.6 i. II plot of' the freqUlI1lCy ..,"tlPon •• of • fU tar cb'cuit,

du1red IrlIlIP6nse, with pale location. giwtt by eqn.(5.4) .nd with 6 •• ros .t odgln

ond lIix at intinity. Curv. il of fig. 5.6 i. a plot of tha freqUlll1CY rnponllll that

would hav" b"., l'II.U.z!!dfllr thalli." pole .locaUon ..,d with 3 zeroa .t nrigin .nd

I\!n. at lnf'lnt.ty.

Tn • Nultipole tr •••.••'lIY: function, tn. po::.k. of tNt f.l'llQUl!lncyl'~on". occur

at tl'equtneies wHichO.'l'1Ithe boeuihd'lf p.I't af pal. 1lO1Iit:i.ons en., the IllalJllUudJI

of tha pu'" depend on tho corrtlllP'mClingrell1 part of' the pole1h

'zaIl> the eurv"s. 1 end n ot 1'ig. 5.6, it J.a .vident th.t ttltJ pol. locations for

curve n ,"ust b. _hUted in order to .reductttha .rtor b.tween 1~el ••••d the actual

eUl'Vllh Si.ne. POllak.of bOth tha curves occur .t the ._ fr8QUttnc:I', _ .IlY conlilder

tho ilMq1n.~part. of th., pols. 811c:anstltnt. i\8. wa ,",-v. 'tn r.duc:tl the •• griituda of'

the curve It left of t" cilntl'8 frequency '0' the "Ill parte of the pcbs lOCllt.ed11'1

tId" i7lr.~(l!onare'tn b8 lncnase4 •••.•11. to .1nCl'IIlISl!the 1!l00gnUudll of' the curve 11 right

of the eentre f1'8tl\l_y W, m!iO"'itudlt of tile rul parts of the poles 1n this region
o

IITII to bl! dacre'.lId • in general, 901<>. l.rt 01' the clll'!tn frer;uency 8~ to be

shifted _y frlnft the Slasginlll'l/ .""'11 whU. the Dther pole. ow to be .flUted 'toward••

t.... h\a9inary lI.h.

Thepmqr_ used to find the edj",,,tedpolo i. g11m1'l 1n ~pend1x O. Attar

• t'_ troth, the pal. location (noX'llllliz.d by 217 •• 106)_ found to b.

S • -0.00181 + jD.4356S.1 •
$2 • -0.00511 ~ jO.44061.
$3 • -0.00666: jO.~936

$4 • -0.00641 ~ jO.IlS912

!j" • -0.00460 • jO •• 61190:>-
56 •• O.OlllGl :: jO.47428

,

••••••••••••••• (5.8).

•

•
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I

5.S p..t••l'Win~tlnn qf value' 91' parf!ll!l'!It'rt for each int ••nt"SII

rnm thepnl •• pClIlitionll gIven by eqn. (5.1'1). w' C:el' r•• dUy obtain.d th,

.1_""t v,1u ••, of til. thrt!. ,1ntltrllta<,le netwo:dcllof fig'. S.l Z1Y1iid.nO two pair of

flob. by l'!IIll'h lItllq" 1'hlI lI1l!1llent value" can !lect1.cu111t.d by 1I01v1ft9 the .illlul t&-

nlOulS non-linltflJ' tqn •• 13.29) of chliPter 3.

St,l'l_ :I
To deter,'llinlll,theQ""se~l1~ curr'"t. O.C. J)'l'lIIllatna -"d transi.tor ht •••

I'lll'lIIlIltter. we considlol' the _tUft ClQ'rsnt IE;• 0',15 lIlAend .~ly voltaa- Eot• 6V.

••1.5 K.

L.t the b1••"d currant be 132.5 ,U-,4

Current fltlWino thmugh Ra3 •• 144 ,u-A

Let the voltaoe IIC%OC8 "£ • 1.125 V.

"£3 ••1.125 I Ie
Therefo'l'l!l volt. RCroll!!l '\,3 ••1.325 V.

l?l>3•• 1.325V/132.S;.£.-A- ti 10 !C.

VoltllQe ,eros. R,3 • [oe - 1.325 V •• /I.6r.I'V.

A
aJ

•• 4.1515 VI 144 ,t<4 •• 33 K.

r~ _~.(4.13)
£,
fit

rzo~, eqn. (A.16)

Ic

•• 1.395 V.

• 1.6,1 K.

•• 0.74 lilA.

(!J •• an for 2Nl6B3 transbtor.

•

•
•



For 21i1663 transistor'
-4

'T '" 50 14Hz,h '" 00." • 3.36 II< 10 ,l:~ .' 12 pf.fe l'e ~

ge.~ •• 0.0296 10110.

rbaj •• 2.11<

r ••lOOko .

l"t. WI! st4ge realize 1:hitpol.,9 52 aftd \ of &Qft.(S.lll. Th. l!lOlutiotl of

eqn. <:1.321 Qiv~lJthit following vll1ues.

I

11l6CIJ'" 0.711<1011 " •
. 5RI Ls ••0.515 I( 10,

131/1'51:5 •• 0.04566 lC 10

1(:1•• 0.05

,1,3•• 169 ••hllM 112 •• 6.Ok •.

rar L" •• 0.204 tIlh. we hnva 11' Ii •• 36l< .t 455 KHz.
" ' 'II

f':r<lf!l ar;n. (5.9)
Ill; '" 14.3JL

f~ ~~. (5.10)
e6", 630 p'

IIp6 •• 2:1.6 1<.

"pI! •• R'.1 aG211R' _, '---,(5 13)., ~ flii - ••

f'zom .~. (5.131
116 •• 0.1/1

1'1'6 '" 9.0-

•

•

-(S.lO)

•



I

•

(' G •• eli - C't3 •• 553p'.

Prib"!lJ!!J r!e .
1"01' L" •• 6;2 ",h, A'S

" P
ttam ean. (5.11)

05 •• 1.D.3 jL

From aqn. (5.12)
~ •• 590 pt.
es, •• C'5 " 590 pf.
RpS ,,32.0 1(.

INt

lis •• 1.21

Fl'5 " Ie 1l.0T Jl-

•• /I 21( at 455 KHz.

•
1"01'the _8 opltrating point III etllOlt3, the d.c. pllrellltters -"c1 transbtor

p.rll!M!ter. hllVet.he mlm5 •• cGleul"ttlld for etllg. 3.

____.•__ ,._.(5.'4)

-.-. -.-- •.•(5. '5)
_____ (5.16)

-._.~_. (S.,7)

"0 •• 6116
";4" 33.61< at IISS kHz.

(S.Il) fOll: which 'the

•

•
•



I
,',,

I'ftllll eqn. ($.141

Il,j •• 16.5 .fL

r~ eqn. (S.15)
til ., 635 flt'.

C; -' "" ~ •- .•. .,.,.-'- ...,

II I\-Ll CIl'\t "' 19 K.P .
Let (! ~1l:l1(reebtot' illmsel'ted1n the 8QCC3ndaryBid!;!.

f

"

21(.

A'pI! K • ..,. ~ • ..,. i
.-,' Ir -'. ~
/"', ~

~.
,- 1).l ,
"•.•......... ,

", ,

< ,... ~

. ,
.~. .,.,

, .

•• 12lt.fl 'p3

Ct2 •• :mn Ilf.

e'll .••C • c... •• 335 pt'.
,I! t<
biro"a nide

f'o.t' Lil •• a.2m"'.

"rom eqp. (5.16)
II, •• II J1-

':om eqn. (5.11)
1:3 •• 600 pf.

Pp3 ," 15 K•.

1'/',' • i!l.lJL ,:J
tn order 'to /IlHIll1nte th" ehunUng efftlCt' of to on tl'ls Pl:'1mlll'lf eide, $3"' 2.14

!o tsk l!II\.

Theaperot1n"poi,nt ~ftHll stage is SSlIeaa the other tw:l atmgeo end it- "

rr"e1be" the polfi$ 81 atId Gil of eqn',(S.8) 1'''1' which tho8!ilutton of e<;n.(3.32)
,given .
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A, .151

r"r l? •• 0.191 "ho

rram eqn. (5.18).
"2 • 15.16 • .fL
rrDlf> .,. (5.191
C" • 610 pf.

It '2. 20.1 k.,Il. .

n • fl'" I.? 1\
1)2 ."

R' p2 • 2O.7J(

R' • 601:.p'

.2• 0.194.
It'••• 9.5 -'L

Total capllci tenca tI'OIIl the nlellt a'tllge

C
t
, • 71.5 pf.

C'2 • e, -e
ti

• 532.5 pt.

Pet••••!)' aiM

ror L, • D.a:JJ IIlh,

rrnm eqn. (5.20)
At •• 41.81 n....
r~ £qn. (5.2')
C, • 660 pf.

e, •. C',
n • 6lln1<
P

If1'1 • 15' •• If' pl

It,' ••4.81• .n.. ,
Cl!IlcuJ Itteli parlPat.r vll1ulJl!l ere nhc:".nin the attached cireuit{A~ SO.l~
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1$.6 __ Bmnvri&l9" 9f MMeurl!1d tmut'l1S11 fuoFon!!.'h"mENUs 14th

Th!Orfttlegl Chgrpcte;l,tic.

The pmgr..-e .11'1Appendix C 1s U3"d to d!!tltltllin. th.thear.ticIl1 frllClUlIl'lCy

r"IJIO"B' ehal'eetarlatie for poh. of .qn. (S.t'll and the result :I.. p10ttBd in

fig. 5.1 (tuNa 11.

The d!!ltlgned 'il ter cueu!t W~ cona1.ructsd IIIld i l. frequency UlPOn".

churectari.tic is determined by _'IIll1"inQ i rput curnnt end output \101bge for

thIJ COUltlllPOl1ding frequencielh The rlaw. t 1. 91VlJll in ubl. 5001.

Th.. ~requeney reepon.a chllrlllctllri.atic 1. ptotted !n f19_ 5"7 (C\.irvlJ 11).

~.r1nll the CUl'VB' of fig. 5.7. W8 observe th.t

, in Kill! f3an~dth 11'1 KHz Gain st bond tIdg •• lialn itt 485' KHz
0 in db. in db.

1'htPretic:al 455 010 -3 -34•54

"_rl1ft 455 40 -3 -2t,2

Attenuation .t .05 KH.t for practical ceo' 1.muchI ••• tt.1I/l that of

theoretical_e. but it 1I1l,.t. the IIPlIcl'ric:stlon (-:10 dbl. In pnct1cal caBa ripple

.re eat elCeetly llqUal ., ihtlOreUcal cas", but they .re ",ithin the 11<:1t of t db.

end o1so ntr.>llftrof ripple. in the prscticlI1 CMe ie leu t~thot of the thaoro-
, , ., .

tie ••.1 bec.u.ft of thr: c:olncidJJl'll:'of_e of puk, due to Mn-.vaillibUity of .hill"

l3-<:o11 ••

• •

•
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CHAPTEI,-6
•
Slll4'J\,RY. CONCLUSiON AND fURTHER 1«J1'lK

$ynth••aia pl'Oclldul'llflhave !Jan g1v1ll1'or intcr9tlllg. n.work. of lin IICt..l.ve

ban~llSB ,tl till', th.fnlQUency rupoi1a. charllCtRJ.stie of whichU • cIO.1I tlPpl'OJd.

Illation0" t.he idl!lal c••••f1lCtllr1stie. "nd which Pl'Ovid!lllllquiripple 1n the paa.band

and eaxUn.m ahal1lnell9out.ide thlllp1ll8sblll1d.

In ch.,t.r 7, M~.J:WD~ and Chebysh.vpoll1flO1l1ialtlare uaed to eppl'OlCimate

thtt ldtlel 10>1P.".traM'er funet.t.onto obtin •• r_Hubl. nt.1.onal tnnll'"r function

th.t aoU.'iee the given lIPedflc.tion. Thb chapter allll1OiVIISpmcedures 1'01'trana-- .

'o1WlinglC»lPen epl!cU'ieation to banepa85end vic. varea.

tn c"-tt.r 3, 1t le sDawnthet 11' II.ch transiator cen be eemwMedto b.

resist! vely loaded withln t"a dealr.d frequency ranga, th., ••ith thfl flPpu.caUon

0' ~ler .f"IOCt, the trana18tor ~llf1ttr can b. divided into ft1ectricq11y .U..r
.lICtione, called the interetege.. It ha. been a.t.bllshed th.t tho transfer 'unction

0' the grcp1U'ler is ai/Ilply ths pl'Oductof thlt tranef'er f'uncUon of all individulll1

intsretiallee. Thb cliept.r allllOplCOvideet!tltl"'ltthodeof .ynthellinll 1"tentag" n.t-

wox4<.'01' e lIIU1ti.tega tr_lat.dz!td f11tel' to achieve bllflqJoo.r.lJPOt'lIlo.The firat

IIlethod&lat. ""ith ayntheaidng _1'1 int.ntalla that; must relll1i1tea eel'tain nUlllb81'

of' pcbs and llama at' thlt avel'-aU trlll1.f'er functicn th.t .ehiave the Jll'ucr1bed

I'I!lIIPllIn.e.The •.eond one deRls with oynthesizing en intenteglll o~ Pl'I'melected

mn1'igertttion to .ehieve thll preseribttd rllllPJ"a••

tn c:haptar 4. intar.tege nstl«lx4<e,I'ealizing one pair a-f p"lae IiIldtl«l 1I.ro.

0' Ovel'-.U thnaflP!' f'unction per etqe hevs been deaigned, obtaining ths lnterategs

n.tl«lzt<in thts fbl'l' of el"Qle tuned ,cheult. Thep.r ••• t"re of Meh intcr;otag. haVII

ba"'" evolueted f_ the po.ition. of the t.ronllfclJ:ll>eda.byehev pol_ •• 11zema t••••t

heVI!beM •• "i9nod to thia ataglt for rea11z"Utm. AprotllPe of the ftl tar hu bO!:lll

l:O,,-trueted end •••a.u••••"'"t. have bun III"de= dater.oin. it. frequency rcaponllll
" .

c:heraetar.f.aUce.

Aen!!periaonof the idelll1end thlt "'•• a"!tad reopon••• he... that ~red
eheroctftigt1cll of t!'oll~li fier Closely r.ll •••b.1.e the predicted ,1'1IlIPO"lIlhHowevftit

is observed that pall"blll'ldripplu in the tlOOea.ell .re not ._ and the rata .t which

• •

•
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the llIalJl"litudiJ e"'~Gr.tell'illtiCll! fa11l1 off D"tsids the POlSllbto!nd » less than that of

the 1dll.1 COI8iJ, but 11;msetla the dsstun opltcif'icllt1ol'l. TlUs b not unexpm::ted, so

r.>an,Vof thea!t$ump'tloM thllt were mllr:mto llimplify the d.Jtr.u1 t IllCtlel of the tun..
alstoJ:' ere only iJppmllittt"t",.

Thp.!I!teU\J!!fItionoare lHUle effli!Cts in ld.lIlIlHfllin9 the tr#lustor fOOde1s,

bed offeted by • tttlOg!t to the IU'bCS"ding stagais conlli.dered to ba ",asigtive and

mnlltant ettlje tun~ f'requeneyvslul!l of tJ.., rtnlPectiVli d.tcuit, " .nd 1~ tolaraobh

rellt.torn 91'lt tn use, ete.
Jt. is lle.en that, Q raingli:ltunSd cbc.dt, Cil!\ be ulledto 1'111;11:. G pIOtr of'

e:tlr>Jjug.te "'!:l11'1land two i!ems. eut to !ncretllle thll IlharpnlllaS outalde the paesband,

inc"""d nurebiol' of' pOles and !.me ere to be l'lta1hed. To x'eltlizs increased nwbur

of' palM end zeroa ulling a.tr>iJle 1:lII1l1dc1tcuit, ons "",,' to incrNGlt nUllbsr of stagll8

tihlch IJ!COnotIliclllly mey not bs f'Gasihle. Out inc1'ltGSed nUlllbl!lt of' pOl •• nd line. ean

bs Nalbi!lc:i without lnctsll!!ing thi. n.,.,be.r 01' stageo by the us. ofcbuble tuned cJ.l!'-

cutt.

Ana1Yll1sand msig" pmc~rell fo~ int8rGt~ges in the fall'll of ltIub1e tuned
" I. '

cireu1ts hnvp.b~~ giveni~chapter S. """1)'818 of' • cbuble tuned circuit shows that

it cen be uSlld to tea1be two pall: 01' polu (including CO!lIPllllic Cllftjugllltesillftd foUt'

:rem •• It hos bflen f'ound that, When dll9illf\sd to realiza chll!byahw poles for banq,IIlSI!l
. , ' . . ,

N!!pllnlluh the li/llp1il'is%'$ with cbuble, tuned inte1'8t8glM! c:b not dllplay s,ynnatricll1
'" . ,

f~ ~eoponal!lcharacterietic aOOut tha centra frequency lIS (rtg.3.16) as trans.

!flf.s!lion Jrlt:tos 3m nOt divided equally b.twellfl the adg!n llndtho infinl.ty. Ali the

:rero!! Are fb811 by th" G$lJ\I>lPtion 0' c:bUb1s' tuned conf!guretian , lI)'llIIIllrtl'1cl$l reeponse

WIll!obtained by IllOdifying tha pole posi tlons' f%tllll thcd.r o1'191nll1 loclltions.

Oigital~utel' OlliS us"d to dstel'J\'lin. ~he frequency l'ellPOflilS uaing the

shif't~ palliD mnd l!Mtlll, the J'!!!sult obteined Cloae1y Illstch"d tllll. idlllll Cheb.'Bhev bane!-

l'Il'lSS t'f!!!POnse.

The PSl'lll'llStl!'J:1aof e.eh interetlllge netl«ll'k have belll'l eveluotlld J'ealbing the

poll!!! and l!eros 'that hll\le been sseigned to it for l'1!albstion. The c:omplete clieuit WSll

col1llltrillltl!d ant"!tll i'risQusney reSpo,nne ehal'Ql;tatl<lIItic wae plottltd rn.•• the'measurl!lllent •

• -
•
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The ~ ••ri$Ofl of th" ideal GOd••••IIlU'ed responses sroWl! tha' the

•••••ul:.d nDPon." h quite s"Usfactory l!1thoulih the nuIIlbllrof ripples ill f_r

in the ",_unci naponos. Ali the npsr ••t.illn between 1;1,.pnll pollitions of ripples

b l".s, it is quUs Ukel)' that plNlk. lIillht havs IIls:f\lftdbecau8lI ths Q of caUe
were flOt too high end it .is oftsn d11ficul t to _Claur. th. Q. __ t1~ .t high

frllQU8!l'lc¥.

In Clille «bublll tuned circuit, oscill.tiClna, rnul ting It:3ll' the poles thilt

ere n•• r"r to th" iltaginllrlt' axie. _t. 8DfIl. pzobJ..-:oin the tuning proc_. Th.

oeeiU"Uonc,," b. atr:\pp.d blf intrcduCi~ acme lou in the nepecUv. caUIi. but

tt11e wiU Clll.lllll :reduction in panband gain.

,..,. Nlil'Cll'lSeobtained using «bubl. tubed eireui t ie nuch b.ttel: w~

COIlIPllredwith thlIt of the ••.••ng1ll tuned ebcult. rorelCMll;)le, the thr." ,tegs ein;1e

t_d .".,Uf.l.er qivee an att •• uetion of .0 db «bwn lit fqqusncy .05 t';lizfzo= ita

value et the centre frequenc)' fo • 455 KHzwhereas the c:b,.w.. tuned .lllllPUflu givN

en attenuation of-2t db cbwn .t frequenc::y 405 KHz.

The raul t ean further b. ~rovl!d blt'increu.i.ng ths llIlIlIbcrof pal. end

,.zoe i.l" by incre •• lno the nll!lbu of'etaq9ll or lonking fbI' other tYPellof intexw

etao- netMo~ll. Thttint8retllg" cen alec be e)"ltheebltd incl'eDlll:i.ngite ~"lClty

which "'''y not iqJrova the hSui t, ell lIOllieof the loGaee in inductlU:e ••elf not. be

po"ftlble to ltbanrb in tha ""two~.a. c1rcu1tel •••ente. The zeroe .nel pol". cen be

retllb"d by R-C netMoxkelthnullh it. zem. and poles elwaya U. along the %'hl .ld.••

" poaltiVIt f.ftdbad< in 0 tlrene1.te:l.lelIIl'P1ifittr reeult. ceeUhtion which iIldI.Qtes

that the zero••and poln nowUe in the eonp1ellpl_. ~hftlrll, Root nlltlfOrlI.which,
pmvide PGllittVIl1'.edbad< :I."II trensietol' .-p11filll'cen be Ulill!d to realize the aeme

end poln of thl!l over-ell transfer funcUon tbat echieve pl'elIcl'ibed ;:nplln•• and

e1b1inlltn the tlOub1ftQlilll induct:ol'lh

•

•



J
•

-,,4-

•

• , •.1m.at ••••• ,•••• "as 11_, .t tilt ••••• _, ••

••••• • ,.,., •••• aM .,.

10K

g2-LL

DO"'}"

ZN11=T
'{

-(,v

A••• U •••••• ~ •• .au. sa a...Ml.t .0. ..u.o ••
•••• , •• _:., lIlA " .• ,. ••••'Io••teh "at.a) 'I •••••••• at
lICI •••• ,:u•••• til. ' •• '•.:1••••• , •• ia:aa.a.1. ••.•••••
't'a1Is ••• t .,•.•C-"'.' 'hUI' ••••••• ,,.. ".>' ".•••• .,•••.• "as •.•4
•• t••••W Sa'.1. Ai1+

.JM!!:UIL
••• Z._laAe

".. I ".••'''. I'" • .,ttI'M tl• _a-•• 901'. =-, Sa ••ft1'. • Sa U••• Jlf"t• , •••• 1OJ

0.11 1.,. •.." ••• o.tU0.15
~ ••• o.l' 1.11

0.11 0.., 0.11 1.81
0.8 tl: 0..' 0.8 =::"JO o.oa o.JO~!:-" •...,

~ •.".2 0.08 • ,.~a., 0.., •.~ ,.., •

,



-(,5-

. , J

'l'Ul!Ipe.rB1Jleller 11~. isdotineo. aStbeC~1') iT1.tmltter •••bl,lso,",0 ,
witQ6e tivl(ied liN' tbe l'esu1titlg chauf!ob bt\C'ltlC~rent. d8.eolleetOf.O
vol tago be!:ns QOlisti1l'it. '

_OV",. ,. _I'hte tel •.••••• J;i:!>•• -. .••. .'
\4

AS the Sa .tLcOllQctor load ',i.e ~tcOOpM'$4 i4th outllUt 10padancG
ttl l:!!'i3''be i.gtlcred QfI4 output lllsybm conoidM'od tlhorted toA.C."hUo
tbG €lQl1Gotor,,-oltaGo lsl!ittaotlvel;ecnottnnt. AlISO100 k'..n.. .1'es1atOll'
in tbebaa& dl'cu1t .i.$M.ghccmparea ~th ,the t.1'tJ.t)$etC'4"6nput 1l>

" . . . ,'. ; ,',

pedance" . , "

Tile plot of ~h Vo ~ hem tabl? ~olte I!lbQwninttg" A.2.
F&'OQthoplot bie ~aa (l£llol1~t!.toa M '

, . , Vb . . .'6••4Sa .'1.0.'

hie! ' •••••• t:. .;....'~"O:;~;.iQe,•.2.1SK

Dott#l':liliat1ono£ htet- _.-

~' ..

. "

I

~beClU've Ofic va ib (hta ftoa tahl0.b1) 10plotted in
Fis.A"S" 1'&«1:CUJ-vo hee Ca1cuie.ted M, '

•
\,

, .
'r .'

• I



6-

'r'a
X
lIl5•...
-'0
>
III

.•...
Z4~:J
.a>.

\ . t,
\

2 -

I I I I I
0.1 02 0.3 0.4 0.5

--.-Ib UNIT Ib AMPERE X lOS
FIG. A. 2 Vb VS.lb CURVE TO CALCULA T E h.le

I
0.6 Q7

_.~~--_.....-.......I._~---------_.._.----~. ----..--._-- -~-------~--• •
,



0.1

. . ;

4

3.5-

3

"""'0

><
w
. ~25

Q..

~
«
Vl

•...
z 2
::J

0.5

•

0.2 0.3 0.4 0.5
--- ..••••- Ib UNIT J5 AMPERE X 10"5

FIGA3 IcV51b CURVE TO CALCULATE hfe

•
•

•

.~

06

,

•

•

I



, ,
•

-66-

".' ,

-'
;~- - ,..

.....: ':.+ ~ .•.-"
,','.'

..
~". ' "

~b

(

•••••

..

J'18f 4.4• - :
. - .- ". .."f ..:/ "..:.- ..

Acircdt tfatll conotlUctiill'1 cl/i .ki.bo~~ f'ftom.,~,~».C~collQOtoi'
cu:'l'~t .a$ oet 'bJ.tbe poiltmfll<iCld1;11l~. Ii oi&nc1 Ge'I1!}••Clto~Cflt $t

.w;u'l~to4. tctbe"temitlA1o 40 flhOl!l».Ie f~ ,A~4.tor ~s.c:mO ~e1Ul!tSot.

'11
0
• ~ ,t'108lO.e,.Wl'*a M4ta~t,& ..lt1 t",hie •.••211

:1a14• "-f.,.
~lc •.I;UA'\ .' "
, ,. " ~' ••..J •

'11', '. . ,.', . . . w ••
bi." '1/'Ci1tB . ~be~

" .. 'in W"'''ll lit 10••4", ; S. - bi:o-lil ' ~l~ - _.. lilfer

0.020 . 'l'ljtl)!
0.039 . \ \ ,.100.10.0'" . , .~. 1.40
0••06, ; 1..1'0
0.10 ..\ ':, .;a.o
O.las . ; 'i . I " ;,i.a1t
O.llt,'~7's.
0.1& . 'f -tt..,G6
,0.20 ~.20
. 0.24 ',t.i.aa
0.2'1 {.. '.' ~'.7.00... o.•;JO . . 7••770." ~,8.$O

III .AtlV:'b0s ~l, 1t tI~Sti.Cf.lU ••~bf udAs ~.£tlJ;lltf1el' of Q$t.n ~'o
'" .. "

" .
• I

•

..
'," i~



" .

, ,
,

•
-61-

ftu ,••••to' b detlae4 •• tla. l'&t1o ot t_ c•••• ill tlUl

'' •••• .,.It ••• to til. ob_ •• 1&•• ooUeet•• valt.,. ••• "•••
CUJ'Z'd' bela, cout.'_

.8 'be ba•• 1'.II1.tor 1. hlp. tb. b••• cun., .., be t"" to be

e08atan'_

!!.Ul11' •• ' ot Jl.oe -+g- -.v
82-IL

DOM.F Ik~,
r-' 6•.••

82.fl.. l>'2.fL
D0P.F'
II

DE7 ECTOR"

• • 1.00& 4ee&.. JOlt.

e • 1CClOPF Call1trat~ oapacitor.

!be 01l'caiil ot t1l. 1..6 ••• eea.true'.! ••• "4.e. ••• ••, at 1 -.-
Detector ••• OecUlOIICOJ4h '1'''' -u,. •••"ata1l11lc.t 1Il7 • ..,s.c, th.
decader.n.'or R aM calilU'a'" ••,ac1•• C••• 1'••• ' ••••

,
•

• • .'



I

•
•

-- ~~ .• - ._--- •. , ••.•.•• ~ '-<.>

•

,
]

~,

\
I

I

\
1
I

!
!,
I
I

(

,
r

)
\
I
(

)

- ---- ..~.~.~~~--1,

;1
1

I
I
\ -

• r• 1
I I •

2.5 3.0 ,.
.]

hro

2.00.5
• I
1.0 1.5

-- ...••-. Vc UNIT IN VOLTS
FIC? A 5 l/h V<; \(r, rtlRVE TO <;Al,.Cl,JLATEt

9 1

8 -

7

6

3

2 -

5

" -



'\,
,

;.
-b8-

.). ,
•

•

• R •• 38.4i('.

hoe .1Ii •••• i..-,.;:,a.' x 10'" mho

..
Tbe~:lId" /J

et1oM'l1ntig. A.1.,

rLs, 4.? UYbi'£.d"I7. )fOdel., '

'.
t'herell'bb'" b",se-j;jpl'et\<iiJIg .1'f'iststancQ. 'rtlPrGnGh~attuB ..tItt nvel"tlaG

value of reoio~al1e.of !JI,Otive Qi14t.DaeUvol'f'iBion of'
1:11cba0&. .

1'••,"'lllccOUht,1li f.~the b;roaso in bt.l~ etU':i'.mt 41te t~tho\d.donirl8.•.• c
of the base width for tl.dt'tCl:'e~ ta ~tor vo1tll\~e~

. ~ . 1

rb,o-eecc:l1mts to%,WdOOr'Mseiac0l1llctar eun-~t due to the
w£'4<Pt:S.ng of \116 'booowidth tor 11 4i1iCl.'eaae ttl ,coll~tor volti'.llje.
. .

CtJ'o*,reprlliaerltD thedifiueton aM tr(ll:U:;.'ttlOli d\?'p£lcll.tance in the

etitte%' 3unction"

~'CO .t'l)1irloial!lnt$ tbed1tfusionMl! troos1tion o!.WsoltlinCloe 19.t;ha
colleotol' junction ••

•

,,
•

-



I'

, ,

J ,

•
•

"

, .
~ tifld hi.,- tb$ '101~ 'ee of riCo 4t/1 ts madOzot'ob7 ,oboroo

tWg the coUectoz> tilid (ll',31tt(\1" tQl'llllna1a Mc3 Vb(t due .to ,lift, UiJutcurrout
.,. bacoma£)(capac:U:se,/!s m-e i'iesJ;octa4 GtlabLol0con01t1Qiia6rec10'"
ti.v. at tow fl'$(jlltlM:;).

V••'" 1!1 ,L ,.itl'''bt .• i\b'" i\b' ~ii", , 'j,o)•••• ".. ,',' '" w \r~ * -ate )]
~h s!YI/lG

bie _ ~.•....iilI~tid.iJU"'la,•• '"'btl' '".
lL,+rb'~''''b'O

• eqn. (A.l) ,llecOl\ll)O

. " . ~ " '.'

to tAnd biG. we.hav~ theeutput o1'lOl'tett 1:Il14co1ClU1atQ the ehor~
cu>cu1t(ilU'rent tiS,. ,:. • . 'I1b'ill '

I.. _id ,~ V'bo'" ."';";'""
'. , " , ,li'o

BUt
'lher'etor~. ,tho to I'"ard abo•.~e:t.rcu1t eun$tlt gain 'MCQ:1es

1

to t!lJ:id.hro,tv.e' CQr1altlon tbat 5,,'bo m~~i<$1!1 that tho
out],lutl:erm1tia1:sbe optmwcttcatt.alO 'i'011 oa t\t1P1ll.cd V()ltoSo~co. "

Vblll'. Voe (rb~e /("1' .' +r. "~'• , btQ 1)t,
, , J

whiclb g1vee , ,,' "
b,..o;o 'I1bQ/Vo,;,e:'b,Jrbto

(

•

-
.



J I

•
~'.

," " '

~-~ ,-7b-. '
..•. .... '- ."

•

, .f ,

'10 f::Uadh .tbo laput. 1awmlae1:e l'('JlI!a1noPen<-clrcult4l4. Fell' an
. 00. , 1 '

(\ft G\1lpl£e6wUcso Vee ;, ~\ '

i ..V- ['iI'"",4o 1/t .~ ")' ." •.
G ' co ',.~C@, b'e. Z''btc • SoVbt'$J

~.....-' -

, "

I'be •. t'b~e)':whi.ch sivao tM c011ecio:> GUlJ'rltlilt Q$- .-
[ 1/r00 •• r.m"bto It,.. '., , J, . ,. bOo. l' ), be

o.Mtoo outpUt eondUotMce becOi1ll;)e '

" ". ' 'hee •• itl \1'0$(.#.1/.. "co +!mrfb'O'Gj rbi' ,••.••••••..•..••(00$)
~ ,~ . ," . e

,sutZ'co, ," '''.btC.' I Z"bte t:L ", iltb~tGfOl'O oqtl.(A"S)b(lcotAll/3 .
JI'1Z1 >-<

, --
boe- 1/ 1:oe +1/Z>cee?) c"'ee

,!lavina t~tm(l,brei , t l.: '.
Z'b~e '," hti ',«e q . ,

•

,filth rboe tmotmrbbt ear..bo found lW

rbo' ,'" hAe •• rb~o

tlM Z'cO to cla1cul(\tqc! .Ql3 .'
. ,. . "'.r'

Z'ce =1/bre r~'l1.
<.: I
.'. "',

••••It.01." (l"U)- ' .•..•.

•

-



,,'.
,

••
•

:!.'

.<

,

. Appcindh"i!'
. • .. QSnmMUfA1'10N~nANRf.t\S~POl.rt~~

eU".A.M. MAZt1t.1DSR. E.B. I)l~f'~l'll.\llf,.H.Se.THSSIS
C••••• '.RBQUBNc'i 'tMt;SFOIUlA'flONOF LOWPASS 1'0 DANDPA$S POLE
C::.U"'I:~AL PAR'll A:m••i:MIiGXNA1:tlt :PAUT

102 00 100 bt.N
!USA!)( 1.S)ll.AXM

'llPt>RMAT( at' 10.;U .<

U..c>.St.a" . , .
Y••N, ,...
A••(J\LO{l ( (1.00 .•.( <100':&"'2) ".O.~$))lE»)lV
D"TANJl(A) . .... :._... .
Ri ••R"n ,.,.
AW1 ••AIM
WnlTIU,.1)Rt.AlHl <-

"I FOnMAT(aFl'.S)
Plo,.l'dJ9 .
)ftaSo.PX.4"OOO. . " .:
. In••20 "PI"t.l?SOOO. . .:_-
WO••(W".W9.)"OoS . . . .

. . .o"(Wl!,,Wl)/(coewo) '. ." . •. . .... '
::a •• ( h.-(D""a)" Utt•• a-AD11Ua» "~a. (a. "Itl'"Altdl"IOl"US)""',o as
~••o.," (ATAN(("2~. (o"n)'''RtlOAlMd/( t. -.(o•• a"(fll" "a•.AUU""a»»
U••ao "PI" tOOOOOOo "nac(WC"(O'"Rl••Z.SXN(X»)/G

. A1M/!••(WO.CA1Mt"'D+Z.COB(XH)JG
RJ"(WO. (O"Rl+Z"$XH(X»)/6 .. \
A:D1,••(\W" (AIMt.'M~"coa (X»)/G
WRlTE('.' )R~hAIMa .R, .A1l!t$.

6 FORHAT("'loo;1) "
10() CONTIWG ., ; .
102 CALLMIT :' .
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A ppeNDix-c

DETIUlMINATIONOF TlI£FHEg,V£Ncr HESP(JN5&OF A ClmOYSUBV DAlfDPASS FlLn

C•••••• A.M.lIAZtJMDEn. It.£.DIWARTMBNT. H. se. TMESIS
c ••••• r.n ••QUf::NCy UBSf'ONSE OF A CUBIlYSIIBV ACTIVE DANDPASS FILmR

DDmNSI0N PU( la) ,PI(1S)
n&AD(1,2Ui,X

til PORHAT{lIIS)
" FORHAT(6P10.')
READ(t,14)(PU(X) ,1ii1,Ii). (PleI). bt,H)'R••~S5
tlc ••oa
DO 9 J••t,Ne;.R••l.0
;'1••0'.0
W.FR
DO 17 l~t,N .
CRcAR.(.PR(I» ••(W.(.PX(I»).Al
ClaAR* (W.( ••PICI)} ).( ••PIl(l» "AI
AR.CR
AlocCZ

17 CONTImmDR._(\f)."Ji
Xc(DR"AR)/(AR"t.a~AI ••2)
y••(DR"AX)/(AR."a+Ax ••a)tO~ z••(x""a.Y""a)••o.S
IF(FR-O."S)20,21.20

at DJl'Z ••Z
Olh•.ao. "ALOCl10(DFZ)
liR%U(3,7)FR.D,z,ns

1FORMATe,s1S.S} .Fa.o.09
GO TO 9

ao Z..Z/8FZ
Do.no. "AL(')alo(~)
IifflITB(',7)FR,Z,DB
IF'FR.O.'JIO,lt.tl

10 JI.n.rR+O.Ot
GO TO 9

II IF(PR-0.49)12,12.1'
la .Fn.Fn.0.002

GO TO 9
I' 1'(Fn••0.6)10,10,50
9 CONTlHUB
VRITE(JJ.32)

32 hllhAT(//)
SO CALL BXXT

END

, I ..••'
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AVPlINOIX-D
IN TlON 'OF POLR LOCAT1 NSFOn SnDWmx .u.nBSI'WO

&U NllTWOllK.
C••••••• A.M.MAl.UMUBR,II:.R.D&PAItTME.NT. M.S~. 1HBSIB
C••••• POLeLOCATIONS FOR SYHlIBTRICAL FR8Q1mNCY RSSPONS£

OIMnN5ION PR(12),VI(lO)
MAD(t.a)N,K

a POJIMAT( a15 )
~ PORMAT(6FIO.5)nF.AD(a,~)(pn(I).I.t.N).(Pl(X).X.l.N)

.h"D.l0
00 SOOL.S.Nn .
pn(x)ct'R(u.o.ooooa
PR(a) _.'U(2)_0.0000.2
I'n(,) ••1'0(') .0.00002PR(4)cPR(4)+0.ooooaPR(').PU(,).o.ooooa
1')1(6J.vn( 6) -0 .00002J'Jt(7}.Pn(1)+o.ooooa.'R(s).pn(B)+o.ooooa
PR(9).rR(9)-o.OQooa
PRe to).I'ft( 10).o.ooooa
PR(11).PR(11)+O.00002
PR(12).VR(t2)+O.OOOOO
tfRITIH,.6)(J>1t(I) ,lat,H). (1'1(1),bt.N)o FOKHAT(tHt.l0X,6Fto.')6 Fn.o.4'5Nc.,a
00 IJ Jet .KC
Alh.I.O
Al••0.0CRaAlt'("PR(I».(W+(.I'X(I»)'"U
CI ••AR'(W+(.PI<I» h.(.VIt(I) ) "'AI
All.en
Ax-ex

11 CONTIm1BDn •• (u)."'1tx.(On"'AR)/(AR"'.S+Ax"'.a)
y••(I~rl.AI)/(AR •• a+AX•• aJ104 z.(x'.a.Y.'a)."'O.5IF(pn-o.4,,)ao.at.no

at Brz.zoaca.eA1.OGto(OFZ)
wnITB(,.7)Fn.8Fz~nB

1FORHAT(11X.,C15.5)
rn ••o.426
GO TO 9

20 Zel./BPZ .
DEl.20", • .u.oGlOU)URITB(,.7)FR.Z.nD

1,
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• APPENDIX-Q

IF(FR_O.~66.,n.la.l00
12 FU••tR+O.002
9 CONTINUB

tOO CONTINU.Il
50 CALI. EXIT

SND

1

I••
~. •
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C••••• A.H.HAZtJ)U)KH,I>.E.U&I'AR'1'MKNT, H.SC. THESIS
C'" "CALCULATIONS Of' l'A.RAM&TElUi

llOUfU..& J>ll.&CIfilON "s,"a
C•• ,. 'x-nt/Lt, y.na/La,z.-I/(LSC 1) ,W.S/(L2Ca)

OOVDL£ PIU,ClSION x,CI,ca,C"ct,D,Xl, T ,z.,P ,1'1,1>1,&2.1;;;3.&4,'"5 ,&6
106 IlBAO( 1,SOO)Cl,Ca,c"c't ,ll,Xl
100 FORHAT(6lll'."liRITt("seo)CI,Ca,c~,C'.ll,XI
110 "ORMATUIIS,6DI',"

ASaCS' (to. '6)
Aa.ca'(sO."I%)
A'.C'" <So, 's6)A~.c"(so.'Ii)"'-I.o-o"aKI-A"AS
IUI-AS"All"'-A"N)Eta-","."Nil-sao
00 loa L_I,NB
X.XI.UO."')
y.ES-X
£6.&a-x"Yz..(E'_X"Z6)/(Y.x)w_&:6_Z
J>_Z'W
rI.(~"0,')/(a ••,.I"t'9)':l.(w'.o.')/(a.",.l'I")
WRITt('11~)X,y,~,w,p.&4,Fl,'2

sola FOllHAT(UDt,.,)
IF (I'-slt >to 1, 103,101

lOt XlaXl+.00l
soa CONTIHUl;
10' WItIT£(',10')X, Y,l.,w'
10' rOJlHAT(1HS,ItDS',,)

GU TU 106
107 CALL EXIT

&ltD

)
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3. Reed.V.C.,
4. lv.rev. A.I.,

5. Vliln Valk.m-
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6. Gh.usi. H..S ••.

e•• ic l:leetzoniee. McGraw-HUl !bole Company • Inc. New-Toli<. 11159.
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Inc., N_yoli<. 1960.

Introduction to M:ldern to••t.ooli< Synth".19. ..bhn Wiley &. !7".Jns, Inc ••
U"", li"xI<. 1960.

Prinef.p1es tlOd Oesign of Lin.ar Active Circuitl" Tete JIIcGra_tti.U
P<lbl1ohing Cotllpeny Ltd., Oot.•bIl.Y"-NewDelhi. 1965.

1. Sear1••, C.L., £1lJ1lll'llltery Circuit PJrOp"rti<Ja of Tranelators. 5EEt: Vo1.3.
A:Iothroyd, 1\.11.. .J;jhn Wil.y & So11ll, Inc, IJISW Toli<, 19611.

9. 1011'*1••1', 9.. "Th" 4m>l'OJliJ:>dionProb1l1ll1 ot' Netl«lxl< Synth!>.i.... Trans. IRE.
eT-1. 1\1:1.3. Sept •• PI' 5-20. 1954.

9 •••• "tnheF\J.L.. Netw.'JxI< Mell/at" and Synthesill. PlcGr_HUl l300k ~any. Inc ••
Nlt'W Taxi<. 1962.
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1957.
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