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ABSINAG i .
Tuty methods of synthesizing interstage notworks for e tultistage trangistorized
filter to schisve bandpass response of desired specification have bean given.Ths first
method dealp with synthesirxing sach interstege that must reelize a certain number of
poles and poras Of the over-gll tranafer function that achisve the prescribad responae.
The asrond une deals with synthenizing s interatsge of pra«selected ennfiguration to

gchiave the pressribed response.

Using fregqueney tranaformgion, the bahdpass rasp nse spacifications were con-
verted intn the cocresponding lowpass apecifications.Chebyshev eppreximetion was used
0 obtein a raticnel reslizable trehafer function satisfying the lowprass npecif’icatinn_a.
Applying lowpass to bandpasa transformation, tranefer function that mat bandpase specie
ficetione wrg found, The tzanegrission poles and zeros wers dividad gwengat tha inter-

stnges determining their nurber and configuration,

When sach interstage wan designed to echieve one pair cf poles snd two zaroa,

& single tuned cireuit resulted for sach interxstage.

When doubls tuned circuit wan salscted for ths configuration off ths intersteges,
it was found that although the composits circuit was capsble of realizing tha desired
transmission poles, its transmission zeros wers not divided egually betwasn the origin
snd the dinfinity am the deslred zerus were.Since tha location of reros .wsra fixed for
the selonted mnfigunf.ioﬁ. the pole locations ware adjusted to have symwetzrical res-
ponae stout the centrs fraguency and ¢ keep pansbend regponae within tolerable limit.

Twn mxanles, one for esch pethod, of designing transistorized bandpaps empli-
Tinr ware fumisfwed » prototynes were congtrutied end their measured performancen wers

ap mypacted,
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INTROmICTION

Electronic circuits oftan denl with signale of diffarent frequencies.
For axurple, the signal input to an sudio circuit may have both high and low
sudio fregusncies; an ref clrcuit cen have & wide rangs of radic fregquancicss
- 4n it irput: the sudioc detactor in a radio besboth radio frequencies and gudio
fraquenciea in the output.

In such spplications whers tha signal has components of fraguencleg,
it in usually necensary sither to fswour or to rejact one fsquency oT a group
of fraguancins.

The frequency charscteriatice of certain types of networks can be
amployed ¢ meparate waves of diffarsnt f‘.ruqumiau. The sepsraticn may be
wffacted primarily for the purpoas of salecting e depirad band of fraguencien
or for tha purpns;n of rejecting an undesired band. Selectad bands are called
pass or transaigsion bends, and rejected bands are csllad atsp or attenuation
benda. Any rmtwork which possessss definite properties of frsquency digcriminss
tion and which ia cepable of separating elsctric waves of different fraquen-
cles §» called an electric wave filter or, « filter'.

In teswmp of their function, filters can be tlessified es sithor low-
pass or high pagn. A low-pans filtar allowa the lower-frequercy conponents of
the a=plied signal to devalcp output acioss the load whila the higher freguen-
cy corponents are attenuatsd or reduced at the output. A high=psss filter does
the opposite, allowing the higher-frequenty cimponsnts of thas applicd signal
to devalop scrosa the load.

In srdar to make tha filtering mors salective in tares of which
fraquencins sre passed to produce output woltege aCruas the lopd, filter
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circtity genarally combing inductance and capacitance. Since inductive resctance
increasas with higher fregquancies, while copecitive reactence decressss, the two
opposite affacts improve the filtaring acticn. With combinmation of L and C, fil~
ters ara fNzmad to corrempond to the circult ennfiguration, Tha most eonmon typs

are tha L, T end IT arrangemsnts,

A high-pass filter cah be combrined with a lowspsss filter to pass the
hend of froguenciss thi:ore not stopoed by eithar clrcuit. In such Cess, the come
bination is callad m band-pass filtsz.

Yuned circuits provide a convenient msthod of filtering & band of radio
frequencies, because relativaly amsll valuss of L snd C ars Necessesy Tor ressnance.
A tunmd circuit provides filtaring action by memme of ita saximun responae st the
regcrant fracusncy. Thae width of the band of fregusciss affectad Ly resunsnhce dep-
enda on tha quality factor? G of tha tunsd circuit, highsr g providing naxiowes
bandwidth. Such filters sre celied bandestop ox band-pasg Tilter.

Thera ara 't'nﬂ corpatitive methods of filter dasigm Cns was originatad
by Zobal end 4s well known es the ioege-parsmater method®. The seeand wes originated
by Rortsn and Barmmtt ond is known as the oxest method, Polynomisl method, or insere
tinn loss method .

Thae iraqe=-porsmater theory filter i= basad on the propertics of trang-
minaion lines., A sisple network with lumped components is degeribed in texma of
this eontinuous structure. Seueral of suth slementary networks with aqual charate
tcriﬁtic tarmiral impedsnces, comnacted together to produce achein of daddnr nat=
works, will pogsess e transiission cungtent equal to the eum of ell the individual

tramymigaion conetanta of tha elamantary sections.

The image-parsinater mathod ssens to by in disrspute scong ths network
theoristes partially because of tt?a- cutegndetey mothod that is invalved and partly
becausy of tha restricted freadom of dasign.
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Polynonial method deals directly with effective peramotrrs and provides
an slegant avlution to the epprosiwation prolidem. This metind fnwives the detezrs
wimation of sn spproximats retional funotion® to raprasent the driving-point or
the tranafor irpedmnce of tha netwarxk the fraquency regponge of which approxisaten
thy degired one. Solutinn ¢ an sppropriste cppimaimstion probles is thug firsl ﬂéﬂ
in tha demign procadure. It yisldz the zationsl function repressntsticn for the
desirad respings charectaristic of the natwark. The aacond step inmvolves the realizae
tion of this raticnal functinn intc a network of gelected configuration. Naturelly
tha rational functicn phould ba auch that St ig realipgble. The sppioniration pro-
blam fg thus concerned with the eonstruction of a rational functicn fulfilliing, on
the ong hand, ths sppropripts reslizebility conditions, and an the othex, thz demand
of the given datn vagarding tha performgnce chargctariatica of the deaired natwork.

When g Filter circuit Icantaina attivo slements tranalotsr; for axonple, it
ie colled an sctive filtor®. Active filter eonfiguration may vary widely. However,
mony of theae filterns may be lonked won as coneinting of a chain of ective elamants
betwran gech peir of which a pegeive ¢S.-rm:it. called Tintsratage nsﬁmth?. has bosn
intermoont,

-

Thia study is limitted to tioes active circuit configurations that adnit
of smoration ints s numbere of gections in such & way thi the total tramafer funce
tion fs giver hy the produnt of the individual trangfzr functi ns of the ssctions,
and aima at achimving preseribed bendpass fraguency respchse for the filter.

Haturns of the interatzoe networkg and the circuit elesents that mocel tha
sctive alament, detorming tha shape of the ovar-all cheracterigtics of tha filtamra.
The interntoge can be synthgogized for gny specified filter characteristics. Such
general enrsicarations will lesd o natworks of verying eonfigusations, Limitting
filter trenpfer function to a clage will reogtrict the netwirks also ¢ certain

configuratinng.

The trangfer functizng of the intsretage Patwoskg wust bear & definita
relation with tha puer-all trensfer functicn of the filter circuit,betause the
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intaratege networks ere to be used to rewliza the zerne ahd the poles of the over
all trarsfsr function thet aschiave the prescribead responss.

fincs tha poles and zeros of the transfer function of the filter al:'n detore
n.‘lnad to satiafy tha given specifications, finding the tranafer function of the indi-
vidual intersteqes depends on theiz rwe:iivs position with respect to the total cone
figurpticn of the filter emd on their numbar. The chosen filter configuraticn is asuch
that the product of the tmﬂafnr fum:tl.nm of thu interatages gives ths over-all tre-
nafer function, Thus maveral of tha critical fraqumc!.u nf the trenafer functiona
can be sesigred to an intaratage for realization,subjact to the ennditinn of resli-
tubuit-y. The way dlin poles end zeros af the tranafer functian of the filter sre
divided amngat tha intarstages will ¢ptepmins thair tumber and c::ﬂfi.gurertinn. 1r
Fowaver the mnﬂguratinn of the intexstsge is already selectad, s that the ngture
af Joction and the numher of the poles and zeros of its tranafer funciion are flxed,
the critice? frequencias of the overeall transfar function must be mntiblo with
these in pddition tn gatiafying the depign 'upac.*lﬁcatin_n. . ’

L

The perowsiers of sach intazstsge depsnd on the positions of the polen
and tha zetop that have bean susigned w thio atage for realigation.
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CHAPTERm 2
APPANRIMATIDN

In wany spplicationn, such ge in active snd pessive slestric filtero, it
is Teguired that the magnitude of tha trangfer functioh bs ideslly constant
within a certuin desizod frogquency rongs, called the passtand, and ideally zerw
over ths rest of the frequencism rafferad to as ths stopbond. Such an idael pege
niturds responge for lowe=peas hatworks ie shown in fig.2.1.

i
21, (0§
1

<~— CUTOFF

- ASS QAND |t STOP RBAND —==

o -{L

o L,
Fig.2.1 1 Jcwal Low-pass filter characteristic.
‘ e .

Thae transfer function, degeribed grq:hi:all.y in figs2e1, L8 not physically
realizeble; tharafore one can ohly attespt to find rationpl functicns which eppro-
xiwate such behaviour. In some other applicatisns linsar variation of tha angls of
magritude funption with frogquency mey be desizad. liéra agein, a rational function

foile to realize such kdeal behaviour snd one must resort to pproxdinetion.

A munsher of differant mathoda cen be adopted to spproximats fdsal charwc-
taristic ahown in fig.Z2.1 , namelyt

(1) by trail and mrror-which usually leads to on error curve of a gensral.ly
oscillatory nature.

(2) by minimization af the mesnegquare error- which oives wore or leas the

soza type of srror function,

(3) by Teylor approximstion=which gives subatantielly ze1o ertor in the
vicinity of the point of maxima)l sppruximation.
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{4) by Mutterworth approximation which gives maxinally flat rogporze and
fallp less gharply outsice tha gppmxinetion band,

(5] by Chebyaher aphromation - whieh pives mcuiripple responge in tho
epproxination bond ond falls rapidly oftside tha approximation band. '

One of the abo.e Bentinned mathods can be usod to oppronimate the idesl
charactarigtics. Put in prectics, requirmments are such that the greater the
shmpness outeide approxingtion band the bsttar tha parfﬁrﬁm af ths systsn o
which tha filter fs incozporotad. Thus by uning the last two mathods, we can have
batter results compared with thale:thaz megthods,

In this cheptor, we ahall disruss only the Sutterworth end the Chebyshav
sproximation,

The mﬁ:ﬁxlﬁtMH problem to bé'aolved may be looked upon &s that of eppro-
xineting o tonstant over a finite range of fraquencies. To .tntramcé thi.g eancent,
we shall mnaidt?rr tﬁa idest ﬁagnituiﬂa tharacteristic of the lowepess 7ilter.Confie
aing nttention t:r the luw-pass #i11er is not an mtt.‘lctiw a8 At appoars at first
glance, gince by uaing wiitahle fraquency t:an.fnmatmn wa cah eanvazt the low-paas
meghituds mmuﬁmaﬁon' toa ‘high-pnna. bendpass or band elimination charactmriatic.

Conpider the $deal mognituds charactetistic of s lowepass filter shuwn in

" $ige2.1, whera the ‘magritude of ths transfer irpedance is plottad against poagitive
values of the real fremuency. In this plot all signals with fracusncies in the pease
bend 0 ¢ 0 £Q.are trarsmitted without loss, wharass inpute with freguesnciss N >0.
yield zaro output. It da krown that guch a characteristic (m it equsls zexo
over a nonezero range of froquencisg) is unzealizable by a phyaical network, so

that it becomes nacesaary to epproximets if. '

Tha funrction being looked for must sporoxinate s conptent in sach pt the
two rangest unity in the renge o< Q <O, wnd zaro for 1> (Lo, Trug 1if the functicn
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is uvsrd, it in nocessary that
. A, (A4 << 1, os néfe
Ay (1) >7 1, A

" 27
Retterwor th sugoneted thot Ay ( (1} » (1  be used as an spprosimaticn. The
scn.{2.1) thug becemen

: 1
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The responss function reprase tud by sqn.(2.2) is hnown e thr nth-oxder
Buttanerth or mexinglly ﬂnta low-pans rrapones and is en g roxiration to the
idoal rraponme of fig.2-1. Tha nnture of the spproximpticn function is sesn from

an observations:

1
{1) From the bironisl sscies expansion of smpreossion TTTET we sed
that nesy =0

-3 <
[l‘_._ (l]—ahJ/L'-'- (|+-rfn) zzd—i(fhf%_[f}l% o o
snd from this ewpression th tha first (2n-1) derivatives ore zexs at /1=0

(2} Thas magnitude |2y, {(j1}] = 0.7T for all n.
{22009 :
1

o 7o}

o

fig. 2.7 Nuttmrworth rasgtinas .E_I:E"ﬁ;l—%_ forne}l, 2,13

The wegnituris of 21 2 {; 0} plotted sgainet fragueney 1 4s chown in ig.2.2
far nwl, 2, 1, It §a obasrved that the charscteristic is monotonic in both the



pesshand and stopbend. 1t is sleo clear that the higher the velus of n, the
gremtsr the degree of oexioal flatnass poagible,

The pules of the futterwcrth function sre given by the roots of

1 & l - Qg,nI 4] .tll'."‘z.al

The zoots of ech.(2.3) are given by
X0l
n T :
ﬁ( - e « X wmly, 25 sesssssseel = {2.4%1.
The poles =0 obteinkd are located on a unit circis in the s=plane and have

symratry with respect o bath the real ond tha imaginary axzg. Pole lccations foxr

nan, re?, and el ara stown in fig. 2.3.

mn. 2 md

(a) (b} . te}
Fig.2.3¢ Buttarwarth pole locations for nen, =2 and ned.
Fron won.{2.3) ,we hava

| ] .
2,(8) Zy5t-8) Lyn'\z”m’ﬁ B

The polynomial Eﬂ! p) of degree n ia now formed such thet it possesaes pll the
laft hslf pisne critical frecuencles indicated in fig. 2. ¥Hats The poly nomial
=8} han tharafore, thg remgpining critical frequenciss of fig.2.3(a},which are
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A-..in the right helf plane.
ThGMfﬂm. : '7
é L S - B é : '_.‘. . B $ o .!0!2.6;
Blg) Blea) - .14 {eg)" . 1en™ / s

, If"ﬂm ¥ollaws from m’:té.S} end -2qn. (2.6) that '
200 e
12 j -8 {a -

n

. T
Thuse z (9) ia ah ell-pula rativngl mm:t.ian. ita poles beima tha &' ome
an thoge of the 1eft haif plena polen of Euttamrth mlymﬁﬁal

s A

| Fig.2.8 1 A0 gramoximation with I:qui-nipp.'l.a in the Passbana,

An epproximotion that glven a more uniform covernge throughout the passband
ia the ostilloting ona ehown in Pig. z;a-; The magnitude responce wories betwoan equal
manimun ond ecup) winimum valu«-s ih the paashand md cdecrecsen fonotonicolly outaide ‘
it, thg plot is thus gaid & 'hnve an eqml-rippla { oc equi.-rspple) pharatter in the
poashend. Sush o chametmrietic nod thy equal. peoka and vsllyes mey be obtaihad hy the

med

use of Chebynhev pa:l.ymmisla. t

4
r T -

Chebyshay mlwmi.é;!ﬂ i‘:nmla'm dofined in totws of the el varisbls Wy
I'.'iy the Equ’ati{)ng '7,"‘ ‘ L ‘""} . o - |
~Uh
f ,'/"-",.
- J-:
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cn(—n-’ .\c@ﬂ t ﬂ‘mﬁ‘.{n—, .tn.-ud---r-act?.?,
where n ia a m-itidm intager daroting tha oxcer of the polynomdal Cn!ﬂ). ,

The mxpression coeln ms'}L} may easily be put into recognizable poly-
romisl s followss '

Let
Gw s L
%0 that cos ¢ = L

Therafors cn(n—l' .08 NG crsasees{2.8)

Substs tuting this equation into the trigonometricel identity
cos { n+1)0 = 2 cosng cono = com (nel) ensel2.9)
We have tha recurrance formula

cﬂ fl‘i ( (m- 2_(1-[2"(1‘-1 - cn-lt-n“) ooiuizlmz

since co{nJ = 1 and C'(n) w (L from agn.(2.7), othsr Chabyahsv pélymmiala ey
be found by uaing sgr.{2.10)s

For (.71 ._ml-}l- J cosh . » 80 that agn.(2.7) becomes

C (5 = coaht n coshin ) R TRIT

Several ussful 'prc:?eﬂia‘s af Chebyabav galymmiplscara ghawn dn £g.2.5,
7 oo/
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The zarus of the polynothicls are el located in tha intarvel =1 << end
within thia interval the maximum volus attained ie 1, tha minirum value-l | i.e,

Duteide of thde intervsl, the magnitude of ths palynonial becomes very lorge in
covparison with unity.

Since tha polyroalsls tske on negative es well es positive valuss with

" maximun sbeolute valus of unity in the passhand «) ¢ 1 2 {1, they are not
suitabls by thanselvns ¢o spproximate a mognituds function with o volue of unity
in tha passhond. Vs sholl therafors use a ripple feotor ¢~ an @ cultiplier of ths
scquare of tha Chebyshave Polynomial in order to limit the aoplituce of its osci-
1lation. To obtain the even function that is reguired for ths rcpresentation of e
magnitude characteriatic, wa could use the -ﬁuu-u of a Chebyshave Polynorial ox
Polyromials of order 2n for n e Ly 25 3 cecenes '

Yhus @ funetinh to rppraximots the ideal lowposs cheracteristic of fig.2-1
has the iquaud ugﬂituﬁa foxm

1' ...-00.11{2012)
1+ ¢ antﬁ)

|2, U0} =

The responme of eqn.(?.12) e stown in fig. 2.4, From the cutves of fig. 2.5,ws

have W2
l:ntm = (=1} and Cn(: 1) =1, n sven.

¢, (0) = 0 ond cngt 13 a1, nodd cevevene{2013)

The maxizam volue 0f the responss in fig. 2-4 is unity ond this valus
enreespands to points ofnwhere Cn(ﬂi w 0. Tho menimum valus of the resporse in
tha parsbend is —tee , oceuring whan l!:n(ﬂ).f . 'rma;zﬂ(m/u unity

* i

for ﬁll add n aﬂd -——L«-— 'ﬂ‘ '11 aven . Simﬂarly {212(1’[ » -——1—---
Ve Vie e
for o1l n op ghowo in fig. 2.4. The ripple width L.e. differcnce of L

pinima in the passband may be spproximated for emall ¢ by
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For. large valuss of 1, | 2'2 {12) | becomes

1

-E-E:‘ » .{L>71 o------(2015’

12,03 -

From the last two equations, we can concluda that the parissible rippls width
fixen ¢ snd the rote 0f detresss 0f the magnitude functicn in the atopband

flxea n,

The poles of tha Chebyshev function of squn.(2.12) are civen by the

roots of
v, 2
le (4 Cn ‘-ﬂ_) = ..u...--.-........(2.16’

Then the poles of intersst occur when
J

Cﬂ‘ ’- : "-'Z- l ’ ..-.......(2.17)

Let ‘L mcng 2 where 2 = u ¢+ jv, then eqn.(2.17) becowen

Cﬂ(n—) » copincoein) = tosnz » cos nucophny = § sinnu ginhiw » * _61__....(2.18)

Thin equation is satinfied when

wmlm-n - o-----o.--.‘?clg) ﬂﬂd
.l.nnu sinhny - : -‘21"“"‘" --...-.....(Zcm)

Since coahnv & 0, from eqmn.(2.19), we h.ve cosru = O

or, U o= %—-( &ﬂl, g— . k = 1. 2 atsssss co N .t‘t..!..(!l?‘,

At these velues of u, simnu = ¢ 1, no that from agn.(2.20},
-1 1

ny = aiﬂh -‘é—'— ........(2-22]
Vg dafing the value of u satisefying this squation to ba o, &' thot
1 -1 1
as -;- Sinh l-g- essssssel2e23)

The pole positions in the s=plane ore



-} de - . o :""u e

5 e j.ﬁ.- § cosx 'ﬁ.'j aés(u'é"sv) = jctm : n--l H =l e jn {22.24)
: o ‘l t k ] 1,‘ 2y Devsressnaas 2“ "

Emanding th!.p equati,nn, the pola- lm:atinns E’h u,“z,,_ » jH(L.,‘ are found o bm

ZK._ - ﬁlnha an ("'@-’!'-’2{; k Bl, 2 bullan ..‘..‘“(2.;25,
P N
and »ﬂ— x o ctunha Eﬂ_!_si %—L %; - “

“‘Z:":' + ""'"!' """-‘?‘-‘_O_L‘"’- o 1’ e .-.1".“(2—.253
s - Cosh™a - R o

This 56 the equatian of o ellipes. The "Fmajcif smionia of the elupﬁa has the
valua coshs, this ainor ﬁmimcm is sinhm and &ha clm:i ave located at le * S

oo~

......

imagirary axis nf‘ tha mplsme. At thia f‘requmy
c {-Q. ‘ u eoihn ﬂﬂbh Gﬁﬂ!‘lﬂ ﬂ ﬂﬁahﬂa " ......n..u(ﬁo?ﬂo

Bt ﬁa.?ﬂ iﬂh ﬂ—-— - CEGA t 1 * w" - . . oo-eacau--(?eza,

cﬂ‘%’&‘ L -1—-, * \ ' ! {' o E . esessscosfRedd)
" 'Thén ‘the mééniﬁﬁda xé‘mémse' (2,5 hos the value.
12 / b '.”‘ 1 v ‘5‘ '_ oo-n-c(?eBﬂl
[qu e {mehaﬂ - X e TR

{j cosha)’

' far ,saf.i_lﬂ . o !\'
......(2-33)

( § wshai- A ng,m‘r L

. va

_ wh:h:h ie ths half pmmr or th@ cut aff quumy uf the Buttmrth reepansa.
% wa cani mnpam “the Euttﬁm th mgpnngs at f:‘equenty NES W ‘whith ﬁf‘\@hyﬁhav

I‘ R
remanne atffzequmy _0. nmahs . PROY :7'“_; .o

- -

,,,,,,,,

then the eqn (? 25) bpmmsrse

..........
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Z,. =+ tanhs sin ( &-:%-- ) -%-

Ii.lit‘2.32’

The pole locaticns for (utteiworth cose with n aven,

-.zk' o | -a?::']'.'-""' ‘él"’ » Kel, 2' -..-...Zn.

aﬂd_ﬂ_- .:in t ;*;;:!- .%" x = 1.2' ....-..,21‘! .00.:‘2.33,

Comparing eqnel 2.32) and {2,233}, wa can say that poles ora sene except
that tha sine and copine terma ora intarchanged with diffsrent rul tipliers.

The pole locations for the varicus K faund fron saqn. (2.33) are ahawn in
fig.2.6. The corresponding Chabyshev pole locations ars shown in fig, 2.7 with

differant uturtlng poi.nt gnd a different dimcticm of zotatian.
3J Jn-

$
2 W-\ . 9 -
K=t

. 4
Fig. 2.6 PDuttarworth pole locetion for n =2, and n-:! given by egn. {2.,33).
i _

.. - S\ '*Q.Hhﬁ_
2 * 4

Figa2.T. Chabyshav pale locations for M2 and fed.
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Compriging the fig. 2.6 end Fig. 2.7 for the epsas ne? and ned we arcive at the
fallpwing procadura to locats the polas for the Ehubyah#v canns Lacste .:tha' ptoles on
a unit circle using egn. (2.33). fladuce the imepinary parts oo obteinod .tay ud.ltipj,-
ying by tants pnd this betones the resl part for tha Chebyshav caze. The rasl part
from ugn. (2.33) ie the impginary part for i:hn Chebyshav casa directiy.

But becauns of the diffarent order of eppeacanca for the two cases, fig. 2.6
and fig. 2.7, tHia proeadure is sirplified s : Locats poles for the Butterworth
casa vaing eon. (2.4). fisuce the real port by multiplying tsnha, but use the imagd-
nary part directly. For sxsmple, for the Buttsrworth pole , a w 5 » Iju1 |

!

the rorresponding Chebysimve pola is given by g = ( tanba m:lw,, wiere en '-11- sinh"‘z

2-3 Fpsqupncy Yrsosformation from Lowspogs to Bandbsnss

How we are in o position to determine tho poles for lowpasa filter. Thess
poles runt be tronsformed by a o suitabln frequency tranaformeticn in the eoprop-
rigte hand in ordar to have polns that givas the prsscribsd bandpass filter charat-

tarintic,

tat p = = +§ (L raprecent tha frequancy for ths lnﬁaaas function and s= & ¢jw
renreasnt ths new fregusncy vorisbls foxr tha bandoage cesm. It is required to find &

ralaticn
p=x tﬂ} .-.....'(2'-3!0

hutwesean the variable p gnd e Qpch that x{a) swst comvart the frequency rongas (< n4i
of the lowpess chargrtristic ¢o the deaires frogquency range u, L w < ", of the
bwnd pans respunse.

Ke now congider tha lowpass t0 bandpasa transformation, The lowpass attsnusticn
characteristic which is to be tronsformed is ahawn in fig. 2.8. In this transformation
we vequirs that the paos band — < /L 2 be divided into peanbonds, une on ths posi-
tive anim and the pthar on the megotive. Since the magnitude chorectarigtic in an
nven functinn, we May conpider the positive frecuency range only.
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Fige 2.8 ¢t Lowpass attengation charscteristic.

tome of tha paﬂicular pointe tranaformation rseded are listed in table 2.1.
These points are atown dn fig. 2,9 which incicates tha nfure of the functional
Teble 2.1

Pointa in N~ axis Loxresponding podnts in jw= axis

3o o
+ §1 v
-51 vy
. relation required batwsen w and . This is strongly reminiscent the curve of the
* H=X(e)
+1 ________________ '_ _ _' -

o
PP 3}

1
i
1
1

-1

Fig. 2.?-' Relation hatwean w and O

/f ] ‘ y

) .-‘--‘a‘-ooontoa.‘2-35)
2

reactsrce 6f an inductor and capecitor in series which muggezts ths possible relation



“iTw : . .
or, wirs genarally

o I x(ﬁ} -k1 ( -5.?.9—:@—-“) -oclltlb.int.n.ut.{?phﬁ’i

Substituting p = ¢ {1 end 5 « jw in ag. {2.36) we have

w : l‘khi- "-"ﬂ lﬁ 0.¢1oooo-i-ibo.‘2!37)

Tive wolutions of this u.quntiﬁnume

w‘. ﬂ?i ﬁap ".1 ’- wﬂ : E"% * / ‘ L_ j + 1 j ..-..--{2-35)
4 : “- ; i - a

1
Fron this result, wa have
wWw oW W B“‘?
12 34 o
ad G, =w, sw oW = = e W
' 2 1 4 3 ‘Ei

whore B is the bBandwidih of the tronsfosed passbsnd.

fon. {2.38) row bacomes

. '“
P o ﬁB‘lﬁ-ﬂ'-- ‘ !_ - “-H.o !. -Ci"ottﬂttgl39,
w "
-]
Whara W, ig the gowmetric moen of the Enhd-udga frequancy and 8 4+ the bende
width of the passtand. ' L

From aquation (2.39)

ﬁ“-ﬁ}- { kp :W:I; ..a.....(i‘.lﬂ)
He =%
’Whﬂrn k - n = 2 ‘ .---l‘h-‘.2|",
2w 2w
[~ a

1¥ ¢ha lowpaan nole positions are givan in p= plene we cen cdatermine their
bandpasa positiong in the ectual eceplex ploe g by uming agne.{2.40) and {(2.41).

2e4 [xoem), vuengy tranaformationg

With red, Lowpass Dutterwdrth polas givan by eqn.(2.4} aret

»



=10

P, = «0.5 « §0.86603 - (2.42)

Py = =0,5-40.06603
The corramponding lowpass Chabyabav poles with § db ripples (¢ w0.3493, ¢ '» 0.1220 )
are 3
B, = ~0.53089 « §0.0
p? = «f}, 26545 + §0 A6603 eraneen(2.43)

The poles of sone.(2.42) and (2.43) ere shswn in fig. 2,10,

These poles ara transforeed by using sona. (2.40) and (2.41) in the pasaband

vhere 2 o ‘r? - f" « A0 KHp

w2
"? ] m. - d?s KH‘.

f‘ - —1‘1‘;_’— e 435 XHz.
w o fy

f - .—?”—- 7
. o P ars shown balow
and regults, whan normalized with reaspect to .2, x 10

ﬂz - -0091062 L 50.45545 [T EEXNE KN ‘2.‘4?
o, « ~0.00551 & jO.4T218.

The pole lochtions af agh. (2,44) are stown in fig. 2.11.
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JH
} ‘@ sremos AT INFINITY

\ CHERYSHEV,

e

' Jarha A4

/ _\ QJUTTE‘R_HS‘RTH

Fig. 2.10 Lowpass Duttarworth snd Chabyshbav pols end zero locaticns.

$
' ® o 26005 AT INPINITY

9 2ERLS AT ORIGIN
—— .

\
'5"1-, \‘K'\
Fig.2.11 : Bantheag Chobyshave pole end zero locations.
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CHAPTER =3

A GENERAL. FILYER CIRCULY

3.1 Genepal Oenpiderations

The u=e of slectric wsve filters in smlectronic equipment has incresged
a8 agquipment has betorme more corplex. Hany subsystsm operati:ne rely on filters.

Eloctric wave filter can be clgnsifind by several different mathada.
In terma of the frequency spectrum thay =3 ba grouped es sudic-fraquency, rIadic-
frequerey, snd microwava filters. In terss of the circuit ennfiguration of the
tasic elmoents, filisrs moy take the configuration of s ledcer( in the form of
T, Lor T} or a lattica. Cleseifickion in tarmg of the charscter of tha slesents
ie alen enmmant LC filters, M=f filters etc. 1P & natwork hes sn internal sovrce
of energy, it may be terond ev active filter. An IF emplifier is on example of sn
sctiva netwozk, Filters with no source of anargy within the network: are tesmed

panafive.

According to tha nature of their fragusncy response, the filteras can be
clegeified en lows-pasa, highpass end bendpass. Ag this gtudy Sg eoncernsd with bsnd.
pasa active filters , a few of the besic configuretions of passive Bandpass natworks

ars discumasd below.

Band-pass My bend-pass filter (fig. 3=1} allow:a band of frequencies frum certain
lower to pper limits t0 paws without or with negligible attenuation and etops all
enargy outsice thess two limits, This filter da by far ths mogt important and wost
commondy used in slectronic ecuipmant,

A seriss-reannant circult hss eqdmum current end minious irpadsnce at the
rmsnn-nt fesguency. Cormacted in garies with R.I. @s in fig. 3=l{a), the sories -
L]
tunpd LC pireuit ollows frecquanciss et end nagr rosonahce to produce meximum output

acroas R’l. providing a bandpass filter.

Tha perpllal LT circuit connactied across Rl-.' an shown in fig. 3.1(b), slso

provides e bandpaus filter. At reginance the high impndnce of the parailel LC cixcuit
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(e)
Fig. J.1 Pandepasa filtar circuit. (a) ssrisa rescnent, {b) parallel regonant,
(e) Invertsd L- type, {d) Ladder-type (a) double tunnd type.

allows ﬁl_ 2o develop its output sigral . Below xesanance, RJ_ is shorted by the
low resctuence of L j ebOvs rescnance “L ip shorted by the low reoctence of C. for
fracusncies st and nsar rssonence, though, R! io shunted by o high irpedance,
resul ting in maxirun output signal. '

Serims-and paraliel- rascnent circuits can be combined in L, T, or §1

sactions to dmprove the filtering as stown in fig. 3.1(C), (d) ond (=).

In this chapter wa will analyss a gensral cascaded trensigtorixmsd filtexr
eircuit for bandepess cherectexistics and ths matuxa snd the configuration of
tha interatages that ere placwd betwosn esch pair of trsnsistors.

3.2 « General snalymis of _an pttive filter cixcuits

The genarel octive filtsr circuit under consicaration im shown in fiG.3.2.

1¢ congists of n tronsistors and n possive interstages H‘. "2' ..........Nn.



wd2e
Tn *

an

TRANSISTOR,

AND
N, BIASING Ny N

ELEMENTS

Figs 3.2 A ganeral filter circuit.

Replecing the trsnaistors with thair incrementsl high frequency hybrid-I1

nodeln
3.2 ip sedrawn 4n fig. J.3.1t ip obsarved that the complete netwozk is now
NN
n* Ao e
L L ‘W—” M,
t-é.t
T a§ a
' N A Iy
N, Nie s T :;G) é{%\

and uaing Miller -"uctﬂ to sinplify thar, the filter circult of fig.

' |

b e e

Fig.3.3: Incrseental squivalent eircuit of Fig. 3.2,

dlvithﬁ inton m.mt. pﬂr“ "j: t ie 1‘ 2. ooc-t.;-cotﬂ).

"!1’ canaists of interstage Ni' output resistance of u-n“‘ tromeistor end
tha input raniatsnca and cepstitencs of the ith x trensistr. C4,) in the
output woltane of B and controls the input curient 1., of the 84,3

From fig. 7.9 tha woltege strons the loed R; can be wzitten oo

VL - t gﬂn Eﬂ’l ’ l‘: I.ir'llll!l...‘ail, ™

Yhere tm.l is the voltage acxoes the input of nth trongistor and lil’.

in the parallel combination of on and tha load HB which is considered to bas

reniptive .

The trarafer function i__ of the filter cireulit thum beconos

L



gn E
v L | n n+1 qL lt---..tlo(3.2).
1
I‘ 1
ow 1 B g £
1!1 - B e salamirinr iy EhwEDESL -!‘!L- ...-.......(3.3)
11 I1 I2 In

From fig. 3.3, $he input wltege Eh.l. and thes output curzent I sel af the ith
transistnr are related by

"1. 2’ .---.------o-ﬂ .-(3.‘)-

Designate the imput current of tha passiva nntwork N, I N shd ita output

3
vltage Ei-n-l. Let the transfer impedabce Ei.tl of - be
' i
I
k
.p.-&:}.-n. fi(ﬂ, n-o----.--aoon.cun(’.ﬁ]o
Il.
Subgtktuting {3.4) and {3.5) in (3.3) , we heus
E
Nl 1
f“., '? (., [EENEEN ) fn(’, ] I yovu
1 1 %y
Er”..l n-i :
OF ssmus sy n q. f,(., 'rztﬂ’ l------.fn", titno.(aqﬁ}c
1 TR 3

1
Putting (1.6) in (3,2), we have the over-all trensfor function as

LATY "
z‘?(., - —;"; = I:, ﬂ-- '\- f‘(, fz ‘ﬂ) ..n-e.-afn(., .---(3-7}.
1 ', L=t b $

Where f‘hi, L @1,2 seceeaen, in the txansfer function of ll;. From agn.(3.7)

1t is obsarvad that the polsa and zarvs of Z‘zh} ars dirsctly givan by ths cri-
tical freguencies of the transfer function fi{ai. Tharsfors, the magnitude of
Z,ztju) ¢tn ba mﬂtmlled by properly sslacting the pobes end zsrce of fih"



A Tysicel ith interstege of the filter circuit is stown in fig. 3.4. lt
ip evident feam fig. 3.4 that H is to be aynthesized in auch a way that ths inter-
. stege N must realires a cortain mabur af pslas and zaras of thp ovor-all trangfer

4 R

N 1
I

n
+
[

i
“C'bec' X

H
N Yo

e e e = o [ |

Fig. 3.4 t Typicaz ith intaratage.

function or their rodified locations thet schisve the prestxibed response.

Onee the Filter specificaticns axe furnishsd, one can find rational fﬁnn-
tion approximation to it following a stendard procedure.

Tha way the poles and zaras of the transfer function of the filtar are
‘dividad amnqat the {nterstages N will detaswine thair numbar end configuration.
1f, towsver the configuratinn of tho .inturataun Hl. is pto-fsalanted g that the
naturs of location ond the numbee of the pules and zeras of dts tronefar function
ere fixed, ths critical frerzuuncin of the over~all trans”er function rust ba

compatible with these in addition t::: natiafying the deaign wmiﬂcati.nn.

In thim pection, both thage pethods will be discussed.

3.4 1 Bunlization of hod remnongs aplected ratinnal fimctiang

The procesdurs for fin:!ina the poles and zeros m' trengfar function that
waets the givar apecification has bann outlined in chapter 2. Gneca these polas
wd veros daterminzd, tha matworks ﬂ of Fig. 3.3 has to ba synthesired to realize
thane, In this nmietiun; a gyntheais pmcumn ia given for this gurpuse.

The locations of the zeros end poles for 8 third erdsr Lhebyshave bands
pras responss Lo whown in fig. 3.5. All or @ part of thess poles and zeros must
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Fig.3.5, Fole end zeme
iccations for a Jrd oxder

Chabyshav handpess responss.

‘h; rea)ized by interatage

-5

Y - o]
1 o‘ an’ﬁlh

Fig.3.6 1 Locations of pole and zerce
t7 ba realized by sach intearstags.

Ni’a In ite simplist form, H must et lcaat realizs

i

a prir of poles and twn zercs as ehown in fig. 3.6,

The trengfer funstion compriging tha geros end poles of Fig. J.6 may be writte

an
'i!!, L] , 3 .-n/a-o-u---.‘:iuﬂi
'.3?‘ + u;r + s
Yhars o = 6F - w'? XN =26

- Yhig transfer function is to be syntrusiiad ta find tha interstoge natwork N{.

I

The synthesis nrocedure is given belowi- : ’{2 "

1+
Nelwatk
~

A

(@)

“+

Iz I Iz :
+ 1
Ri @
v V.
v2 Lia It E
(b)
F’.g. 3'?

Fig. 3.7(a) stows a natwork driven by a currant source end terminated in

e load resistance RL For thia natwork, we will compute ?'18 in tems of the open-

circuit impedonce functicng Zy4r Byy and 2y of loaaleas netuwork H, making use o
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Thevanin's Theoremw. If the load is rewovad, the opan «circuit output woltage

in, from the dafinition of v
2
# !’2 - : Lpo
1
Umc- !12 x1 i.-blabco.‘agg)g

The Thevenin's squivalent irpedica at terminals 2-2' im found Ly replecing the
current gource by en epen circuit. This imut impedsnce is L by ¢afinition,
and tha Thavenin'g souivalent networxk is thot shown in fiq. 3.?&:}. From thia

natwrk,
V. , : 2
--ug- - 2’2 = ———?2 HL .l.."‘.'!ll!‘ailu).
L' 2t
. ; ] & LE - . E
1f 212 in gim,-n, :‘z'und 20 cah be fuund posi] aqﬂ (3,40} 2,5 and 2y CAT

be ':mthmiz-d by any stgnisrd procedurs to obtain the network M.

with RL royoaliged ¢o | 1o, fzon egn. !3.ﬂ) and egn. 3,10, wa have

- from which z ., and *,, can be found se

H + an

It im mvident tha: the realization of £, and g ="
atown in fig. 3.8, where the los=d ix also -+

2

fig. 3.M ith interstaze.
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Fig.3.9: ith interstege 3 i Fig.3.101 General form of the ith
{oedifind form) O ST vr . JArReretage.
L ‘ -." - S t
oL

The r@ein?aﬂm and tha cwam eanca cen be divided os shr:m in fi.g- 39,
fow, ciriult of‘ fig. 3.9 mam:blm that of tha interstage H.i. es atown in Pig.:i.d
where ss. £a replacad ty @ c:zpacituz and & inducter 4n parallsl. then all the copee

glivnre are eowbined tngmthret ee wall es the msiswrs.. the genaral ﬂ-m of thwe

interstage Eii ig ahown 4n ﬁg. 3.10.
Thy trsnofer funption nf ﬁ.g., 3.llﬁ ™ i;iugin oy
' £, ,{a)
. 2{? tﬁ} "lﬁ 'ifl' - = 175 o ss ..lOQéiu'idiaalli
e 'Iﬂs)‘ L 42;;1_@ L3N
el | - ) L c 1

4

A LR

-—w.—i

1€ the pnxe lnc:etivns of’ fig. 2.6 in given by |

| I
R N T JW,.- : \‘f
. l ;/?w‘ ”
P A '*J--
-si = .60 :‘- J“i . '\

then tha trarsfer function "_o‘ui‘ e (3.8) een be written as

7 le). . e —
T tee s (s eB)

Putting the volues of the aple:é.' and a;ﬂ‘-ﬂr sirplification fils} beenres

8 - . . )
) ?j_tﬁ) - & e Y - - "“'ioinn‘-t.at“ai}.:ﬁ}
Y 2 o 1, 2
g =~2 8cae 5, *w
Comparing eqn. (3.11) and egn. (3.12), we have
f '—-ipl.—*r - . 26‘ ) b ".'-_‘
Ry®s ST
S
&?m‘J
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Tharaform, thy interstsgs nNatwozk (Ni' ) of fig. 2.10 can bs used to realize the
poles gnd zerog of fig. 3.6 and ths mlemehte are given the soluticns of egn.(3.13).

ond =

The interstage Hi’cn alud be used th reslize two pelr of poles anc four

zeros of the cverall tronefer ?fo\.‘l):tfmn 2‘2&). o5 ahown in fig. .11,
3 .
« |02 at infinity
<

2 af orig!” a6

Fig.3.11t Locations of pole and zero & La realized by an intergtage.

The transfer function eompriaing the pnls:g snc zerog of fi.q. 3.11 may ba
0 s° ,
. - ....-....l3.14)

writtwn as f(n) =
i 4 3 2
5+u33 +a,n Ttaintan

Whera 71 ig s constant.
This transfer function way be congidercd #s tranafer impedsnce Eulal of 8 couble

temminsted network of fig. Nl

171 ' T2 Ip
+
+ Logssiess ‘
Nefwark )
Ry Vi ™~ Vs Rz
i 2

Fig. 3-12t Double terminated log-lass natwork.

2
- .
D - . ..‘.-..I..-(atla}

Tharnfors, 2.12(;.) = - 5
S +3.% + 4.6 +3,0+8
3 2 { o




5nmdarm z,gm ny the xaat;on‘? |
[t (o) et-.:] .a--__--[z tsa z (-s)] | ovmmmisuen{3016)
R, _
2.

2

S
. : g o
With ﬂ1 e R y 1.0 amﬂ Gmlu f'actnr rmved sqn (3.16) bemmm

.’ B

e (o) ¢ (ea)] "';"[Em'tsn E,,-c-sn . m.(._za,m

Tha mlatiamahip betwemn the tranmissian mefﬂlc.ﬁnt ’ %{a) and the -
reflection om-!'ﬂciantnga qlvm '
F[)Fé-aﬂ 1 - t {3’ t {-l‘} ._..'.'-".‘-.Ie.....3...1,»..55-5;—;“'..(3.19).
From ecm. (3.15), {3.17) end (3.36), we have | '

e ps° S x
@ Y = m—— : - N
: I : Sa+('l'aa§eﬁ2+' g ¢ a3 Y g i ::Aw
. O .- o i L . £ - b
. R i ‘-‘1_‘5 . ok “?" €48.%%
) . mo ) ,?. : . .»‘.,_A P p :
. “ur_\ "

'\h,‘\.'\-

JB * bﬁ 56" ‘ bﬁ ﬂ, ﬂ + ‘1‘2 52 ‘Pm -o-li‘-.‘goigp .

B -3 ' ? C
e»bﬁe “"4“ obes ob
'H‘hnm hﬁ., 4. b? andb can he wri.t:m in: tnma nf e E?"‘@‘i and hu o 1
,4-" ) i_\b—‘" 4. . - . - .
. o : e
= ¢
(2]
.O

Fig. 3.13 Fe12Y in quodrant aymeetsy. -

The detomingior of ,5(5)' is forved by mulﬁiplj,;ing th:ign poles of the axpre-
- ssion (2.19) which lim in the left half plene. Ths zeros of the mimerator 6f tha
ewpression (3.19) are in -qng_:irant syrmetzy, aa hown in fig, .23, Sinco the
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nmerator of 00 necd nob pai-a Hurwitz pnlmmiai. it ig formed by t_hn inclue
sion of & zere end its conjugete ond rejecting the nogative of these zeros.

Thua o(s) ean bs written on. -
. & 3! 2
£5 +Ea¢¢2eocs+_to

0(s) = CRURAE: MM SR NGOG - OO e { 32203
' PR e e no+ 0 .
8+ 0.0 ¢ie2 | 00 ¢ o,
. | oy,
- The open circuit imput .i.rq‘:if-mt:n z ' (a). w __.f. of fig. J.12 can be
6 1, /7o
[ ] farmed €t the relation }Z"(s) o -a-——(ﬂ- 1 “sesssses (Fu29)

LA C e P(Y

Putting (3,20) ihﬁ’: (3.‘21}';“35'!13\@
, ll-ca)saoia-c)aavb(a-wluzo-{a—c)eo-lao-ua} :
2" i) = e ‘ . e crsntmescs. o { 3o 22)

| i, .3, ,
(J’f’%,“ O{Bs‘it:a}ﬂ. o(azo-azla (ai-l-c')aq--(aewcb)

Ag an tha trpnmmis-ian lmme Aie gt the origin end ot thes infinity. theo

d....n-

S g J - .
Yha cmacﬁds of euveral of‘ sueh, intarutagm gi.\m rige to an over-sll transfar

!'um:ticn ths will have euen nmber nf'tpalaa. An extrs mingla tunpd circuit Csh ba

f'umztinn af nqn. {3.27), ean tﬁ dsvalaped intn ® lodder Gor m,

um-d to tmghe the overeall tmnefer f‘unctinn have an odd number of poles if ths.

situation warrants eo. |

In this section we analya’ga' the duble termineted netwosk of fig. 3.4 an a
possible caﬂfigumiinn for_ the }gﬁaﬁmga notwozk K 4,

,_L : V,i
Lq_-” Raq

Fig.3.14 1 Presslacied configuration of ith interstege, .

~
,,‘_\\P/

.
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. Yhe circuit of fig. 3-14 #an be simplified by spplying Thevenin's Thoorem to
the left of the points A-A' ss shown in fig. 3.15. |

5b

Fig. 3.15¢ Equivalent fomm of fig.3.14. °

. Ry
. 1
) R‘O —E-'_ )
1
\R?‘ .
z ' —-——E—’!q--
o
e -
2 E.:',n

Fetzilz!’ﬂ“ ) o _ »
?2 - Zﬂ + 9‘2
zﬂ‘ - Eﬂ e &le.L‘ L? whare k is coafficient of coupling.
The loop squationa frvm Fig. 3.15 ors

'21 11 + Z“ 12 - l.‘l I’ wemnane (3, 23)
* lp Il + 22 I2 - 9 --—.---—-13-2&)

From muna. (3=23) and {3=28), we have

- -1 Z o
12 - - z". ) ] ) ﬂ -" ‘. [ % ‘-‘3.25)
rd + 2, 242y - zn?
Y



P S

The output woliags Vu im

3l % :
VY o1 2 - g i & erenunasvinss(Je2B),
4] 2 2 Er
72,2, _
The tranafer impednce is thus ! 2 2 3
v T H & o
2’2(5 L] “"i"?""‘ L v ......-....{3.27).
e 21 22 - 2“2
Now 1 Ry 1
! 1 e ! i C.o
ﬁ‘ o - k ] 1
) c,.
L .B
A ) [ P4 i 1
et — 5 o« £ 4 eecan ]
[l ] L.y C
5( n1 .-":-1-. ) 1 |
Similerly 7 l,i'zn?! 2 1
e s [- - . e ]
? % (n ) C.R L
2 Cz‘a 22 2 2
Puu;ng “h.i“. of z'. zz. zo. z' and 7, into {3.27), wa hova
k s .
2. n) = = ; . you — ; e { 34 28)
32 Iy - 7 SR JEE l
L1L2 E'CE(I-R ) LRI R P aqa + L3
Wharn . . 1 .. 1
I ¢t L
2R _ 1
A VRS W V2t B | I o oo
-~ 1 25
PRI + - W { 1= k) (2.29)
! ... C R LL R
' 2211 tT 22
1l
’u - N p}
i -k}
L*C1 Lzszfl

Tha tuﬂafa‘:;- function of aon. (3.20) has (£) two pair of poles st finite frequan.
cies and {§§) four zarce - one at the origin snd other thras at infinity.
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Tha pole distributi-p is aimilar to that of Lhabyahev or fSutterworth
bondnang rmgponge, byt the zero distribution is differgnt. In Duttenworth or
Chabyshev bondpage response the zeroa ere egually divided batwnen the origin
and the infinity of thn e-plene, whersys for the cass undar congidoration t;huy
sre rot. Aa the nunher of zeros at infinity is wore then trat ot tha origin,
the frsquency responss of the natwork of fig. 3.14 with Chabyshev poles, will
datraase pherply after the centre frequency es the input fraquency go on dncx-
saging. Thug the elrcuit off fig. 3.14 provides with en ungyceetrical fraquency
responne cherscteristics as shown in fig. 3.16. Aa tha location of ths zaroe
are Piumd bacsuse of saslectad mﬂguratinn of tha interstage, tﬁa pole locae
tinng rust he adjunted to be corpitable with Tragusticy remponas charsctaristic
as demanded by the denign specificstion.

~ Tha denominator of sqn. (3.20) csnnot be factorse in gonersl. Such nate
wotkte tust ba synthesize sithar by spproximation or coofficient matehing. In
cosfficient matehing, a desired polynomial s set up and the coefficimnts mm 2.,
8. o, and e, are equatesd to ths_ﬁunarical values of tha cosfficienta af tha
krown polynomial. This mathod con slways be evployad providing the network is
capable of having poles and zerss in the dasired popitians,

Now if the pola lacations of fig. 3,11 or thair adjusted cnea are
given by

'1, = §, 'JW'

5, =6 dw,

s, o G2 *w, | SUR—— . I, T
;2 "5, = JH2

A general trangfer function corpriging theam poiu and four zmron,
ane et the origin ard other thras at infinity, is coostructed es

?DQE
fi(s) -

(a—n'i { a-n‘l (ﬂ-szl { s~8.,)
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FIG 3.16 FREQUENCY RESPONSE OF CIRCUIT SHOWN IN FIG.3.14
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Putting ths voluea of the poles, fi(n) bectres

- D5
S LI ——— o S— —~-{3.31)
{ge 6 = ju‘l (a=6, juq‘l { o= 6;_-,1&2) (o= G2 -rju?)

cimnlifying mem. (3.31) and comparing with eqn. (3.20) , we have

< EE s

29
(e o i 3 (ke e = 5 e w2 e 406 e 64 w2
(e *e RAC Lo Y 1 T1 ¢ 0y * Ny
ey 2z RN
L,0E, 0, LyCyF0Ry
1 5= « (6% w6, e wd ese.{3.32)
; !

Lot yEy (1 &

[ ]

folution of the sst of squations (3.32) givas the velues of ﬂ'. Rz.

L'. L?, C‘. L‘z and X of ths natwork in Fig. 3.14,

3.5.1

With loose couwling f.9. K << ) end with 6, <<<gnd 7, << <, which sra
the ususl tason, the aq. (332} cen be approwimated as

E:ﬁ% q.c: a2l 0 # 6.3
22
t..ti.-.. - t—.ﬁa&--— * m-%»«-m » illz * uzz
11 2°2 1212
IR 3 s-(26,u2e2 7 "'22 ) enese(3.33).
055  N5ER
.....-.L...-.—-—i ‘uzwzu
LLLC v 2

272711
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1 . » W.

] 1 i -
Lﬂt gt moun - ", L y. ‘W s A St z aﬂd
5 TR | Ly €, L2"2

The ernn.(3.37) mow can be writ;tan an
Xa y=ea =" {3,348 a)
Zews xye b (3,34k)

Y+ wWrme (3.34c)
v ed " {3.34 d)

Tha right parbers
‘aw =26 +G, ) '

j 2 4

b e w‘ * u2

2o t 2 61“‘12 * 2 613“22’
w22

ds H’ wz

wre atl unn-itiué a0 lang es S ohd 5, remain ncgitivn l.e., the pale locaticng
remein in the left half of tha a-plang.

Lot us considor two of the poln,lnngt{nng of o ginth order Chebyshev filter
with'§ & ripole, bendwidth of 40 KMz and centre fraguency wqual tn 455 XHx that
will be realirzd by the network of f1g5.3.14. Theso ars
S,s » (=0.00169 + jO.42565 ) 27 u 106
Sy ® («0.0D465 + J0.44D51 ) 21 10°

From theae pole locstions

6,5=0.00168 % 27 x 10°

6,_',- ~0.00465 x 2 7 ox AD

w, ® 0.42565 x 217 X.. )N

| w,» 0.44060 x 21 x 10

]
&

6

The right hand aida of agn. (3.348) of the order of m"., Thus both n and

Ve in of tha order of 104 or less. In egn. (2.34b) “‘2 snd uz‘? is af the ordsr of

16", Thus the product xy moy bs noglected eomparsd with v, ond w2,



35
Tharsfors the agn. (3.34b) c-n be written am

ztu .b .noo.a-nnuons..(ju”.}

from agn, (3.3‘2}.
ds-’ We“d "......'..'(J.ﬁh,
y x

%ndymd:/aaunuchofthorduufu‘z
AW

Ea(3.%5¢)
Ea (3555)

Eo (% 558)
Ee(5.594)

-

% "——c‘“"l b \
P > —

£19.{3.17) : Graphicol representation of egn.(3.35s), ( 3.33b), (3.344d) .

The grophical reprenentations of egn. (3.35s), egn. (3.338) and egn.
(2.3¢) ere shown in fig. 1.17, which shows thot goluticns of eges. (3.33a),
on.{2.35h) end egn. (3.34d) exists in the first quadrant. !bwwves, this solu-
ticn affected by the c'oice of x end y« Egn. (2.Ma), x ¢ . @ =2(6, 162 ) = &,

shows tha® infinite number of choicas of x and y can be made. L’utn.tm:nu-tlﬁ -
11

w 1 v2 ., %0 mmall a cholcs for the valus of

! and L ] -c—-n-— ]
T 22 %
pither » 0r y lanry 0 largs velua of Q of corresponding coil. This ray be un=
steaptatle fror the point of view of physick realizebility. Sel-cting x end y
&5 bs nenrly equal thus gives the best solution and snsures minimge poesible Q'e
for both coils. A computer program has baen prepeed to scive the squations(3.32)

oxpctly. Thup with theae pole locAtdcns , ths simultansous soluticn of the mon=




..q"?.. '

lingor enn. (3.‘!?) giva pna.i.tive values of tha pmrmtm which &g a pmmquiaata
. c..nrﬂtinn fox physical realiaahnity. ' '

Sevatal -i:htmmtagas ‘-a?"ﬁ.g. 3e14 ecch of which reelizes o prescribted mst of
polen and roros a0 be concaded. i-.':z' give o aingle'- over-all maximally ﬂut.—'-iaqui-xtppla.
' I.ineaz\-phase. ai' similar function, heui.ﬂa &n aven numhaz- of polen. AR extra aing.la—
tuned cimuxﬁ ton bo used te tagke the owm-an fum::tian hava ah uc!r} manbiee uf poles.
Sueh gyntera heve bown t::auad ”atag;r:: darmd 15 becatss the roat obecrvabl & phyt-
sical difforence between _tha various lntgm*}ugqsg is t!m difference in the losding

rpsiators.
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CTIVE FILT SIGN MY HGLE TUNED INTERSTAGESS

In the laat cheptsr , two pathods of synthoaizing tronniator interstage
for specified rasponse have been given. This chapter provides en exeple of trane
siator oplifier donign with thres interategee when the responas of the aoplifier
ws3 prescribad, using ths first methcd. '

a-1 Spepificatinng nf eeplifier xmapolast

1% ig required tn clesign 4 boncpass filter with § @b tolerencs in the pase-
band, having centre frequency f s 4%5 KHz, 3w«db bandwicdth 40 KHz. Alsc ths magini-
tude of tha tranafar function faust be st least 13 d)/diw w 0 KMz from its valus
at the cantre frequency, fo.

Detarnination of tranefer function for lowpass remponsot=

We will have to calculste n far the raquirad nagnituu:b l:haracteristié which
will detaxeing the number of poles of the tronsfer function.

for bam.!bmis charocturistic:

Cantra fraquenty, fﬂ w 455 Khz

Band pdgas ore . w 473 XHy

2
fii 435 Kidg

Magnitude condition is given at fu e 50 KHz.
Tha eorresponding pointa in the lowposs megnituds chorscteristic can be
obtained ueing the frequgncy trangfurmation givan by thy selation of eqn.(2-39).

Thecw points ave .
pointa in band hess Corresponding points in 10w pass

§ 455 Kig 0
§ ATS5 KHZ 1,
§ 435 Kip -1

5 500 Kiz j2 '
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The owposs Chobyshev cheractaristic io rapresentad by the mpressinn.

1
2/ e gl | -

|2

for § do ripple, ¢ w 0.3493, ¢* = 0.,1270.
Since the magnituds characteriatic repmins unchonged by the frequancy
transformation, we con write an raguired by ths dpecification.

1 .
, » 16195

1+ ORIl
or , L %+ ¢ .:nzm- - 20.4
oF, c"cza o 13.25 =(A)

Put L (1) e Ztn'l v getpining only the first tayrm of the Chabyahev Polymamial.

ﬁfh n el

czf.?‘ - B -
with n 3

'(:3{2). w 32

Therefors ne3 mesta the epecification,

For n = 3, lowpnes Mt@mﬂh_ poles {lgf't half plene ero @
Pi® 1.0 ¢ §0.0
| ﬂaq e 0.5 @ ég'asms - lbtti.id.(‘tl)
p,' 0.5 - j0.B6ETI

und the corressonding lowpass Chabyshev, pﬂleﬂ with % b ripple are |
Py = ~£1,57009 « jO.0 ‘
p? a =1, 26545 o ‘50.36603 essassnriniide?)

Pq = -0.26545 - ,jD.Bﬁﬂ)&
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FIG. 4.1 ACTUAL FILTER CIRCUIT
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] - J’ 1 15 I ] ! LKl
R 2 reelC i FbenC® L |t Ra, % RSN
Rb‘? el L Ray% Re,s 0% 3 26l 312 "oz hegle C*
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Z £z : ° Rz_ : ff’ %"” ? Eg
I g”’{ } ? 2 } g”’g
° i 5TAGEl 4 _ aTAgE2 ' i t 4TAGES. L] *

FIG. 4.2 EQUIVALENT CIRCUIT
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Tha Iowpase transfar function now becomen
1

(p-n‘) { p-pz) { Py}

21?¢p, -

'-o.-r-onooo“os,o ]

4.2 Detexmination of benchass poles gnd gerogt

The polens gim in egt. {4.2) are now tronsformed by lowpesns to bancpase
tranaformation, agn. (2-40) end (2.41). Hurs

- £
B-fz ‘l"1 o 40 Khz

f? a 475 KHa

f1 e 475 KMz
fﬂ " | fifk

Tha progrorme uasd for frgousnty transformaticn is glven in Appendix 0.
The racuired poles (Mormelized by 2« mﬁ) are givan balows

s, w 0.00511 + j0.43734

a, = 0.01062 « J0.45444 ' cerersecaldad)

2

s, = 0.005851 . jo.aT210

l

Therefors in bendoese coee, the trgnafer function le

3
l

(4.5)

212") - . - l - 7 -
is-q') (a-oil (a-szl {a-uz} (t-u:,) (a-'aai

Of pix zexon, three ars at the origin and the other thrae ot infinity. Thip
trangfar function meata the desired specificstion. The intevstojes ﬂi' of Tig.
3.2 hava t ba = designed that the eplifier teslizes the trenafer function
‘805).

4,3 Dnteiled conmiderntions of g tvbical ptana ¢

Assigning soth interstage to schisve one pair of poles, the oplifier
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consiats of 3 interstoges. Fig. 2.2 with transistors ond baising alements ie
. shown in Pig, 4.1 . The tepings ave used for impedence matching purposs. The equie
valent circuit ia ahown in fig. 4.2.

How connicder s typical ntﬁg- such as stags 3 of fig. 4.2 and ie redrawn

in fig- 4,3,

- __S5TAQE3X
E5 ‘-'aa EC

L
C ’—L ° A ,
5_\' R / | T c C‘&) E Ql
3 Q f be:b 9»“1 4

Y

o3

rigodos t A Gugﬂ of thﬂ fﬂtﬂt citcu!.f. Qf fig- 4.1-

Where |
n‘ -Rﬂ Hﬁm I .

1
, ﬁz' - o R
R
Uning Rillar affect the collestor capacitance Cca ¢ah ba repleced by
an equivalent coped tance connected betwesn b' and ground as shown in fig.4.4,

'hﬂr‘ A3 - gﬁa -rﬂ&m ..r...i.rbuann-o.-‘duﬁ}o
’ '._-, * RL
Es " Eg Eg .
’.‘ab - I
¥, 2 (4 by = = o
E:; d Ql/ Cb‘b €3Cf1‘-‘qj SMEI ? z
| ]

Fig.d.d. Nat work of Fige 4.3 sftsr simplification.
The circuit of fig. 4.4 gan further be ainplifisd to the circuit in fig.4.5.

1

be L ) (_‘3-.....

Fig.4,5 ¢ Sinplifised for m of the stage af fig. 4.3.




ofl a

here Ry =2 uR! / -32 T 4 %3 PUD—— 1 4

& & me
ﬂpa = le l:::3 R3 » perallel gguivalent of the gsries resistoncs R 3
of the incuctgnee L3 .

L. ol . 'e a2
3 3 p ) ct:!

Cw « 0 * Cq {1« "3, mmnmemaan{d,0)
“ "t %%
_ This sirplified stage resmobles the interstage netm:'k‘uf fig. | 5.10. this
stage is ¢ reslize the poios 52 « «0.01962 + 30.45444 for uhit:h
¥ Rﬁts =~ 2 fAn 5? {2 x 1@61,- D02024 x 2/ lﬂﬁ
and VL, e 8 (2 10592« 0.20664 ¢ 20 » 2092

17 L1 « 0,0757 sh, thon

l‘.a = 1625 pf —— (4.9)

and Ry = 4.05 K | emavme—ne( 4,10}
From eqn. (4. T)
R UL L e LI Y
From ecn. (4.0) .,
* - . , _— Y
CB -0, n32 L ﬁb.;; cc.ﬂ {1 o\alj- (4,12)
nﬂ, R’b.‘i * Tpua and (:!_w_.3 depend an the giiscent patﬁt. Therafore, thm
ouigrent point and the vaelue of @, must be gelzcted 4n guch e way that {1) ﬂ:!
pivern by egn.{4,11) is mot loss than 4,85 K ond (44) the valus of aalz[ Coed

* L 0 1« &3)] is nmat greater then 1625 pf. To mect both raguiremefita, fow trails,

#0 dntarmine tha quescent point, may be reguirnd.

for stages 2 and 1 axactly simfler equatinns are obt-ined.
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4,4 Demion for o soecified quiscent point

A typical D.C. atage of the filter circuit is stown below (fig.4.6)

_EDC

RF cHoke

Fige. 4.6, A twical 0.C. stege of the filter circuit of fig.4.)1.

0.C. equivalent of fig. 4.6 is shown below.

Ry

F’.g.- d.? nC. ﬂm-liuﬂlmt of figo écﬁu"hﬂm bm

Where bage-baieing circuit is replaced by its Thevenin’s sguivalsnt, [-I|l and A i

£, =t ;Rm/(ﬂ“ R ﬂP')j Egg ARy = R R R e e(aa)

bt
N € = Epe =PI« BT
Put 1 w1, ‘
Cop = Egpm ( Ro ;nﬁa 1
T ety /ReR )=t Ep/ (R e R e laa20)

IC - ‘!ﬂ - te[ ¢ R-Q- HE)

m,, - _
T AU



. 7, B

The circuit of fig. 4.7 can ba redraun as

by :‘,Fl‘e

Ry Fo .._J.'._. /é I, o4
Te
£, Re -

and ¥ » 1.+ 1
[ -
By = B MRy R /0] U= Yo 1 ¢ R e
Solving for Ie' we have
1= (8E -E)/ (R s({1ep)R) +[m1 + R/ R e (2 ap) BT,

The coafficient multiplying !CEB in agn.{4,15) is always less than wvnity end
tynically 4t ia 0.1 or lasa. Thus Icmhan e negligitle effect on tha quiscant
point at mom tewperature and Ic can bs calculated to g Quod spproximation from

e (8,16)

I, = t. { B~ £V ( Ry + u-.@) FEI

Where En = 0.2, in geresnium tranaictor

w» 0.6, in gilicen trangistor.

4,8 Detarmination of values of parsmmt-re for egeh Intexotages

Hita

To dptapmine the quiscent current, U.C. pacamators and trensistor psromaters,
we congicer the svitter currant IE » 1 mA and supply EBI: a6V,

For PHL6B2 tramaietor, [ = 60 {Avpendix A)
Fasm currant = !c/ﬁ" - II: /5 w125 A _ .

Lat the bleed current be 125 44,



B 1N
Current flowing through R 3 w175 # 12,5 = 137.5 «A
Lat the wltnge peross RE.'S = IV

HE3 - 1V/ IE -l K,

Therafore, witags avross Rg®lel2wlzv

nb:! o 1.2V /125 «A % 1) k.,

Voltaoe ecrons 4!.3 = En=1.2 ediBy,

Rﬂ"“ » 4.0 ¥V / 1375 A 33k

From egr. {4.13),

E‘ - 1;:’95\'

b

Fro~ eon. (4,16),
IC - 1,008 ma, -
For 2M1603 tranatistay,

fr o0 e, By 00, b =3.36 %207, ©_ w2t

B3 = /KT 20,0432 nha

rbea - hfe‘, %a =f.85K

€ ™ Gy 2 ¥y #137.5p¢

A th 9..3 = 69K

A8, losd ia taken to be 4,7K.

To realize the poles o, =(~0.01062¢ §0.45044) 217 500° by thin stage, we have

V/RC. = =Rus,, « 0,02124x2ma0° ~ (417)
: . 8 2
From agn, (4,6)

A,' - 493 )
For Lauﬂ.nTST rh , we have Rp,i-‘.'ﬂﬂ’ at 454 Khz,

From megn, (4, 18)
E_j-iﬁzﬁpf
From agn.{4.17)
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1% Pl Pyl Bpga

Rl
- LU T 3 ¢
\ 1.5
From Ecn. (4.7)
' £ a7 a?
l‘!a =z i ﬂ'n ”ﬂp:} wharas ﬂ’ - 1 1/ By
H = 6-3 k-
»

Q?Eun‘ifﬁx - 238

L 0.480
Frowm sgn. (4.8)

P
T 5" cz'.’3 ¢

For ths aatw oparating point as atsge 3, the d.c. parometers end
tronsintor paramciera have the valu:ae =8 calculated for stage 3.

To zaalize the poles 5, = (=0.00511 ¢ j0.43754) 27 « 1e?

by atage 2 , we have
WR.L, = 0.00022 271 10° meanet 19,

and 1/ ’Lzﬁz » 0.29073°( 21 x lﬂﬁli [,

) me eun, tdu&)l :

Ay m Gy Py = A0
for L2 w 00,0039 wh, Rp? = 30k at 437 KHz.
froo eqn. {4.20) )

2
fmm ach, dnlg

Rz > o 9.05 K.

MY wfl wl.95K.
1 -
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1.
-

L L

", = 0,208 | - '. -

From oon, 4.8,

Ly @ 20695 pf.
2

Stann !” .
The aperating point of ctege 2 is sm en the cthar tun gtagos and it

realizes the poles © Sy ® {=0.00581 ¢ jﬂ 47?1&) 20 x 10 . so thet we hmm

. }
_Uﬁ151 « 0.01102 x 2f1 o 106 _ ;: ” : -—W’.Ei

S and A€« Ma22325 ( 277 x 0 L L . e
. - " e
fram eon. 8,6 . . KR -
lé: y [ -] i n.\ .‘

For L, = 0.0717 mh, R, =25k at 472Kz,

From oon. 2,22 E' e 1386 pf. N I
Fram eqn. {4,2¢} |

R X

RS axSke N -“,L-!
FV m dn . f o ‘. N : -:i “‘ ....il'l ' i . l.
rom enn. (. 7} R‘ n‘np 1 ﬂx i F?p‘l ?hmre Rx = R / -iz
A w36 k. SN e
x _ Y s

as‘ o 0306 S y )
© Cpgy * Cy (X ¥ A) &' SIS P }
C{_ e l" - 512 ' ﬁﬂ o LI pfi '

f‘altulﬂtﬂd parmreter velues urp nhmm Sn thn mttarhesd cixeuité'p,jq 14)
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4.6 Lomonrinon of weagured Fraguency Respunaw Cherscteristics with Theoraticat
= terigtica.

The progremma usad to determing the thaoretical frequency responas charse-
torintic fmz of zﬁ,ln) {Egn. 4.5) is given in Appendix €. The result thus obtainwd
is plotted in fig. 4.0 (Curve 1).

Thas deaigrad filter circuit (fig.4.1) was cunstructsd and its performance
was measured by masguring input current and output wiltage for the turreaspunding
fraguencies.

The result iw given in table 4.1. The fragueney rasponse curve is plotted
(franuency va. normelized guin) in fig. 4.8 (curve II}. Normalired gadn in gh vs.
fraquency ie plotted in fig. 4,9 both theoretical and measursd ceaso.

Compuring the theoretical and wmeasured parfersance of the filtsr, we observa

that
fa in XHx to.of Bandwidth Gain a% Gain at
ripple in KHx band S00 KHz
edges in  in b,
: db
Theoretical 455 3 : 43 =3 -26
Passured 454 3 a0 | .wylT.2

Though attenustion at 500 KL for practical casa ias much leas than that of th:
theoxatical cswe, but it atill ments the spegSfication {-15 db). Thersfora, we can
concluds thet practical result ia quite eatisfaoctoxy, though ripple in the practical
cane i rot exactly aqusl but they ere within the licit of ¥ db. as par spucification,
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ACYIVE FILYER CESIGN WITH DOULE TUNLO INTERSTAGE ¢

Thim chapter provides an axzmple of tranpistoxr emplifier design with thiee
' inteﬁt&t}éb whar the respingd of the arplifior wap prescritied , using the sscond
wnthod digcuaged in chspter-3.°
5.1_fpeeifieation of amlifier rasporas:

It is required to dasign a bandpess filtsr with $ db. tolerancs in

the pesshand, having centre fraqusncy f_ = 455 KHz, 3 db banowicth 40 Ktir. Aleo
the magnituds of tha trensfer function:must ba at lauat 20 db down at f = 405 Kz

 fpom ity valum at the centre frequanicy.

Ye will hes to calculote n for the requirsd megnitude charscteristie
which will detaming tha nusber of poles uf the trsnsfer function.
Given pointa are, '
Cantra frequancy, fn o 455 Kz,
ﬁmdudqes RIS '2. - 4TS KHz.
f‘ = 433 KHz.
Hagnitude condition im given at f,‘ =« 403 Kz, :

The torresponding points in tha low-pass magnituds charecteristic
tan be obtainad using thn frequancy traneformgtinn given by the celation of wgn.{2.39).

Thear points -ﬁ r-

Pointy in bandpane Corrmsponding pﬁ. in lowpass.
J455 KNz 0
JATS KRy _ J1
J435 KRg =51
Jans Kuz 1.4

The fownass Chebyshev charoctaristic ia reproasnted by the expreszsion

243 Il = (1701 & ¢ a:t a0



=)=

For 4 db ripple, € = 0.28M, ¢ = 0.0593.
Sinca the magnituds characterinstic remaing unchanged by ths frequency trarmfore
mation, we ceh write as raguired by the gpecification

(L e”cn? ( 1.4) w102

or, 1+ e"’tﬂz ( 1.2) = 100.
ore cnu.ag > 40.8 « {A)

But tn(n-) - z"'}{‘mtaining only the first term Chabyshsv polynomial.

With n =%
Cgfl.d) = 2,6

With fimfy
!:6‘1.61 = 4],

Tharsfars, nef maats tha sprcification.

For B , lowpans (Mutterworth poles sro 3

P" = ~0.96593 + §0.23802

P, - 0,707 s 0.70TL 3 S

P'a = <0,25882 » §0,96593

and the corresponding lowpaas Chnbthav poles with § db. ripplea ( Cm 0.0993,
€ a 0,2834) nra 1
P‘l » «1,32707 » §0.29082

P, = -0.24001 & . 0NL

P1 - .B.BBTBS : 50.96593

—m(ﬁ. 2, »

The Jowpnas transfer funetion now breomes

Z),t0) = T e e (50 3) s
(Fop,) (P=P)) (P=P.) (PP, ) (P=P,) (PuPy)

S.2= Determingtion of bandosss polen and zerop.

The poles given in eon. (3.2) are now transformed by lowpess to bandpass
tranaformation, egn. (2.40) and {2.41).
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‘H-m” B -" f‘a - f‘1 - 40 KHy,

R REA
2
!Jnim; tha prograrme in Anpsndix U, we hue the required poleg (normalized by
2N x mﬁ‘) ond given balow.
6, @ - 0.00160 » §0.42568

G, = ~0.004685 ¢ j0,44061
8, = ~0.00648 ¢ J0.04936
Gy .
s'i - -D.m495 * jﬂ.ﬁﬁﬁgﬂ

« -0.00663 ¢+ 0.48972 ' RS, 1-3'Y

Therafore it tha hanchass. casw, the trahsfar function fe¢

56

'lfs-n‘)(h-;;'}(s-ﬁzﬂﬂ-azl (s-sj)(a-;ai(ﬁ-sd)h-;l (l-853 19-35)

z,(8) o

.

ﬂ-ﬁﬁl t”'-;&} aermmanse{$.5)
of 12 zerom, six are at the origin and the othar six at infinity. This trangfar
function mants thg-dgiig? apgzcificﬂti.an. Tha intersisges "i. of fig.3.2 hava tn be
a0 dasigned thot the amplifier gives tha asmp response os thet of the trenafer
funetion of agn. {5.5).

9.3 Datailed considnration of g typical stacel

. Fig, 3=2 with baising clements is shown in fig. S.1. The tepinge are usad
for impednnee matching pumose. The sculvalent circuit i slown in Fig. 5.2.

tow cormmidsr 8 typical stage such as stage 3 of fig. 3.2 and ia redrawn
in fig. 8.3,



e e ™ e e o R e e e s S S
oL -

Ne-31/12 n.ﬁcx«v.

. u
- ) = . b

. i At — St et R e

En

R.F.CHOKE

-

"STAGE 3
THREE STAGE DOUBLE TUNED FILTER CIRCU(T

S —

STAGE 1

¢
Re
STAGE 2
- FIG. 5.1
IR A S

T i s e

b




Rt

2
OO
]l
.
.~
® -
- 0y
"~
11
Li|
NN
Po)
2
NNV
x
_‘0"
NNV
P
|1
1T e
g
—=)
NNV
~
[
Q'\
I
[
x r~
w -
rh
ox!l «
L
IS,
x“““
[~
ARNNS

11

R L
! ? ﬂ£ g Rb,
—x s1AGel ¥ ¥ STAGE 2
Eg Eq Eto Eg Ces E12
1™M3 it ©
L
’ ts ¢ ’ Ches
65__ _fd A *D R
- '-—1—- E Yo
Yo R Re Ray TR, T boy m;#
* ©
1 — STARES ¥

FIG. 5.2 EQUIVALENT CIRCUIT OF FLG. 51

e bn — i~ -




Es 1Hds Eq Elo 1:85 £y §C5 Erg
I I g
.H}
Lg Le >
nS ek e ® 3=
e - q4 C [
Q;J Q[ 7. bey 9 ™y ]
Fige S=3. A stagas nf the filter circuit of fig. G.i.
L
Vhere R " nn'l! 'H | “b!i ‘|1 fed

Ry =%y "L/ % e RL

™ha uquivalént circuit of fig. 5.3 can be simplifiagd by applying Millex

144 1 Moy ¢ -' .d-
vl sct lgg is n!‘me: in fig E?o Z,
l | 3P J,
. Ly L
o Ly ‘ : c ’;J"' P
=T »al ¢ G Q,(n’“'ofj
. ’ E;li K(: . Ry 7

-5/‘

o

Ro

—t

[

Fig.5.4. The typicel stage of fig. S.1 simplified uaing mcller effact,

Whers ﬁs - g”3 ﬂq

A - N

The circuit of fig. 9.4 con further be simolified t» tha circuit shown
in fig.9.5, with the following sxprossion.

-

k,f

L

o=

Ef.f Lg Lé -

1t

g %gp(

Fig. S.5. Simplifisd form of the stsge of fig. S.9.

Yhars 5y = €1)/ £m

By = Byt By
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l_lﬂu' -V Rn:i * '-an.'i M ‘V:-beﬁ

o
Re= R/ 2" 1l R

R'g =L/ CR'e

A 6" aeriea rogiatance of the inductsnce t.IS

uﬁ - I.6/ EG Rpﬁ

A, = Q E L)
a 3 UL/(rod-R})

H

R s e || R

ot - ]
ﬂns lecsns

ﬂ's » garics resistence of the inductance LS

Rs - I.Sf. CS ﬂpﬁ

p3

Th:li ﬂm’p.liﬁ.;d' stage resexblen the int;mtaﬁs retwork To fig, Jolde 1t was shown
that this otage cun be usod to nguz-_ bz peir of poles ot four pATOR ungvenly
distributed botween ths m-.sgsn‘ end ibﬂn&y, a3 5 result this circuit dnas not
provide with gycmetrical frequency ragponne characteristic, &f the pole location
rre unchenged, To hage symmstrienl fesnuenty T@Dnnl. tha brigin pcle locations
{otn.5.4) wust be sdjusted by on oppropriste method.

The valum of paremsters of fig. 5.5 realizing two peis poles and four
22708 can ba obtzined from the ginmul tanecus golution of the non-linssrs squations
(7.32). The valus of balsing alemsnts and trannistor paremeters depend on the
cperating point, Thersfore, tha quiscent ppint ar;d f;ha values of 0, and o muat be
salectad 40 such a way that ell the pareveters becoma positive. To meet those
requirements, few trails rey be reguirad.

For atmgen 2 & 1 exactly gimilar pguations sre obtained,
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5.4 Adiugtment of pole locgtion for awestricsl frequency regponge choxssterigtic.

In this saction we wznt to edjust tha pole location in such a way that tha
#oacificntion of pesshsnd tolerance ds met with unagual division of tha zaros betwszn

ths origin end infinity.

furve 1 of fig. 5.6 is o plot of the fresusicy responge of o filter circuit,
desired respBnge, with pole locations given by aqn.(5.4) and with 6 peros &t origin
and ain at infinity, Curve {1 of fig. 5.6 is a plot of the frequency responae that
would have been realized for the asme pole location end with 3 zexos at origin and
nine at infinity.

lh » multipole tranafer function, the pesks of the fresguency recponas ocour
at fraguencies wiich are the imsginavy part of pols positions gng the maghitude
n? the pasks capend on the corresponding rtesl part of the poles. '

from the curves 1 ond Il of fig. 5.6, it is Qvidant that tha pole locationg fox
curve 1! must be shifted in order tu reduce the error bltln&i ideal oid the actual
cuwﬁ. Since peske of both the curves occur et the ssee frequency, we mcy congidar
tha imsgineey parta of the polas se constant. As wa hove to reduce the magrituds of
thp curve 11 left of the centra Trequency fn’ the resl parts of the pules locsted in
this peegionere to be increasscd while to incresse ths magnitude of the curve Il right
af the esntre Tramueney un' mugnitude of the rasl parts of ths polea in this ragion
sre to be docreassd . In gensral, poles left of the centre freguency sre to bs
shifted sway from the imgginary wxis while the nther poles ere to be shiftsd towards
the imaginary axis.

The prograems used to find the adjustsd poles is given in eppendix D. Aftar
a faw troile, the pole location (rormslized by 27 x ms}m found to be

§, = «0.00181 ¢ j0.4356%,
S, « «0.00511 ¢ j0.42061,
5, = =0.00666 + j0.44935
5, » =0.00647 + j0.43972 S - 14 ) )8
55 - .n.mam_. jo.M6R9D

B, = «0.00161 + §0.47420

PRGN LS
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These cave the seme frecuenty response as shown by cuzve 1 of fig. 5.6.

h interpt~

fog

f pargset

5.5 fatermin-tion o€ valus

From the pole pogitions given by eqn. (5,8), we can rsadily cbtainsd the
slement valuea of the thres intscstage networks of figs. $.1 realizing two pair of
poles by mach stage. The alement values can be calculated by sclving the sicults-

neous non=lingar eqre. {3.29) of chepter 3.

A prugrwms ussd to solve thres io givan in Appendix €+

Stene 3
To cetsmmine the quisctant current, D.C. psramatsrs snd tranaistor ustexs,

perametar, we consider the smitter current IE = .75 pA end oupply woltags EDE - GV,

Aasn current = lc /o - IE /5 -;'12.5,;4#4
Lat the blesd cursant be 132.5 44 '
Currant flowing through R, = 144 «7

Let the woltage acrons ';E o 1,125 V.

f_. = 1123/ iE o 1.5 K,

£l
Thereforve woltsge ncmss,ﬁba = 1.325 V.
ﬂha w 1.225W/132.5 «4 & 10 K.

‘-bl‘t.q. acroas R'S - Em - 19325 u - ﬁ.ﬁﬂ Ve

Ry o 4673V a4 3 33 K.

From ann. (4,12}
t‘ - I.WS U.

ﬂ‘ i 7!65‘! K.

Front smqne (4.16)
I - 0.74 HR.
c

[5 o B0 for 2M16B3 transistor.
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for 2N1663 trampistort
. ) .-4 v
L =S50 MMz, b w80, b e3.36x100, C =12pf

g.q ® 0.0296 nto.

l‘o - ﬁmk

Cogy ® 942 BF- '

Let this stage reslize the poles 5, andg ‘.555 of etn.(5.8). The sclution of
ecn. (3.32) gives the following velues.

_ 5 |
R/l = 0.T0215 x 10 o (5.9,
ML, w0 0489w, e {5.20)
R/ L = 0.515 x 207 ' emama{5411)

L/, - 0.84566 x 113 amenea(5212)

ET! = 0.03

feeoandasry aide

!3 - 139 ﬁhﬂﬁ Rz L] G-Bkm

for L, = 0.204 mh, wa have prﬁ

from wco. (5.9}
ﬂs = 14,30

From ern. {5.10)
Ccﬁ = 530 pf

A 2
6 w 2.8 K,

Rpﬁ - ﬂ'l, .ﬁzun'pﬁﬂ-‘———-ﬂ-‘Shla)C

R w2k
u
From e, (%.13)

ﬂs - ﬂolB

ne w 9O
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Total copecitance from the next gtage

C'e = £ = C,, = 953 pf.

Primacy pi gg 5 -

- fort, e 0.2 mh, R:ﬁ e 42K at 455 KHa.

From mon. {3.11)

ﬂs e 10.3 0

From amon. (5.12)

£y = 590 pf.

| g = C'g = 550 pf.
ﬂps » 32,8 K,

Rut

o, w 1.22

H'E ok .07

Steom 2 \

For the soma opareting point as stage 2, the d.c. poremeters end transistor
parmsters have the values as calculated for atage 3.

This stages realires the polas S, and S of eane (5.8) for which the

aoluticn o ? egn. (3.32) givom.
5

ﬂ /L w 0,830 x 10 B e L TR L)
“3’ L - 0.2 x m"’ B e t- 13 1))
VA Ca = 0.08793 x 10 n s mearases ( Sg 17)
kz = ﬂ.ﬂ‘l

s ! - !,,

ﬂ‘-g 5,.5 ro = 646G

for L - 0.197 rh , ﬁ‘;du 33.6X st 455 KMz,
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From egn. (S.14) ' LTI
R w1650 | noa
from aqn, (5.15)

t, = 635 pt. o
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ITheagatieal Chaoype terigtic.

The progracme in Appendix C is usad to deterwine the theoraticsl fraquency
responae charactarigtic for polea of acn. {5.0) and the result is plottod in

fig. 5|7 {Cl.lx‘\m 1,-

The designed filter circuit was conatructed and its freguency rasponze
chargctaristic is determinsd by measuring irput current end output woltoge for
tha corresponding freguencies. Tha result is given in table Ssl.

The frecusncy respunes charectaristic is plotted in fig. 3.7 (Curva 11).
Comparing the curves of fig. 5.7, wo observe that '

£ in KHz Banowidth in KHz Gain ot bond mdgos  Gain wt 4B5 KHz

2 in db. _ in b,
Theoratical 255 40 -3 - =34,94
Meanured 455 40 =3 =2t.2

Attenuation st 485 KHe for practicsl casa is much less then that of
theoraticsl cwse, but it mests the spncificetion (=20 ¢b). In prectical cass ripple
are mot exactly sgual as theorstical case, but they sce within the li=it of } db.
and ales musbar of ripples in the prectical cove is leas then that of the theoro-
tical because of the coincidence of some of pesks due n;!hnvuil_cbﬂity of high
G=coily. |
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TABLE= 5J-’
L0 uanwl gﬁ:@  1oput : j output @ Gain § Hornalis
_— curront :niz-:se o)e ged goins
, . (posk to (Peak to . Esci)
(gggf" peals)  pesk)  Vout (0.
! MBS " vay 453
volts v’h volte 3306
4 708
in A

;j_'l!'d-ﬁ,—uu-ﬁ.-'--.‘i..a..‘-u.ﬁa‘.‘ﬁ.-.._&.*-‘,&_-_éu.i_“ﬁﬁ;_

4oa C. 40 851 0.0 040 0.0
310 0,40 8451 0.024 0.,0247  0.03
420 0,40 8099 0,035 = 00817 0,05
CLh2S . 040 gaf’.". 0,06 = 0.0705  0.0855
H30 . D40 . e51 0,165 0.19% 0235
S 432,5 . 0,40 . 843% 0437 04435 D527 ..
838,00 . D40 gﬁgl 0,70 0.825 1,00 .
B3R5 . 040 g21 0.745 0,840 1,020 .
0T . ok 8451 0470 0825 3,00 . "
a02,5 . 0,40 . 83% 0,690 0,810 0,98 .
b5 . 040 - Be3% 0,70 0,825 1,00
.g&_‘?,‘s E g.zg ; @!51 0.71" B% 1601
ﬁﬁgis L a:zg g.ﬁ 8:42 %8 3 i‘u; ,
035 . O4b0 - . 51 G.?a «00
L57.5 . 040 8451 0,695 oaag 09@3
I’GG \ ‘ﬂim . 305‘ 0.690 oiem Oe ’
) %3‘5 S Qo% ' 8w51 0.695 Oaﬁ!ﬂ ﬂ'%a
455.0 C QB%.' . 3.51 0.70 0,825 1.0
8575 T 04U BeSY. 070 0.825 1.08
BP0 040 B.59  0u7% 0,835 Il..ﬁl__
h?ges 0,40 : Bpﬁj 00?15 ‘Giatfﬁ 1,02
45 - 040 8451 0,48 0:577 0.70
) : 7-9 L 0.&0 - 8.51 00275 04?33&‘ 06593
- b0 o 040 8.51 0e47 0,196 0ol
35 C o0 BeS1 0.083 0,0647 040785
450 S 0gh0 T BeS1 0,042 0.0495 0,08
- 500 ) 0,40 - ) 8.5'1 0,025 00,033 0.@053
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CHAPTERB
_r,g'wg RY.EGNCLUS!UN ANL FURTHES WORK
Synthoaia procedures have Lasn givan for interstage networke of an ective
bendpusa filter, the fraguency responas charactaristic of which is n close approxi-
mation of the iceal charsctaristics and which providss equiripple in the passbend

and maximum sherpnesa cutaide ths psasbend.

In chapter 2, Butierworth ond Chabyshsv polynomiels are upsd o approximate
tha idnal lowpsas transfer function to obtin & reclizable raticnel transfax function
that. agtinfies ths given specificstion. This chapter alao gives procedures for tyange
forming lowpess spacification to ban&p-m and vica versa.

In chapter 3, St is ebown thet if mach transistor con be asouvad to be
resiatively loaded within the desired freguency range, then with the spplication
of Filler affrct, the transistor eplifisr can bLe divided into alectrically similar
pectione, called the interstages. It has been ssteblishsd that tha trangfer function
of the amplifier is airply the product of ths tranafer function of all indivicusl
intaratagea. This chepter also provides two mathods of synthesing interstzge nat-
works for @ wultistage trensietsrized filter to achisve bandposs rasponse. The first
metind daals with synthesizing ssch interstage that must realire & certein numbarx
of poles and zerns af the over-all transfer functicn that achieve the prescribed
Teaponss. The sscond one Ceals with syntheadzing an interatage of precelected

canfigaration to schieve the pragcribed respanse.

In chepter 4, intarstage natworks rmalizing one peair of priee and two zeros
of gver-asll tranefer function per stwge havae been designed, obtsining the interstage
natwork in the form of single tuned circuit. The psramsters of sach interstage have
baen avoluated from the pasitions of the 2ranafommed Chebystwav polas end zerus thet
hove h_n'm sasigned to this stage for reslization. A protype of the filter haa besn
mmﬁructad snd magaurements have been mcde 20 cetermine its f‘:oqueﬁcy_ Iosponse

characteristics.

A eomparisan of the idesl and the mezs.ured response stows that messured
charactaristics of the amplifier closely resesbles the predicted response.lowevaer it
iz obaerved that pacshand ripples in ths two cases ers not same and the rats at which
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the m:agnitudc eharactaxintics Fal.ls" off outsides the pasghiond ie less then that of
the ideal conir, but it masts the dastgn oprcificetion. This is ot uhexpected, ee
hnm,' of the nss:mptiona that were made to ui.mplii’y ths efrcuit mocel of the tran-

uiatm.- are cnly mpmnimtn. :

- Thonm essurptions are t Riller affects in gioplifying the trsnaistor smodels,
logd offered by & atage t the procasding otege is considered to be resistive and
conatant ot t!ia tuned frequeﬁcy vatue of tho reapective edrcuit, 5% nnd 10% tolarzble
xenintum am in use, &ic. ‘

It is aeen Hmt-._ a sihg,l'ﬂ -tU_ﬂed' dmﬁiiﬁ esn be used ¢ reslize o psir of
cunjugate pmlm‘ and two zearos. Sut to increase the Ehntpn.l"ss outaide the pagaband,
incremged nurber of polea and zerue wre to be malized. To x=alize immned nurbar
of polan and zerog ucinq aingles tunhed circuit, ons hag to ircreass number of stegoes
which sconominglly may not be faasible. But incressed rumber of poles and geroe cen
ba realirad m.tl-mut incraasing thae mmber of stngen by the uge of double tuned cig-

cuit.

Anal,;,t's;p and desion procedures fop interst-ges &n the form of double tuned
circuits hove -'bmm’ given in chapter 5. Analynis of a double tumed cireuit éhuws thet
it cen be used to realize two pﬂr of poles {including comnplex mngugateahmd four
ZHTO8. !t hag hggn fmunrs that, what damgnad to roalize chelyghey pﬂlas for bmcbnss
' mspz:nme; the erplifiers with double timnd intentagm ¢ not displey syrmetrical
fmr,:umcy reaponaes charscteristic about thy centn frequency as (Fig.3.16) as transe
mignion zaror are mot divided equally betwesn the origin ond the infinity. As tha
zeroe are fixed by the gsoumptisn of double tuned cunf'iguntinn » pywmatrical responge
wan abtained by mdif‘ying' tha pale poaitinﬁm’ from their originsl méauuna.

| Di.gitnl computer wes used to dntfemimy ths fraquency respnﬂaa unlng the
shiftpd polen and zerce, the result nhtained clnsaly metched tha idesl Chubyshw band-
fASE responas. |

The pam;utum of =ach interataoge network have besn avalusted realiring the
foles and peros that have been assigned to it for reslizgtion. Tha complets circuit wes
constructed and its fragusncy reaponss chargttevkstic woe plotted from tha measuremant.
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The comparison af the ddeal and magsured rapponsen shows that the
reusurad Tamponse Sa quits sstiefactory elthough the masber of rip‘pléa ie fewer
in the messursd responce. As the seoaration between the peek positiong of ripples
ig lasw, it is quite likely that pesks might have merged becouss the Q of coile
ware mot o high and it is often difficult ¢ msosure the ] sxoctly at high

franusncy.

In casm couble tummd circuit, oscillations, resulting from the polrs that
are ngerar to the impginary axis, crants some proklen in the tuning process. The
natilistion can be atopped by introducing some loeg in ths respective cnile, but’
this will cause reduetion in passband gair. '

The rasponaoe obteined using doubla tubmd eircuit is nuth batter when
comparad with that of the single tuned ciyeuit. for exmtpls, tha thrae stuge single
tunsd wmlifier glves an attenustion of -8 db down at fraquency 4BS Kifz from it
value at the centre freguency fa w A55 KHz wherags the double tuned ssplifier gives
sn attsnuation of <21 db down at frequency 405 KHe,.

The regult con furthsr be isproved by Sncreasing the mmber of poles and
reros f.e. i":y‘incrunsing the musber of stagss or lacking for other types of intere
stage networka. The intamratage can alsn be syntheafzed increoming ite complexity
whieh mey not itprova the result, es soms of the losses in inductors mey not be
posnibla %o abworb in the matworks os circuit slwmants. The zeros and poles can bs
renliznd by RaC nstwork slthough ite zeras and poles always 1is slong the real axis.
A popitive fascback in o trensistor smplifisr rosults cscillation which indicates
that the zeros and poles now lis in the conplex plane. Therefure, Bl notworks which
provide positive fesdhack in a transistor splifier can be uaad to realize tl*;o ZeIce
and polog of the over-all transfer function that schieve prescribed zasplnse and
aliminatan the troublescre inductnrs.
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1X0/5 was applied %0 the Seruisals as shows in figidele FOF vercus
muorv“tdmmmutmvhvbuv ‘were Beasured
-am.mum.uu ‘
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mx.-ln.

Vi tvy v
R I I VI T
20" fa

speres x 105 in smpere x w

0020 1,90 0,007% 0e30 0,905

0,13 z:lﬂ 0,0 0,13 l.22

Os22 7 0,015 Q22 1,82

OedS zcc 0,017 0,25 - N

Qe 30 ” 0,02 &

Oe z.” 9,025 g:g 2.7%

L+ 8 o2 0,023 . 3.05
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Deternination of h,

This pwimtor ia defined as the ratio of the change in the
base~voltage to the ghange in ke collagter voltage, the bLase
eurrent baing constant,

h - av.ﬂ - Ub
[0

re O Ve /c‘o‘- Ca

A® the base resistor is high, the base current may be teken to be
eonstant.

The curve of v, va v, is 3lotted in fig, 4e5 emd b ocalow
lated as

v

b wly

h*. - wesanen g 2226 x 10 . 3:36 = lﬁ-ﬁ
V° 1

!Cilﬂt“ﬁlﬁ Of'hb‘r

2.
1M
BosF | KH2
_{}; @G%
810 220
fOK SOMKF
@1 l DETECTOR
AT e
{2
Fige b

:R w 100X decade BOX.
€ = 1000 Py Calibrated capacitor,

the oironit of fig. A6 was ctmatructed aud deco was ast at 1 3p.

petector was Oacilloscope. The dridge was balssiced By varying the
decafde resistor R and calibrated capacitor C. The readiag wes

-
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Goesveps . 1, Mazumusn' B f. DEPARTHENT 4 : THBSIB
CY*** ¢*PREQUENCY TRANSFORHATION OF. LHHPABS fo DARDPASS POLE
c'°=*ﬂgnaﬂan PART, ﬁIHmINﬂGIHAH? PART

3
108 DO 100 Ini.ﬂ . -
READCL,2)RAIY P
- 8 FORMAT({DF $0.5) - S,
Ba0,3493
Yault '
AN(ALOG((i=9¢(€ioﬁfﬁ"29“005))/BJJff
D=TANE{A) o _ b
Ri=R*D S ' : .
ATMA=ATM R ' '
WRITE(S, 7)R1,AIH1 -
4 FﬂﬂMﬁTiﬂFiB‘Sl E
Pie3,14159 - ‘ B
{iad, *PK‘%SSOQ@. vin
. "“20'1’1‘4750300 ‘ i
 woe{Wat¥a)**0.5 : ,
. pelEn-w1)/{0.8W0)
3u((a.-tn**a)*(na**a-a1m1**a))'*a+(a.'nt'ﬂxua'!9~!i*'a)**.as
§=ﬁ.5’(ATAH((-z.'(D*'“)‘Ri’AIHi)/(i.n(ﬂ“a*(H!"anﬁlﬁﬁ*'aij))
=2, *PI* 1000000,
, nna(wn'{niaa.z~sxnixii)la E
CAIMee WO (AIMA*DeZ*COB{N}) ) /G
Re=(WO* (D *R1+Z°8XR{X))}/G6 .\
, Axﬂgg{wu*tﬁxna'n-zﬂcoﬁcx)))/G
'HRITEIB.G)na,axma,ns.nzmg
& PORMATI{LF10.95) 3

100 CONTINUE B ‘-;
108 CaLL EXIT .
END - o L
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APPENDIX—£

DETERMINATION OF THB FREQUFNGY RBSPQNS OF A CHEDYSHRV DANDPASS FILT)

Cronvmp, M;MAZUHDER. B.E, DEPARTMUNT, H. 5C. THES1S
C***¥=FREQUENCY HESFONSE OF A CHEHYSHEV ACTIVE BANDPASS PILTER
DIMENSYON PR(12),PI(1R)
READ(1,2)N,K

2 ?annnrfzxs)

4 FORMAT{G6F10.5)
READ(1,4)(PR(I) Xt ,H) , (PX(X) ,Xe1,K)
FR‘.‘DBE .
NCa8
pD 9 Jui KC
AR“’,.Q
AI’0.0
WeF It
B 17 Isi N
cnuan-(-Pn(x)) (Ho(wPI(I’))‘AI

zuan'(w+(-vx(1)}3*!-PR(I)>‘A1
ARaCR
Al«CI
17 CONTINUE
DRu=(W)**E
Xa(DR°AR)/{AR®=3+AT*" D)
: Yu(DR*AL)}/(AR**a+AX"*])
104 Zu(X**0+XY**2)%20,5
IF (FR=0,455)20,481,20
21 DFZa2
DBx20, *ALOGIO(BPL)
WRITE(S,?IFR,BFE, DB
? FORHAT(BE!ﬁ.ﬂ)
FRHO¢ 09
GO T0 9
230 Z=Z/BFL
DBe20, *ALOG10(5)
WRITE(3,7)FR,2 DB
IFEFR=0.4)10,13,11
10 FReFR+0.01
GO TO 9.
311 IF{PR-0.49})12,12,13
12 FReFR+0,002
GO T0 9
13 IF{FR-0.6)10,10,50
0 CONTINUE
WRXTE(3,32)
32 PORMATC//)
50 CALL BXIT
END
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APPENDIX D

EETTRHINQTIDH.OF POLE LOG&TIQNS,FQRASYHHETHIEALRﬁBSPﬂE&R IN
DOUBLE_TUNED_NCTIWORK. '
coreerp M, MAZUMDER, . 8. DEFARTMENT, M.SC. THESIB
CeesveLOLE LOCATIONS FOR BYMMBTHICAL FREQUENCY RESPONSE
DIMENSXON PR{12),PX(12)
READC1,2)NK
PORMAT(DIS)
PORMAT(6F20.5)
NEAD3,4) (PR(X) (a1 N}, (PL{X),Xu1,N)
KDs10
P1(1)sPR{1)=-0,00008
PR(2) aPR{ 2} =0.00008
pPr(3)eln{3)+9.00002
PR(L)aPR(4) +0.00008
PR(S ) »PH(5)=0,00002
PR(6)=PR(6) -0,00002
PRE7) «PR(P )} +0,00002
PR(0)=PR{B) +0.00002
PR({9)oPR({5)«0.00002
PR{10) «PR(10) =0,00002
PR{11)=PR{11)+0.00002
PR(12)=PR{138)+0,00000
WRITE(3,6) (PR{1) ,Iat N}, (PI(I) ,X=1,N)
FORMAT{ 1H3 , 10X ,6F 10.9) '
FRtaQ,455%
NC=32
W 9 Jet KC
ARe1,0
AIGO.O .
CR=AR® { «FPR(X) )= {We(=PI(1)))*Al
CIaAR* (Wa(=FX(X)) )+ {~PR{X))*AX
ARl=CIt
AI=CE
17 CONTINUB
Ditew(W)**K
Xa(DR*AR)/(AR®**3+AT"*2)
Ya(BR*AL) /(AR *3¢AX**0)
104 Z=(X**2+¥**2)*%0.5
I¥ (FR-0.4%5)20,21,20
a4 PFZal
pBed,8ALOGLO{BFZ}
WRITE(S,7)PR,BFZ DB
v FORMAT(11X,3B15.5)
FR“Q.&BG
Go T 9
20 ZeZ/DPE
DB=30, *ALCG10(Z)
HRITE(3,7)FN,&,DD

o~

=yt -



. APPENDIX-D

1F (FR«0, 4863 12,12,100
12 FR=FR+0,002
9 CONTINUE
100 CONTINUE
50 CALl, EXXT
BND



C"'"'A.H.WUHDER.B.E.DEPARTHKNT. M,SC. THESBIS
C*****CALCULATIONS OF PARAMLTERS
DOURLE PRECISION Fi,F2
Co*e**sXalti/L1,YaR2/L,Le1/(L1CY) ,Wet/(L2C2)
DOUBLE PRECISION X,CB,CR,C3,CH,D,X1,Y,4,F,P1
106 NBAD(1,100)C1,08,C3,Ch,D,X1
100 runuarisuas.ss
WRITE(3,180)C1,C2,C4,C3,0,x1
110 ronuar(tnz.snts.sf
A1eC1°(10,°6)
A2nC2*(10.%14)
A3=C3°(10,°18)
AG=Co* (10.°86)
AS5=1,0«D""2
EiwAS*AL
E2=A5°AZ2
E3aA3%A3
E4=AS* AL
NB«=300

DO 102 L=1,NB
X=X1*(10,**S)
Yabi=X
EGnLiZmX*Y
Lu(E3=X*E6)/(Y=X)
WulGed
FmZ®W
FI-(E"O.S)/(B.'3.1H159)
F2e(W**0,5)/(8.%3.14159)
WRITE(S lOﬁ)X.Y.Z.H.P.E‘A.Fl.l"B
10k FORMAT(8D15.5)
IF (P=-E4)101,103,101
101 Ai=X1+,001
103 CORTINUL
103 WRITB(3,105)X Y i W
105 FORMAT(1H1,4D15,5)

GO TO 106
107 CALL EXXT
END

JEL1,B2,L3Eh,E5,E6
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