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a general teminab 2end 8./ Thé arhflitier Apcamprispe ateadbati vapacitad Cellsetveeen thie Invertingoutputsand then,
5 #i gnondirveetingingut 8 anii batyweentherdondnverting aitpotéchpd the wverirgdnputf4 A pagallel arrangement

r £ angemenbf.a rédistor Ridnd 9 icapacitonCxi$ arpngechbetiveen théinputiterminkbt arid ithphmonyinvestingiinputdrand
ar r-ange nmenbetwasin ghe inpgt tenminak2 and thednyerting inpfut 4 Atckpacitdr G islarranged| betweercthe inpi terraingl
havi ng a t il aMthe igwertipg inputd@n @P h@tweantlgr inpymmeara thei neprinvertingfinpyt 3. fherloveding e r

al | - pass f pytpubpisggn ng quipHt g pannepfodin the gyfput i This cragswise o s

a diag rém egnnest gyreg th ‘H"t(ﬂgﬂ‘%’r haye the é?m°aﬁ°fa éﬁ@’ﬂf“"ﬁ‘tﬁ@mﬂﬂp e le {ier 1

t he i nvent B9 - The clrcu ""V “é'sd' 4'5%?@“8%%”‘1“69@'?5’5
ilter arrgpf

filt I “‘° ?ch 'ﬁ" f i

filter arrahgeRET p-merg 3,prd §:'t ©

filter grr ' oqth %‘ﬁé%g | e oy t t#.'i P t}?lger

exarrpl es O : I %%Em t 3‘“ u n &711% ; |e 8 INput termina

descri bed. gfexaidion ﬁ“ hdi 8t - ourt'h er arrange@en’t S

are given, °i gy t Mﬂﬂ&i&ﬁ&én%%orﬁﬁke%}%g% nBJi!aﬁ?qu: fo]'ﬁ're ﬁﬂFthé’rﬁ:hé'eS

results '”NPEF&HL ddslo‘iﬁe%onfnb&tlng pﬁm erhp?iﬂér%”‘mfcﬁ éhst Sunfad RATE Hrad oYy
confi gusat 1ngnc@fegqu,ammeﬁhawi nguai,bdigﬁidarrangerrents are built. It

conprises a bal anced anmplgfsives p wzr.bgaw,rlgep.m%d@u%tr(ng i nput 3 and an
Inverting input 4, an inverting qgtdpupﬁ.@ cgn rson inverting output 6. The

filter arrangerrent has two i nput Werm d?2 and two out put term nal s

7 and 8. The a fi 0 ses apac tor tween t he
Invertimg ¥ gp 'g ﬂ"["faﬂg‘?@ Eﬁ% %’8"'1“ banﬂg m&ﬁ“s%‘é’m‘“
nom- i nver tm@emyrbthoﬁmm(aj is&ﬁ&omﬂmﬂrﬁmf&gudcﬂqmﬁthdlﬂlteﬁaqﬂajaﬁieht@kprﬁ“mg@m of
a resi st or mfakaf p.] The higheat poagralp dictated the orfierotthafilteanmetyanik. T netwexrk shbven in FigLa is con-
term nal 1sequetly dfchefishordenMarying thy valugsiof théfilanabmpertente pislds fliter drmanpemente having sde- 2
and t he i neidcharastpristiog; Somelexasplesqf auch awangéreants]will be given benejraflerhet ween t he i nput
terni ndf 1 aifig- 8 akows afisstordasllipass filteriareangpmente It fncabigined by prlectingfe,=0, (C?Gar@ and 2
and t he no®s=CiTEdt the aeneralissitorder f"m’aﬂmﬂttsh‘h‘@ in,klg- Buitheyoltage ransfaefunction then hehe
out put 8 afff®Bhe non-inverting output 6 is connected to the output 7. This
crosswi se 25 connection ensures thdt =tﬁ.e.£ut gput signals have the sane

pol ari tjes as the I nput signals ppIV! eth'“(Bct he filter arrangement “The

ci rcui téol sSyefy PF fHetion (s cbaracterizediby a frp nal s of

0pPOSi Lo ot atld ﬁ’a&%’:{%@%““”@ '%Té'%f ﬁirmr@rr J*J%;E”é’ prakfint

are added between the inverting out (4he non-inverting input 3 and
bet weens t h erti i nver

arr angenen 'E&ﬁ"%r{;&% Egﬁtl #55%’3’“’ ﬂwf’ { 7ot eay 3% befgtf'mddﬁyémglﬂ’bh'h(ﬂ"{ o
the input %32’ %m& W ﬁ

to the input hhal “ ti? v }eefra? H'E %gnlteﬁtgﬁ'cgﬁa’{ éég'@
termnal 7 and an equal but opposite 0L§t put voI tage -V2 is obtained on the
output termnal 8. The voltage transfer function can be conputed by sol ving
the nodal equation for the currents in the node [err] corresponds to the
non-inverting input 3 of the anplifier , which anplifier is assuned not to
draw any 35 input current In that case the follow ng equation is valid:
[err] 40 where [err] is the conductance value of the resistor [err] in



Sequeftly of the first-order. Varying the values of the filter conponents
yields filter arrangenents having spe- cial characteristics. Sone exanpl es
of such arrangenents will be given BRORYer . 45 Fig. 3 shows a
first-order all-pass filter arrangenent It is obtained by selecting [err]
and [ err] i msthbelementey ainfiguratien foforciecond-priderdilterarargamentsshowrsdiagrammatically ig Fig%. it The
vol t age t r &rvblaived iy adding thefolldwing cbraponentste the arrangement shown in Fig. 1: a second balanced am-
[err] 50 gifierAzhavinganertivertingineut Ipan invertingipput 12 avinvertiog ayiputy 3 and a non-inverting output

frequency- nﬁ@egtﬁm&nleetmmetna@é and Sheawe-iavertingdnputs3 of t gmpligierdin @n e |t
is a fifst nefedBandih ﬁ@ﬁ'&%@lﬂ#?flt'teéfnptﬁrer'éuny@m seweanthecpopripvertingiinput 1 ghthe amyn g
[err] in tRYl ﬁé‘?ta?""f" Pand patyeon thejinve oampiflerndeaid theapode 19; a

Ileaé,r and
Bien e

I
pli nd the
g en eno ﬁ%bﬁ in 11 arting output
In n dt ?Z» S A,
aééﬁd%%ﬂ f n% ement
second-ord Ea §th§ tle film2 nd den
obt ai ned byed 1BGth mmmumrzma |ﬁertA9l m&f {h8 U&HITg LtpH 8 ¥ithd din-
Fig. 12 sfepQks &msme&mutﬁmﬁa\ i’ thb AohLiMertiAg Wt‘ld&’f’tﬁéirﬁpﬁﬁarhﬂ@bﬂnn%d an
I nverting toubutpdtdermiPél 16.TN€érbds BshnBubi Ut the dpubdt the ArrdhigsindntBhSiinés tRBthO biitpikdigndtd, @
resi stor RRave®ewanépdidiitess@ @R ifputdigflais.ne non-inverting Input 3 of the f| rst
anplifier [ eranjinpatvoltabetvisapplibdtethbinputdmilal 1dhd amidput Voltage N &rapplisgito the fhpiit teprhindl he
anplifier RexvoltageaV,liscabiainibdon thilinteeting@atput 5 loftheamplifienAg and agltaga pWiiis dhlairell of the
am piidi endidmartiig butmt 6 ofctize dnplifian d,. BaditagetV, idnbtainad/ ar the output tepirtal 150f tie fittdrar-
anplifier radgenedtantevatagdeVsbpears on the pupubterniical 1§ THeplus.ensinninua eignsperecedingdhetsiona)
outhut 6 ovoltages indiepe thaltea signal vellagesiars of enual amplitudebutoppositp polariuin drder if calckiate the
anpl i f1 er Apoltagedranserfinciionitlsasqumedingtihedalancedaroplitiora v anefadrawnadnputisurrant; Yoreever g
i nput 12 of secRed nedeN; is intseduged; which carrpseqndgtp thesomyibyeagiing ippptd of thgamplities Ari nal 1
and thezsnoﬁhqm?‘t@ﬁ‘@“*’ﬂ’fﬁm 11 of the anplifier A2 and between the input
termnal 2 and t rr?Be 10 i it it g (FanGor Wf@? Yh*ephﬂ'p‘l\fzf i® A2, a capacitor
[err] bet wB¥ihe H‘t‘ﬁ?mf" P d Qg i nput, 11 an the I ng out put 13 of the

i SIS AR ERIE e

| ow pass f
general fi(¥P
confi gurat »

regar ded

trarsfer f F?f 'f°§""t"ﬂ8'?$ ‘1‘—’;?!’ 6n°éf"° pg\pﬂflgr "f‘@"‘b 'E‘G’t P“ta1 ofit

shown in Fh 9 fol dﬁ' rang ent

Fig. 5 a connec 1N o e ween e node 9 and the Invertlng output 13 of the
anplifierA2 and between the node 10 and the non-inverting output 14 of the
anplifier A2. In addition, the ||(19)ertm53 output 13 of the am 15 pliflerA2
IS conngcted to the output term?ﬁJ d th mton I nverting output 14 of
the anplifierA2 I's connected to e OLRpl]t te nal 15. This cross
connection at the output of the arramgement ensures that the output signals
have the sane polarities as the Input signals. An Inputvoltage [err]

| sappl i ed Fromttiegesutt{he vélegatransfer fdnctionctambe domputédzol t age [err]is applied tothe

i nputte#m nal 2. A vol t ag¥s L \@ *IG; +o b (Gi-IC)ck Gin piripe G, mOer {4 Nng out put 5 of the
anplifier [err] and a vol Vage [@rGh+B*OMGi+pap*dh*Che 20  non-inverting

out put 6 oThigisiesegondiorder teansfécPunction.Bylat sppeopfiate shpicesof thi vahien efthediltericoraponentyapecial

t ermi nal 18ecorfd-ardecfilfer arrangaments arerchiainedefiwthich a durbey of lexamples willbp Heagtihed hereinafter. t he
out put t er frsesand-ordpr loFtpessiiteramangament lsobtaispd hyselpeting S4CsTG40MR8) Teprvaltage iransfe e s

i ndi cat® tfyngtion then kecepest  vol t ages are of equal anplitude but opposite
polarity. In order to cal cu¥sas gjnction it Is assuned
that the bal anced anplifier% [ &efPet AWCrIPatPrd* Gafsent. Mreover, a second
node N2 |sTﬂ°rﬁ39@B‘t%@ﬂ'°wmsd#°'dﬁhP%'ﬂﬁtﬂd7s to the non-jnverti n§ i&ut 11 of
the anplifi e\ spepnd-grder h'FFrB"’ﬁHH%’T’é‘PW“H&?%?"P@QY hlecting G 2P And GG In Bl-Theyaitaon

conpl i es wiringfer fungtion thephecomes be el imnated fromthe set of equations by
mul tiplying the terms of e 8 toape acs( h@se of equa- 30
tion(6) by ggl a 6) to one anot her
b lpt as%ﬁ %%t i
see

whi ch oper follo t|on
q\'igf?’ W%H 'E‘r r
ropr| ol ce o

[err] Egom @e‘g
This is a S8con ’d‘@ er un
val ues of thefIItercorrpone & |1I11)er arrangerrents are
obt ai ned, of which a nunber of e Hes’crl bed hereinafter. A
second- or der | ow pass filter arrangerrer]% i s obtained by selecting e[rr] In
(8). The voltage transfer 45 function then becones: [err] The di agram of
the lowpass filter is shown in Fig. 7. A second-order high-pass filter
arrangenment is obtained by selecting [err] The voltage 50 transfer function
t hen becones:




[‘err] "and the di agram of the high-pass filter is shown in Fig. 8. A
second-order filter arrangengnt with which the frequency can be rejected,
also referred to as a band- 55 rej"?@t%f’”fqlter or notch filter, is
obtained by selecting [err] The voltage transfer function is then [err] 6
EP O 345 8@ thidisgrath it ghen bhiFigoe. Afurther eximploineldtes td-a filter sfrangéinent whieh bebavesgslasecond-
rel at es t oandbidipassditter-Bygeleting GGk, S~ ctral, =G andCes@do@ll- or der al | - pass
filter. By thegbltage frangfeffanctipn bepamesol t age transfer function becones: 5

[ERR] The diagram of the aVi pReSsfiptCrsGast BRDNE: Y Gy Fg 10. The |ast
exanpl eSof a speci al secon¥r or@eGsf Pt@r*%r#angeﬁaﬁ I's "a second- order
band- pass ar rTaH legrem pf the-alivoassi filtertty shownin Figi 10. | s obt ai ned by sel ecting by
[ERR] I n (8) p iashepamniasta spegialspeon -prderEliter grangpaent 8 @ senqpdsorder paydipass pcrangement
el enentary st‘\‘!’ﬂt‘ﬂ R 1t ipeptaingd by salastitg-by Cardrand C4Cer0 Iny(8) ZhR)eottada trapsfer fiyngtionthep 5y
be exte deB‘W"bbt ain a third-order el enent ary conflguratlon whose di agram
is showfh In Fig. 12. It |s¥! teymng corrponentsto

the arr angerrent of F| Y zﬁ*éﬁ’t’éﬂ G 4|+1p|

non- i nvert| n W'ﬁi’ "ﬁ°hs °f g

i nverting éﬁ '°w'"9

lbet W::ae?,,;t hgo ﬁ avt% an inv put ?r:vertl?out ; wee ij h
nput  ternj inaq @n s rﬁﬁxt mu s i‘s L

I nput ter HB'H\ a, gqhgal

2 and t he Hﬂﬂn\}eﬂ}ﬂs fn ﬂtq a' R; Gﬁrs 8 %%ﬁlﬁg ut 18'4hd Dt

out put 13 gR3God-Afert nBWJt HMd'tHEF?rUﬁ InJé?tnran t 9 d’tﬁ beien tﬂa‘ﬁﬁﬁ-htdﬁﬂrgﬂidﬁtﬁﬂ

14 and he aiftRe inforRG bithl 16 4HaBbtwieh theinveRing fpit Q5 ar{oQﬁJ onlaﬁsemxda #29; a resistor R

non I nver t bét@edniielibded and’tle nodtfertiftinput 1Y ahd befWdediHb fidb 101Ad il B EA8. Flther,

nVErting thia [virtingTou it 9 i tnriacted to e Rtpit Egmifal RPatd thethon-vérfirgi otlp@22 ISRormeétydie N

t he node 9 thaoalpit feemined 2t. iAgersral thifdjorden fiker artahgeiieilt iDsHowe R IFigh 13cand i3 tiemdd byarshging €

i nverting bngméctidBbetwesn thla esde 9tahd:the iNvedting odtput ddidnd bstwaéh thenod@ T0rERa the dori-ioverting

out put #er imput2p in26e sracigeirient shawn-ih Fig.2t Anrigpubusitage +V IR appiied:to thednplictehmingl 2 dnd an

out put t er inpytudltagel-V: iarptiesitethe inprit tednital 2| The duitdut voitage o the iyeanting butpig 5 gttoeemplifier

Fi g. 13 ané s sVaf thatep theimpn-inverting glitny 6:f the amplifier A is tVatthat omthe fnvertinachutpgt 13refithe he

I nverting 8nrlifienAz iBeVapthet opthe prrcinverting.outpydité of the amplifienfe s t¥an thiet ppdheroutaut terminalizh p ut

20 I'n the BrVaARha AR the AuRY: tempinatp2 s -Vy. Moreayer, affiitdinodedisieRiiaw whighnodescoppponda

to the i npﬁ’tthet'l?r"r'ﬁ"?fﬁtg‘@“hﬁd’”ﬁﬁamﬂ Bifsvol t age [err]is appl ied to the input

btam a

mQJQ.

termnal 27T 91’1?89'81??15 fes wily: ¢ the i vert out 5 of the anplifier
[err] Is [ n ﬁg A-Pi* %rcﬂ) Bﬂ'?p Vztr(é4)arrpllf|er [err],
that on th a%f#f}b

non- i nvgart m"e'iiw“t“%ﬁ'ég L%’ éB F;[Wer feré ? ﬁgi hgtn ?Eet gﬁt put
2 Thi Td nogdGeis PW A ,g“ e‘“ﬁa“rﬁzréré non-1 nver ting |
?néutr17 oPﬁhﬁg arrp er err éﬁih ?&ﬂ&uf :

e no conplies with: [err] The
node N2 conplies with: [err] 35 and the node N3 conplies with: [err] In

t hese tdaree equattums [*egfds and [err] can be elimnated as follows: 40

(1 (15) (17) [err] 45 which
yields the foll ow n? voPt ‘gg5t ransfer function: 50 [ er r{17)
(18) Filters havi§)spderGy*pt®aracteri stics can be obtai ned by an

appropriate choice of the values of ;,the filter ele- nents in the general
third-dfder filter arrangement of Fig. 13. Afirst exanple is a third-order
| ow- pass filter, of Whl ch the diagramis showmn in Fig. 14. This is achieved
by sel ecti ﬁ!@*“‘l} epwingryeltage tramsfer functiolinct i on t hen becones: 55 [err]
G3*GS+pt(C2 C3)*GC3»G5+p»p*C1+C4+G5+p+psp*C1+C5+(C6-C7)
5 V1 G2+»G3+G5+p*C1+G4+C5+puep+*C1+C5+G6+p*pepeC1+C52C8
(18)
" Filters having special characteristics can be obtained by an appropriate choice of the values of the filter ele-
ments in the general third-order filter arrangement of Fig. 13.
A first example is a third-order low-pass filter, of which the diagram is shown in Fig. 14. This is achieved
by selecting C,=C3=Cg=C¢=C+=0 in (18). The transfer function then becomes:
55 V4 _ G1+G3+ G5 (19)
VI G2+G33G5+p»C1+G4+G5+p»p*C1+C5xG6+p»p»p*C1+C5+C8
A second example is a third-order high-pass filter arrangement, shown In Fig. 15, which is obtained by

7



A secénd exanple is a third-order high-pass filter arrangenment, shown In
Fig. 15, which is obtained by 7 EP O 345 880 1 selecting
[err]18). The transfer function .s?ﬁéﬁ“{’@?r] (20) [err]
Athird exanple is athird-orderband-rejection filter, whose diagramis shown
in Fig.16. dla}wml%tﬁann@ﬁwir}ﬂg) The[t@nafe}rft(nm)lsttm voI tage transfer function
becones: The n¥frerata L. hps P & P 1t he nypgr at or

J

of the vol ta%ewt ra‘l"?s‘f%"r“? Pd‘TP ‘691§éi(’§lg‘qr??9m+gr§‘;‘cg§f{;mgﬁ -5r'égecl;[‘ 9;‘1(‘)?6
filter. . 5=hass
filter ﬁrrﬁh&é‘ﬂéfﬁﬁ?%ﬁfﬁﬁ'ﬁe' ?F‘;?‘T Bz The third-order

el)\g(rrent ary configyarat % c e G2 !_- s '\5’5"' a (@Yner al

f o't h-ord 1 a1 on. 1N Fi

addi ng the?i}ﬁ']ﬂ gt 51 H@J&%ssa_o ;e a?‘rgé‘ngerérr%not? ghoglﬁr'r‘k@rrfa'.m‘fba%da

bal anceg anplggf 17%5 bm rnmnw&rrm-ms fil3Patangamert BbkaiAdl by Béing &),

| nput t2 a?ﬁ% t*é}gcz ,.¢,ng4zraubru¢t,m ams)arwﬁgawsfemsctmrsmh 26, a
capaci tor £

\gehgs 65 ,r-&h Jads SR dalcak gandpk pepRens chver ti ?@2 i nput
23 and bet weelt The1 T 6PUBs Gy G133 +B5A Pk PG sI0A%E5 4 PYp = PRCI « Cds CA | stor
[err] betweerrhé thisd-draer@leinemary Canfigundtior 6F Fign R ¢ah ®e bxtanded tb bistaih a petieralféurthroiider ar-

bet weeryst hangeownt whoss didgragn iahbynit Fig.( 8 2o edding ¢hefnliowing vompdneatgto B arrangproént éhdwn t he
par al | el anFigntg:ebalanced araplifier A, baving a[nen-inyertingdnpat 23zpdian invarting dnput|24 land beving an he
non- i nver t invegting oyput 25 andegrpninyertingmuénut 26, § capacitot®o bRtweamtie st ingut terminab 1 and the

i nverting hasgavertioglinput 28 and betwean.the st teiming! 2,and thetinverting inay 24 @ EsistorR,dgtween the
nection i sinerting agfad 19Handihedyerting input 24 and berwpent nep-inyertingoutpuPO@pkthe non-inverting
non- i nweer t ery2% the EFP“"%“WH& Q/\E@’ﬁ“ R E"ds"éé?ﬂ‘?@P’ Smbﬂﬂ?”‘tt@r nep-nyertingdnpyt’3 apd) o

gﬁ ngggtputlzﬁa t
18 'nQ? t'ﬂ Tfé; mtﬁa r"a'ér 2 S rvmﬁ 2 r"r'?tﬂrre&".ﬂzyﬁmg

COFFGSpOﬂ

second- ord ?EEE " fgﬁi % %,:Wrsn ' ratti?x 5&: rybon-
el ement® ry | df?r or diom SH-

arrangeme mﬁ&g;,r H& 13, He'g

shown in Fige rfi neré? rd r'fltJr ﬁanﬁﬁrﬁ %‘ si 't(ﬂ'rfth
and the ge&}&'& &én&ﬁsm raﬁén"smmﬂfer highél-ordér g lﬁl?e?'aﬁéhg&rﬁent
fifth- rdakiverich §ibl@bﬁd?&@§di’rfg)6vitﬁ thalekieslond th enﬁn@nals dpbdifidd ithéire- and

hi gher - ordgﬁnggeneral f| I ter arrangenent 30 derived therefromls readily
possi bl e by RAnmpuadtagesVyk agplidditctherfubiminantant &n ifputiitage -V, 8BpHiPEo il ingiitetniinal he
f or e- Qgoi Ny ThePsutputvolidge oh tha geerfirgroiipitS ofghe binglitieri A 1sh'e,, thain tHembiivintgiingloutpit@ ofN
| nput vol t afjearhptifier A, is V,athet bn thelintedting dutbut HAdf the rumplified A, B -V, Jthet onths pantinvening autpat on
t he i nwer t 14vfthearmplifier Az is 3V, thaton theybivertingautppict® of the anpjifiar A] is {Via.dbat omthé fm-inverting
non-i nver tattrgt@mftperamrﬁfiuﬂebh\&. thatoh thejoutputtesmingl 27 is ¥4, angirthat brethé oulpuit teymingl 288 put
13 of the -NeMotepves p folrtiy nofle Nieshowmwhithnodenarreaponds toithegronsinyepting Inp@ 23 gftheamplifiee
anplifier[ %trT?& volfage transfer fupation ﬁmnureﬂ@yew ting thepcugypnte |adhecforsinpdep Bly [Ny fts ast hat
on the nortumadBptitheRmPlfiars Ayt Airawrnodnpul cuiqst. iThe rode N e‘PW“PW&'! on the out put
n#® 27 i sﬂ&grr and ‘%Héﬁ*Bh(q!hgs)GlY!'pﬁe Yoty Goti V22429 s [err]. Moreover,

a urth *shown, mhlch n spon e non-inverting
i nput 23 q%f plifier Ro* Vorip €‘0§{ fa?rsgér\r’ ué@t ion is conputed by
n

cal cul ati ents Jdn t e el V.S - suned that the
anplifiers, [ no ‘%‘npﬁ?gc{?‘rare t. 'T%%I‘r’;‘ocﬁe'] ] é?ipl ies with: 40
[err] corrr?)qfl eé’ %

ol Les . Wibecl& and N4 conplies
Wit h: [er r,Lt,ﬁsrﬂseltA@b@aﬁgvo{, ;,\,g Epg,? %% : F' ci?4%ar‘rﬁge el imnated by.
[err] This yields fol I ow ng vol t age transfer function: 8 EP 0 345

880 Bl [err]
50 (23)  *G4*Gg*Gq
(24) *p*C1*65*G7
(25)  *p*C4*p*Cg*Gy (27)
(26) . *ptc1tptc5*p*c8

+

This ylelds the following voltage transfer function:
8



By seifecting suitable values for the filter conponents in (28) special
arrangenments can be derived fromthe 10 eneral fourth-order filter
arrangenent of Fig. 18, of which a ER@FAR380 54 exanples will be given
hereinafter. A fourth-order | ow pass filter arrangenent |s obtai ned by

sel ecting [err] yyol ¥ LG r&Rpl Rk 0 The diagramis
shown in Fig. 15‘9”5 Fitggggaﬂ*ﬁ%&sgcz %Eg%ﬂgp%pr@n?glggéqsas&s?%l | ter arrangenent
obtained by selecting [err] The voltage transfer function Is then: [err]
Fig. 21 shows a ToUFTh-GOLder alT-pass TT1Ter arrangenent— |t (38bbt ai ned by
the fol fowing s&lecti on681'035'8%6735*C1*66’ﬁén?75+9. PrHISEHGEIET28) . [err] [err]
The vol t age transf ep*ptgrctitasncsay t*mﬂptpepwﬂcnwca’smbol lows: [err] The
inwention is not limted to the enbodi ments shown herei n. The general and
speci al fi st o der ed h| orderefl clal erent ca%t% trﬂerray
be arraBge h-o f| © Poé‘«gg? é’lﬁrﬁl v Sﬁ Fbe div e%ln
arrangenents raﬁ-EK; .{hg r
arrangenengoitr%r rq,yn; 0SS connec ons a thef réut’p t5|des I'n
orderto pre c’e changes |n pol arity when these filterarrangements are
connected In series. Aswill be apparentfromthe description, the invention
is by ng neans Wb cessareseIpeci fic integration proc- ess t echnol ogy, such
as for exanpl e MG techhology——-b6————~As—already—statedin thesf oregoing,
the Invention iginot |i GetedcsG7hpru1tba@seeTiprpiancsugeeg@enents. Proceed-

ing fromthe method v skilled In the art
will be able to desrﬁ. %séﬁjred ‘#QE ’ E%Ef&f’?%ﬁ arrangenent. 9 EP
0 345 880 Bl C S* Cainms 1. Afllter arrangenent conprising a
first bal aiﬁhﬁeﬁhgmﬂ'ﬂwemF(QA‘P having a non-inverting (3) and an inverting
mbﬁt (4) andfignshews a@unbﬁwms%@rewsmtqm-memvéplpﬂng%aﬁme&@ in (28)-
first (1) Gheyoltposransferfupclipnisthett ter- 5 mnal, a first (7) and a
second (8) output termnal, a first and a second f eedback ci rcuit, each
conpristng a fiwsst wﬂpm*ﬁs’*67(*§*p"*l?:l*d4h65*f07ﬁ-§ *beedbeacdg g4 cui t bei ng
arranged between the inverting output (5) ancfthe non-inverting input (3)
of the first anplifier (err), and the seconefpPretafiAtes*€Btaduit bei ng
arranged between the non-inverting output (6) and the inverti nq |nput (4)
ite

of the first arplifier {,g ,) f' se circu ) each
conpri sdicong themgar al | eldza{;é an n@n#ﬁg‘]&?@ﬁ? 9?&2?5&% Terr) and a second
capacitor (C2), th®*RUP*CI1*C5*CE, st 1G8sntp’orptUlitc548teny arr anged bet ween t he
first input termnal (1) and the non-inverting input (3) of the first

anpl i fier (erg)21n6ws d ¥eurthtrdenali-dabetitfer divahgertioht. 118 bREInGNbY BidGSNOwiREseOMA of ddir
second gs NPpbnertein fonfda (26)2 8.~ & td)0cE0ymaG=g); | nput (4) of the first
anplifier CAbi0; a=CoOEEL Ci=thatied,ywegn the inverting output (5) of the first
anplifier Ttrvoljagatishstelfanciarciosythenibe prittentae followsal (8) and a connecti on between
the non-inverting output (6) of the first anplifier (err) and the first

out put termnal ys7),gG@ Gherl * R h .arrangenent also 15
C rises a thi r«c? anGd1 ggﬁcguéfh F%UF?.C(%SI’Q‘LI ’ ﬂc‘é‘é#“?éﬁ@ﬂ sing athird
cg‘rpgamtor (err), the thj Lém circuit bein arranged between the first

i nput terninal §_1) ar?ap STV EI973g R RpRtC 1t ‘?Céfc& he first anplifier
(err), and the urt uT crrcult_pet g arromti;eu between t hé3Yecond i nput
termnal (2) and'thé™ n GoRGh it P *PHIGIECIH P U *€416516T ¢t anplifier (err).
20 2% Afilter arrangmfemtcllasﬂdnpfﬁagqhmQﬁcmég characterized In that
the filter arrangenent further conprises a first and a second coupling

circuit, each,copp gl Binfeci oasmémn Gm b 1%'11 36 nigh-
circuit bef r%e A ﬁ%m 15t8 SHowih'n Qaﬁ-ﬂ, |\(£ﬁi eg %5"
anpl i figr rar,g eate ed.ﬁe?af.%r{ah infhded Gt ),

and the segagtonnétiibis'atterdulpislabs i &u&ﬁb p?écfu@é'&ﬁ o8 R UlRY Whe ﬁmeéd”ﬂ(tﬁ‘fra &Gm&dkpu
(4) of thea,;wnﬁgmarmehgsl er (err) and the non-inverting output (6) of

first anplifiagwinbédpparent #bm the destriplion, he inventidnde Wy AT TBANs frfited tasa&mcmgﬁhaiw
char act er i gs@ tbchridioby) diich béifer exanpe MO8 Rekhology. ues of the second capacitors (C2)
i N theséir st Assidadylstated MekpTeregomp ke ieritidhiishotilimitedd o tharder filer ayrangements. Prdcéedt t he
capaci t anciag franh the ethbd adpropbseidibgl the dnvention those skitedrif the art lidbe table tocesigrdany Kesired

f ourt h i nphighecorder Eilter amamgertene f i r st capacitors (err) in the first



and tHe second feedback circuit are substantiall y equal 7 and inThat—the

conduct ance val ues of the first 30 resistors ( and
second input circuit and the secondPro4p 880 /15 (R2) |m||““"' |"mm|1"im,h
second coupling circuits are substantially equal. 4. filterm arsrangement
as clainmedClaimg€ aim 1, characterized in that the f| I ter arrangenent further
conpri ses a second baI anced anplifier (A2) having a non-inverting (11) and
an invertifg Afifpgamengamentoonprising B figgt halanced amolifier (Aq) having g agntinvediing (BYignd amigverting

i nverting out [peut (4) amhhavipg g nopqinyerting (6).and pninverting pytput (5). afigst (1) and aspcopdizpipputieng a
fourth é&a- paE‘f“P'o‘l‘f' *@?)’“"‘!W’Fr@’?t‘f*"l‘ Pa' @rf\'séﬁﬂdtasb@f‘f’\ @F‘Fké PaRoNeAsNgt he
first input t8 ’ 1) ° erfi"w@"*s!@aaﬁtt'e
anptifier (A2°"é{""t °°"

efl pli
second i nput hBF {4‘ gﬂ}‘ghfﬂ" npm
anplifi & [er e a dthe E—ﬂﬁag g
o o ook f % il ing b
non-i nverti ngta,{, emng er A“ daclloﬁﬁ &il ﬂw ﬁérl%ﬁ:sgﬂ %Etgut:g;pu'f

circuit bei ngoffﬁfeffm ifi A,Y\Efﬁrthet dqﬂ;\' ﬁaﬂ@) QHaraidfizol Y en&?arfah etlent also
anpl i i gr [ er sdmpAsde althh@ ahd\a fobt 8 ikputirouit éch cdmbd .ngca‘:mmapa%@&m mrimlnfpu&rmu.t
(A2), a thir dbengdranded bétivéen iRl apik téinindl{i)land BamlerfiigMput ($) of Ghe Ars dniglifler (A,),
capaci t or [ er &rd thd B@thiinput ditcditdeii@arrakigedibbtvder! thOSacord ifpll teriihai2)ad e asn-infirting

I nverting out japut (3j a3he fastemplitier aQ.N- i nverting i nput (11) of the second
anplifier A2) and the fourth feedback circuit bei nﬂ arranged be- 45

t ween twe nAf“FP&E’H“G mbﬁ@@%ﬁ“r‘ﬂﬁ@*ﬂ? mngementfanthep compriges
second anpl i f °°°"$°‘P‘fp f"""é!\*tda%é?mﬂﬁ‘ NEAAg Mﬁretﬂrst@are'me'@wtﬁetns. ng

d ?9" 'é°"r"7"P'§' g Ippyt; Hf f' ?'BRJT'Q' ('b
2, S¥conc .:r:: f ey S f’%mfa g;wmme

(9), and the '° @ en the inverti ng

input (%) gf Ah@erwnatmaml aaf.rwﬂnn f:rarnrd ﬁmtmﬁzeam%we&%m&wam@«tty*&

a fourth coupkaphitors {0 fivthé firstahdthé<aBaNG inpit BibuiPard StbstarBally s, Ttk thb &iphditarcB GaldeB rd
coupl i Ng Ci I Cafitfie thirlIcBGCIRA (Cs) In the 1HIFd 4R8 818 SouRR b BiRbult &1 tie first Eap@@ldﬁ (€9 ettt he
non-i nver t i Ngandiiididecdnd febdiabk dirbet s sibstshtiaryidbial, iafd in ¢MdPthe cohBéktenbeovalugssritte first
coupl i ng ci r Cresibtord (R,yigtha filstand SedortipitultiaREth&spe6nd fesBRAIR th@e firsh Shdithédecond

i nverting i npesuplipd @juitstard dubstaneialipsgbainpl i fier ([err] 5. Afilter arrangement
as claimed in Cdaim4, characterized In that the first node (9) and the

| nverting sut»btrterfrr_ﬁsge"@ﬂtasweims@em h aleracterized indhalth filtes arranpement fither eomperigen o |
(16) are Int eﬁfﬁ?ﬂ‘féﬁ'ﬂ rNhemsw@vmmﬁnﬁadevertm P‘&h@ﬂ"ﬁé‘“‘“ga"""
non-i nvgrting Y?Eﬂ" ‘“dfﬂi’tgl?ét"g‘é%ﬁd" t
termnal (15) paglpﬁ eln nged Inal (1)and the non Invert

o chat the o gzmp arrér gé:f t"':ét!ft%rf fsi& Wn fff{?%i? o

and the secon aﬁ,y A ‘?(‘1’1 andthe
cqnduct4nce v, h'th ci It be[v?eﬁ %‘f‘u& erg\«%ﬁ

| nput circuli vertng inB ut( aﬁ,ﬁﬁie.s

coupl i Ng Ci r Chftrfcapbofior Mﬁlerng laffarg %fighl?bgf d?:fbﬁﬁﬁﬁ &‘tﬁé 0

the third 5 poninverifsih i)%f measobnd dpfﬁm (Iﬁ?éh@'ﬂfe

circuit and oOdvedrtRe AdAlifvbriing Sutpufi(t4)'aRd thé invertirignplif 182) of thé &mdﬁh&(ﬁgwﬁr& and
coupl i M ci r casbdnd @6upling\elacilt,paék compsing & détond reslatéri(ry), tHelTist EsupIRG clboRifbeing\aftbnged Of
the third capmesdenths ndneiivedting puit (3)pof the Firstanepiifier {A7)xand afirstinbdd (B)Dand theisédohd douplingl Of
the first capdrciitbeingartadged)betwaer theinverting inpati{4) of the fistarplifibr (Az)ent a sdcomd rodal(10), ar e
subst anti al | ya thie.antl a foantitcolipling ¢atit, édelecorppising atfaunth essistat (Rg) Shenthird dogplifgaircdittbeing
capaci tgrs ( (ianged betivesnithefirst node (P) artddhegion-invertinginput (1) pfdie secand amplifiert(Ad afid the h
capaci t ors ( efeyrth coyplingpircuitippingiarcangpdibtweénthe sdeorfdanedit(4@)land the invertingdnput (12) of the
subst anti al | y“eqqdafﬂp"fﬁf(‘\z)Afr | ter arrangenment as clai med | n CI aim 4,

characteri that t e f|It rjarra errent f co

bal anced a oﬁaﬁmfeoﬁ C'ﬁ' 4. Ht}l fr'ﬁﬁ 'f "t:[tﬁ% fﬁ)
t and hav( ma 6) roonne n

| npu 9(1 &h‘d 3 rna|?15)
fifth (21) ang, mnaf nd a ten

| nput circuit, ea corrprr sr ng a Si xt h capaci tor (err) the ninth input
circuit being arranged between the first Input termnal (1) and the
non-Inverting input (17) of the third ggplifier [err]and the tenth input
circuit being arranged between the second Input termnal (2) and the
Inverting input (18) of the third anplifier (err), an eleventh and a
twelfth input circuit, each conprising a seventh capacitor (C7), the

el eventh Input circuit being arranged between the first Input termnal (1)
and the Inverting Input (18) of the third anplifier 20 [err] and the



‘of the third anplifier [err] and the sixth coupling anged
between the second node (10) and the inverting Inputﬁmﬂ 'm"m ﬂ, gﬂ
anplifier (A, a fifth and a si xt h EPOSABROBIC  cuit, ea

ei ghth capacitor (err), the fifth feedback circuit _be| ng arranged between
t he non- i n8er Afilteg arampentent ds&jain®d in Claim 5, chachctetizad Inrtirat thiei cappcibanceaiueg df3e sefont he
third anpl i f i eapadters {C.) in thatirst dnd the secoid ifpuitairuitake subatantially zdoe infiopt the condyptaticdal-

t ween t he i nvesstof thefirstrpalatorg (Ra)in the first 4nd seeond inpb eircuit ang obihe pacend rosistorg)(Ro)imthe
third anpli fi&mstapefhe pecopdeeupling eifsult are substaniiplyraquahdn thefitha ronquetgnce yplugstagthe fird
anplifi&r (er%ey 'st?fg( R theeeverthiapd the alakth inpt ciryit “thefwrthw‘s )art't?tt“ﬁ'ea"ﬁon
| nverting outl‘gﬁ “" plipg cirgyit aresy ’Fﬁﬂt'ac%;ﬂ“?' fip Ft“(eéF W“?"GUﬂ 'ES“’ER?“'

fi¥h out put dt l"thi tcircult th f ?
daim?7, char¥ ‘t:f);l "Pﬁ'pﬂ‘f I;%Z’ f ° ft
verting, out puf’ ‘?’?’1"&” e ?ﬁg ??58'@" F4'8)
is conn€cted 8 e n n |nvert| ng output (20) of the th| rd anplifier (err).

9. Afilter ﬁﬁlfeaa&agmhtaaaanm G 4, BhafreoBz8d f the e Fifkds bhrdnben@it fushet Stfprideb ©
conduct ance Va¢hidesal taPliffor (A havirig-a ndRtinverting (175 bisd i irfvertiRy (18) irip(k ahddRaving & idn- 2Nd
the second i nipskting {201dat &in iveeting {19) duuES NN (2H) Britka sBEhI22) odtfut fepminal) atnifth ahd 4 @kth and
t he secgnd coiogukt cifegit, each@ormrisiag & sisth Badaéitot (Cg)l thy niaturplt cirbult beiRgiérrenlsdl between the
conduct ance vidrbtinpat tayiningl 1) addthe r@n-inestingtinputy17) efitiie)thitdambllfier (8))\andthia teath thpatiaiscuit

ei ght h i nput wing@uangedbetiwesh thefsecohdinput kermina (2} arok the invadting inputi(183 oftthe thidl sanplifier he
fourth coupl i (Ag anieleventitand a twelfthiinputcineuitsah comprising a sevanth tapacitor(67).daratRyentininpus

val ues of t heciryitbeing areangesiibetweenthe firgt inpyt termipal {1handithednyertinginput (18) of thesthird amplifien

| nput céor cui t(Agrrnd thedwelith inpyt elesult bejng aranged hefweep, thejgecond inpultepmippl (3) anditke non-itt h
cqupling cir c‘(?Ft"ﬂ inpt (ﬂbﬁﬁteélmi P@P'if '( tfeth'mer'ﬁ aﬂ%’?ﬂﬁeﬁ@h ipys slequit appheonprisng a of
t hé second c 'b %I'"Y P“‘E‘ft lﬂf "‘°

the sixt .“afﬁtb ”“"”ns;;ﬁ%tg h&n@ M ? @%W n @g grs
(err) 1% the&t E’tgﬁ? mf"fs gf
(err) In LQE eﬁﬁw@f it Q f.ﬁfe m“ &ﬁtﬁ

and the si Xt r'hn'e"yi'\ ihicads Qﬁ’sﬂaﬁfbe Qﬁﬁle Fn)ert‘n |
third agd fm thﬁ.w pmeea@)u ock i b

the capaci tarmen\mé.mamg) he)at.ewﬁmsmum.esmwz@)&%mmhhpm‘ Asaﬁaﬁtﬂa h@nd
the twel fth |ifgHing Gitsutid)of B8 thir®EmpiNG (&) 1§ Bdnhiectedifie sixth Slitut tefiral (22)and € ndnl f t h
and in the SIwehingambao)l@mbmarhpnﬁér%ylsla&tnaaédta{hbmestherm N filter
arrangenent as clainmed in Claim7, characterized in that the filter

arr angegend. fAfilleramangomenap daimed:in Cisim 7. ghesacterizad dnthat theifirst hade (9) isicennedied o the ina
non- i nver t i ngreftingeuteut (8))of the, thind amplitier é4el 4rd dheisagnnd nqde £10) ia pennentedity e pon-inverting
non- i nver t i nPuput (@ of thethird amplifies (e} nverti ng out put (25), a seventh (27) and

ALY e MRS, n@jeg

f| t entha |xt ';Rvaﬁﬁ" CII‘ U|t
each conpri'si o h A e
ng""“I bet "k%ﬁ‘d?.d ling e fﬁf' %ﬂd 'i
of the f i ldth ircy mt
and the sixt i t‘.fui'theqmama én

term nal (2) ﬁaﬁl.etottﬁeehm\r@wclmammut [Ref Wﬁai.wnuhnm Lisiihg éirodk ere . a
sevent eent h asbtadflaliPbdubl if BiakitNe chptiditncd vakibd bf ihe S536dd caraBidFd (6)) A thedirstahd Bidlsbto

resi st df ( ERMiput dirbufit af @or@tblstkehtaphckdrd(Ch) ithd Rikth Gnd2Rd tBigh MpUt aiRgIste BdbARRIRY z‘ehe
non-i nver ti ngn thattiedapdcitéhce Gdluet bithd third chpsoittrs () IR Ehe (tidrd lapd hé fbuithiAput circuit and of
non- i nver t i nghe fing cipaditdid)(CHin tHelTiest draitiiel sacont Tepdtiacicircuit @arerspbstantinily édusl, ig thattheadnt h
5 | nputpacifanc@waluesiottheigurtiroapacitpes CL) &t theefifth andhibe sixtl ixpiticircgit @diofthé fifthlcapaco f
the thigd anyilosiGsin tiechirdjand tha futthfeedbackaircuitiacy substantially Squial, arid in thet texapacitance
anpl i fier (ervelesdithesaventh ¢apagiters (Ga) inthe pleventh eedthaiwelfth inpus difcuit and atthe alghthwebast ng
atenth capadﬁf’lsé%)tléherfﬁfthabﬂet@év@rfﬂeﬁb%@wmsm@élvm%el ng arranged

bet ween th Qi) nverti L. NpU 7 nd t he aro te u;t't 5 of the
B e
fa dﬁ" )a’slx e e&h ninth ca| lf r[t Mﬁtjtclrcﬁ ?Ch

fourth anpli §
conprising a rbgt% f
%ﬁb the tﬁ’f’né'"ﬂ ngt)tt (23 gﬁ (titeul ng\;ertl ng ou 'ﬁer

arranged be- tween e non-1nve
(25) of the fourth anplifier (err), ang, the tenth feedback circuit belng
arranged between the inverting input (24) and the non-inverting output (28)
of the fourth anplifier [err], and in that the inverting output (25) of the
fourth anplifier (err) is connected to the eighth output termnal (28) and
the non-inverting output (26) of the fourth anplifier (A4) is connected to

15 the seventh output terminal (27). 11. Afilter arrangenent as




~ the sevénth cl®

circuit nd 0

the ei'ghteenth input circuit and of the eighth res he ninth
and the tenth feedback circuit are substan pm I’&mﬂ IIII “Ithat t he
capaci tance val ues of the third carécﬁ%?%o err) i n= rd and=+t he
fourth input circuit and of the first capacitors (err) in the frrst and the
second f eedba()api the sikteentirinputxirguitbeing dmahded betweenthe seaand inpyt temtinal (2)andithe invanting
val ues of t heinpui@4) of twﬁl&tbrmﬁfbf sqvvntqen@ and an gightegeth npuet ciequierchy qamerising a
circuit and oseveniresistor(Ry).dhesaventeentisinquteieyit being arrangedpetwaentheinantinyerting qutnyt (20)
f eedback ci rc&”’@"%‘?"é"ﬁ’[ft?ﬁ(“e)rﬂ‘ﬁ”&?[‘?‘ 'e iing '“P‘ltf?:l?ﬁ%t?fﬂ"ﬁ%a ppl %l'éM apftihe oightes ‘T:%g

nt

R é;k &mﬁs;fé rr;rﬁjges

f eedbact? ci rcmegngg aYr rtIn t'(ﬂs) smaﬁrer(& mareﬁm
val ues of thegafia eabét%sé thd rﬁbe&hemfdt rzi;ana brlRvertng Binbut (2811 the
circuit and OFou&mﬁnpﬂﬂafm amaﬁ.hrttﬁw ifvertRg butput (257 4 the Rduith hnﬁ.ndr (AR chrfh8étél tb tHaut

circuit are sgipsth adldut Bhhidal 26 did thd RoriRveRiinh Sitpu? (265 &1 eheYourth Binblifer (A( Rohriébred todi €
f ol gendes ent tnelséventr bitsub tefifisdl @2). Cegent akt - Ver starker (Al) mit einem nicht-

40 I nverti erenden Eingang (3) und eineminvertl erenden El ngang (4) und
m t el nem ri.c Afilter arpangerhest asreipimed i Haim( @,‘rﬁ;&@zwﬁmmmdumw@peﬁmmw
Ausgang (5); &iptereRibindhedinst and the ppgons) inpy d efith toreBal insthnfiratzind thenen
ersten (7) un@ecRIdfeyplingaipyitears qubstantiglly gaiq S‘é'i‘ﬁﬁ'ﬁ P‘Eﬂd“‘*@% %ﬁé‘i’é’r‘l’dmt"éﬂ (ﬁén
zwel t en20RF| ckiBdimseventhsadite %J?'Eh '"%ﬂm'd*eﬂﬂ% @Hﬂ'%?’h@q) ‘eﬁhsthw

(Cl) ent hl i t ci gPSl&é nt@l'ly%qqgal Ii\ﬂh m the thirteenth
| nV&r ti er ende Y iare

A th i
ersten Versti ::éﬁ er"'t:q"“ ; c he °"t'fiﬁih enth and
RCckkop Iungs ?EE e% %ﬂe
| nvertl rende ke g.a f“ri{e ggm p{ ejsuszgmaﬁ ne
rt

erste und si n@qualv\ﬁ a?th ﬂﬂé\ﬂﬁﬁ ?(5};) in aﬂ@thes h input circuit
Par al | el echal biiugtnb AfiK ﬁnﬁ"r Whﬁtﬁéﬁ&hh\fl ﬁtfeﬁ&i%&ja Rlvstattify equdl Githat
zwei t en Kondehg gdpatitahde<iu eurrﬂb brith capHeR6HS (C,Fih fhe Blevidnth ohdl A8 EAlEh rbuit R G\ -
schendegy er st & eifghtR) &:pBASE (SyPih th Fifth dnkikhelsikéhd6udbatk EiftLit dréatBEthritigly RESHE th titdt the 81T
(3) des er st epaclémesiaiibs df the finth Gapacitors (€f¥h the ARG arldhb siktédnth mpud:rnwubn&i of b Rnth
zwei bt Ei ngangspadttne (¢,y) mahezssvénth aadthe eights fsedbacktirtuit AR I0SBAMRHE StjudlBand R)thatthe cale m
| nver ti er endepackzncgeaugs 6fihe sbechd espatirs (U4 insthé firktaang the Adcondinpye Gircdingrid of b sixtRi ne
Ver bi ndung zweapaditora ¢G) id thenintinapd the Gnthivetvirditagaabptantigly zkes er st en Ver st Arker s
(Al) ung dem zweiten Ausgangsanschl uP3 (8) und sine Verbindung zw schen dam
ni cht-Invertl erenden Ausgang (6) des ersten VerstArkers (Al) und dem erstn
Ausgangsan®steptansgrighe dadur ch askennzei chnet dal di e Fil terachal tung auch
eine dritt und 55 sine vierte Ei ngangsschalt unfa~t, von denen

j ade el nen1dr Filtereshaliupg s, Solgepdes (qnthilt: eﬂ@%a?’?'”“ \ﬁ?ﬂﬂl‘a #%H’t(f\é mit einem nicht-
El;ngang¥schal %%Egﬁm (Qued °éﬂ°§’ 'E?F*E?'H ag{dlund mitel "'GDH%“&!&?F"G"Q";,

t deff ' "&Egd A&f pp Q) 9‘ Bf1Lund o lufingd
s erende weer;r é ; "f’qr%%hu A o
(2) und dam n rt, ,nga f’gﬁ
an- n den
goord“eﬁ 'St grg ﬁJ&‘eﬁhﬁJe J&Qdeﬂiﬁ\ &%ﬂ tgh t,

?ggdg;cﬁom rc pf“ﬁ'r(g’
of the ninth é@fﬁ Eaﬂdih

daB die Fil teg,§, éirbgg, HB%nﬁrﬁ Lung
enthait, von %n&did&ﬁﬁw&%k&ﬁ@ns%ﬁt S&.ﬁlﬂﬂat | diE Bstd Wlm

die erste Kop&ﬁ&:ﬂram EeHEﬂgaz.&Aaﬁ;c g invertéfhd nerngarggﬂd JoRGAY .&Ars des
ersten per st i jagy@hgeotdhdtlst, uhdiwsbertie mr&rrsutaeﬁge Sifund HiictAdHHen 2ieiféA EinGingéaRsthiun

Ver st arker s (¢ yndas madriibisation] Eiigangd (Hdes 61Eter Vertitikers/(R|) biyolrmat isétheverbirldlng 2ei-
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