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Analog Audio Power Amplifier Design

The Method of DePalma

llpoekmupoeaHue aHasr0208bIX ycusiumesied MOWHOCMU 38yKa
Memoo e lMNanbmbi

"Art which does not have the appearance of art is true art."

Old Roman saying

«Hckycemeo, komopoe He umeem 8uduMocmu UcKyccmea, — 3mo UCMUHHOe
UCKycCcmeoy.

Cmapas puMckasi M0208opKa

1) Introduction

This author's experience with analog audio circuit design extends over a period of 50
years -- the era of the vacuum tube, long playing records, FM radio, tape recording, and
transistors. It also includes the digital era where computers became involved with audio. Since
the subject of this paper is analog audio, digital audio signal processing is not discussed.

1) BeedeHue

Onbim asmopa 8 npoekmupo8aHUU aHafio208bIx ayouocxem Hacdumsigaem b6onee 50
Jiem — 3rioxy 8aKyyMHbIX fiamri, 0orieouzgparouux nnacmuHok, FM-paduo, maecHUMOGOHHOU
3anucu u mpaH3ucmopos. OH makxXe eKrtodaem Lyughposyro apy, koeda KoMrbomepb! cmarsnu
ucrionb3oeamscs 8 ayouo. NockornbKy npedmemom daHHOU pabombi s8515emcsi aHar02080€e
ayouo, yugposasi obpabomka ayduocuaHarsos 30echb He paccMampueaemcs.

2) Historical Background

In his youth, the author was fortunate in growing up and being educated in a
geographical region, east coast U.S.A., Philadelphia, New York, Boston, M.I.T. - Harvard; during
a time extending from the 1940's to the late 70's. In 1954, | met David Hafler and Irving Fried,
who lived near my family home in Philadelphia. Through their association and friendship | met a
number of the east coast audio figures of the time. At that time David Hafler and Herb Keros
were manufacturing ACROSOUND transformers
for the Williamson amplifier. Later on, Hafler went on to form Dyna Company, manufacturing
audio output transformers, amplifier and pre-amplifier kits, Dynakits.

2) Ucmopuyeckulu KOHmMeKcm

B roHocmu asmopy noc4acmiugusiock pacmu u rosydyams obpasogaHue 8
2e02paghuyeckoM peauoHe 80CmoyHo20 nobepexss CLUA: ®unadensgus, Hbo-Mopk,
bocmoH, Maccadycemckul mexHornoaudeckulu uHecmumym — [apeapd; e nepuod ¢ 1940-x do
KoHuya 1970-x eodos. B 1954 200y 51 no3Hakomurics ¢ [Jaeudom Xagpnepom u VipeuHaom
®pudom, Komopble Xurnu Hedareko om moe2o doma 8 Punadenbghuu. brnazodaps ux
3Hakomcmey u Opyxbe s ecmpemurn MHoaux dessmenel ayOuouHOycmpuu 80CMOYHO20
nobepexbsi mozo epemeHu. B mo epems [Jasud Xagpriep u 'epb Kepoc rnpoussoduriu
mpaHcgpopmamopsl ACROSOUND ons ycunumenet Williamson. No3xe Xaghniep ocHosarsn
KkomnaHuro Dyna, 3aHUMasWwytocs npou3eo0cmeoM 8bIXO0HbIX ayOuo mpaHcghopmMamopos,
KomMrinekmos 05151 ycunumeneu u npedycunumened, Dynakits.

As Chief Engineer in the early vacuum tube days with Dynaco, | met and spoke with
other audio designers, i.e. Stuart Hegeman, Ben Drisko, Frank Mclntosh, and Henry Kloss. Out
of these meetings a philosophy of design was emerging which encompassed the whole audio
reproduction process. As time went on | became acquainted with Emory Cook, Rudy Bozak,
Paul Weathers, Edgar Vilchur, Arthur Janszen, and Donald Chave (LOWTHER, U.K.).

B Hauarne ceoel kapbepbl 8 Dynaco, pabomasi ariagHbIM UHXEeHepOoM 8 fiamrosou
UHOycmpuu, s ecmpeydarics u obwarcs ¢ opyaumu ayouoousaliHepamu, makumu kak Cmroapm



XeeemaH, beH [pucko, ®paHk Makunmow u leHpu Krnocc. B pe3dynibmame amux ecmpey
cghopmuposariachb hurocogusi NPOEKMUPOB8aHUsi, oxeamsblg8arouias 8eCchb MpPouecc
gocripou3sedeHusi 38yka. Co epemeHeM 5 rno3Hakomursicsi ¢ Imopu Kykom, Pyou bo3akom,
[Monom Yazepcom, 3dz2apom Burnsdypom, Apmypom SIH3eHom u [JoHans0om Hetigom
(LOWTHER, BenukobpumaHusi).

Although my primary interest developed in the basic physical sciences, my interest in
music and sound reproduction has persisted to this day. Over a period of decades, experience
and introspection have resulted in the evolution of certain precepts which comprise the Method
of DePalma in analog audio circuit design. The philosophy and working out of these ideas are
exemplified in the three power amplifier designs presented here.

Xomsi Mol OCHO8HOU UHMepec cghopmuposaricsi 8 obrnacmu pyHOameHmarbHbIX
u3uYecKux HayK, UHmepec K My3blKe U 80Crpou3ee0eHUI0 38yKa coxpaHusicsi 00 Hawux OHedl.
3a decsmunemus ornbima U camoaHanu3a y MeHsi cbopMupos8arsniuchb onpeoerieHHbIe
npuHyunel, cocmasrnsouwue memoo e lNanbmbl 8 MpoekmuposaHUU aHarno208bIx ayOuoCXeM.
@Qunocogus u peanusayus amux udel HaansiOHo npedcmasreHbl 8 mpex paspabomaHHbIX
30ecb cxemax ycunumesiet MOWHoOcmMu.

3) Philosophy

Analog circuit design | would characterise as an Art. Digital circuit design | would
characterise as a geometry. Art is said to be in the eye of the beholder, consequently it is not
altogether a logic process which governs the choice of a circuit topology. The object of our
desire is a pleasing and satisfying musical experience comparable on some basis with the
original performance. Over the history of evolution of the artificial -- and now electro-mechanical
reproduction of sound, certain notions more
commonly associated with the music being reproduced injected themselves into the
specification of electrical parameters.

3) dunocoghusi

lpoekmuposaHue aHaro208bix cxeM 51 bbl Oxapakmepu3osasl Kak UCKYcCmeao.
lpoekmuposaHue yugpossix cxeMm S bbl oxapakmepu3sosearsl Kak eeomemputo. [ogopsim, 4mo
UCKyccmeo — 8 2r1a3ax cMompsiuezo, criedogameribHO, 8bI60p Morionoauu cxeMbl He
516871551€MCS UCKIII0YUMESTbHO J102U4EeCKUM MPOoYeCccoM. Llerns Hawezo xernaHus — rony4ums
MPUSIMHbIU U y00o8riemeopumeribHbIU My3biKaribHbIU OfbliMm, cpasHUMbIU 8 HEKOMOpPOoU
cmerieHu ¢ opuauHarsHbIM UCoNHeHueM. Ha npomsixeHuU ucmopuu 380/1104uuU
UCKyCcCmMBeHHO20 — a meriepb U 3/1eKmMpoMexaHU4eCcKo20 — 80CIpou3se0eHUs 38yKa,
HeKkomopble MoHaIMus, Yauwie accoyuupyemMblie ¢ 80Crpou3eo0uUMOoU My3bIKOU, MPOHUKIIU 8
crieyuchukayuro arieKmpudyeckux napamempos.

The ideas of stability, linearity, harmony, balance, and power express themselves in
electronic circuitry. Imagery developed; it could be conceived the analog audio power amplifier
expressed itself out of the properties of the reproduced music. Out of the amplifier
configurations and possibilities assembleable through the known (fixed) laws of electricity and
the properties of the known active amplifier devices, of these which are the musically
acceptable topologies?

Udeu cmabunbHocmu, nuHedHocmu, 2apMoHuu, banaHca u MOUWHOCMU Haxo0sim ceoé
8blpa)eHue 8 arIeKMPOHHbIX cxeMax. Pasesuricsi obpa3s; MOXHO npedcmasums, 4mo
aHas02086bIl ycunumersrbs MOWHOCMU 38yKa 8bipaxaem cebsi yepes ceolicmea
80crpou38o00uMoU My3bIKU. M3 KOHGbuaypayuli u 803MOXHOCMeEU ycunumernel, Komopble
MOXHO cobpamb, pykoeodcmeysiCb U38eCMHbIMU ((bUKCUPOBaHHbIMU) 3aKOHaMU
ariekmpuyecmea u ceolicmeamu U38E€CMHbIX aKmUBHbIX yCUNUMESbHbIX yCmpoUcme, Kakue u3
HUX 518M15110MCSl My3bIKaslbHO MpUEeMIEMbIMU MOMOI02UsMU?

It is postulated here that the musically acceptable topologies must necessarily satisfy all
the electrical laws as well as the musical ones. Conformity with musical laws converts an
experiment in electromechanically induced transduction into a musical experience.

30ecb nocmynupyemcs, Ymo My3biKaribHO fpueMeMble morosioeuu 0b6s3amesibHO



O00mKHbI yO08IEMEOPSIMb 8CEM 3/TEKMPUYECKUM 3aKOHaM, a8 MaKkxXe My3bIKalbHbIM.
Coomeemcmeue My3biKanbHbIM 3aKOHaM rpespalyaem sKcrepumMeHm o
anekmpomexaHu4ecKu UHOyUUpo8aHHOMY Mpeobpaso8aHuUo 8 My3blKaslbHbIU OMbIm.

4) Tubes and Transistors

Amplifiers designed using active devices, i.e. tubes and transistors, are similar in
conception to modern multi-element high-speed photographic lenses. In lens design, materials
with definitely non-linear properties, chromatic and spherical aberrations, are balanced off
against each other to result in a magnification (gain) without chromatic aberration (flat frequency
response). High signal to noise and reduced intermodulation, (modern low reflection lens
coatings). The exceptional quality of modern
optics speaks to the achievement of this balancing. In fact the resolution of a modern (diffraction
limited) lens is regulated by the properties of the light passing through it. This principle carries
over into electronics where gain and linearity can be achieved by balancing the inherent
curvatures of active devices. A push-pull class A transformer coupled circuit demonstrates this.
There is probably no inherent musical superiority of tubes vs transistors. All known gain -
transconductance devices have separate and individual characteristics. The design problem is
to interface the active elements with the circuit topology in the most harmonious manner.

4) Jlamnbl u mpaH3ucmopabl

Ycunumenu, paspabomaHHble ¢ UCONIb308aHUEM aKmuUeHbIX ycmpoucmes, m. e. 1amr u
mpaH3ucmopos, ro ceoell KOHUEMUUU CXOXU C COBPEMEHHbIMU MHO203/1€MEHMHbIMU
8bICOKOCKOPOCMHbIMU homoobbekmueamu. B KOHCMpPyKUyuU 5IUH3 Mamepuaribl ¢ I8HO
HernuHelHbIMU cgolicmeaMu, XxpoMamuyeckol u cehepudeckol abeppayusmu,
ypasHoseuwusaromcsi Opya ¢ OpyaoM, 4mo rpueodum K yeenudeHuro (ycuneHuro) 6e3
Xpomamud4eckol abeppauyuu (nnockas YyacmomHasi xapakmepucmuka). Beicokoe omHoweHue
cuzHan/wym u yMeHbWeHHas UHmepmMoOyrsayusi (CoepeMeHHbIe HU3KoOoOmpakarouue
MOKpbIMUS NUH3). VICKoYumernbHoe Ka4ecmeo co8peMeHHOU Onmuku cgudemesibcmayem o
docmuxxeHuu amozao banaHca. @akmuyecKku, paspeuieHue cospeMeHHoU (OughpaKkyUuOHHO-
Oe2paHu4eHHOU) SIUH3bI peayrnupyemcsi ceolicmeamu ceema, rpoxodsu,e2o Yyepes Hee. Amom
MPUHYU rnepeHocumcs 8 3/1eKMpPOHUKY, 20e ycureHue U JluHelHocmb Mo2ym 6bimb
docmueHymbl nymem ypagHogseuwusaHus npucyuwel akmusHbIM ycmpolicmeam Kpueu3Hbl. 3mo
demoHcmpupyem 08yxmakmHasi cxema Kracca A ¢ mpaHcghopmamopHoU cesi3bio. BeposimHo,
Hem HukKakoz0 fpucyuje2o namrnam My3blKarbHO20 npesocxodcmea Had mpaH3ucmopamu. Bece
u3secmHsble ycmpoucmea C ycusieHUeM U Kpymu3HoU Xxapakmepucmuku umerom omoeribHble U
UHOusuUOyaribHble napamempsl. 3adaqya rpPoekmupo8aHuUsi cocmoum 8 mom, 4mobsi Hauboree
2apMOHUYHO COeOUHUMb akmuegHble 351eMeHMbI ¢ morosioauel CXembl.

Ninety years of development of vacuum tube circuitry during the analog era have
probably resulted in better Hi-Fi than 50 years of transistor circuitry developed during a time
when analog techniques are on the decline and digital technology is on the ascendency.

LessiHocmo nem pa3gumusi 1amrnosol CXeMOMexXHUKU 8 aHario208yr0 3roxy, 8epOsimHO,
npueenu K co3daHuro bonee kadvecmeeHHo20 Hi-Fi, uem 50 nem pa3pabomku mpaH3uCmMOpPHbIX
cxeM 8 nepuod, koeda aHaio208ble MexHoI02uu npuxo0sim 8 yrnaodokK, a yugpposbie —
Habuparom nonynspHOCMb.

5) The First Circuit

The first circuit is the oldest, making use of a.c. coupling, vacuum tube active elements,
transformer coupled push-pull Ultralinear output. Having stewed in the ferment of 50's golden
age audio, it is a combination of tried and true with a distillation of the ideas of D.T.N.
Williamson and Norman Crowhurst.

5) lNepeasi cxema

[Nepsasi cxema — camasi cmapasi, 8 Hel UCIorb3yemcs C853b M0 NepeMeHHOMY MOKY,
aKkmueHble arieMeHmMbl Ha 8aKyyMHbIX flaMmrnax u 08yxXmakmHbil 8bIX00 ¢ mpaHcghopmMamopHOU
ces3bto. CozdaHHasi 8 Oyxe 3oromol 3pbi ayduo 50-x eodos, oHa rnpedcmaerisiem coboli
coyemaHue rpoeepeHHbIX 8peMeHeM peuwleHUl U KeuHmMacceHuuro uded . T.H. YunbsamcoHa u
HopmaHa Kpoyxepcma.



The driver circuitry is the input pentode direct coupled to a triode split load phase inverter.
The pentode section, (6AN8), operates at a low plate voltage making for satisfactory direct
coupling to the phase inverter grid. Low frequency gain and phase shift is controlled by the size
of the screen bypass capacitor.

Cxema ynpasneHus npedcmasrisem cobol 8Xxo00HOU neHmMoO, HarnpsMyr C8s3aHHbIU C
gha3ouHeepmMopom ¢ mpuoOHoU pa3derieHHouU Hazgpy3kol. lNleHmodHas cekyusi (6ANS)
pabomaem rpu HU3KOM aHOOHOM HarpsiXeHuu, 4Ymo obecriedueaem yd0o8/1emeopumesibHy
MPsIMyI0 C8513b C Cembio ha3ouHeepmopa. YcurneHue Ha HU3KUX Yacmomax u ¢ha3osbil cosue
peaynupyromcs pasmepom WyHmMuUpyru,e2o KoHOeHcamopa 3KpaHa.

It is well known that even though signal current is common to both the cathode and plate
load resistor of the split load phase inverter, because of the differing incremental impedances at
the cathode and plate the circuit can become unbalanced at high audio frequencies. A circuit
has been devised, figure (1), to provide low impedance drive to the output tubes as well as
correct the high-frequency unbalance of the phase inverter. In this circuit the voltage output is
controlled through the upper (cathode follower) grids and the current in the load by the drive to
the lower tubes' grids.

Xopowo uzeecmHo, Ymo, HECMOMPS Ha Mo, YMO CuaHaslbHbIU MOK sersiemcsi 0bwum
0r151 KamOOHO20 U aHOOHO20 pPe3ucmopo8 Hazpy3Ku ghasouHeepmopa ¢ pasderibHoU Hazpy3Kol,
u3-3a pasnu4ul 8 UHKpeMeHmarsbHbIX umrnedaHcax Ha kKamooe U aHo0e cxemMa MoXem cmamb
HecbaraHcupoeaHHOU Ha 8bICOKUX 38yKOBbIX Yacmomax. bbina paspabomaHa cxema (puc. 1),
obecrneqyusarowasi HU3KouMmriedaHCHOe rnumaHue 8bIXO0HbIX /1aMrl, a makxXe Koppekmupyrowasi
8bIicOKOYacmomHabIti OucbanaHc ghazouHeepmopa. B amol cxeme 8biXxO0HO€E HarnpsixeHue
peayrnupyemcsi 4epe3 8epxHue (KamoOHble rogmopumersiu) CEMKU, a MoK 8 Hagpy3Ke — yepes
rnumaHue cemok HUXHUX f1amri.
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Fig. 1

With the combination as shown using a 6ANS8 inverter driver and two 6SN7s, 6CG7s, or
6FQ7s, the frequency response is identical for both sides, minus 3db @ 35kc.

[pu ucnonb3o8aHuUU NokasaHHoOU KoMbuHauuu ¢ UHeepmopHbIM dpatieepom 6ANS u
dsyms namnamu 6SN7, 6CG7 unu 6FQ7 YyacmomHas xapakmepucmuka udeHmuy4Ha 0151 obeux



CMOPOH, 3a UCKITIYeHUeM pasHuubl 8 3 0b Ha yacmome 35 kl'u.

Driver output impedance is 600 ohms. The fraction of the plate or cathode load resistor of
the inverter stage tapped off to drive the lower tubes' grids is determined by experiment. The
drive to one of the lower tube's grids is adjusted for a.c. balance or lowest distortion.

BbixodHoe conipomusrneHue dpatsepa cocmaensgem 600 Om. [ons pesucmopa aHoOHoU
unu kKamoOHOU Hazpy3KU UHBEPMOPHO20 Kackada, omeoOumasi O yrpaeneHusi cemkamu
HUXHUX 51amri, ornpeoerisiemcsi 3KcriepuMeHmarbHo. HanpsbkeHue Ha cemke 00HOU U3 HUXHUX
namn peaynupyemcs 0519 docmuxeHusi banaHca nepemMeHHo20 moka usniu MUHUMarsbHbIX
UCKaxxeHuU.

Coupling to the output tubes' grids is via a "step network" which gives zero phase shift at
d.c. This is important for stability. Output is push-pull Ultralinear with a tertiary winding for
differing plate and screen voltages. Negative fixed grid bias voltage is supplied to the output
tubes by a separate d.c. power supply.

Ces3b ¢ cemkamu 8bIXOOHbIX flaMIl OCYyUW,ecmernsiemcs 4Yepes «cmyrneH4yamyo cXxemy»,
Komopas obecrieyusaem Hyregou ha3oebil cOgu2 Ha MoCMoOsIHHOM MoKe. 3Mmo 8a)HOo 0115
cmaburnibHocmu. BbixoOHoU cuzgHan rnpedcmasrisem cobol d8yxmaKkmHyH yibmpanuHeluHyo
cxeMy ¢ mpemuy4HoU obMomkol Orisi pa3fiudHbIX HarnpshkeHul Ha aHode U cemke.
OmpuuamenbHoe huKcupo8aHHOE HarpsiXKeHUe CMeWeHUs1 cemku rnodaemcsi Ha 8bIXO0OHbIE
niamrbl om omaesibHO20 UCMOYHUKa MOCMOSIHHO20 MOKa.

The output cathodes are tied to ground through a 10 ohm wire-wound common cathode
resistor. The size of this resistor regulates output stage distortion at high levels. Distortion at
high levels is reduced at the expense of a small increase in low level I.M. The 10 ohm value
represents a compromise.

BbixoOHble kKamoOdbl cCOeOUHEHbI C 3eMriel Yepe3s rpo8OosI0YHbIL pe3ucmop ¢ obuwum
kamodowm coripomusrieHuem 10 OMm. BenuduHa 3moe2o pe3ucmopa pezynupyem UcKaxeHusl
8bIXOOHO20 Kackada Ha 8bICOKUX YpPOBHSIX. ICKa)KeHUSI Ha 8bICOKUX YPOBHSIX YMEHbWAatomcs 3a
cyem HebosbWwoz0o yeeriudeHUss UHMepMOOYISUUOHHbIX UCKaXeHUU Ha HU3KUX YPOBHSIX.
3HaueHue 10 Om npedcmaesnsiem cobol KOMIpoMucc.

It is essential for Hi-Fi use that the voltages applied to the circuit build up gradually.
Voltage surges can cause flashovers in the output tubes which could damage delicate
loudspeakers.

Lns ucnonb3oeaHus 8 Hi-Fi-cucmemax KpatiHe 8axXHO, YmObbI HarnpsiKeHue,
rnodasaemoe Ha cxeMy, Hapacmarsio rnocmereHHo. CKayku HarpsikeHusi Mo2ym ebl38amb
rpobou e 8bIX00HbIX flaMrax, 4mo Moxem nogpedums 4yecmeumeribHbIe aKkycmudyeckue
cucmemel.

The Power Supply

The all vacuum tube first circuit requires a rather elaborate power supply. At full output,
250-300 watts, it must be able to maintain the output tube plates at 800 volts and the screens at
400 v.d.c. The low level stages and the driver circuit are isolated via L-C filtering from the output
tube plate circuit.

AUcmoyHuk numaHus

lMepeas cxema, MOTHOCMbIO COCMOSIW,as U3 8aKyyMHbIX fiamr, mpebyem A0080s/1bHO
CJIOXKHO20 UCMOYHUKa numaHus. lNpu nonHou ebixodHou mouwHocmu 250-300 Bm oH dormxeH
obecriedusame HarnpsikeHue Ha aHoO0ax 8bIX00HbIX flamr Ha yposHe 800 Boribm u Ha cemkax
— 400 Bonbm nocmosiHHo20 moka. Hu3koyposHeebie kackalbl U cxema Opatisepa
u3onuposaHbl om yernu aHoda 8bIXOOHOU namribi ¢ nomouwibto L-C ¢punbmpa.

With single ended stages in the input driving a class AB output stage unwanted feedback
through the power supply sicklies over the audio image.

[pu ucrnonb308aHUU 0OHOMaKMHbIX Kackadog Ha exode, yrnpaessrouux 8bIXOOHbIM
KackaOoMm kriacca AB, HexxernnameribHasi obpamHasi cesidb Yepe3 brioK numaHus npueooum K
YXyOWEHUK Ka4yecmea 38yKo8020 U306paKeHUs.

It goes without saying that d.c. delivered to all amplifier stages must be pure d.c. without
ripple. Under certain conditions the effects of power supply ripple under load may be
ameliorated by complementary (transistor) circuitry. On the other hand there is no substitute for
pure d.c.



Cawmo cobou pa3ymeemcsi, 4mo nocmosiHHbIU MoK, rnodasaembilt Ha 8ce Kackaobl
yeunumernsi, 0ormkeH 6bimb YUCMbIM MOCMOSIHHbIM mokom 6e3 nynbcayud. lNpu onpedeneHHbIX
YCI108USIX 8UsIHUE ryribcayul HanpsiKeHusi numadusi o0 Hazpyskou moxem bbimpb CMsi24eHO
C NMOMOWbH KoMIieMeHmapHoU (mpaH3ucmopHou) cxembl. C Opy20l CmMOpPOHbI, 3aMeHUMb
4YucmbIU MOCMOSIHHbLIU MOK HEBO3MOXKHO.

For circuit one the power transformer provides 800 v.a.c. center tapped to a full wave
bridge rectifier composed of four 6AU4 damper diodes. Under light load, quiescent conditions
for the ampilifier, this circuit gives one-thousand volts for the plates of the output EL34s. The
transformer center tap gives 1/2 voltage, i.e. 500 volts d.c. for the screens.

B nepesoli cxeme cunosol mpaHcgopmamop obecrniedusaem HanpsixxeHue 800 B
rnepeMeHHO20 mokKa ¢ UeHmparsibHbIM 0meoooM, rnodagaemMoe Ha rosIHO80/THO80OU MOCMOBOU
8bINpsMUMEsib, cocmosawul u3 Yyemsipex demrgpupyrowiux duodos 6AU4. Npu manod Hazpy3ske
U 8 pexxume roKosi ycurnumerisi 3ma cxema ebidaem mbicsiqy Borbm Ha aHOOb! 8bIXOOHbIX f1aMIl
EL34. LlenmparnbHbili 0meod mpaHcgopmamopa obecriedusaem rosio8UHy HanpsKeHus, m.e.
500 Boribm rnocmosiHHO20 moka, Ha 3KpaHabl.

Individual filtering of the plate and screen busses is by two stages each of pi section 15
henry chokes with 10 microfarad paper filtering capacitors, except for the input capacitor which
is 5 microfarads. The 500 volt buss is further filtered by two more pi sections using 20 henry
chokes and 10 microfarad paper capacitors. This line feeds the driver section of the circuit. The
B+ for the input 6AN8 triode-pentode is further isolated with another pi section using a 20 henry
choke and a 10 microfarad filter
capacitor.

UHOusudyarnbHas chunbmpayusi aHoOHOU U 3KpaHHOU WUH ocyujecmerisiemcsi 08yMsi
kackadamu, Kaxobil u3 komopbix cocmoum u3 15-eeHpu dpocceneti u 10 mukpogapadHbIxX
b6ymaxxHbIX huribmpyrowux KOHOeHcamopos, 3a UCKITIYeHUeM 8X00HO20 KOHOeHcamopa,
eMKOCmb Komopoz2o cocmaensgem 5 mukpogpapad. LLluHa 500 Boribm dononHumersHo
unbmpyemcsi 08ymsi dpyaumu 15-2eHpu Opoccernsamu u 10 MmukpoghapadHbimMu byMaXxKHbIMU
KoHOeHcamopaMu. Oma fUHUS numaem yrpaernsouyto CEKYUIo cxeMbl. HanpsixeHue B+ 0ns
8X00HO020 mpuoda-rnneHmoda 6AN8 dornosHUmMesribHo u3onupyemcs ewe o0HUM 15-2eHpu
Opoccernem u 10-mukpoghapadHbIM puribmpyrUUM KOHOEHCamopoMm.

Output tube negative grid bias is supplied from a separate half wave silicon diode rectifier
working into a single pi section filter using a 20 henry choke and 100 microfarad low-voltage
electrolytics.

OmpuuamernbHoe cMeweHUe cemku 8bIX00HOU namribl obecriequsaemcsi omoesibHbIM
1071y80JTHOBbIM KpeMHUe8bIM OUOOHbLIM 8biripsmMumeriemM, pabomarowjum 8 00HoKaHaslbHoOM [1-
obpasHoM cbunismpe, ucnonb3yrouwem opoccerib Ha 20 2eHpU U HU3KO8OIbMHbIE
anekmponumu4eckue koHOeHcamopsbl Ha 100 mukpoghapad.

The 6AU4 damper diodes have good enough heater cathode insulation so that they may
be operated from a common 6.3 v.a.c. winding. The slow warm-up of the heavy duty filaments
applies the high voltage to the circuit with a smoothly rising voltage build-up. A separate 6.3
v.a.c. winding supplies the filaments of the power amp.

Hemnpupyrowjue 0uodsl 6AU4 umerom docmamoyHO XOpowyro U30IsAyUr0 kamooda u
Hazpeesamerisi, YMO 0380/1em UCrofib308ams Ux om obweld obMmomku 6,3 B nepemeHHO20
moka. MedneHHbIlU Hagpes MOWHbIX HUMeUl Hakarna obecriequgaem rnodayy 8bICOKO20
HarpsiKeHusi 8 cxeMy ¢ rnnaeHbiM HapacmaHueMm. OmoeribHasi obmomka 6,3 B nepeMeHH020
moka numaem HUMU Hakarsa ycunumesis MoWHoOCcmu.

Use of high-voltage paper filter capacitors gives essentially unlimited lifespan as
compared to electrolytics which are good for about 20 years when operated within ratings. Use
of paper capacitors will ensure a constant, low power supply internal impedance over the audio
range.

Ucrionb3o08aHue 8bICOKOBOIbMHbIX BYMaXKHbIX huribmpyrowjux KOHOeHcamopos
obecriequsaem rnpakmMu4yecKku Heo2paHU4YeHHbIU CPOK CI1yXbbl 110 CPasHEHUIO C
371eKmposiumu4yeckuMu, kKomopsle rpu pabome 8 ripedesiax HOMUHasIbHbIX rapamempos
cnyxam okosio 20 nem. Vicrions3o8aHue byMakHbIX KOHOeHCcamopos aapaHmupyem
MOCMOSIHHOE HU3KOE 8HYMpPEHHee CornpomuseieHue UCmoYHUKa numaHusi 8 38yKO8oOM
OuarasoHe.



The power supply should provide two functions. Firstly to supply steady d.c. to all stages,
and secondly to isolate the stages in such a way that unwanted feedback loops are not set up
between them. This is especially important with single ended low level stages. Because of
complementarity, transistor stages can be balanced to eliminate common mode (power supply)
fluctuations from the output. Tubes come in one sex only so that the balancing operation is
much more difficult, leading to the use of
differential circuitry which has its own complications.

UcmoyHuk numarusi QommKeH 8bInosiHImb dee ¢hyHkuuu. Bo-repebix, obecrieyusams
cmaburibHoe NMocmosIHHOe HarpsixeHue Ha 8cex Kackadax, U 80-8mopbiX, U30/1Uuposams
KackaObl makum obpa3om, Ymobbl MeXO0y HUMU He 803HUKaIUu HeXXenameribHble nemiu
obpamHou cgsa3u. 3mo 0cobeHHO 8axHO 0711 0OHOMAaKMHbIX Kackado8 HU3K020 YPOBHS.
Gnazodaps komrnnemeHmapHocmu mpaH3ucmopHble Kackadbl MOXHO banaHcuposame Ors
ycmpaHeHUs1 CUHga3sHbIX (mumameribHbix) KornebaHul Ha ebixooe. JlaMribl 8binycKkaromcs
mosibKo 00HO20 muria, Mo3moMy orepayusi barnaHcuposKU 3Ha4UMesIbHO YCIIOXHSIeMCS, 4mo
npusodum K ucrionb308aHuto OughghepeHyuarbHbIX CXeM, KOmopble UMeKMm ceou
cob6CmeBeHHbIe CrIoXHOCMU.

It is hard to make general statements about power supplies for audio amplifiers. Even
with perfect balance, intermodulation can result if a gain parameter is sensitive to current. The
pentode-like characteristics of solid-state devices make them less sensitive to power supply
voltage fluctuations than triode vacuum tubes.

CrioxHo Oerlamb obuwjue 3asiereHuUsi o briokax rnumaxusi 055 ayouoycunumened. [axe
npu udearsnbHou banaHCUpPOBKe MOXem 803HUKamb UHMEePMOOYISuUS, ecru napamemp
ycurneHusi yyecmeumersieH K moky. [leHmodornodobHsbie xapakmepucmuku meepdomeribHbIX
ycmpoucme denarom ux MeHee HyecmeumesibHbIMU K KorlebaHUSIM Harnpsi»kKeHus numaHus, 4em
MpPUOOHbIE 8aKyyMHbIE flaMribl.

Suffice it to say that power supply configuration and topology is just as important as
amplifier design. If there is complementarity in vacuum tube circuit design it is expressed in the
relationship of the active circuit to its power supply. It is in this that the musical as well as the
electrical laws are satisfied.

LocmamoyHo ckazamb, YmMo KOHuU2ypauus u moroso2usi UCMOYHUKa NumaHusi mak xe
BaXKHbI, KaK U KOHCMPYKyuUs ycunumers. Ecnu e npoekmupogaHuu 11amMrosbixX cxem U
cywiecmesyem 83auMOOO0INONIHAEMOCMb, MO OHa 8bipa)aemcs 80 83aUMOC853U aKmueHoU
CXeMbl C UCMOYHUKOM numaHusi. UMeHHO 8 3mOoM U 3aK/toHatomcesi Kak My3biKaslbHble, makK u
3r1eKmpuyecKue 3aKOHhbI.

Negative Feedback

In the circuit described 20db of negative feedback is taken from the output transformer
secondary 8 ohm tap to the cathode of the input pentode. The circuit is set up by adjustment of
the feedback resistor bypass capacitor to produce a critically damped 20kc square wave into an
8 ohm non-inductive load. The feedback network is a step circuit to prevent excessive high-
frequency feedback in a range where internal amplifier and transformer phase shifts could
produce oscillation, especially with capacitor
(electrostatic loudspeaker) loading.

OmpuuyamenbHasi o6pamHas cesi3b

B onucaHHou cxeme ompuyameribHas obpamHas cesa3b 20 0b cHumaemcsi co
8mMopu4YHoU 0bMomKuU 8bIx00HO020 mpaHcgopmamopa (8 Om) u nodGaemcsi Ha kKamod 8X00HO20
neHmoda. Cxema Hacmpaugsaemcs nymem pezyrnuposku pesucmopa obpamHol cessu,
wyHmupyroue2o KoHoeHcamop, 07151 MOyHeHUs] KpUmu4ecKU 3amyxarou,e2o npsiMoy20/1bHO20
cueHarna 4acmomou 20 kl'y Ha HeuHOykmuegHoU Hazpy3ske 8 Om. Cxema obpamHou cesi3u
rnpedcmasernisem cobol cmyrieH4Yamyro cxemy 05151 npedomepauw,eHusi YpesmepHoU
8bicoKko4acmomHou obpamHol cesi3u 8 duara3oHe, 20e 8HympeHHue ¢hasosblie cosuau
ycunumernsi u mpaHcghopmamopa Mo2ym 8bi3bieamb KosriebaHusi, 0CO6eHHO rpu eMKOCMHOoU
Hazpy3Ke (anekmpocmamu4yecKkull 20OMKO2080pUMETb).

With all other low-frequency time constants as indicated a low-frequency 2 c.p.s. d.c.
function generator is used for the adjustment of the screen bypass of the input pentode. Perfect
reproduction of the low-frequency square wave is what is desired. In this circuit with 20db of



overall negative feedback this capacitor should be adjusted to reproduce the 2 c.p.s. square
wave at the output without slope or tilt. Too large a screen bypass capacitor will produce
overshoot, indicating an undesirable peak in low-frequency response. These tests must be done
at a low signal level into an 8 ohm load to avoid saturation of the core of the output transformer.

lpu ecex ocmarbHbIX yKa3aHHbIX HU3KOYaCcmMOMHbIX MOCMOSHHbIX 8peMeHU Orsi
peaynuposku aKpaHupyrowet obMomku 8Xxo0H020 neHmoda UcCrob3yemcsi 2eHepamop
yHKYuUl nocmosiHHoO20 moka ¢ Yyacmomou 2 ['y. KenamernsHo udearibHoe 8ocripousdsedeHue
HU3KO4YacmomHOoU rpsiMoy20s1bHOU 80171HbI. B amol cxeme ¢ obweli ompuyamernsbHou
obpamHou ces3bto 20 0b amom KoHOeHcamop criedyem ompeayriuposame makumM obpasom,
umobhkl Ha 8bIx00e nosy4dasnack rPsIMoy20sibHasi 8osiHa ¢ Yacmomodu 2 'y 6e3 HaKroHa unu
uckaxeHusi. Crnuwkom bosibwol KoHOeHcamop aKpaHupyrowet obMomku rpusedem K
8bI6POCY, yKa3blearoweMy Ha HexeramerbHbIU MUK 8 HU3KOYacmomHoU Xxapakmepucmuke.
3mu ucnbimaHusi He06xo0umMo rMPo8oouMb NPU HU3KOM ypOBHe cu2Hasla Ha Hazpy3ke 8
OM, ymobbI uzbexxamb HacblWeHUs1 cepOeYyHUKa 8bIXOOHO20 mpaHcghopmamopa.

In some respects circuit one is derived from the earlier (1948) Williamson amplifier
design. The Williamson amplifier could exhibit a constant low-frequency oscillation resulting in a
"breathing" action of woofer cones moving in and out, triggered by wow or rumble in the
reproduction of long-play vinyl discs.

B Hekomopbix omHOWeHUsIX rnepgasi cxema 3auMmcmeosaHa u3 bornee paHHel (1948 2.)
KOHCmpyKuuu ycunumens YunbsMcoHa. Ycunumerb YurnbsiMcoHa Mo2 0eMOHCmpuposame
MoOCMOosIHHbIE HU3KoYacmomHble KoriebaHusi, npuesodsuwue K «ObixaHuto» dugghy3opos
HU3KO4YacmomHbIX OUHaMUKO8, KOmopble nepemewanuck eneped u Ha3ad, 4mo 8bi3bi8asio
OemoHauyuro unu 2y rpu eocripoussedeHuu 0osi2ougparouyux 8UHUI08bIX MIacmUHOK.

The Williamson amplifier was stabilised by the use of "step" network coupling of the
driver plates to the output tube grids. This modification corrected the low-frequency phase
response and was originated by Norman Crowhurst.

Cmabunu3sayus ycunumerns YunbsiMcoHa docmueariach 3a c4em Ucrosfib308aHusi
cmyrneH4Yamou cesi3u mex0y aHoOoM Opalisepa U cemkamu 8bIXOOHbIX namr. dma
MolOubuKkayusi Koppekmuposarsia pa3osyto xapakmepucmuky Ha HU3SKUX Yyacmomax u bbina
paspabomaHa HopmaHom Kpoyxepcmom.

Circuit one incorporates step circuit coupling to the output tube grids as well as the low-
frequency phase and gain adjustment afforded by variation of the screen bypass capacitor of
the input pentode.

lNepesas cxema skrodaem 8 cebsi cmyrneH4amyto c853b C cemkaMu 8bIXOOHbIX flamrl, a
makxe peaynuposeky ¢hasbl U yCUrieHUs1 Ha HU3KUX Yyacmomax, obecriequgaemyo U3MeHeHUem
eMKocmu wyHmupyrouw,e2o KoHoeHcamopa 8Xxo0HO020 rneHmododa.

In a vacuum tube amplifier there is essentially zero time delay between the signal grid
drive and a current response at the plate. This not the case with transistors where the flow of
charge carriers through solid semi-conductors is much slower than electrons moving through a
vacuum.

B namnoeom ycunumerne 3adepxka Mexoy rodayel cusHasia Ha cemky U moKOM Ha
aHoOe rpakmuyecku pasHa Hymo. B mpaH3ucmopax xe cumyauyusi uHasi: nomok Hocumerseu
3apsi0a Yepe3 meepdble rosyrnpo8oOHUKU HaMHO20 MedrieHHee, YeM O8UXEHUEe 3/1eKMPOHO8 8
8aKyyme.

The limitation in the use of negative feedback to reduce distortion occurs because of
phase shifts in the circuit elements adding up to 180 degrees at subsonic and ultrasonic
frequencies and thus turning negative feedback into positive feedback. This is especially true
when an output transformer is one of the circuit elements. Experience has shown that 20db of
feedback is optimum in a circuit where it takes 30 - 35db to make the circuit oscillate. Negative
feedback is very useful in distortion reduction if not overdone.

OepaHuyeHue 8 ucriosib3o8aHUU ompuuamersibHoU obpamHou cesi3u O yMeHbWeHUs
UCKa)KeHUl 803HUKaem u3-3a (ha3oebix c08U208 8 3rIeMeHMax cxembl, Cymmupyrouuxcs 0o 180
e2padycoe Ha 0038yKOBbIX U yIibmpa3eyKoebIx Yacmomax, 4mo rpespauwjaem ompuuamersibHyto
0bpamHyro €8513b 8 Mo10XKUMENbHYK. Mo 0cobeHHO akmyaribHO, Ko2ada 0OHUM U3 3/IeMeHMOo8
cxeMbl si8rissiemcsi 8bIXo0HoU mpaHcgopmamop. Oribim riokasbigaem, 4ymo 20 0b obpamHou
C8513U si8risemcs onmumaribHbIM 3Ha4eHUeM 8 cxeme, 20e Onsi eeHepauuu KornebaHul



mpebyemcs 30-35 0b. OmpuyamernbHasi obpamHasi cesi3b 04YeHb r1ofe3Ha 0sis1 yMeHbWeHUs
UCKa)keHul, ecriu eé He repeycepocmeosame.

DePalma likes to design his circuits so that there is only one voltage gain stage, i.e. the
input pentode. The subsequent stages are unity gain cathode followers.

He lNanbma npednodyumaem rnpoekmuposams C80U CXeMbl makumM obpa3om, 4mobbl 8
HuUX 66151 MosIbKO OOUH Kackald ycurieHUsl 1o HarpsiXeHuto, mo ecms 8XO00HOU neHmoo.
lNocnedyrowue kackadbl npedcmaenstom cobol kKamodHble noemopumesiu ¢ KoaghpuyueHmom
ycurneHus, pagHbIM eOUHUUe.

Discussion

Listening tests by this author have determined that different power output tube types
have different sounds. Different brands of the same tube also sound different. The two generic
tube types are the beam tetrode and the pentode exemplified by the KT-66 and the EL-
34/6CAT7. The KT-66 has a sweet, smooth sound, and the EL-34 a sound which has been
characterised as dry. | do not prefer the sound of the 6L6, 6550 or KT-88. | think the EL-34
pentode originally manufactured by Philips and later by U.K. Mullard, and German Telefunken,
is the best audio tube ever made. For what it's worth, | listen to a stereo system with one
channel EL-34s and the other KT-66s.

O6cyxdeHue

lNposedeHHble asmopoM mecmabl Ha NPOoCywUu8aHuUe rnokasasnu, 4Ymo pa3Hble muribl
8bIXOOHbIX SlaMI UMerom pasHoe 38ydaHue. PasHbie MapKku 0OHOU U mMoU e flaMrbl makxe
38y4yam ro-pasHomy. [leymsi OCHOBHbIMU murnamu siamri Sessgomces f1y4esol mempoo u
neHmMoo, npumepamu Komopsbix sensromces KT-66 u EL-34/6CA7. KT-66 obriadaem npusimHbiM,
Msi2aKum 38y4daHuem, a EL-34 — cyxum. MHe He Hpasumcs 38ydaHue 6L6, 6550 unu KT-88. A
cyumato, 4mo rneHmod EL-34, nepeoHa4varnbHO npoussoduswutics Philips, a nosxe
b6pumaHckou komnaHuel Mullard u Hemeukou Telefunken, — nydwas ayduonamna u3 kozoa-
nlubo co3daHHbIX. K criosy, s crywatro cmepeocucmemy, 8 0OHOM KaHasie Komopou
ucnone3ytomces EL-34, a 6 dpyaom — KT-66.

Vacuum tubes have long reliable lifespans when operated within ratings, and especially
at high voltages and low currents. The fastest way to shorten power tube life is to over-dissipate
the tubes.

BakyymHbie namrbl obriadarom OnumeribHbIM U Ha0eXHbIM CPOKOM Cry6bI rpu pabome
8 rnpedesiax HOMUHarbHbIX rnapamempos, 0COBEHHO MPU 8bICOKUX HAMNPSXKeHUSIX U HU3KUX
mokax. Cambit 6bicmpbiti criocob cokpamume CPOK Cr1y6bbl cuio8bIX famr — 3Mmo
upe3MepHoe pacceusaHue sHepauu.

There was a time in the history of audio power amplifier design when output tubes were
run at excessively high currents to achieve low |.M. distortion. This led to short tube life
necessitating replacement every six months or so of continuous listening to maintain specs.

B ucmopuu npoekmuposaHus ycunumerieu mowHocmu bbi1 nepuod, koeda 8bIXO0HbIE
namnel pabomarnu npu 4Ype3mMepHO 8bICOKUX MOKax 0si1 00CMUXEHUST HU3KO20 YpPOBHS
UHMEPMOOBYAYUOHHbIX UCKa)KeHUU. Omo rpugoousio K COKpaWeHU CpoKa Criy>6bl namr, 4mo
mpeboesasio ux 3aMeHbl MPUMEPHO KaxkOble Wecmb Mecsues HerpepbigHO20 rpocyuueaHust
01151 N000epXXaHUsI MEXHUYECKUX Xapakmepucmuk.

A trend developed of operating plates and screens at the same voltage. At the same
time, amplifier manufacturers tried to maximise output power, necessary because of the
extremely low acoustical efficiency of acoustic-suspension, AR, KLH, and electrostatic type
loudspeakers. Operation of plates and screens at the same voltages, obtained from Ultralinear
tappings on the audio output transformer primary, leads to a dangerously unstable situation as
plates and screens are taken up to the 500 volt level. Excessive electron current can cause the
screen wires to become incandescent, increasing tube current to destruction. The screens of
EL-34s should be in the "shade" of the control grid wires. Later versions of EL-34s
manufactured in the 80's and 90's may not be as carefully assembled as the original Philips
construction.

Hamemunacbe meHOeHUus K pabome akycmuyYecKux naHesnel u 3KkpaHos rnpu 00HOM U
mom e HanpskeHuu. OOHO8pPeMeHHO rpou3gooumernu ycunumernel cmpemMusiuch
MaKkcuMu3upogams 8bIXOOHYH MOWHOCMb, HEO6X00UMYIO U3-3a KpalHe HU3KOU aKycmu4yeckol



aghgpekmusHocmu akycmuyeckux rnoodsecHnix, AR, KLH u anekmpocmamu4yeckux
epomKocoeopumernel. Paboma akycmudeckux naHeneu u 3KpaHos rpu 00HOM U MOM e
HarnpsikeHuu, rnory4aemMom om omeooos Ultralinear Ha nepsu4Hol obMomke 8bIXOOHO20 ayouo
mpaHcgopmamopa, npusodum K ornacHo HecmabusibHOU cumyauuu, Ko2oa HarnpsixeHue Ha
naHersix U aKkpaHax docmueaem ypoeHsi 500 Boribm. Ype3amepHbIl MoK 3/1eKmpoHO8 MoXxXem
rpueecmu K packaseHuto rnpogodoe8 3KpaHos, yeesu4yueasi mok siamrbsl 00 ripedena eé
npo4yHocmu. 3KpaHsb! namrn EL-34 0ormKkHbl Haxo0umbCsl 8 «meHU» 1poe8odos yrpasrsnsouwel
cemku. bonee no3dHue sepcuu namn EL-34, ebinyuweHHble 8 80-x u 90-x 200ax, mo2ym bbimb
cobpaHbl He mak mujamersibHO, KaK opuauHarsbHas KoHempykuus Philips.

The best way to get high power and low distortion is to operate EL-34s at high voltage.
The EL-34 can give 100 watts/pair with 800 volts on the plates and 400 on the screens. This
necessitates a tertiary screen winding on the output transformer. The best transformer for this
purpose is the Dynaco A-440, or one of its clones. At the 800-400 plate - screen voltage ratio
this transformer can give 300 watts output between 30 cycles and 15kc, 200 watts 20-20kc.

Haunyywut crnocob rnony4yums 8bICOKYH MOWHOCMb U HU3KUE UCKa)XeHUs — 3Mmo
ucrnonib3ogams namnbl EL-34 npu ebicokom HanpsxxeHuu. Jlamna EL-34 moxem ebidasamb 100
Bm/napy npu HanpsixeHuu 800 B Ha aHoOax u 400 B Ha cemke. [Jns amoao Heobxoduma
mpembsi 06MOMKa cemku Ha 8bIXOOHOM mpaHcgopmamope. Jlyqduwum mpaHcghopmamopom
0ns1 amou yenu siensiemcsi Dynaco A-440 unu 0OuH u3 e2o aHasoe2o8. [lpu coomHoweHuu
HanpsixxeHusi aHo0-cemka 800-400 amom mpaHcghopmamop mMoxem e8bidasame 300 Bm
8bIXO0HOU MowHocmu 8 duana3oHe om 30 'y 0o 15 kl'y u 200 Bm 8 duanasoHe om 20 [y 0o
20 kly.

In the amplifier design described no load voltages on the output tube plates and screens
are 1000, 500 respectively. Over the 40 years of experience | have had with this design no
special problems have developed with the exception that these voltages should be applied with
a controlled build-up which is obtainable from the vacuum tube damper diode rectifiers which
are employed. Tubes also flash occasionally from loose internal particles. A few sharp raps
generally loosens them.

B onucaHHoOU KOHCMpyKUUU ycunumerisi HarnpsiXeHusi Xoriocmoao xo0a Ha aHodax u
3KpaHax 8bIX00HbIXx namn cocmasernsaom 1000 u 500 B coomeemcmeeHHo. 3a 40 nem pabomei
C amou KoHcmpyKuyueut ocobbix npobrieM He 803HUKaIIO, 3a UCK/THOYeHUEeM moao, 4mo amu
HarnpsixeHusi criedyem rodasame C KOHMPOIUpPyeMbIM HapacmaHueM, Komopoe docmuaaemcs
3a cyem ucrosib3yeMblX 8aKyyMHbIX JlaMrogbix OUOOHbIX ebinpsmumeried. Jlamrbl makxe
UHoz20a 3a2oparomcs U3-3a omcioUBWUXCS 8HYMPEHHUX Yacmuy,. HecKonbKo pe3Kkux cmykoe
06bI4YHO romoz2arom ux pa3beOuUHUMb.

DePalma and Hafler discovered the distortion reducing properties of a small common
cathode resistor in class AB circuits when they were looking for an easy way for the customer to
set the output stage bias. A 12 ohm resistor equated to a 1.56 v.d.c. drop which was equal to the
voltage of a 1.5 volt dry, zinc-carbon cell. It also turned out that this resistor reduced high level
I.M. by 2/3, down to .25 percent, while low level, one-watt I.M. was only perceptibly increased.

Hellanbma u Xagbrnep obHapyxurnu ceoticmea Heborbwoz20 peaucmopa ¢ obwum
KamoOoM, CHU)Xarouwjue UCKaXXeHUsl 8 cxemax Knacca AB, koa0a uckarnu npocmot crnocob 0ris
nompebumerisi ycmaHo8uUmMb cMeweHue 8bIX00H020 Kackada. Pesucmop conpomueneHuem 12
Om coomeemcmeosar nadeHuro HanpsikeHusi 1,56 B nocmosiHHO20 moka, Ymo paeHsi/10Chb
HanpsikeHuto 1,5-Boribmoesou cyxou YUHK080-yariepoOHoU bamapelku. Takxe 8bIsiCHUIIOCH,
4Ymo 3Mmom pe3ucmop CHUXaem UHmMepMOoOyIIAUUOHHbIE UCKaXeHUs Mpu 8bICOKUX YPOBHSIX Ha
2/3, 0o 0,25 npoyeHma, 8 Mo epeMsi Kak UHMepMOOyrIsIUUOHHbIE UCKaXXeHUs rnpu HU3KUX
YPOBHsIX, cocmassistouue o0uH Bamm, nuwb 3amMemHo ygenu4uearsnucs.

Use of a 10-12 ohm common cathode resistor in class AB push-pull audio power output
stages allows a reduction in quiescent static current to achieve the same distortion at maximum
output. Any reduction in tube current will increase tube life. A small common cathode resistor
together with high-voltage, 800-400, operation of the EL-34 can result in a tube life in excess of
20 years.

Ucnonb3oeaHue pesucmopa ¢ obwum kamooom 10-12 Om 8 08yxmaKmHbIX 8bIXOOHbLIX
Kackadax ycusumers MOWHOCMU 38yKa Kriacca AB ro3sgornsem ymeHbwume cmamuyeckul
MOK roKosi U 006UMbCS MO20 Xe YPOBHS UCKa)XeHUU rnpu MakcumarbHOU 8bIXOOHOU



mowHocmu. Jlloboe ymeHbweHUe moka fiaMribl ygeriudueaem cpokK ee criyx6bbl. Hebonbwou
pesucmop ¢ obwum kamodom 8 codemaHuu ¢ pabomodt namrbl EL-34 rnod ebicokum
HanpsikeHuem (800-400 B) moxem obecriedums cpok criyx6bbl rnamrsi 6onee 20 nem.

The important parameter in vacuum tube life is bulb temperature. Output tube
temperatures high enough to burn fingers when touching the bulb evaporate getters on the
inside of the envelope. These tubes eventually become gassy and lose emission. Anyone
serious about vacuum tube amplifier design must either contemplate manufacturing his own
tubes or developing circuits which maximise the performance and life of the existing remaining
stocks.

BaxHbiM napamempom, ornpedensiouum cpokK cryxbbl 8aKyyMHbIX 1aMrl, 61s1emcs
memrnepamypa Kosnbel. [1pu 8bICOKUX meMrepamypax 8bIXOOHOU s1aMribl, CrIOCOBHbIX 06)Xedb
nanbybl fpu nPUKOCHOBEHUU K Korbe, ucrnapsromcs 2emmepbl Ha 8HYMpeHHel CmopoHe
Konbbl. B KOHeYHOM umoze makue siaMribl Ha4uHarom 8bI10erisimb 2a3 U mepsirom usriydyeHue.
Jlrobol, kmo ecepbe3 3aHUMaemcs nNPOeKmMuUpPo8aHUEM 1amrosbiX ycunumened, domkeH nubo
3adymamabcsi 0 cobcmeeHHOM ripoudgodcmee ramri, 1ubo o paspabomke cxem, KOmopeble
MakcumarbHO ygeriu4uearom rnpoussooumesisHoCmb U CPOK Cr1yXXbbl UMEroUUXCS 3arnacos.

In the early days of Hi-Fi the earth had not reached its limit of planetary resources.
Economic considerations had not yet reached a limit where price and "performance" were intra-
convertible or even relevant. The important fact was to achieve musical performance for one's
Hi-Fi system. The contemporary aphorism is not whether it is musical but good value for the
money. As we drift into our uncertain future we have lost touch with music.

B niepebie 200kl cywecmeosaHus Hi-Fi-mexHuku 3emrnis ewé He ucyeprana ceou
rnnaHemapHsble pecypcbl. QKOHOMUYeCcKue coobpaxeHusi ewé He docmuaru mozao npeodena,
Koz20a ueHa u «ka4ecmeo» cmarsu bbl 83aumMo3aMeHsIeEMbIMU USU Oaxke akmyarsibHbIMU.
BaxHbim ghakmopom bb1rio docmuxeHuUe My3bikaslbHO20 38ydYaHusi om ceoel Hi-Fi-cucmembi.
CospeMeHHbIU aghopusM 2riacum He O MoM, My3blKasibHa /U OHa, a O MOM, HacKOJIbKO OHa
8bl200Ha 3a ceou OeHbeu. [lgueasicb 8 Hawe HeorpedenéHHoe bydyujee, Mbl ympamursiu ces3b
C My3bIKOU.

6) The Second Circuit

The second circuit was developed as a hybrid tube-transistor audio power amplifier. In
the original design a DynaKit 6AN8 voltage amplifier phase splitter drove a 6360 single
envelope twin tetrode, Ultralinear connected. The output transformer was a Dynaco A-410
modified with normally paralleled 16 ohm secondaries separated. These windings drove one or
more pairs of same sex transistors in the manner shown, figure (2).

6) Bmopasi cxema

Bmopasi cxema b6bina paspabomaHa Kak 2ubpudHbIl 11amMrnoeo-mpaH3ucmopHbIU
ycunumersb MOWHOCMU 38yKa. B nepeoHayasibHOU KOHCMPYKUuU ¢ba3osbil pa3denumerib
HanpsixeHusi DynaKit 6ANS8 ynpaernsn oOHogasHbiM mempodom 6360 ¢ yribmpanuHeuHou
cxemol. BbixoOHoU mpaHcghopmamop npedcecmasrnisn cobol moduguyuposaHHsIt Dynaco A-
410 ¢ naparsniernibHO COeOUHEHHbIMU 8MOPUYHbIMU 0bMomKamu corpomusreHuem 16 Om. Omu
obmomku yripaernsiniu 00HOU UnU HECKOMbKUMU napamu mpaH3ucmopoe 00HO20 muria, Kak
rokasaHo Ha pucyHke (2).

A single power transformer with two capacitively isolated 40 volt windings and a 250 volt
winding for the two tube phase inverter driver was used. The 6360 power stage need only put
out a few watts to drive the transistors to saturation. In the circuit constructed a bypassed
common cathode resistor provided bias.

Ucnonb3oearics 00uH cunosol mpaHcgopmamop ¢ 08yMsi EMKOCMHO U30/1UPO8aHHbIMU
obmomkamu Ha 40 eoribm u obMomkou Ha 250 eoribm 0115 Opatisepa 08yxs1iaMrnogo20
gasouHeepmopa. Curiosomy kackady Ha Mukpocxeme 6360 mpebosasiocb 8bidagame 8ce20
HeCKorbKo eamm 0118 HacbIWeHUs1 mpaH3ucmopos. B cobpaHHoU cxeme cmeweHue
obecriequsarnoch 3auyHmupoB8aHHbIM Pe3UCmMOpPOM ¢ 0bWUM KamoOoM.

The second circuit can also be driven by a transistorised voltage-amp-phase-inverter-
driver. The salient features of this output circuit are that identical same sex transistors can be
used and because of the floating nature of the transformer coupled drive, either end of the
output load resistor may be grounded. Negative feedback to the input stage cathode (6AN8) is



taken from the ungrounded end. Either same sex bipolars or FETs can be used in this circuit.

Bmopasi cxema makxxe Moxxem yrnpaensimbCsi mpaH3ucmopHbiM Opalieepom
gaszouHeepmopa ¢ ycunumenem HanpskeHus. OmaudumernbHbIMU 0CObeHHoCcmsAMU a3mod
8bIXOOHOU CXeMbI S8/17H0MCS 803MOXHOCMb UCIMOb308aHUS 0OUHaK08bIX MpPaH3UuCmopos
00HO20 muna, a makXxe mo, 4mo u3-3a fnjasaruwe2o xapakmepa mpaHcphopMamopHO-
c8513aHH020 yripasrieHus 1tobol KOHel 8bIX0OOH020 Hagpy304HO20 pe3ucmopa moxem 6bimb
3a3emrieH. OmpuuyameribHasi obpamHasi cesi3b ¢ KamoOoom 8x00Ho20 Kackada (6ANS)
CHUMaemcs ¢ He3a3eM/IeHHO20 KOHUa. B amol cxeme Mo2ym ucrosib308ambeCsi Kak
bunonspHbie mpaH3ucmopbl 0OHO20 mura, mak U rofeeble MpPaH3ucmopabI.
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Philosophy

Vacuum tubes come in only one gender. Transistors can be N type or P type. An N type
transistor can be synthesised from a P type and vice-versa, by what is known as a quasi-
complementary circuit. Quasi-complementary circuits using combinations of N and P type
transistors work well but direct fabrication of fairly well matched N and P type complementary
power transistor pairs has put these circuits on the back burner.

dunocopus

BakyyMmHbie namrbl 6bi8at0m mosibko 00Ho20 muna. TpaH3ucmopbkl Mmo2ym 6bimb N-
muna unu P-muna. N-mpaH3ucmop MOXHO cuHme3supogams U3 P-mpaH3ucmopa u Haobopom,
ucrnosib3ysi mak Ha3bl8aeMyH K8a3UKOMIIieMeHmapHyto cxemy. KeasukomrniemeHmapHbie
cxeMebl, ucronb3yrouwue kombuHayuu N- u P-mpaH3ucmopos, pabomarom xopowo, HO rpsimoe
u32omoerieHue docmamo4yHO XOPOWO CO2/1acO8aHHbIX rap KOMieMeHmapHbIX CUs108bIX
mpaH3ucmopos N- u P-muna omod8uHyio amu cxeMbl Ha 8mopou raH.

Of course a purist designing class B transistorised audio power circuitry would never
consider using complementary pairs, being that the matching is not perfect. On the other hand
this necessitates the use of an audio driver transformer, the imperfections of which limit the
amount of overall usable negative feedback.

KoHeuHo, nypucm, npoekmupyrowuti mpaH3ucmopHble CXeMbl numaHus ayduoueneu
Knacca B, Hukoz0a He cmarn bbl UCroib308amb KOMIIIeMeHmapHble rnapbl, MOCKObKY
coaiacogaHue He udearsnbHo. C Opy20l cmMOpPOHbI, 3Mo mpebyem ucCrnoib308aHUs
mpaHcgopmamopa Opalisepa ayduocuaHarna, Heco8eplweHcmeaa Komopo20 ogpaHuyusarom
Konu4yecmeo rosne3Hou ompuyamerbHolu obpamHoU ces3u.



The reason | consider the transformer coupled driver circuit acceptable is that exact
matching of the output power transistors is possible. This in itself minimises even order
harmonic distortion. Small low-power, 10 watts or less, driver transformers have excellent
frequency response extending to 100kc for the A-410. Capacitive effects between windings and
their attendant resonances in a small transformer are well outside the audio range.

lMpu4uHa, No komopou s cHumaro cxemy opatieepa ¢ mpaHcgopPMamopHOU C853bH0
rnpuemaemou, 3aK4aemcs 8 803MOXHOCMU MOYHO20 COa/1aco8aHUsI 8bIXOOHbIX CUI08bIX
mpaH3ucmopos. 3mo camo o cebe MUHUMU3UPYEM 2apMOHUYECKUE UCKaXXeHUS YemHbIX
rnopsiokos. Hebornbwue maromMouiHble dpalgepHble mpaHcgopmamopsi (10 Bm unu meHbwe)
obniadarom npesocxodHOU YacmomHoU xapakmepucmukou, npocmuparowetica 0o 100 kl'y ons
A-410. EMkocmHble aghgpeKkmbl Mex0y obMomkamu U C8513aHHbIe C HUMU Pe30HaHChbl 8
HeborbwoMm mpaHcghopmamope Haxodsimes dasieko 3a rpedenamu 38yKogo2o duara3oHa.

Larger and bigger audio output transformers normally used in the range 100 - 500 watts
have definite high-frequency resonance and leakage problems which limit the overall amount of
negative feedback which can be used. For example, the 250 watt output of the first circuit can
be obtained at about .5% I.M. using 20db of negative feedback. Oscillation would occur at 32db
feedback. In the second circuit 100 watts could be obtained from a pair of diffused-base bipolars
@ .25% |.M. In this design 25db of feedback could be used with oscillation occurring at 35db.

bornee KpyrHble u MOUWjHbIe 8bIXOOHbIe mpaHcgopmMamopsl 07151 ayduocuaHarnos, 0b6bIYHO
ucrionb3yemsie 8 duarnaszoHe 100-500 Bm, umetom sigHble rpobrieMb! C 8bICOKOYaCMOMHbIM
PEe30HaHCOM U yme4KoU, 4mo o2paHudugsaem obuwee Konu4ecmao ucrosb3yemoul
ompuuamernbHol obpamHou ces3u. Hanpumep, ebixoOHass mouwHocmb 250 Bm riepeol cxembi
Moxem 6bImb rosiydeHa rnpu UHMepMoOyrsUUOHHbIX UcKaxkeHusix okoso 0,5% ¢
ucronb3oeaHuemM ompuyamersibHol obpamHol ces3u 20 0b. eHepayus bydem ripoucxooums
rnpu obpamHou ces3u 32 0b. Bo emopou cxeme 100 Bm MOXHO nornydums om rapbl
6unosnspHbIX namr ¢ U y3UOHHLIM OCHOBAHUEM MPU UHMEPMOOYSAYUOHHBIX UCKaXXeHUSIX
0,25%. B 3mou KOHCMpPyKUUU MOXHO UCronb308ambe 0bpamHyto cesa3b 25 0b, npu amom
eeHepayus 6ydem npoucxodums rpu 35 0b.

Because of stored base charge and propagation delay effects, negative feedback is not
as effective in distortion reduction for transistorised power amplifiers as for tube-transformer
designs. In the same vein, excessive negative feedback may create non-harmonious distortion
in transistor circuits. Consequently whatever the design, the principle should be to obtain the
lowest distortion before feedback is applied. Negative feedback as a cure for distortion when
properly applied can have non-harmonious
and destructive (oscillatory) side effects if overused.

M3-3a HakonneHHo20 3apsida basbl U aghghekmos 3a0epXXKU pacrpocmpaHeHus
ompuuyameribHasi obpamHas c8s13b He makK 3ghgheKmueHa 8 CHUXEeHUU UCKaXXxeHUU 8
mpaH3UuCMOPHbIX yCUNUMEnsixX MOUWHOCMU, Kak 8 J1aMrnogo-mpaHcghOopMamopHbIX CXemax.
AHarnozau4Ho, YpeamepHas ompuyamerbHas obpamHas cesi3b MoxXem co30asameb
He2apMOHUYHbIE UCKa)xXeHUs 8 mpaH3ucmopHbix cxemax. CriedoeameribHO, HE3a8UCUMO Om
KOHCMpyKUuU, rMpuHuUn OO/mKeH 3aKkmrodambecsi 8 00CMUXeHUU MUHUMasIbHbIX UCKaxeHul 00
rnpumeHeHusi obpamHou cesa3u. OmpuuamernbHas obpamHas €e53b Kak cpedcmeo ycmpaHeHUst
UCKa)XeHud, rpu rnpasusibHOM MPUMEHEeHUU, MOXem UMemb He2apMOHUYHbIE U
paspywumerbHbie (kornebamerbHbie) Nobo4Hble aghchekmbl fpu Ype3mMepHOM UCOb308aHUU.

| like the second circuit because it can employ same sex matched and balanced
transistor pairs to achieve any desired output power. Even though a small low-power driver
transformer is required, the problems it solves more than compensate for the few ills a well
designed and constructed audio transformer produces.

MHe Hpasumcsi amopasi cxema, MOMOMY 4Ymo 8 Hell MOXHO UCIOo/Ib308amb rapbl
mpaH3ucmopos 00Ho020 mura, NodobpaHHbIX Mo MowHocmu, Orisi 0ocmuxeHus 1ol
Xxernaemou 8bIX0OHOU MowHocmu. Xomsi 0511 amo2o mpebyemcsi Heboribwou MarioMOWHbIU
mpaHcgopmamop Opaligepa, pewaemble UM rpPobremMsl ¢ 1UX80U KOMMEHCUPYom
HEeMHO204UC/IeHHble HeO0CMmamKu XOpoWwo CripoeKmMupo8aHHO20 U U320moerieHHo20 ayouo
mpaHcgopmMmamopa.

As is well known, the vanishingly small distortions which can be obtained in fully
transistorised audio power amps are not necessarily reflected in their audio listening quality.



Kak uzeecmHo, HUYMOXHO Marible UCKaXXeHUS, Komopble Mmocym 6bImb rorsiy4eHsbl 8
NOJTHOCMbBIO MPaH3UCMOPHbLIX ycurnumersiax MmowHocmu, He 0bsizamesibHO ompaxxaromecs Ha
Kadecmee 38y4yaHus.

7) The Third Circuit

The third circuit was developed to fully utilise complementary symmetry matched P and N
type field-effect transistors. Using these devices, a fully d.c. coupled audio power amp was
designed. In recent years audio quality has been adversely affected by the use of plastic
dielectric coupling capacitors. There are well known memory and electric hysteresis effects in
plastic dielectrics. If coupling capacitors are used in audio circuits they should be paper or
metalised paper dielectric. Of course, d.c. coupling removes all capacitors as shown in the third
circuit, figure (3).

7) Tpembsi cxema

Tpembsi cxema bbina paspabomaHa 0115 MOSTHO20 UCM0/1b308aHUS KOMIIIEMEHMapPHbIX
CUMMEMPUYHO coa/iaco8aHHbIX rofiesbix mpaH3ucmopos P- u N-muna. C nomowbro amux
ycmpodlcme 6bin paspabomaH rnosiHoCMbH C8s13aHHbIU M0 MOCMOSIHHOMY MOKY ycusnnumerib
MowHocmu 38yKa. B nocrniedHue 200b1 kadecmeso 38yKa yXyouwusiochb U3-3a UCosib308aHus
pa3sdeniumeribHbIX KOHOEHCamopo8 C NacmuKo8bIM QU3IEKMPUKOM. B nnacmukoebix
Ouanekmpukax Xopowo u3eecmHbl 3¢hgheKkmbl naMsimu U 31eKmpuyYecKo2o aucmepesuca.
Ecnu e ayduocxemax ucrosnb3yromcs pas3oeniumeribHble KOHOeHcamopbl, OHU OO/MKHbI 6bImb
6yMaXKHbIMU UU Memarsnnu3upo8aHHbIMU BymMaxXHbiMu duarnekmpukamu. KOHEYHO, Ces3b o
MOCMOSIHHOMY MOKY UCK/Ito4aem ece KOHOeHcamophbl, KaK rnokasaHo Ha mpembel cxeme,
PUCYHOK (3).
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Fig. 3

In this circuit the musical as well as electrical laws are followed. Complementary
symmetry, FETs and bipolar transistors are all utilised in a completely balanced, symmetric, d.c.
coupled configuration. The experienced designer will see that in this circuit complementary



symmetry bipolars can be substituted for all the FETs.

B amou cxeme cobnodaromcs Kak My3blKallbHble, MakK U af1eKmpu4yecKue 3aKkoHsbl. B
rnonHocmeto cbanaHcuposaHHOU, cCUMMeMPUYHOU KOHuaypayuu ¢ nocmosiHHbIM MOKOM
ucronb3yomcsi KoMrrieMeHmapHasi CUMMempUsi, rorieeblie mpaH3ucmopsl U burnornspHble
mpaH3ucmopsl. OrbImHbIU pazpabomyuk yeudum, 4mo 8 amou cxeme KOMIiieMeHmapHasi
cuUMMempusi 11038osisiem 3aMeHUMmb 8ce roseable mpaH3ucmopsbI.

In order to achieve d.c. coupling the first stage of this circuit has a voltage gain of less
than unity. Bipolars or FETs may be used here. The second stage is the voltage gain stage.
Complementary bipolars should be used here to insure maximum voltage, rail to rail, drive. The
second stage is interesting because it is a combination of two driven current sources using each
other as load resistor.

Lna obecrieyeHusi c853uU 10 nocmMosiHHOMY MOKY nepebil kackad amoul cxembl uMeem
KoaghbgbuyueHm ycureHus rno HarpsKeHUr MeHbwe eduHUUbl. 30ecb MOXHO UCIMOMb308amb
bunornspHblie MmpaH3ucmopbl UMuU rosfiesble mpaH3ucmopbl. Bmopol kackad — 3mo Kackao
ycursieHus ro HaripsikeHuro. 30eck criedyem ucriofib308amb KOMIisieMeHmapHble burornspHbie
mpaH3ucmopbl 05151 obecriedeHUs1 MaKcumMaribHO20 HarnpsXXKeHus yrpaerneHuss om WuHbl 00
WUuUHbI. Bmopou kackad uHmepeceH mem, 4mo ripedcmasrisiem cobou KombuHayuo d8yx
yrnpasisseMbiX UCMOYHUKO8 MoKa, UCrornb3yrouux Opye Opyea 8 Kadecmee Hagpy304HbIX
pe3ucmopos.

The diodes in the emitter circuit are used in a dual mode. Using complementary bipolars
as recommended, these diodes provide temperature compensation in conjunction with the 1K
base to ground resistors. The other function is to ensure the lowest base input resistance in the
voltage amplifier stages. The current supplied to the gain stages by the input transistor pair
divides between the base to ground resistor and the input resistance of the gain stage, i.e. the
lower the base input resistance the more driver current flows into the gain stage transistors.

Luodbl 8 amummepHoU uernu ucrosib3yromcs 8 COBOEHHOM pexxume. Mcrionb3ys
KomMrineMeHmapHble burosispHblie mpaH3ucmophbl, Kak pekomeHOyemcsi, 3mu OUu0Ohb!
obecriequsarom memrepamypHy KOMIEHCayUr coeMecmHo ¢ pesucmopamu 1 KOM mexoy
6a3ol u 3emned. [pyaas chyHKUUs 3aKnodaemcs 8 obecriedeHUU MUHUMaibHO20 8XOOHO20
coripomuerieHusi 6a3bl 8 Kackadax ycureHusi Hanps>keHusi. Tok, nodasaembil Ha Kackaobl
ycurieHuUsi om rnapbl 8X00HbIX mpaH3ucmopos, desiumcsi Mexoy peaucmopom basa-3emss u
B8XOO0HbIM cornpomuesieHUeM Kkackada yCcusrieHuUs, m.e. 4eMm HuUXxe 8Xo0HOe cornpomuerieHue
6a3bi, mem 6oribwe moka Opaligepa rpomexkaem 4yepe3 mpaH3ucmopkbl Kackada ycurieHUs.

If the base input resistance were zero, all the driver current would flow into the bases and
the gain of the two-stage combination would be highest. Substitution of complementary FETs in
the gain stage changes the input situation since FETs are voltage actuated.

Ecnu 661 8x00HOe conpomuerieHue ba3sbl bbir10 pagHO HyIrto, 8eCb MoK Opalisepa
rnpomekan bbi Yepes ba3sbl, u KoaghgbuyueHm ycuneHus 08yxkackadHou cxeMbl 6bir bbi
MakcumMarsibHbIM. 3aMeHa KOMI/IeMeHmapHbIX r10/1€8bIX MPaH3ucmopos8 8 Kackade ycureHusi
U3MeHsiem 8X00HY0 cumyauyuto, NMoCcKosbKY rosfeeble mpaH3ucmopsb! yrpasrnsitomcs
Harnps>KeHUeM.

In the gain stage each transistor acts as the load resistor for the other. Very high gain and
linearity is possible. Using bipolars, the drive output of this stage is almost peak to peak, rail to
rail, less the saturation voltages and emitter diode voltage drops. The gain of this stage using
bipolars is 1000-1500. Since the second stage operates as a current source a variable series
resistor in the common collector circuit can be used to regulate the output stage quiescent
current. As can be appreciated from the circuit schematic, any supply voltage variations either
from mains fluctuations or long term thermal
temperature coefficient effects in the active devices appear only as a common mode effect and
do not shift the d.c. balance point of the circuit.

B kackaOe ycurneHusi Kax0bll mpaH3ucmop 8bicmyrnaem 8 Kayecmee Hagpy304HO20
peaucmopa 051 Opy2020. Imo no3sorisiem 00bumbCsi O4EHb 8bICOKO20 KOaghguyueHma
yecurneHus u nuHeuHocmu. lNpu ucnonb3o8aHuu bUronsipHbIX MPaH3UuCmMopo8 8bIXOOHOU cu2Hasl
3mo2o Kackada rpakmu4ecku coernadaem rio amrumyoe, 3a 8bI4emoM HarnpsXXxeHul
HacblWeHUs1 U nadeHusi HanpsixeHusi Ha amummepHom Ouolde. KoaghgpuyueHm ycuneHusi
3moeo Kackada rpu ucrnosib3o8aHuu bunosnspHbeIXx mpaH3ucmopos cocmasrnsem 1000-1500.



[NockorbKy emopou Kackad pabomaem Kak UCMOYHUK mokKa, 01 peayriupogaHusi moKa rokosi
8bIXOOHO20 Kackada MOXXHO UCMOIb308amb repeMeHHbIU nocriedosameribHbIlU pe3Uucmop 8
uenu c obwum KornekmopoMm. Kak UOHO U3 cxembl, 11tobble KoriebaHus Harps»KeHUs numadus,
8bi38aHHbIe NTubo KorebaHUsIMU cemego20 Harpsi>kKeHus, nubo 0o1208peMEHHbIMU
aghgpekmamu memrepamypHO20 KoaghpuyueHma akmugHbIX 3/1eMeHmMo8, rposierisstomcsi
MOribKO KaK CUHGbasHbIl 3ghghekm u He cmew,arom moyky banaHca nocmosiHHO20 MOoKa CXeMhbl.

Circuit three requires a power supply with exactly equal and opposite output voltages
balanced against ground. This ensures, all other things being equal, that no d.c. offset will
appear across the output load resistor for zero voltage input to the amplifier. A proper circuit
uses a four diode full-wave bridge rectifier fed from a center-tapped power transformer
secondary winding. The center-tap becomes a 1/2 voltage point which is grounded. Two 1000
microfarad electrolytics connected in series are used for filtering. The center point of the
seriesed capacitors is also grounded, providing adequate filtering of the plus and minus 40
v.d.c. outputs.

Tpembsi cxema mpebyem ucmoYyHuUKa numaHusi ¢ MoYHO PasHbIMU U MPOMUBONOIOKHO
HarpaseHHbIMU 8bIXOOHbIMU HarnpsixeHUsMU, cbanaHcupo8aHHbIMU OMHOCUMESIbHO 3eMI1u.
3Omo eapaHmupyem, npu rpPo4Yux pasHbIX yCr08USIX, OMCymcmeue nocmosiHHO20 CMeWeHUs Ha
8bIXOOHOM Haz2py304HOM pe3ucmope rnpu HyreeoM 8XOOHOM HarpsikeHuu ycunumeris. B
rpasusibHoU cxeme UcCriosib3yemcs 4emblpexouoOHbIU MOSTHO8OTHO8OU MOCMOB80U
8bInpsaMumersib, nuMmMaeMbilti 0m emopu4yHOU 06MOMKU CusiI08020 mpaHcghopmMamopa ¢
ueHmparsbHbiM 0meoOoM. LleHmparibHbIl 0meod cmaHOo8UMCs MOYKOU C NMOSI08UHHbLIM
HarnpsixeHUeM, Komopasi 3asemreHa. [ns counbmpayuu ucrons3ytomces 0sa
arlekmposiumuyeckux KoHoeHcamopa emkocmbto 1000 mukpoghapad, coeOUHEHHbIX
nocnedogamernbHo. LleHmparnbHas moyka nocredosamesibHO COeOUHEHHbIX KOHOeHCamopos
makxe 3a3emrieHa, obecrieyusasi adekgamHyro huribmpayuto 8bIXOOHbIX HanpsKeHUU nioc u
MuHyc 40 B nocmosiHHo20 moka.

The d.c. balance control is an internal set-up adjustment which becomes ineffective when
the overall d.c. negative feedback loop is closed. Complete elimination of any remaining offset
voltage is effected by a minute trimming of the resistance of one of the 1 megohm input
resistors.

Pezynuposka 6anaHca nocmosiHHo20 moka ripedcmaerissiem cobol 8HymMpeHHIOH
HacmpolKy, Komopasi cmaHoeumcsi HeaghghbekmueHoU rpu 3ambikaHuu obwel
ompuyamersibHoU obpamHol cesi3u o NocmosiHHoMy moky. [loriHoe ycmpaHeHue 11106020
0CMamoYHO20 CMeWeHUs HanpsXXeHuss docmueaaemcs nymem He3HadumesibHoU nodcmpouku
cornpomusrieHusi 0OHO20 U3 8X00HbIX pe3ucmopos Ha 1 Mezaaom.

(Use of a high-power direct-coupled amplifier for high-fidelity audio requires a low
frequency cut-off to prevent damage to loudspeakers.)

(Ucrnionb3oeaHue MowHO20 ycunumerisi C npsaMoul cesi3bto 011 8bICOKOKa4eCmeeHHOo20
38yKka mpebyem cpe3a Ha HU3KUX Yacmomax 80 u3bexaHue rospexxoeHusi
e2pomKozoeopumered.)

Selection of the emitter resistors of the input stage determines the quiescent current of
the gain stage. Interestingly, the gain stage may be operated class A or B.

Bbi6op amummepHbIx pe3ucmopo8 8X00H020 Kackada ornpedesissiem mokK roKosi
ycunumersbHo20 Kackada. MIHmepecHO, Ymo ycunumesibHbIU Kackad moxem pabomams 8
pexume knacca A unu B.

The emitter-follower following the gain stage can be either bipolars or FETs. An important
parameter here is the input capacity of these devices which can cause a high-frequency roll-off.
This roll-off can be used as high-frequency phase compensation. When using FETs, their
extended frequency response can lead to R.F. oscillations. This can be controlled by series
"stopper" resistors of up to a few hundred ohms in the gate circuits.

B kayecmee amMummepHO20 1o8mopumerisi nocrie Kackada ycuneHusi Mo2ym
ucrnonb308amacsi 6UNOMSAPHbLIE MpaH3uCmMopkl Uu fnonessie mpaHaucmops! (FET). BaxHbim
napamempom 30ech s18riiemcsi 8Xo0Hasi MOWHOCMb 3MuX ycmpoucme, Komopasi Moxem
8bI3bl8amb crad Ha 8bICOKUX Yacmomax. Omom criad MOXHO UCIo/1b308amb 8 Kadecmee
8blcOKo4acmomHou ¢ha3zoeol KomrieHcayuu. Npu ucrnonb308aHuUU rosesbix MpaH3ucmopos ux
pacuwupeHHbIl YacmomHbIl duana3oH MOXem rnpueooums K paduodyacmomHbIM KornebaHusiM.



3OMo MOXHO KOHMPOIUpo8ame € MOMOWbIO 10c/1e008amesibHO 8KIMHOYEHHbIX «3aropHbIX»
pe3ucmopos cornpomusrieHuem 00 Heckoribkux comeH OM 8 uerisix 3ameopa.

With FETs in the input stage and bipolars in the gain stage, negative and positive
temperature coefficients work against each other. If quiescent output stage current is
temperature sensitive in the sense that d.c. compensation of the input stages does not offer
complete control, then a series diode string between the output driver transistor bases (or
gates) can replace the resistor control shown between the driver transistor emitters.

[pu ucrionb3o08aHUU MOME8bIX MPaH3UCMOPO8 Ha 8XOOHOM Kackade U burornspHbIX
mpaH3ucmopoe Ha Kackade ycurieHUs ompuuamersibHble U r1o510XXumersibHble memriepamypHble
KoaghpuyueHmel pabomarom Opye npomue opyaa. Ecriu mok ebixo0HO20 Kackada 8
COCMOSIHUU MOKOS1 YygscmeumersieH K memrepamype 8 moM CMbIC/1e, 4Ymo KOMIeHcayusi
MOCMOSIHHO20 MoKa 8X00HbIX Kackadoe He obecriequgaem rosIHO20 KOHMPOIIs, Mo
rocriedosameribHasi yerodyka 0uodos mexoy basamu (unu 3ameopamu) 8bIXOOHbIX
mpaH3ucmopo8 yripasrieHusi Moxem 3aMeHUMb pe3UucmopHoe yrpasrieHue, rnokasaHHoe
MexQy amummepamu mpaH3ucmopos yrpaesieHus.

The third circuit can drive several pairs of paralleled output transistors. A complementary
symmetry FET emitter-follower drives the output transistors. The emitter-follower driver fed from
the driven current source gain stage provides low distortion symmetrical rail to rail drive to the
output stage. Here again complementary bipolars can be substituted for the FETSs.

Tpembsi cxema Moxxem yripasrisimb HECKOIbKUMU rapamu rnapasiesibHo coeOUHEeHHbIX
8bIXOOHbIX MPaH3UucmMopo8. BbixoOHblIe mpaH3ucCmopbl yrpaenstomcs 3MummepHbIM
rnosmopumersieM Ha rosiesbix mpaH3ucmopax ¢ KoMmririeMmeHmapHou cummempued. [padsep
3MUMmMepPHO20 rnosmopumersisi, nuMaemMbit om Kackada ycusieHusi ¢ UCMOYHUKOM MOKa,
obecriequgaem cuMMEMpPUYHOE yrpaesrneHuUe 8bIXOOHbIM KackadoM C HU3KUM YPOBHEM
UCKa)KeHUU U HarnpsikeHueM om WwuHbl 00 WUHbI. 30ecb makxe MOXHO UCIo/ib308amb
KoMmririeMeHmapHsble burnossipHble mpaH3ucmophkl 8MEeCMO Mosie8biX MpPaH3ucmopos.

The output stage can be either bipolar or FET. An alternative method of regulating
quiescent current is a series diode string in the emitter circuits of the driver stage. This might be
more important with a bipolar output stage since temperature compensation with negative co-
efficient diodes is possible. The built-in negative temperature co-efficient of current in FETs
renders this unnecessary. As a strictly purist comment, | do not like to use diodes in a signal
path. They may be forward biased and in conduction, but they still have a non-linear current-
voltage relationship as compared to a resistor.

Bbixo0HoU Kackad moxem 6bimb 6unonspHbIM Unu nonesbiM mpaH3ucmopom (FET).
AnbmepHamueHbIM MemoOOM pez2yruposaHUsi MoKa roKos sisrissiemcs riocriedogamersibHasi
OuoOHas uerioyka 8 aMummepHbIx yernsx opaltieepHo20 Kkackada. 3mo moxem bbimb 6ornee
8axKHO 07151 bUNossipPHO20 8bIXOOHO20 Kackaoda, MOCKOIbKY 803MOXHa memrepamypHasi
KoMrieHcayusi ¢ nomMowbto 0uodo8 ¢ ompuyamesibHbIM memrepamypHbIM KO3¢hhulyueHmom.
BcmpoeHHbIt ompuyamerbHbIU meMriepamypHbIU KO3ghguyueHm moka 8 rosesbix
mpaH3ucmopax 0eriaem 3mo HeHyXHbIM. B kadecmee cmpo2020 3aMmeqaHusi rypucma, s He
b0 ucrnosib3o8ams 0uodbl 8 cueHaribHoM mpakme. OHU Mo2ym bbimb CMeweHb! 8 MPsIMOM
HarpaesnieHuU u Haxodumsascs 8 nPo8ooOUMOCMU, HO ¥ HUX 8Ce pasHO HerluHeliHas 3a8UucuUMOCMb
moKa om HaripsiXeHUsl 1Mo CPasHeHUIo ¢ Pe3UCmMOopPOM.

Negative Feedback

Negative feedback in the third circuit is from the hot end of the load resistor
(loudspeaker) to the input emitters. To obtain best square wave response and transient stability
this resistor may be bypassed by a small capacitor. If the feedback resistor is connected
between the two points marked fb and bypassed with a small capacitor, the identical emitter
resistors in the input stage can be adjusted to be some fraction of the main feedback resistor.
Thus a "step" network is created which limits feedback at high frequencies and improves
stability. Experiments with this circuit showed that oscillation ensued with 55db of feedback.

OmpuuyamenbHasi o6pamHasi cesi3b

B mpemebet cxeme ompulameribHasi obpamHasi ces3b ocyuecmerisiemcsi om 20psi4eao
KOHUa Hagpy304HO20 pe3ucmopa (2poMKo208opumerisi) K 6X0OHbIM amummepam. s
rosydeHus: Hauryduweud xapakmepucmuku fpsiMoy20/1bHO20 cueHarna u rnepexodHou



cmaburibHocmu 3mom pe3ucmop Moxem bbimb 3aWlyHmupoeaH HebosibWUM KOHOeHCamopoM.
Ecnu pe3ucmop obpamHoU ces3u rnooOKMoHeH Mexxdy 08yMsi moykamu, 0603Ha4yeHHbIMU fb, u
3awyHmuposaH HebobWUM KOHOEHCamopoM, Mo 0OUHaKo8bIe Pe3ucmopbl IMUMMepPOos8 Ha
B8XOOHOM Kackade MOXHO ompeayrnuposambs mak, Ymobbl OHU cocmaernsifiu HeKOmopyr 0071
0Om OCHOB8HO20 pe3ucmopa obpamHou ces3u. Takum obpa3om, coz0aemcsi «cmyrneH4amasi»
uerb, Komopas ogpaHu4yueaem obpamHyr C853b Ha 8bICOKUX Yacmomax u yrydwaem
cmaburibHocmb. JKcriepuMeHmbl ¢ 3mou cxeMoU roka3sasiu, 4mo KorebaHusi 803HUKaIU rpu
obpamHou ces3u 55 0b.

The designer should produce a circuit which has inherently low distortion before
feedback is applied. Odd harmonic distortion can be balanced out by symmetry. Even harmonic
distortion is reduced by choice of inherently linear circuitry, i.e. emitter-follower output and
output driver circuits, and a linear driven current source symmetrical high-gain stage.

Paspabomuuk dormkeH co30ampe cxeMy ¢ U3HadyaslbHO HU3SKUM YpO8HEM UCKaxeHul 00
rnpumeHeHusi obpamHou ces3u. HeyemHble 2apMOHUYECKUE UCKaXEeHUST MOXHO
KomMreHcuposams cummempuel. YemHble 2apMOHUYECKUE UCKaXeHUs1 yMEeHbWaromcs 3a cHem
8bibopa npuHyunuasabHoO JIUHEUHOU CXeMbI, M.e. AMUMMEePHO20 r108mMopumersis Ha 8bixo0e U
8bIXO0HO20 Opatlieepa, a makxxe CUMMempPUYHO20 Kackada C 8bICOKUM KO3GhhUuyUeHmMom
ycurneHusi U JIuHeUHbIM UCMOYHUKOM MOKa.

With the above combination distortion does not continue to decrease above 30db of
feedback. Just under clipping and at full output into 8 ohms, I.M. distortion of the third circuit is
unmeasurable or in the noise level of the instrument. Power response is flat from d.c. to 100kc
where the output is rolled off deliberately through internal compensation. One-half volt d.c. input
drives the amplifier to full output. At 30db of negative feedback no compensating capacitor was
required across the feedback resistor to produce a perfect 20kc square wave.

[pu yka3zaHHOU 8blle KOMOUHaUUU UCKaXeHUs1 He rpooosmKarom yMeHbwambcsi rnpu
obpamHou ces3u ebiwe 30 0b. lNpu Hazpy3Ke Yymb HUXE YPOBHS O2paHUYeHUs U NosHou
8bIXOOHOU MowHocmu Ha 8 OM UHMepMOoOyrissUUOHHbIE UCKaXXeHUss mpembeu yernu
Heu3sMepuMbl Unu Haxo0samcs Ha yposHe wyMa npubopa. YacmomHas xapakmepucmuka
posHasi om rnocmosiHHo20 moka 0o 100 kl'u, 20e 8bix00HOU cu2Hall HaMepeHHO cpe3aemcsi 3a
cyem eHympeHHel KoMrneHcayuu. BxoOHoe HanpsiKeHue nocmosiHHO20 mMoKa 8 r1o180/ibma
obecriequgaem ycusnumersib Ha ronHyro MowHocms. [1pu ompuyameribHou obpamHou cesi3u 30
06 He nompeboearicsi KoMreHcupyrwul KoHOeHcamop, nooKIHYeHHbIU napasnnesbHoO
peaucmopy obpamHou ces13u, 0r1s1 MoslyYeHuUs1 udeasibHoU MpPsIMOY20/1bHOU 80J1HbI Yacmomou
20 kly.

Philosophy

The third circuit was designed to take advantage of the most advanced semi-conductor
technology available today (1990's). | have felt that transistor audio power amplifiers could
equal or out-perform the best vacuum tube designs. Analog audio thrived in the days of vacuum
tubes, but design has turned away from analog to digital and the serious evolution of analog
transistor power amplification has never taken place.

dunocogpus

Tpemebsi cxema bbina pa3pabomaHa ¢ y4emom cambix nepedosbix Mosynpo8oOHUKO8LIX
mexHoroaul, docmyriHbix ce200Hs (1990-e 200b1). A cyumar, 4mo mpaH3ucmopHbIe
yecunumesnu MowHoOcmu Mo2ym cpasHUMbLCS Uu rpes3oumu Jlyduue 1amrosbie CXeMbl.
AHaroz2oeo0e ayduo rpouyeemario 80 8peMeHa fiaMri, Ho C mex rop rnpoeKmuposaHue
CMecmusiocb 0Om aHasio208020 K UUPO8OMY, U cepbe3HOoU 380/1I0UUU aHarno208bix
mpaH3UuCmopHbIX ycurumernet MOWHOCMU mak u He rpou3owrio.

Transistors have made it possible to eliminate the audio power output transformer from
audio amplifiers. Complementary transistors make new design options possible. The pentode-
like high incremental impedance of transistor collector circuits reduces filtering requirements of
power supplies. Total d.c. coupling is possible in complementary circuits thereby eliminating all
coupling capacitors.

TpaH3ucmopbI 03801USIU UCKTFOYUMb 8bIXOOHOU mpaHcgopmamop ycunumers
MowHocmu 38yka. KomrnnemeHmapHble mpaH3ucmopbl OMKPbI8atom Ho8ble 803MOXHOCMU 07151
rnpoekmupogaHusi. Bbicokoe UHKkpemeHmarbHOe CornpomuesrieHue KosmneKkmopHbIx yerneu



mpaH3ucmopos, NnodobHoe neHMoOHOMY, CHUXaem mpebosaHusi K ¢hurbmpayuu 8
UCMOYHUKax numaHusi. B komnnemeHmapHbIx cxemax 803MOXHa MosiHasi ces3b Mo
MOCMOSIHHOMY MOKY, YmMO UCKJ/Ilo4aem ucrionb3ogaHue pasdenumeribHbIX KOHOeHCamopos.

Performance

| like the sound of all three circuits, but the third circuit represents all | know about
electrical and musical laws. The sound is sweet, smooth, effortless and transparent. 100 watts
of audio can be gotten from 8 transistors and 6 diodes. The history of the development of
electronic audio rests on the control of the flow of current, firstly via the vacuum tube grid, then
by carrier injection into a back biased semi-conductor junction, finally control of
transconductance via an electric field projected into a semiconductor. Other means of current
control may be possible and some might be practicable.

Returning to the golden rules of audio, the simplest design with the fewest stages is
preferable and if balance, complementarity, linearity and power are the musical factors | would
prefer circuit 3.

lMpou3eodumenbHOCMb

MHe Hpasumcs 38y4yaHuUe 8cex mpex cxeM, HO mpembsi cxema gorsiouaem ece Mou
3HaHUS 06 3NIeKMPUYECKUX U My3blKallbHbIX 3aKOHax. 38yK npusimHbil, nnaeHblIl, neakul u
npospayHbil. 100 eamm ayduocuaHara MOXHO rosly4ums om 8 mpaH3ucmopos u 6 0uodos.
Mcmopus passumusi 351eKmpoHHO20 38yKa OCHOB8aHa Ha yrnpaesieHuu rnomoKoM mokKa, cHa4arna
yepes cemky 8aKyyMHOU namribl, 3ameM rymemM UHXeKyuu Hocumerel 3apsida 8
rosyrnpo8oOHUKO8bIl repexod ¢ 0bpamHbIM CMEWEHUEM, U, HaKOHeU, Ha yrpasrieHuu
Kpymu3HoU xapakmepucmuKu ¢ MOMOWbHO 3[IEKMPUYECKO20 MOJIsl, MpoeyupyemMoz0 Ha
rnonynpoeooOHUK. Moaym cyuwecmeosame u Opyaue criocobsbl yripasneHusi moKoMm, u
HeKkomopble U3 HUX Moaym bbimb MPpakmu4YecKu OCyu,ecmauMbIMU.

Bosepauwasicb K 30510mbIM ripasusam 38yka, npedrnoymumerbHee camasi rnpocmasi
KOHCMPYKUUS ¢ HauMeHbWUM KOriu4ecmeoM Kackados, u ecriu banaHc, KoMriemMeHmapHoCmb,
JIUHeUHOCMb U MOWHOCMb S6M51I0MCcs My3biKaribHbIMU ¢hakmopamu, s 6kl npednoyen cxemy 3.

A final thought

The reproduction of music electro-mechanically does not lend itself to the manipulations
of the digital computer and the exigencies of apparently "perfect” analog to digital and digital to
analog conversion.

B 3aknrodyeHue:

AnekmpomexaHu4eckoe go3delicmaue My3biKUu He noodaemcs MaHUrnynsayusiM ¢
uugpamu Komrsromepa u mpebosaHusiMu, rnPedbsensIeMbIMU K, Ka3anock bbl, «udearbHOMYy»
aHarnoz20-yughposomy u yugpo-aHario2o08oMy rnpeobpazosaHuro.

Offshoots of contemporary inattention to perfection are the operational and differential
amplifier circuit chips. Analog design has been relegated to the ministrations of specialists who
design large scale integrated circuit chips. Amplifiers are not designed but specified. Differential
amplifiers are installed as input circuits where negative feedback is not applied to the same
active device as the signal. This tactic, often haled as a great freedom in the design of amps
with "balanced" negative feedback, builds in irreducible distortion from a stage of amplification
not includable in the negative feedback loop.

Crnedcmeuem co8peMeHHO020 HEBHUMAaHUST K CO8EPUIEHCMBY cmariu MUKPOCXEMbI
ornepauyuoHHbIX U OughghepeHyuarnbHbIX ycunumerneu. AHano2o80e npoekmuposaHue bbino
omeeOeHo 8 sedeHue crieyuanucmos, paspabambi8atouyux MUKpocxeMbl 6ObWUX pa3mepos.
Ycunumernu He npoekmupyomcs, a flulib yKa3bl8aromcs 8 MeXHUYECKUX XxapakmepucmuKax.
LuppepeHyuanbHbie ycunumenu ycmaHasnuearmcs 8 kadecmee 8X00HbIX uerneu, de
ompuyameribHasi obpamHasi cesi3b He Nodaemcs Ha mom e akmueHbIl 351eMeHm, 4mo u
cueHas. 3ma makmuka, Yyacmo eocripuHumaemasi kak bonbwasi ceobolda rpu
rnpoekmuposaHuu ycunumerneul ¢ «cbanaHcuposaHHOU» ompuuameribHoU 06pamHOoU Ce513bH0,
rnpugooOUM K 803HUKHOBEHUK HEYCMpaHUMbIX UCKa)XxeHUU Ha amarie yCurneHus, He 8KIIo4aemMom
8 rnemysio ompuuamernbHoU obpamHou ces3u.

The degree of perfection and subtlety of design required for Hi-Fi analog audio mandates
discrete design of audio circuits and the avoidance of prepackaged integrated circuits with their



attendant "commercial" mass-produced sound.

CmeneHb cogepuieHcmea U MoHKOCMU KOHCmMpyKyuu, mpebyemas 0518 aHario2o08020 Hi-
Fi 38yka, obycnaenugaem AuckpemHyto pa3pabomky ayouocxemM U OmkKa3s om 20mosbiX
UHMezparsibHbIX CXEM C UX XapaKkmepHbIM « KOMMEPHYECKUM» 38YKOM Macco8020 npou3sodcmaea.

Negative feedback must be applied in a single loop from the output load terminal to an
input device. The signal and feedback must interact in the same active device. Those who care
to study the subject of feedback further should read: Valley and Wallman, Vacuum Tube
Amplifiers, M.I.T. Rad-Lab Series. Further wisdom on the subject of negative feedback can be
gotten from the works of Norman Crowhurst.

OmpuuyamernbHas obpamHas ces3b 00/mKHa rnodasamecsi 8 0OHOM KOHMype om
8bIXOOHO20 KIIeMMHO20 pa3bema Hagpy3Ku K 8XoOHOMY ycmpoucmay. CuzHarn u obpamHasi
ces13b 00/MKHbI 83aumodelicmeogamb 8 0OHOM U MOM e akmugHoM ycmpoulcmee. TeM, Kmo
xoyem arnybxe usydums memy obpamHou cesidu, criedyem ripodumams: «Bannu u Yornnman,
namriosble ycunumernuy, cepusi «Paduonabopamopusi Maccadycemcko2o0 mexHomn02u4ecKo20
uHcmumymax. [ornonHumersibHble cgedeHusi 06 ompuyamerisbHol 0bpamHoU c8513U MOXHO
noyeprnHyms u3 pabom HopmaHa Kpoyxepcma.

This paper has been written for professionals in the field of active analog audio circuit
design. It is not intended as a "how-to" construction article. Writing a design paper is different
than a scientific article. Design is the selection of an appropriately chosen set of concepts to
motivate and actualise a particular function, i.e. electro-mechanical analog audio sound
reproduction.

LaHHas cmambsi HarucaHa 01 crieyuanucmos 8 obriacmu rnpoekmuposaHusi
aKmueHbIx aHasio208bix ayouocxeMm. OHa He s18riiemcsi pyKkoeoOCmeoM 10 KOHCMpPYUpOB8aHUI0.
HanucaHue cmambu 0 npoekmuposaHuUU omsu4Yyaemcsi om HanucaHusi Hay4yHou cmambul.
lNpoekmuposaHue — 3mo 8bIbop rnpasuribHoO NodobpaHHO20 Habopa KoHuenuud ors
0b60CHOBaHUS U peanu3ayuu KOHKpemHou hyHKUUU, m. e. 371eKmpomMexaHu4ecKo2o
aHasi0208020 80CrpPoU38e0eHUsT 38yKa.

What has been sketched out in this paper are the sets of concepts and choices DePalma
would, and has, made in his pursuit of an audio image expressed electronically. Other sets of
choices are available and can be woven into a rationally acceptable audio image. The choice is
in the eye of the beholder and in the ear of the listener.

B daHHOU cmambe u3roxeHbl KoOHUenuuu u eapuaHmsl ebibopa, komopsie [e lNanbma
ucrornb308arl U UCrornb3yem 8 C8oUX roucKax 38yKogo2o obpasa, 8bipaxeHHO20 3/1eKMPOHHbIM
criocobom. Cywecmsyrom u Opyaue eapuaHmael, KOMopble MOXHO 06beOUHUMb 8 palyuoHasibHO
npuemsiembll 38ykogol 0bpas. Beibop 3agucum om 83215151008 criywamerisi U om e20
80CrpuUsIMUS.

Bruce DePalma



