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In this final part, John Linsley Hood considers gai n stages' and power
supplies, and takes a quizzical look at testing and specifications.

B 3moii 3axknrouumensnon wacmu /Ircon Jluncau Xyo paccmampueaem kackaowl
ycuneHus u UCMoOYHUKU NUMAHUA, @ MAKdHce 0ellaem KpamkKuil 0030p UCnbImMAaHuil u
cneyugukayuil.

Amplifier testing

Tecmuposanue ycunumensn

In an ideal world, there would be some clearly understood and universally agreed set of
standards by which the performance of an amplifier - or any other component in the sound
reproduction chain - could be assessed.

Some of the design errors which arose in the early days of transistor amplifiers disclosed
inadequacies in the test methods then employed. Sadly, thirty years later, we are still some way from
a complete understanding of the types of technical specification we should -seek to meet, or of the
relative acoustic significance of the known residual errors.

B uoeanvnom mupe oondcen cywecmeosamuv Kakoi-mo 4emko NOHAMHbIU U 00U enpu3HaAHHbIU
Habop cmanoapmos, no KOMopvIM MOHCHO ObLIO Obl OYEHUBAMb XAPAKMEPUCTNUKY Y CUTUMENs — UIU
1106020 0py2020 KOMHNOHEHMA 8 Yenu 860CNPOU3BE0eHUS 38)Kd.

Hexomopuvle uz ouubox npoekmuposanusi, O3HUKUIUE HA 3ape MPAH3UCIMOPHBIX YCUuaumenet,
8bIAGUIU HECOOMBEMCMBUSL UCNONB308ABULUXCS MO020A Memod08 ucnvimanuil. K cooxcanenuro, mpuouamo
Jlem CHYCms Mbl 6Ce euie 0aleKu O NOIH020 ROHUMAHUA MUN0E8 MEXHUUECKUX CheyupuKayuil,
KOMOPBIM Mbl O0IHCHBL COONBEM CHB08AMY, U OMHOCUMENbHO20 AKYCIMUYECKO20 3HAYECHUS]
U38ECMHBIX OCAMOYHBIX OUUOOK.

Part of this problem is due to clear diffe rences in their response to instrumental evaluation
between the three groups of customers; the classical music devotee, the rock music enthusiast and
the relatively naive, and musically uninterested 'man in the street' .

Yacmuuno sma npobiema cés3ana ¢ AGHLIMU PA3TULUAMU 8 UX PEeaKyUl HA UHCIPYMEHMALbHYIO
OYEHKY MedHcOy mpemst PYRNAMU KIUEHMO8, NOKJIIOHHUK KIACCUYECKOU MY3bIKU, SHMY3UACT POK-MY3bIKU
U OMHOCUMENbHO HAUBHBIL U HE3AUHINEPECOBAHHBI 8 MY3bIKe «UeN08eK C VIUYbLY.

In classical music and traditional jazz played on acoustic instruments, a direct comparison is
possible between the sound of the original performance and that of the reproduction, allowing for
differences in the acoustic ambience of the settings; the importance of residual defects in reproduction, so
far as these are identifiable, can be quantified.

B knaccuyeckoii my3vike u mpaouyuoOHHOM 04caze, UCHOIHAEMbIX HA AKYCIMUYECKUX
UHCMPYMEHMAX, 603MONCHO NPAMOE CPABHEHUE 38YKA OPUSUHATILHO20 UCHONIHEHUS. U BOCNPOU3BEOEHUS C
yuemom paznuyull 8 aKkyCmuyeckoll cpede HACMpPoeK, 8AHCHOCIb OCMAMOYHLIX 0eheKmos
B0CNPOU3BEOEHUSL, HACKOILKO OHU NOOOAIOMCsL udeHmupurayuu, moxcem ovims onpeoenend
KOUY4eCmEeHHO.

Some of the early public demonstrations staged by G. A. Briggs of Wharfedale and P. J.
Walker of Quad, in which live and reproduced music were directly compared in a side-by-side
demonstration, showed that even inthose days the differences could be surprisingly small and
encouraged the belief that the performance tests employed were adequate to assure satisfactory
performance, as they could well have been for the equipment then being used.

Hexomopuie uz nepevix nyonuunvix demoncmpayuti, yempoenuwix 1. A. bpueecom uz Yopeoeiina
u I1. /. Yoxepom uz Quad, 6 Komopwvix sHcueas u 60CNpoU38e0eHHAs My3blKa HANPAMYIO CPABHUBAIUCS
opye ¢ Opy2oM, NOKA3AIU, YMO 0adxce 8 me OHU pa3iudus Mo2iu Oblmsb HA YOUBLEHUE MAJIbl U
HOOWPANUCH. YBEPEHHOCTb 8 MOM, YO UCHONb308AHHbIE MECMbl NPOU3BOOUMENbHOCMU ObLIU
oocmamouHbiMu 0isi 0becnederus y0081emeopUmMenlbHbIX Xapakmepucmuk, NOCKOIbKY OHU GNOTHE MO



ObImMb 07151 000PYO08aAHUSL, KOMOPOe Mo20a UCNONb308ANOCD.

For the relatively unsophisticated buyer of equipment, the important factors are physical
appearance, the number of facilities it offers, its apparent value for money and its numerical
performance specifications, such as power output, bandwidth, and steady - state harmonic and
intermodulation distortion factors.

s omHocumenvbHo HeucKyueHHo20 nokynamens 0060py008anus 8adCHbIMU hakmopamu
ABNAIOMCA GHEWHUL 8UO, KOTULECMBO NPediacaeMblX 603MONCHOCMEN, €20 KadCyujeecs COOMHOUleHUue
YeHbl U Kauecmea U 4Uciogble mexHudecKue XapaKxmepucmuku, maxkue KaxK 6bIXOOHAsL MOWHOCMb, NOJOCA
HPONYCKAHUSA U KOIDDUYUEHMbL 2APMOHUYECKUX U UHMEPMOOVIAYUOHHBIX UCKAMCEHUT 8
YCHIAHOBGUGUIEMCS COCHOSHUUL,

The fact that very highly specified power amplifiers may not sound any better, and perhaps
even worse than systems which are less well specified, has cast some doubt on the value of many
performance measurements. This doubt is encouraged by the growing use of up-market equipment for
the reproduction of music originating mainly from electronic or electronically assisted instruments -
which definition must also include the human voice, where this is augmented by a microphone and
amplifier - and fed directly on to tape.

Tom ¢ghaxm, umo ycurumenu MOUWHOCMU C OYEHb BbICOKUMU MEXHUYECKUMU XAPAKMEPUCMUKAMU
MO2YM 368Y4amp He Iyuule, d, BOIMONCHO, 0adice XyxHce, YeM CUCTeMbl ¢ MeHee XOPOUUMU
Xapakmepucmuxkamu, cmasum nod COMHeHUe YeHHOCHb MHOSUX USMEPEHUI NPOU3B0OUMENIbHOCHIU.
Dmomy comHenuro cnocobcmayem pacmyujee UCnOIb308AHUe 8bICOKOKIACCHO20 000py008anus 015
B0CNPOU3BEOEHUSL MY3bIKU, BOCHPOU3BOOUMOL 8 OCHOBHOM 2NEKMPOHHLIMU UHCMPYMEHMAaMU UIU
UHCMPYMEHMamiL ¢ NeKMPOHHbIM YRPABILEHUEM — MO OnpedeieHue 00IHCHO MAKICce GKII0UAMD
yenogeueckull 20110C, eciu OH YCUTUBAEMCA MUKPOGDOHOM U ycunumenem — u nooaemcs
HenocpeoCmeeHHO Ha HA JTeHN).

This music is also likely to have been extensively modified during the recording process, so
that the performance is heard for the first time when the disc or tape is replayed. The judgment of the
listener will therefore be based less upon whether the reproduced sound is accurate than on whether
it is pleasing to the ear.

Whether it is warranted or not, enthusiasts insist that there are differences in the listener
appeal of the various available units and that these differences may not be measurable by any of
the normally specified performance parameters. Guidance, when needed, must therefore be sought
elsewhere.

Dma my3vika makdice, 6epOSIMHO, ObLLA CUTLHO USMEHEHA 8 NPoYecce 3aNUci, MaK Ymo
UCNOTHEHUEe MOJMCHO YCIbIUAMb 6Nepable NPU NOBMOPHOM B0CHPOU3Be0eHUU OUCKA Ul JeHmbl. Takum
0bpaszom, cyscoenue cayuwamensi 6y0em OCHOBbIBAMbCS He CMOIbKO HA MOM, HACKOIbKO MOYeH
B0CHPOU3BOOUMDbILLL 38VK, CKOLKO HA MOM, NPUAMEH Ju OH 015 CYXA.

He3zasucumo om mozo, onpagoano 3mo uiu Hem, SHMY3Uacmsl HACMAUBAOmM Ha MoM, Ymo
Cywecmeyom paznuyus 6 npuieKamenrbHOCmuy O CIYUAmens pa3iuyHblX O00CMYNHbIX YCMPOUCME U
YUMo MU pasnuyus Mo2ym Obims Heu3MepuMbl Hu OOHUM U3 0DbLIYHO ONpedeisleMblX napamempos
npouzgooumenvrocmu. Ilosmomy pykogoocmeo, k020a 0HO HeobX0OUMo, ciedyem UCKAms 8 Opy2om
Mecme.

A wide range of periodicals exists to cater for this need and also, perhaps, to reinforce the belief
that the respective merits of various brands of equipment can only be assessed by comparative
listening trials carried out by (their own) skilled and experienced reviewers.

Clearly, the absence of valid numerical or instrumental standards for defining subjective
amplifier performance is a matter of wide concern, and various attempts have been made to set
matters straight.

Cywecmsyem wupoxuti cnekmp nepuoouyecKux us0aHutl, 4modwvl Y0081emeopums my
HOMpeOHOCMb, a MAKHCe, B03MONCHO, YKPENUMb 8Py 8 MO, YUMo COOMEemcmayouue 00CmouHcmsea
000pY008aHUSL PA3TUYHBIX MAPOK MO2YM ObIMb OYeHeHbl MOIbKO NYymeM CPAGHUMETbHbIX
APOCTYWUBAHUT, NPOBOOUMBIX (UX COOCMBEHHBIMU) KEATUDUYUPOBAHHBIMU U ONIMHBIMU PEYEeH3eHMAMU.

Hcno, umo omcymemaue 0eticmeumenbHblX YUCI08bIX UTU UHCIPYMEHMALbHBIX CIMAHOAPMO8 OJis
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To involve the ear of the listener in the assessment of performance, Colloms ( Colloms, M .,
Hi-Fi News and Record Review. Octoher 1977, pp. 13-15) and Baxandall ( Baxandall P. J., Wireless
Wo rld, Novemher 1977, pp. 63-66. ) almost simultaneously proposed the substitution of the amplifier
under test for a nominal (phase-corrected) straight wire, using a circuit layout of the kind
shown in Fig. 11. Perhaps predictably, the conclusions reached by these two authors differed, with
Colloms claiming that there were significant differences which could be detected by this method
and Baxandall asserting that all competently designed units; operated within their limits, will sound
identical.

Ymobwl npueneus sHumanue cryuiamens K oyenke ucnoanenus, Konnomc (Colloms, M., Hi-Fi
News and Record Review. October 1977, pp. [3-15) u Baxandall (Baxandall P. J., Wireless World,
Novemher 1977). , cmp. 63-66.) noumu 00HOBPEMEHHO NPEOJIONCUNU 3AMEHUMb UCNLINYEMbLLL YCUTUMETb
HOMUHATILHBIM (CKOPPEKMUPOBAHHBIM NO haze) NPAMbIM NPOBOOOM, UCHONL3YA CXeMY, NHOKA3AHHYIO HA
puc. 11. BozmooicHo, Kak u ciedo8ano 0xicudams, 8b1800bl, COCNAHHbIE IMUMU O8YMSA ABMOPAMLU,
paznuuanucs: Konnomce ymeepoicoan, umo cyujecmeyiom 3HauumernbHovle pasiudis, Komopble MONCHO
OOHAPYIHCUMB ¢ NOMOUBIO 31M020 Memoodd, a bakcanoann ymeepocoan, umo ece epamommuo
CHPOEKMUposanHvle eOUHUYbL, pabomarowue 8 ux npeoenax, 6yoym 38y4amos 0OUHAKOBO.

Note. This method is defended by M.A. Sapozhkov with his doctoral dissertation. in 1956. The
disadvantage of the method lies in the formation of the input signal delay using RC circuits. There were
no simulators then, and it is very difficult (if not impossible) to get an adjustable ideal delay line in
reality.

Ipumeuanue. Smom memoo 3awuuyer dokmopckou ouccepmayuei Canosckogvim M.A. 6 1956
200y. Heoocmamox memoda 3axnouaemcst 6 (popmuposanuu 3a0epicKu 6X00H020 CUSHANLA ¢ NOMOWbIO
RC-yeneii. Tozoa ewje ve 66110 CUMYTAMOPOS, A NOTYYUMb PESYIUPYEMYIO UOEANbHYIO TUHUIO 3A0ePAHCKU 8
PeanbHOCmU 6eCbMa 3aMpyOHUMENbHO (€CiU He HeBOZMONCHO).

An early observation of audio enthusiasts was that, in spite of their generally poorer
specifications, valve amplifiers "sounded better" than transistor amplifiers. This was probably because
the valve amplifiers had a more gradual overload characteristic than their transistor equivalents,
especially since most solid-state amplifiers would use output-t ransistor protection circuitry, which
would impose a rigid limit on the permissible output current into a short circuit or low-impedance
load. Valve amplifiers did not impose this output current limitation and for both of these reasons
could sound significantly 'louder' than notionally more powerful transistor operated systems.

Pannee nabnroodenue s3Hmy3uacmos 38yKa 3aKuo4aioch 8 mom, Ymo, HeCMOMpS HA UX 8 Yel1oM
bonee HU3KUE XAPAKMePUCMUKU, 1AMNO8ble YCUTUMENU «38VUAU yUuLe», YeM mpaH3ucmopHvle
yeunumenu. Beposmno, smo OvlLno céa3ano ¢ mem, umo 1amnogvle ycuiumenu umenu 6oiee noOCmenenHyro
Xapakxmepucmuky nepezpy3ku, 4em ux mpaH3ucmophvle IK8UBALeHMbl, 0COOEHHO NOMOMY, YUMo 8
OONbUUHCMBE NOTYNPOBOOHUKOBHIX YCUTUMENel UCNONb308ANACH CXeMA 3auumbl 8bIXOOHO20
MpAH3UCMopa, Komopas Ha1azana ovl Hcecmrkoe 02paHudeHue Ha OONYCMUMbLU 8bIXOOHOU MOK NPU
KOPOMKOM 3AMbIKAHUU UTU KOPOMKOM 3AMbIKAHUU. HUSKOUMNEeOaHCHas Hazpy3ka. Ycurumenu Valve ne
HAKAAObI8AU IMO20 OSPAHUYEHUS HA 8LIXOOHOU MOK U N0 00eUM SMUM NPUYUHAM MO2TU 36V4aMb
BHAUUMENLHO «2POMUEY, YeM YCI08HO Oolee MOUHbIE CUCHEMbL C MPAH3UCTIOPHBIM YRPABTIEHUEM.

In an attempt to test the validity of these claims for the audible superiority of valve amplifiers,
the Acoustical Manufacturing Company (Quad) commissioned a series of double-blind group listening
trials, reported by Moirx, in which the panel was selected to include people who had published their
beliefs that there were significant differences between amplifier types and that valve amplifiers were
superior. In the event, the conclusions of this trial were that there was no statistical significance in
the group preferences, individually or collectively, between the Quad 303 and 405 transistor amplifiers,
or between either of these and the Quad II operated amplifiers.

B nonvimke nposepums 060CHOBAHHOCMb YMUX 3AAGLEHULL O 36YKOBOM NPEBOCXOOCMEE IAMNOBbIX
yeunumeneu Acoustical Manufacturing Company (Quad) 3akazana cepuio 080UHBIX CIENbIX 2PYNNOBLIX
APOCIYWUBAHUT, O KOMOPbIX coobuwun Moirx, 6 komopwvix epynna 6vlia omoopana uz arooetl, Komopbie
ONYONUKOBANU CBOU YOEHCOEHUS, MO CYULECMBYION 3HAYUMENbHbLE PA3TUYUSL MENCOY MUNAMU



yeuaumeneu u 4mo 1amnoguvle ycuaumenu ayuue. B amom ciyuae 6b1600bi 3mMo20 UCHbIMAHUSA
3aKIIOUATUCL 8 MOM, YUMO He ObLI0 CMAMUCIUYECKOU 3HAYUMOCMU 8 2PYNNOBbIX NPEONOUNEeHUsX,
UHOUBUOYATILHBIX UTU KOJLIEKIMUBHBIX, MexcOy mpanzucmopHvimu ycunumenamu Quad 303 u 405 unu
MexHcoy 0ObIM U3 HUX U ycurumenamu, ynpaesisemvimu Quad I1.

However, a possibly important factor was that the output signals from the amplifiers were
monitored with an oscilloscope to ensure that at no time were Jhe output levels high enough to cause
clipping, however briefly.

OO0HaKo, 603MONCHO, BAAHCHBIM PAKMOPOM ObIIO MO, YMO BbIXOOHbIE CUSHAbL OM YCUIUMEeNell
KOHMPOAUPOBATUCH C NOMOWbIO OCYUNLOZPADa, UmoObl 2apaHmMuposams, Ymo 6bIX0OHble YPOBGHU
HUKo20a He OYOym 00CMAamo4HO 8bICOKUMU, YMODObL 8b136aMb KIUNNUPOBAHUE, 0ddice KDAMKOBPEMEHHOE.

As an extension to this valve versus transistor debate, Hiraga ( Hiraga, J ., Hi-Fi News and
Record Review, March 1977, pp. 4 1 -45) tried to relate the claimed sound differences between the two
amplifier types to test results derived from wide-band spectrum
analysis. In general, his findings confirmed that the listener did not necessarily prefer un distorted
signals.

B kauecmee npooonoicenus 0ebamos o iamnax u mpanzucmopax Xupaea nonvlmaics céa3ams
3asa6/1eHHble PA3IUYUS 8 38VKe MexCOy 08YMs MUNAMU YCUIUmMenel ¢ pe3yibmamamu UCNblMaHul,
NOJYYEeHHbIMU 6 Pe3VIbmame aHAIU3d WUPOKONOJIOCHO20 Cnekmpa. B yerom e2o 6b1600b1 noomeepounu,
umo caywamens He 00A3aMeNbHO NPEONnoYUMaem HeUCKAXCeHHble CUSHATbL.

A further attempt to provide a test method to give better correlation with the subjective
assessment than simple THD or bandwidth measurements was evolved by the BBC and described by
Belcher ( Belcher, R. A ., Wireless World, May 1978, pp. 36-41 ), using weighted pseudo-random
noise signals followed by a comb-filter rejection network.

HanvHetiwas nonsimrka npe0ocmagums Memoo UCHbIMAHUL, OAUULL TY4ULYI0 KOPPEeTIyuio ¢
CcyOveKkmueHol oyeHKou, yem npocmule usmepenus THD unu wupunst nonocsl, owvina paspabomana BBC
u onucana bBenuepom (Belcher, R.A., Wireless World, May 1978, pp. 36-41). ), ucnonv3sys e36euiernvie
NCe8ooCIyYalinble ULYMOBbLE CUSHATIbL, 3a KOMOPLIMU Clledyent cemb N00A81eHUs 2pebeHYamozo
Gurompa.

This gave very good correlation with a listening-panel assessment of sound quality impairment
through various causes, which showed that the nature and linearity of the transfer characteristic
of the system was important. This conclusion was corroborated by Hirata J. J., who evolved a test
method based on an asymmetrical pulse waveform input, in an attempt to discover why it was possible to
hear and identify the audible defects of an amplifier in the presence of much larger defects introduced
by the loudspeaker.

Omo 0ano ouensb XopouLyio KOppenayuro ¢ OYeHKoU NPOCIymusarujeti 2pynnotl yxyoulenus
Kawecmea 36yKa no pa3iudHblM RPUYUHAM, YO NOKA3AN0, YMO Xapakmep u TUHEeUHOCMb NepedamoyHoll
Xapakxmepucmuku cucmemul 8axiCHbl. IMom 8b1800 bl noomeepacoer Xupamoti /[xc. [oc., komopulii
paspaboman memoo UCNbIMAHUL, OCHOBAHHBI HA ACUMMEMPUUHOU 6XOOHOU hopme UMNYIbCA, 8
HONbIMKE BbIACHUMb, NOYEM) MONCHO YCILIUAMY U UOEHMUPUYUPOBAMb CbIUUUMbLE OedheKmbl
yeunumensi npu HAIUYUU 20pazoo bonee KPYRHbIX 0edheKmos, 6b136AHHbIX ZPOMKO20B0PUMEND.

Unfortunately, the gulf between engineers and the subjective-sound fraternity still remains,
one side claiming that any differences between well designed amplifiers will be vanishingly small,
and the other asserting that dramatic changes in performance can be made by such unl ikely
actions as replacin.g the standard mains cable with a more expensive one.

The absurdity of some of these claims provoked SelfJ2 into a defence of engineering standards
against the metaphysical assertions of the 'add-on' fraternity. As I indicated in a subsequent letter J3, |
feel that we may still have things to learn, outside the comfortable realms of the steady state.

As engineers, we have made mistakes in the past through the lack of stringency in the tests we
applied. This experience must make us more cautious in claiming perfection as a result of favourable
responses to a limited number of possibly inappropriate test measurements; we may still have
overlooked something.



For myself, I believe that some audible differences do remain between apparently impeccably
specified amplifiers, particularly where these are based on dissimilar design philosophies and I think
some of these audible differences are related to quite clearly visible, and measurable, differences in
their step - function response characteristics. There are certainly other things which also have an effect
on sound quality which we could measure, if only we knew where to look.

K cootcanenuro, nponacmo mexcoy uHMCEHepamu u coooujecmeom cyobeKmueHuIX 36YK08 8ce elye
ocmaemcsi: 0OHa CMOPOHA YMeepicoaen, 4mo aobvle pasiuyus Mexcoy XOpoulo CnpoeKmupo8aHHbIMU
yeunumenamu 06yoym ucuesarowe mMawl, a Opyeas ymeepaicodem, ymo KapoOuHaibHble USMEHeHUs &
XapaKxmepucmuxax mo2ym 6vims 00CMUSHYMbl MAKUMU MATO0BEPOSIMHBIMU OUCMBUAMU, KAK 3aMeHd.
CMaHOapmHo20 cemeso2o Kabens nHa b6onee 00po2ol.

AbcypoHoCcmb HeKOMOPLIX U3 SMuUX ymeeporcoenuti cnpogoyuposana Self J2 na 3awumy
UHDICEHEPHBIX CIAHOAPMO8 OM MeMAaQuU3ULeCKUx YmeepicoeHuti « 0ONonIHumensHo2o» opamemea. Kax s
yKazan  nocieoyloujem nucvme J3, 5 4yecmeyio, Umo Hay euje ecims uemy noyuumscs 3a npeoenami
KOMpOPMHBIX chep cCmayuoHapHO20 COCMOSHUS.

Kaxk unorcenepul, mvl donyckanu owudOKU 8 NpoOuLIOM U3-3a OMCYMCMEUS CIMPO2OCMU 8 TeCMax,
Komopbule Mbl NPUMEHALU. DMOm onvlm 00IHCeH cOelamy HAc 00ee OCMOPONCHLIMU 8 3AS6IEHUAX O
cogepuiercmee 6 pesyibmame O1A2ONPUAMHBIX OMEEMOE HA 02PAHUYEHHOEe KOIUYECNBO, B03MOMNCHO,
HecoOmeemcmeayouux mecmosslx UsMepeHutll;, 603MONCHO, Mbl 6Ce euje Ymo-mo YRyCmuu u3 euoy.

Ymo kacaemcs meHs, i CHUMAIO, YMO HEKOMopble CAblUUMbLE PA3TUYUSL 8Ce JHce OCMAIOMCS
MexHcoy ABHO Oe3YNPeuHbIMU YCUTUMENAMU, OCOOEHHO eCllu OHU OCHOBAHbBL HA PA3HOU hunrocoduu
NPOEKMUPOBAnUsl, U 5 OYMAI0, YMO HEKOMOPbIE U3 IMUX CAIUUMBIX PAZIUYULL CEA3AHbL ¢ 00B80ILHO UENKO
BUOUMBIMU U USMEPUMBIMU PASTUYUAMU 8 UX CIMYNEHYAMOU (YHKYUU. XAPAKMEPUCUKU OMKIUKA.
Fbeszycnosno, ecms u opyzue ghakmopel, enusioujue Ha Ka4ecmeo 38yKa, KOmopule mvl Mo2nu vl
usMepumu, eciiu 0bvl MOAbKO 3HAIU, 20€ UCKANb.

Note. It is strange that the SWDT test by D. Hafler was not included in the review of amplifier
testing methods. (D.A. Hafler, Listening Test for Amplifier Distortion, Hi-Fi News and Review, November
1986, pp.25-29)

Ilpumeuanue. Cmpanno umo 6 0630p MemMoO008 MeCMUPOSanUsL yCuirumeinell He oules mecm
SWDT J[. Xaghnepa (D.A. Hafler, Listening Test for Amplifier Distortion, Hi-Fi News and Review,
November 1986, pp.25-29)

Hecko1bK0 BHICKA3bIBAHUI 0 BIMSIHUYM JUHAMHYECKUX OIIMOOK BO BPEMEHHOM
o0sacTn

https://www.hifi-advice.com/blog/jeff-rowland-power-amplifiers/irdg-company-special-model-7-

and-model-5/ JRDG Company Special — Model 7
1984-1992, Jeff Rowland

Hexomopuie ocodennocmu mooenu 7

Omcymcmeue oduetl unu 810H4CeHHOU OMPUYAMeNbHOU 0OPAMHOL CE53U YCMPAHIIEN UCKANCEHUS.
80 8peMeHHOU 0bacmu.

Tlocmosnnubiill 661X00HOU UMNEOAHC NOOOEPHCUBAENICI B0 BCEM 38VKOBOM OUANA30HE

Omcymcemesie KOHOeHCamopos, Kanyuiexk uHOYKMUSHOC L, NPe0oXpaHumenel u cxem 3auumaol Ha
RYmMU NPOXOAHCOEHUSL CUSHALA YCIPaHsaem HeDIa2oNpUusmuoe 8030eticmeue 3Mux YCmpoucms.

https://www.theabsolutesound.com/articles/charlie-hansen-1956-2017/

Interview with Charles Hansen of Ayre Acoustics

CH: A real problem is that there are almost no measurable parameters that correlate with
perceived sound quality, or even more importantly, on how well the musical experience is communicated
to us. This is true for both digital and analog technologies. Given that, I would say that time-related
performance is the most critical aspect of sound reproduction in general, and digital is no exception.
There is far more to this than just using high sampling rates or a certain digital filter. And there is the
issue of feedback and how it is used — preferably not at all.

Hacmoawaa npoonema 3aKkniouaemcs é mom, 4mo noYmu Hem umepuMslX napamempos,
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Komopble KOppeaupyon ¢ 60CHPUHUMAEMBIM KAUECMBOM 38YKa UL, YUMo euje Dojlee 8adiCHO, ¢ mem,
HACKONILKO XOPOULO HAM Nepedaemcsi My3blKAabHbll onblm. Imo cnpasediuso Kax 0/ Yu@poewlx, max u
OJ151 AHAIO208bIX MEXHON02ULL. Yuumvieas 3mo, A 0bl CKA3al, YN0 RPOU3BOOUMETbLHOCHLb, C6A3AHHAA CO
8peMeHeM, AGNAENCA HAUDOIee 8AHCHBIM ACHEKMOM 80CHPOU3BEOCHUA 36YKA 8 UeTIOM, U YLUDPOBOL
Gopmam He sensiemcs uckoueruem. Imo 2opazoo boavule, Yem nPocmo UCHOIb308AHUE BbICOKUX
yacmom OUCKpemu3ayuu uiu onpeoeseHno20 yugpposozo gurvmpa. M ecmv 6onpoc 06pamuou cea3u u
M020, KaK OHA UCHONb3YEeMcs — JHcellamenbHO, Ymoobl ee 8000we He OblIo.

CH: The ear/brain is far more sensitive to time-related information than any other parameter.

Yxo/mo3e copazoo 6onee uyscmeumenen Kk unghopmayuu, céa3aHHOU CO 8peMeHeM, yem K 1iobomy
opyzomy napamempy.

CH: In analog circuitry, feedback loops take the time-delayed signal from the output and send it
back to the input in an attempt to correct an error that has already occurred. This creates a form of time
distortion that cannot currently be measured, yet is clearly audible. The math (and test equipment) tells us
that the correction happens quickly enough, but our ears tell us something quite different.

B ananozoevix cxemax KoHmyput 00pamuoil céa3u NPUHUMAIOM 3A0EPHCAHHBLIL NO 6PEMEHU
CUZHATI C 6bIX00A U OMAPAGTIAIOM €20 00PAMHO HA 6X00, RHIMAACH UCHPAGUNLD YIHCE 603HUKULYIO
owuUoOKy. Imo cozoaem hopmy 8pemMeHH020 UCKAHCEHUA, KOMOPOE 6 HACM oAU ee 8DEeMA HEBOZMOHCHO
usMepumy, Ho KOmMopoe omuemaueo civiuino. Mamemamuka (u mecmogoe o6opyooeanue) 2060pum
HaM, YMo KOPPEeKUUs nPOUCXo0um 00CIMamouHo 0bICMpPo, HO HAWU YU 2080PAM HAM CO8CEM Opy2oe.

Ilpumeuae. Hzmepumv MOXMCHO eciu 80CNONb3I0BAMbCS KOMNEHCAYUOHHBIM MEMOOOM C
UCNONb308aHUEM NPABUIILHBIX MECMOBbIX cUueHanos: oypcm cunyca 10 kly unu mpey2onvhblii cueHa
yacmomoti 10 kl'y.

CH: The products that have used very high levels of feedback (yielding incredible measurements)
have not stood the test of time and are no longer made.

IIpooyxkmul, 8 KOMOPLIX UCNONB30BANUCH OYEHD BbICOKUE YDOBHU 0OPAMHOU C653U
(obecneyusarouue HegeposIMHbLE USMEPEHUS), He BbLOEPIHCATU UCNLIMANUSL 8peMeHeM U Oonblue He
npPOU3B00AMCHL.

Bot uro numer W.Jloctan o AHHAMUYECKHUX OIMTMOKaX BO BpEeMEHHOM obnacu

Operational Amplifiers by Jiri Dostal 1993, p218

7.6 Summary
1. Operational-circuit dynamic errors in the time domain are mathematically predictable only in simple,
idealized cases.

Onepayuonnwie ycunumenu Upxncu /locman 1993, cmp. 218

7.6 Pestome
I. ﬂMHCl/WMIIGCKue owmuoKu pa601mx cxXem 60 6p€M€HHOL7 obnacmu mamemamudecku l’lpe()CKClS’ye/Wbl
MONLKO 8 NPOCMBIX, UOATUZUPOBAHHBIX CLYUASIX.



