THE DESIGNER SERIES
(HI-FI NEWS & RECORD REVIEW NOVEMBER 1986)

David Hafler introduces a listening test for amplifier distortions
I[r6u0 Xaghnep npeocmasnsem mecm Ha ciyxo80e 80CNPULMUE UCKANCEHUL YCUIUMENEll.

David Hafler

The American designer David Hafler, a recipient of HFN/RR's Lifetime Achievement Award in
December 1984, is | regarded by many as the Henry Ford of hi-fi. His work at Dynaco in the 1950s and
1960s made superlative-sounding products available at realistic prices, and he championed the concept of
kit-building - augmented by the most lucid instructions imaginable — to further reduce prices.

Amepuranckuii ouzavinep /r6uo Xagnep, nonyuuswuii 6 dexabpe 1984 2ooa npemuro HFN/RR 3a
docmudiceHus ecell Hcu3Hu, mHocumu cuumaemcs I enpu @opoom om mupa Hi-Fi. E2o paboma 6 Dynaco
6 1950-x u 1960-x 2co0ax nossonuna coerams NPOOYKYUIO ¢ NPeBOCXOOHBIM 38YYaAHUEeM OOCHYRHOU NO
PeanUCmMUYHbIM YEHAM, U OH OMCMAUBAL KOHYeNnyuo COOPKU U3 KOMNIEKMO8 — OONOJHEHHYIO
MAKCUMATILHO NOHAMHBIMU UHCMPYKYUAMU — OJI51 OATbHENUe20 CHUNCEHUS] YeH.

This attitude has been caried over to the products now available under the Hafler name, and he
continues to offer high-value-for-money products in the face of escalating price thresholds. British
consumers, in particular, have perpetuated his name by labelling his ambience retrieval configuration the
“Hafler circuit”.

Takoii no0xo0 on nepenéc u Ha nPooyKyuio, menepb 00Cmynuyro noo mapxou Hafler, u
npooodcaem npednazams mosapbl ¢ 6bICOKUM COOMHOUIEHUEM YeHbl U Kayecmed, HeCMOmpsl Ha
pacmywue yenosvie nopozu. bpumanckue nompedbumenu, 8 yaCMHOCMU, YBEKOBEHUULU €20 UMSL, HA36A8
e2o0 cucmemy occmanosieHus ammocgepwi «cxemoul Haflery.

We met with him in London to discuss his new “Straight Wire Differential Test” method and
“Excelinear” amplifier fine-tuning circuit; he saved our interviewer's batteries by presenting us with this
article, which explains the process. In addition to this, he even provided us with, sheets discussing the
questions most, likely to be asked about Excelinear, to Y which we have added a few questions of our
own.

Mot 6cmpemunuce ¢ Hum 6 JIonoone, umobwbL 06CyOUms e20 Ho8wvlll Memoo «/uggepenyuanvrozo
mecma ¢ npsAmMbIM BPOBOOOM» U CXeMY MOYHOU Hacmpouku ycunumens « Excelineary, on caokonomun
3aps0 bamapeii Haue2o UHMep8blepPa, NPeOOCMAsUE HAM MY CIAMbBIO, 8 KOMOPOU 00BbACHAEMC S IMOM
npoyecc. Kpome moeo, on 0asice npedocmagu Ham 1ucmol ¢ Hauboiee epPoSMHbIMU BONPOCAMU 00
Excelinear, k komopbvim mbl 000a6UIU HECKOTLKO CBOUX COOCMBEHHBIX B0NPOCO8.

Throudhout the history of sound reproduction there has always been uncertainty as to what degree
of distortion and what types of distortion were audible. At one time it was thought that 5% total harmonic
distortion was the threshold of audibility. Later, 2% was considered to be the goal to be reached to make
distortion inaudible.

Ha npomsdicenuu 6cetl ucmopuu 36yKo80CHpOU3B00CMEa 6ce20a Cyuecmeosaa
HeonpeoeieHHOCHb OMHOCUMENbHO MO0, KAKAsl CMeNeHb UCKANCEHUL U KaKue Munvl UCKANCEeHULL
ABNAIOMCA CILIUUMBIMU. B c8oe epemsa cuumanocs, umo nopocom caviuwumocmu aeisemcs 5%
CYMMAPHBIX 2apMOHU4ecKkux uckascenuu. Ilozoce 6win0 ycmanosneno, umo 2% — 3mo yenesou
nokazameib, KOMopo2o He0OX00UMO 00CMUYb, YMoObL COeNamb UCKANCEHUS HECTLIUUMBIMU.

Now, high quality amplifiers routinely specify distortion of less than 0.1% over the 20Hz to 20kHz
band. Despite this low distortion, many critical listeners claim to hear differences in performance which,
if correctly identified, show that conventional distortion measurements are inadequate for indicating
whether an amplifier's distortion is audible. This has led researchers to seek other forms of distortion than
THD and IM, and some emphasis has been placed on transient distortions. However, this has still not
given us the possibility of making a measurement and assigning a numerical value above which distortion
may be audible, and below which it is inaudible.

B nacmoswee 8pems 8vicokokauecmeeHHvle ycunumenu 00bluHO YKA3bl8aom HA YPOBeHb
uckaxcenuti meree 0,1% 6 ouanazone om 20 'y 0o 20 kl'y. Hecmomps na smom HU3KUll ypoeeHs
UCKAdHCEeHULl, MHO2Ue KPUMUYECKU HACMPOEHHbLE CYUAMENU YMEEPHCOAIOm, YUMo CAbIUAM PA3IUYUS 8
38YUAHUU, KOMOPbLE, eCllU UX NPABUTLHO ONPedeiumb, NOKA3bIBAION, Yo MPaouyuoOHHble USMEPEHUS.
UCKaXCceHUll He0OCMamoyHbl 01 ONpedeleHuUs Mo2o, CIbLUIHbL I UCKAHCEHUA ycUuaumens. Smo



no6youno ucciedosameneti uckams opyeue gopmol uckasicenuil, nomumo THD u IMD, u nekomopoe
BHUMAaHUe ObLIO YOeleHO nepexoOubim uckaxcenusim. OOHaKo smo 00 cux nop He 0ai0 Ham
B03MOINCHOCMU NPOBECU USMEPEHUE U NPUCBOUMNb YUCTIOB0E 3HAYEHUE, 8blUUE KOMOPO2O UCKANCEHUS]
Mo2ym Oblmb CABIUMUMBIMU, O HUHCE — HECTbIUUMBIMU.

What is clearly needed is a method of determining whether distortion is audible in a given piece of
equipment. This determination should be made using music as a source, and not limiting the investigation
to steady state signals such as sine waves or square waves.

Coseputenno HeoOXo00umo pazpabomanms Menmoo onpedeneHuss HAIUYUsL CIbIUUMBIX UCKANCEHULL 8
KOHKpemHoM 000py0osanuu. Imo onpedeieHue ciedyem npogooumy, UCHONb3YA 68 Kayecmee UCMOUYHUKA
MY3bIKY, A He 02PAHUYUBASACH UCCTeO08AHUEM CMAYUOHAPHBIX CUSHATI08, MAKUX KAK CUHYCOUOAIbHbIE UL
NPAMOY20NbHbLE BOIHDL.

If one could compare the reproduced sound with the original, one could judge for oneself whether
the degree of distortion is detectable. This, however, is a test of the entire audio chain, including
microphones and loudspeakers. One could not separately determine whether the amplifier had audible
distortion or not. To listen for an amplifier's distortion, one must have a reference for comparison. The
most accurate and convenient reference is the traditional straight wire. A straight wire has infinitesimal
distortion and must by its nature be more accurate than any active device such as an amplifier. It
immediately opens up the possibility of A-B comparison between it and the amplifier being tested. This
can be done by putting two amplifiers in series, with the gain of the second one reduced to unity (to match
the gain of the straight wire); then the test amplifier can be bypassed by switching the straight wire across
it.

Ecnu cpasnume 80cnpouszgedentulil 36YK ¢ OpUSUHANOM, MONCHO CAMOCMOSIMENbHO CYOUMDb,
MOJICHO U OOHAPYHCUMb cmenenb uckaxceruss. OOHaKo 5mo npoeepka 6celi ayouoyenu, 6KI0Yas
MUKpoghonsl u epomkozosopumenu. OmoenvHo onpedenums, eCmo iy YCUAUMEIsE CIbIUUMbLe
UCKAHCEHUS UNU HeMm, HeBO3MONCHO. [ NPOCIYWMUBAHUS UCKAMCEHUT YCUNUMEN He0OX00UM IMANOH 05
cpasuenust. Haubonee mounvim u yOOOHbIM SMATOHOM ABTAEMCA MPAOUYUOHHDIL NPAMOU NPOBOO.
Ipsamotl nposo0 0bradaem HUYMONCHO MATLIMU UCKANCEHUAMU U NO C80ell NpUpooe 00IXHCeH Obimb
mounee 1100020 AKMUBHO20 YCMPOUCMEA, MAKO20 KAK YCuiumens. Imo cpasy ie Omrpbléaem
B03MOANCHOCMb CpasHeHus «A-By medxncoy num u mecmupyemovim ycurumenem. Imo MONICHO COenamv,
COeOUHUB 08a YCUNUMEISL NOCTe008AMENbHO, YMEHbULUE KOIPOUYUEHM YCULeHUs: BMOPO20 00 eOUHUYbL
(umobbl OH cOOMBEMCMB08a KOIPhUYUEeHmMY YCULeHUsL NPAMO20 NPOBOOA), 3amem mecmogbiil
YCUuaumenb MO*CHO 000Umu, NOOKIIOUUE NPIMOU NPOBOO NAPALLETbHO eMY.

One half of a stereo amplifier can be used as the driving source for either the other half or for the
straight wire. Two subtle points must be observed in this experiment. First, there should be a
loudspeaker load on the driving amplifier in the ‘A’ position. If that speaker load is not used, the test is
less stringent as the effect of the speaker on amplifier performance is not taken into consideration. As we
shall see later, a change in loudspeaker load can change the performance of an amplifier. Fig. 1 shows the
driving amplifier with its own speaker load in the ‘A’ position and with the test amplifier's load in the ‘B’
position.

OO0Ha no1o8uUHA CMepeoyCUIUmensi MoXdcem UCNONb308AMbCsl 8 KAUeCmae UCHOYHUKA NUMAHUS
JU60 07151 Opy2oll NON0BUHBL, U0 OJisl NPAMO20 NPOBAd. B smom sxcnepumenme HeodX00UMO
cobnodams 08a 8axcHblx MoMenma. Bo-nepsvix, Ha ycunumens 8 noniodceHuu «A» oondicna dvime
Hazpy3ka om epomkocosopumens. Eciu nazpyska om epomkocosopumens He ucnonb3yemcs, mecm
CMAHOBUMCSL MEHee CIMPO2UM, NOCKOILKY BIUSHUE 2DOMKO2080OPUMENSL HA XaPAKMEPUCTUKU Y CUTUM eI
He yuumuvleaemcs. Kax mul ysuoum nososce, usmenenue Hazpy3Ku om pomMKo2080pUMENsl MOXCEm
usmenumso xapaxmepucmuxu ycunumens. Ha puc. 1 nokasan ycunumens ¢ coOcmeeHHoU Ha2py3Ko om
2POMKO2080PUMENS 8 NOJIOHCEHUU «A» U C HA2PY3KOU OM MeCcmo8020 YCUIUMENS 8 NOTOHCEHUU «By.



e : .
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Fig. 1 (overleaf) illustrates the simple setup for making this A-B test.

Naturally both loudspeakers should be identical. A second requirement in this test is that the
speaker load for the driving amplifier must be isolated by putting it in a separate room. Otherwise, sound
from that speaker will mask the sound of the amplifier vs. wire comparison.

Ecmecmesenno, oba epomkocosopumens 00nx#CHbl Oblmb uoenmuunsl. Bmopoe mpebosanue 6 smom
mecme — U30IUPOBAMb HAZPY3KY OUHAMUKA OJis YCUIUMENS, PAZMECTUB €20 8 OMOeNbHOU KoMHame. B
APOMUBHOM CIIyYde 38YK U3 IM020 OUHAMUKA OYOem 3a2Iyuams 36K YCUNUMENs U 36VK, NOJYYEeHHbI NPU
CPaBHEeHUU NPOBOOHO20 NOOKIIOUEHUS.

A-B testing is a valid and scientific method of comparison. However, it requires judgement, and it
has been criticized as being confusing, fatiguing and artificial. There is no question that what one person
hears on an A-B test is not necessarily what another hears. There is considerable dissension as to the
merits of A-B testing. Since it is not universally accepted, there is, fortunately, a more sensitive listening
test for distortion.

A/B-mecmuposanue — 3mo 00cmosepHblil U HayuHslii Memoo cpasHenusi. OOHaxko on mpedyem
onpeoeneHHol OYeHKU U N00GeP2aAemcs KpUmuKe 3a 6010 3anymanHoCmy, YMOMUMeIbHOCMb U
uckycemeennocms. Hem commenuii 6 mom, umo mo, umo civiuium ooun yenogex npu A/B-
mecmupoanuu, e 0osazamenvHo yeaviuwum opyeou. Cyujecmgyiom sHayumenbHbie pasHonACUs]
omuocumenvHo docmourcma A/B-mecmuposanus. I1ockonbKy oHO He 5875emcsi 00U enpuHAmMvIM, K
cuacmolo, cywecmayem 6oiee uy8CmeUumenbHulll mecm Ha UCKAXCeHUs 36YKda.

The preferred way to listen for distortion is what I call the straight wire differential test (SWDT).
This arrangement is illustrated in fig. 2. Here again, one half of the stereo amplifier can be used to
provide a low impedance driving source. The gain of the second half is set to unity to match the straight
wire. In practically all power amplifiers, the input and output are in the same phase, so a transducer such
as a loudspeaker can be connected from input to output in a differential mode. It is obvious that if input
and output are identical, there will be no signal in the loudspeaker. Any sound audible after careful
adjustment of the level will be distortion.

IIpeonoumumenshwiii cnocod npoGepKU HATUYUSL UCKANCEHUL — IMO MAK HA3bl8AEMblll
ougpepenyuanvruiti mecm ¢ npsamvim npogooom (SWDT). Dma cxema noxkazana na puc. 2. 30eco makaice
00HA NONOBUHA CMEPEOYCUNUMEINSL MONHCEM UCHONb3I0BAMbCA O NOOAYU HUSKOUMNEOAHCHO20 UCOYHUKA
cuenana. Koagppuyuenm ycunenuss mopoii noio8uHsl YCmanasiuaemcsi pagHviM eOuruye OJis
CO2NACOBAHUSL C NPAMBIM NPOBOOOM. [IpakmuuecKu 60 8cex yCUNUMENAX MOUWHOCMU 8X00 U 8bIX0O
HAxXo0amcsi 8 00HOU ghaze, NOIMOMY NPeodPa308ameib, HaANpUMep, 2POMKO208OPUNIENb, MOXCEMm Oblmb
HOOKIIOYEeH Om 8X00d K 8b1x00y 8 ouggepenyuanvrom pescume. Ouesuoro, Ymo eciu 6x00 U 8b1X00
UOEHMUYHBL, MO 8 2POMKO208opumene He b6yoem cucnana. JIro6otl 36yK, CIblUUMBLI ROCTIE MUAMETbHOL



PezyIuposKU YpoeHsl, 6y0em UCKAHCEHUEM.

FIG 2 STRAIGHT WIRE DIFFERENTIAL TEST
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Fig. 2 SWDT - test

What is done here is to remove the original signal by subtracting the output from the input; this
unmasks the distortion generated in the second (test) amplifier. This remainder includes non-linearities
such as THD and IM. It includes all types of transient distortions, and it includes amplitude and phase
aberrations. It includes not only all known distortions, but also any which may be identified in the future.
What it does not do is separate the types, so no weighting can be given to more obnoxious forms of
distortion.

30eckb npoucxooum yoanerue ucX0OH020 CUSHALA NYMeM 8bIMUMAHUSL €20 U3 8bIXOOHO20, MO
BbIABNIAC UCKAJICEHUS, 2eHepupyemble 80 6MOPOM (Mecmosom) ycuaumeine. Imom oCmamox 6KIouaem 6
cebs nenunevrnocmu, maxue kak THD u IMD. On éxnrouaem 6ce munvl nepexoOHblX UCKANCEHUU,
makaice amnaumyonvle u gazosvie abeppayuu. OH 6KaOUAEm He MONIbKO 8Ce U3BECHHbIE UCKANCEHUS, HO
u 10bvle, Komopvle Mo2ym 0vimb viseieHbl 8 Oyoyuwem. OOHAKO OH He pazodensem Munbl UCKANCEHU,
HOSMOMY Helb35 NPUCBOUMb 8eC Dolee HENPUAMHBIM POPMAM UCKAHCEHUL.

Ipumeuanue. Ha camom oene mecm gvloensiem 6eKmMopHvle NOZPEeUtHOCmu, NOOPOOHO ONUCAHDL 8
knuee M. Jlocmana « Onepayuonnvie ycunumenuy. /[s gvloenenus npooyKmoe UCKA#CeHUll HeoobXxooumo
NONb308AMbCS YCOBEPULEHCTNBOBAHHBIM MEMOOOM, d UMEHHO KOMNEHCAYUOHHBIM MeCHOoM.

When this test is performed on most amplifiers, one can hear grunge, harshness, edginess, grain,
and other irritating sounds. One can also hear some relatively clean sound which comes mainly from
amplitude and phase errors. These are inaccuracies, but not necessarily of an annoying type. However, the
best designs should minimize them as well as the irritating factors.

Ilpu nposedenuu smoeo mecma na OONLUIUHCMEE YCUTUMELEU MONCHO YCLIUAMNb HENPUSMHbIE,
pesKue, epybvle, 3epHuUcmule u opyeue pazopasxcaouue 36yKu. Taxice MONCHO YCAbIUAMb OMHOCUMETbHO
YuCcmulil 36yK, KOMOpblli 8 OCHOBHOM B03HUKAEM U3-3d OWUOOK amMnaumyosl u ¢hazvl. Imo HemouHoCmu,
HO He obszamenvHo pazopadxcaioujue. OOHAKO Jyyuiue KOHCMPYKYUU OOIHCHbI MUHUMUSUPOBATND KAK UX,
max u pazopaxcarowue haxmopboi.

The SWDT is elegantly simple, requiring no instruments. Its merits are obvious, but it is
extremely difficult to apply because of its great sensitivity. A few minutes of phase shift, or some
millibels of amplitude variation will show up as significant sound. This test shows most amplifiers to be
audibly inaccurate. When a similar approach to amplifier testing was discussed in the past [1], the
experimenters found relatively high levels of sound due to phase and amplitude variations. They did not
consider these to be important, and they compensated the straight wire to minimize such variations.

They made the assumption that phase variations were inaudible. This is disputable and controversial. We
prefer to correct the amplifier to eliminate these aberrations rather than to eliminate them from the signal



source.

SWDT omauuaemcs sn1ecanmHot npocmomotu u He mpebdyem Hukaxux npuoopos. Ezo
npeuMyujecmea 04esuonsl, Ho e20 NPUMeHeHue KpaiHe 3ampyOHUmenbHo U3-3a 8blCOKOU
yyscmeumenvrocmu. Heckonvko munym ¢azoe020 cosuea unu Heckoibko MULIUOen amMniumyoOHbixX
KoeOauutl nPosABAMCs KAK 3HAUUMeENbHblU 36YK. DMom mecm nokasviéaem, ymo OONbULUHCMEO
yeunumeneu UMerm CIblUUMYIO HeMOYHOCMb. Ko20a 6 npouwiom o0Cysicoancs aHaio2uyHblil n00Xo0 K
mecmuposanuto ycunumenetl [1], sxkcnepumenmamopst 0OHAPYHCUTU OMHOCUMETLHO BbICOKUE YPOBHU
38VKA U3-3a (PA308bIX U AMIIUMYOHBIX KoneOanutl. OHU He COYNU UX BANCHBIMU U KOMNEHCUPOBAIU
NPAMONIUHENHBIL NPOBOO, UMOOblL MUHUMUBUPOBAMb makue Konebanust. Onu npeonoiodiCUIU, Ymo
pazosvle KonebaHUus HeCTLIUUMBL. DMO CHOPHO U NPOMusopeuuso. Muvl npednouumaem KOppeKmupo8amy
yeunumenv, 4moodwvl YCmpaHums 3mMu UCKANCEHUSA, d He YCMPAHAMb UX U3 UCHOYHUKA CUSHANLA. (moYHee,
He 6HOCUMb UX 8 UCMOYHUK CUSHANA)

The SWDT gives the amplifier designer a tool for improving the sonic performance of his designs.
He can test and adjust the amplifier to excel on this test. The first amplifier to be designed with the aid of
this technique was the Hafler XL.-280. The approach was very conservative, while still innovative, aiming
at a wideband, low distortion design before the application of overall negative feedback and before trying
to 'tweak' the final elements for minimum phase shift simultaneous with minimum distortion and adequate
stability margin. Components were selected, bias currents were tested, phase compensation was added
— all to get minimum sound output with the SWDT. The amplifier is symmetrical throughout, from a pair
of J-FETs in the input to power MOSFETs in the output. The low level class A stages use a separate
power supply to isolate them more effectively from the Class AB output devices.

SWDT npeoocmasnsiem pazpabomuuxy ycuiumesnel UHCmpymeHm OJisl YIYHUeHUsl 36YKOBbIX
xapaxmepucmuk e2o pazpabomox. On Modxcem mecmuposams U HACMpPAUBAms YCUiIUmens 0
00CmudICeHUsl NPEeBOCXOOHBIX pe3yIbmamos 6 smom mecme. Ilepgvim ycunumenem, pazpadomanHvim ¢
nomowwto smou mexruku, cman Hafler XL-280. [100x00 OvlL1 ouensb KOHCEpBAMUHbIM, HO NPU IMOM
UHHOBAYUOHHBIM, HANPABLEHHbIM HA CO30AHUe WUPOKONOIOCHOU KOHCMPYKYUU C HUSKUM YPOBHEM
UCKadceHull 00 npUMeHenus oowell OmpuyamenbHoU 0OPamHuoll Ce:3U U 00 NONLIMKU KHACMPOUTND »
KOHeYHble dNeMeHmbl OJisl MUHUMUSAYUU (ha308020 cO8U2A OOHOBPEMEHHO C MUHUMATbHBIMU
UCKAHCEHUAMU U OOCMAMOYHbIM 3anacom cmabunvhocmu. Komnonenmor 6viau b10pamsi, moxu
cMeueHuUss npomecmupo8aHvl, 000asiena ¢azosas Komnencayus — ce 0Jisk 00CMUNCEHUS MUHUMATLHO2O
VPOBH3L 8bIX00H020 cucHana ¢ nomowpto SWDT. YVeunumens cummempuyen no eceti cxeme, om napot JFET
Ha éxo0e 0o cunosvix MOSFET na evixooe. Huzkoyposnesvie kackadwvl kiacca A ucnonb3yiom omoeibHbll
UCMOYHUK numanus 0Jia 6oee 3¢hhekmusHol u3onAYUU OM BLIXOOHBIX MPAHIUCTNOPO8 Kaacca AB.

The XL-280 uses a moderate amount of negative feedback in an overall loop, plus local feedback
such as in the source follower output stage. There are some who unjustly accuse negative feedback of
being detrimental. However it is safe to say that NFB properly applied is always beneficial. However,
proper application involves applying it to a very linear amplifier and assuring an adequate stability
margin. Used in that way, NFB will reduce distortion, widen bandpass, and most important, it will
stabilize operating characteristics so that performance will not drift in use; and production units will have
negligible variation from one to another.

B XL-280 ucnonvzyemcs ymepennoe Kouiecmseo ompuyamenbHoll 00pamHotl cea3u 8 oouyell
yenu, a maxoice JIOKAIbHASL 0OPAMHASL C653b, HANPUMeED, 8 BLIXOOHOM KACKAOe UCMOKO8020 NOBMOPUMEIIA.
Hexomopuie necnpagednugo 066unsa0m ompuyamensvuyo 00pamuyro cesa3s 8 eé gpeonocmu. OOHaKo
MOJCHO C YBEPEHHOCMbIO CKA3AMb, YMO NPABUTbHO NPUMEHAEMAs. OMPUYameibHas 00pamHuas césassb
écez0a nonesua. llpasunvroe npumenenue noopazymesaenm e€ UCNONb308AHUE 8 OUEHb TUHEUHOM
yeunumerne u obecneuerue 00Cmamourno2o sanaca cmaounsrocmu. Ilpu maxom ucnonvsosanuu
ompuyamenvHas 00pAMHAsL CE53b YMEHbULUM UCKAHXCEHUS, PACUUPUM NOTOCY NPONYCKAHUS U, YO
Hauboee 8axCHO, cmadurusupyem pabodue xapaKkmepucmuxu, max ymo npousso0UmenbHOCHb He
OyO0em MeHAmMbCA 8 npoyecce IKCNIYAmMayull, a ceputinble 0opasysl OyOym umems He3HAYUMeENbHbIE
Pasnuyusi mexcoy coootl.

Phase compensation is used in the XL-280 to achieve minimum phase shift in the audio band in
order to get maximum sensitivity from the SWDT. Achieving the goal of very low phase shift at high
frequencies precludes the use of the customary output coil found in most amplifiers. To carry the control
of phase to the ultimate, a phase 'tweaker' is positioned so that it is accessible from outside the amplifier.

B ycunumene XL-280 ucnonvzyemcs ¢pasosas komnencayus 0ist 00CMUNCEHUS MUHUMATbHO2O
@azosoco cosuza 8 36yKk080M OUanazoHe u, c1e008ameibHO, MAKCUMANbHOL 4)8CMEUMEeNbHOCMU



KOPOMKOX0008020 npeobpaszosamesi. /[ocmuicerie yeii o4ers Mano2o (azo6020 cOsUea HA 6blCOKUX
YACMOMAax UCKII0UAem UCNoNb308anue 00bIYHOU 8bIXOOHOU KAMYWKU, KOMOPAs NPUCYMCIEYeN 6
Oonvuuncmee ycunumeneil. /s obecneyeHuss MaKCUMaibHOU MOYHOCMU pe2yiuposKu ¢haszvl ¢pazoeulii
pe2yiamop pacnoioXcer makum oopazom, 4moosl K Hemy Obll 00CHYN CHAPYHCU YCUTUMENA.

In testing the amplifier under many conditions, it was observed that the optimum point of
operation, as determined by the SDWT, shifted with a change of loudspeaker. This was due to variations
in loudspeaker impedance and the fact that the amplifier internal impedance increased at high frequencies.
A change in loudspeaker impedance made a small change in amplitude response. These small variations
may be the cause of some of the sonic differences which are heard by ‘golden ear® testers. Fortunately,
these small deviations can be readily compensated with the phase shift adjustment built into the amplifier.
The result is that by using the SWDT, it is practical to compensate the individual system for the specific
type of loudspeaker in use.

Ilpu mecmupoganuu ycunumens 6 pasiuyHbIX YCI08UAX ObIIO 3aMeUeHO, YMO ONMUMATbHAL
pabouas mouka, onpedensemas ¢ nomowvto SDWT, cmewyaemes npu usmeneHuu muna
2POMKO2080pUmens. Imo 00bACHAEMC S USMEHEHUAMU UMNEOaHCa 2POMKO2080pUMENs U mem (hakmom,
YUMo 6HYMPEHHUL UMNEOAHC YCUIUMENsl Y8eTUUUBAEMCs Ha 8bICOKUX Yacmomax. Mavenenue umneoanca
2POMKO2080pUMENS NPUBOOUM K HEOONbULOMY USMEHEHUIO AMNIUNYOHO-YACOMHOU XAPAKMEPUCMUKU.
Omu HebonvuiUe UsMeHeHUss MO2Ym OblMb NPUYUHOU HEKOMOPbLIX 36YKOBbIX PA3IUYLLL, KOMOpble CbIUAM
00U ¢ «3on0muimu yuiamuy. K cuacmoio, smu Hebonvuiue omrioHeHUs: 1€2KO KOMIEHCUPYIOMCL C
NOMOWBIO BCMPOEHHOU 8 YCUIUMETb PecyIUposKu (hazoeoco cosuea. B pesynomame, ucnonvzys SWDT,
CMAHOBUMCS BO3MONCHBIM KOMNEHCUPOBAMb UHOUBUOYATIbHBIE OCODEHHOCU CUCTeMbl OJi KOHKPEMHO20
MUNA UCHONIL3YEMO20 2POMKO2080PUMNEINA.

Ilpumeuanue. Boixoonou umneoanc ycunumesns 3a8Ucum om nemiedo20 YCUieHus u eciu OHO
CMabuIbHO 6 36YK0B0LL NOJLOCE, MO U BLIXOOHOE CONPOMUBILEHIUE MAKdHce CMAOUIbHO. [ 5mo2o
yacmoma nepeo2o NoCca OOJINHCHA DbIMb BblULe 38VKOB020 OUANAZ0HA.

For most listeners, the minute difference due to the final ‘tweaking’ is unimportant; and a check
with the A-B test confirms this. Most people can be satisfied with an adjustment based on any
conventional speaker load, rather than the specific speaker they are using. However, for the perfectionists
and the most critical ‘golden ears‘, the XL-280 amplifier can be adjusted to its ultimate capability with
specific loudspeakers using the Straight Wire Differential Test as the measuring tool.

na bonvuwuncmea crywiameneti He3HAYUMeNbHAS PA3HUYA, B03HUKAIOWAS U3-30 OKOHYANENTbHOU
«HACMPOUKUY, He UMeem 3HAYeHUsl, MO NOOMBEPHCOAemcs U nposepkou ¢ nomouvio A-B mecma.
Bonvuwuncmeo noodeti mocym 6vims y0081emeopeHbl HACMPOUKOU, OCHOBAHHOU HA TH0O0U CIMAHOAPMHOU
HazpysKe aKkyCmuyecKux CUcmem, d He Ha KOHKPEeMHbIX UCHONb3Yemblx Konoukax. OoHaxo 0
nepoekyuoHUCmos u camvlx mpebosamenbHbix «3010muix yueiy ycurumens XL-280 moocno nacmpouma
HA MAKCUMATIbHYIO MOUHOCb C KOHKPEMHBbIMU AKYCIMUYeCKUMU CUCIEMaMU, UCNONb3Ys 8 Kauecmee
UMepUmenbHo20 UHCMPYMEHmMa mecm OUp@depeHyuanbHo20 YCUuieHus ¢ NPAMbIM HPOBOOOM.

When applying the SWDT test with the XL-280, we have found that when playing music above
normal listening levels, or when seated at less than the usual distance from the loudspeakers, there may be
slight whispers of residual sound which are clearly identifiable as phase and amplitude distortions. These
are sufficiently minor to be completely masked by normal musical content, and this can be verified with
the A-B test procedure which confirms the SWDT results. After trimming for the individual speakers
being used, test results show up to 70dB of nulling in the midband, and about 60dB over most of the rest
of the audio spectrum. This means that the total distortions do not exceed 0.1% over the audio band and
are essentially inaudible.

Ipu nposeoenuu mecma SWDT ¢ XL-280 mot obHapyscunu, ymo npu 60CNpoU38e0eHuUU’ My3biKu
HA YPOBHAX 2POMKOCIU blille 0OLIYHO20 UNU NPU HAXOHCOEHUU HA MEeHbUeM, YeM 00bIYHO, PACCMOSHUU
Om 2pOMKO2080pUmesell MO2Ym 803HUKAMb e08a YII08UMblEe OCMAMOYHble 38VKU, KOMOPble YemKO
UOeHMUGUYUPYIOMcs Kak (hazosvle u amnaumyonsle UCKAHCeHUus. Imu UCKANHCeHUs O0CMAMOYHO
He3HAYUmenbHbl, Ymoobbl NOTHOCMbIO MACKUPOBAMbCS OObIYHBIM MY3bIKATbHLIM KOHMEHMOM, U MO
MOJICHO NPOBEPUMb C NOMOWbIO Npoyedypvl A-B mecmupoeanus, komopas noomeepicoaem pe3yibmamol
SWDT. Ilocre nacmpoiiku noo omoeibHble UCNOIb3YeMble OUHAMUKU Pe3YIbmambl mecma noKazvléaom
nooasnernue 00 70 0b 6 cpednewacmomuom ouanasoue u okono 60 0b na bonvuiel wacmu ocmanbHO2o
38YK08020 cnekmpa. Omo o3xnaiaem, Ymo cymmapHble uckaxcenus He npesviuiaiom 0,1% 6 38ykosom
ouanazore u NPpaKkmuyecKu HecablUHbL.

Ipumeuanue. /15 nooasnenuss 6ekmopHwix nozpewnocmetl nudxce -60 0b nHa éepxnetl wacmome



38YK06020 OUANA30HA BPEMSL 3A0EPHCKU NPOXOHCOCHUS CUSHANA CO 6X00A 00 HAZPY3KU OONHCHO OblMb He
oonee 8 Hc.

When the SWDT gives a substantial null on musical material at normal listening levels, the sound
of the amplifier cannot be improved in accuracy. Any other amplifier which does not produce as deep a
null on the SWDT, or which sounds different from one which does, is less accurate, regardless of whether
its sound is pleasing or euphonious. Once this level of amplifier performance is reached, further
improvements in sonic quality must be obtained from other elements of the hi-fi chain that the power
amplifier, although of course, designers will still face the continuing challenges of reliability, efficiency
and economy in amplifier designs.

Ecnu SWDT oaem cywecmseennoe nooasnenue cueHauia npu 60CHPOU38e0eHUU MY3blKAIbHO2O
Mamepuana Ha 00bIYHBIX YPOBHSAX SPOMKOCIU, MO VIYYUUMb MOYHOCMb 36VUAHUA YCUTUMENs
HeB03MOJICHO. JI10001 Opyeoil ycunumens, KOmMopblil He coz30aem cmoib 21yookozo nposana Ha SWDT unu
KOMOpbIll 36yUUmM UHAye, Yem mom, KOmopbwli e2o cozoaem, 6yoem meHee MmOUHbIM, He3A8UCUMO OM
Mo2o, npusimeH iu e20 368yK uiu onazozeyuer. Ilocie docmudicenus maxkozo ypoeHs npou3eo0UmenrbHOCmu
yeunumens OanvHeliuee YiyuueHue Kaiecmaa 36yKa 00IHCHO Oblmb 00CMUSHYIMO 3d cuem Opy2ux
anemenmog Hi-Fi-yenu, noMumo ycuiumens MOWHOCMU, XOMS, KOHEYHO, pa3pAOOMUUKU NO-NPEHCHEMY
06y0ym cmankugamucs ¢ npooIemMamu HA0eHCHOCMU, IPHEKMUSHOCMU U IKOHOMUYHOCTIU NPU
NPOEKMUPOBAHUU YCUIUMETIE.

Ilpumeuanue. /leticmeumenvro, mooens ycunumensi XL-280 umeem oocmamoyno cmabuivioe
I'B3 6 38ykosom ouanasone nepecmpausaemoe om 10...20 nc 00 necKkonbKux He co 3nakom munyc. Ilpu
9MoOM CMadUILHOCMb MOOENU COXPAHAemcs Ha 000U peakmusHol Hazpyske. OOHaxo 6 obnacmu
yacmom okono 350 kly I'B3 umeem 3nauumenvusiii n0Ovem Ymo ompuyameibHO CKa3bl8aemcsl Ha
VCUTIeHUU CUSHATI08 8 amake 20e NPOUCXooum epaujeHue GpoHmos. Imom HedOCmamox ommeyaiu u
Hexomopbie peyenzenmol npogoousuiue mecm SWDT na peanonom my3vikaibHOM Mamepuaie.

HAFLER Q&A
Omeemul a 6onpocwvi

Q: How do you account for amplifiers with near-perfect specification but inferior sonic performance?

B: Kak 6bl obvsicnsaeme cumyayuio, K020a YCunumeny umerom npakmudecku udeaibHole
Xapakxmepucmuku, Ho Xyouiue 38yKogvle kavecmea?

A: 1 think that accuracy must be the goal that is sought; this must be the ultimate. If these amplifiers
sound dreadful, then they're not being measured by all possible techniques. This method includes all
distortions that are possible. Any difference between input and output of an amplifier represents a
distortion. It has something which is not being measured by conventional measurements, but still shows
up as being inaccurate on this test. Inaccuracy doesn't mean necessarily that it's objectionable sound. You
could put your sound through a filter and maybe improve it, but you wouldn't want to sell such a filter as
a power amplifier.

O: A oymaro, umo mouHocms 00NHCHA ObIMb 2NABHOU YENbI0; IO QOAHCHO ObIMb Npedeiom
coseputencmea. Ecau smu ycunumenu 36yuam yjicacHo, 3Ha4um, ux Xapakmepucmukuy UsMepsroncs He
8CeMU BO3MONCHBIMU MEMOOAMU. DMOM Memoo YYumuleaenm 6ce 803MONHCHble ucKkadxceHus. Jlobas
PA3HUYA MeNCOY BXOOHBIM U BLIXOOHBIM CUCHALIOM YCUIUmMeNs npedcmasisien coooll uckaxicerue. B nem
ecmy Heumo, 4mo He UsmMepsaencs 0ObIYHbIMU MEMOOAMU, HO 8Ce Jice NPOSBIAENCS KAK HeMOYHOCb 8
amom mecme. Hemounocmu He 06s13amenvHo 03Hauaem, ymo 38yK 6yoem yiucacHvim. Bot mosceme
nponycmums 601 36VK uepe3z uabmp u, B03MONCHO, VIYUUUMD €20, HO bl Jce He 3axomume npoodeamby
Maxou Guibmp Kax ycuiumens MOUWHOCHU.

Q: What about distortion in the driving amplifier?

B: A kax nacuem uckasicenuti 6 opatiseprom ycurumene?

A: It does not affect the procedure. It merely delivers a distorted signal to the test amp; and if the test amp
is accurate, it will pass this distorted signal without further distortion. The test is not affected.

O: Dmo He enusem Ha npoyedypy. Imo npocmo noodaem UCKANCEHHbIN CUCHATL HA MeCMO8blll YCUIUMENb,
U eciu mecmogbulil YCUIUmeb Mo4eH, OH NPONYCIMUNM IMOM UCKANCEHHBIU CUSHANL 63 0aNbHetuUx
uckaxcenutl. Tecm He 3ampacusaemcs.

Ipumeuanue. Ha camom oene érusiem. Ecau Opaiiseprulil ycunumens umeenm 02paHuienHyo noaiocy
yacmom (Hanpumep, He gviute 50...60 kl'y), mo o cywecmseHHo 0b1e2uum 3a0a4y mecmupyemomy
yeuaumernio.



Q: If this technique is so good, how come nobody thought of it before?

B: Ecnu sma mexnuxa Hacmonvko Xopouia, nouemy HUKmo He 000yMancs 00 Hee panviue?

A: It is not a new idea. However, amplifiers in the past looked very bad on this test which shows up all
the flaws. The XL-280 may be the first amplifier to offer a good null with the SWDT.

O: Omo He Hogas udes. OOHAKO ycurumenu 8 npOULIOM NOKA3bIBAIU OYEHb NAOXUE Pe3VIbMambl 8 JMOM
mecme, umo evissisiem ece Heoocmamku. XL-280, 603m0cHO, nepsbvlil ycunumenb, 00ecneuusanuull
Xopoutee nooasienue cueHana npu ucnonvsosanuu SWDT.

Q: Why does a change of loudspeaker load make a change in amplifier performance?

B: Ilouemy uzmenenue Hazpy3Ku cpOMKO2080pUmMens 8Iusem Ha XapaKmepucmuxu ycuiumens?

A:The output impedance of an amplifier tends to rise with higher frequencies. Therefore, at higher
frequencies, a change in load will produce a small change in amplitude, and this change will not be
constant with frequency. The changes in amplitude are associated with changes in phase. In the XL-280
we provide for compensation of these phase and amplitude shifts so that their effects are below audibility.
O: BvixoOHoe conpomusienue ycunumens umeen meHoeHyuro 603pacmams ¢ ygeaudenuem 4acmomeol.
CnedosamenvHo, Ha 6oee 8bICOKUX YACMOMAX USMEHeHUe HacPy3KU npuseoem K HeboabUomy
UBMEHEHUIO AMNIUNYObL, U IMO UsMEHeHUe He Oy0em NOCMOAHHbIM ¢ Yacmomou. Mavenenus
amMnaumyosl cea3ambsl ¢ usmeneHusmu gazvl. B XL-280 mbi npedycmompenu KomneHcayuro smux (hazoeuix
U AMIIUMYOHBIX CO8U208, MAK YMO UX GNUAHUE OYOem HeCTblUUMbLM.

Q: But if your amplifier shows up best on this test, it must sound best against any competing units. Is that
so?

B: Ho ecnu saw ycunumensb nokasvieaem ayduiue pe3yiomamol 8 3Mom mecme, 3Ha4um, ox 36y4um
JIyuuie 8cex KOHKYpUpyowux ycmpoucmes. 9mo max?

A: The amplifier which produces a null in the SWDT cannot be improved in sound quality. Any amplifier
which sounds different from it, must be wrong. This applies regardless of price. We expect that the
amplifiers which will show up worst on this test will be the tube amplifiers with output transformers.
Thus, another myth will go down the drain.

O: Ycunumens, komopuwiii coz0aem npogan 6 cuehanre SWDT, He803MONCHO YIyuuums no Kaiecmay 36yKd.
Jrobou ycunumens, Komopbwlil 38yuum uHaye, 00a3ameibHO HeUCnpaseH. Imo cnpaseoIuso He3asUcUmMo
om yenvl. Mol odxrcuoaem, umo xyouiue pe3yiomamaol 8 3MOM mecme HOKANCYM JIAMNO8ble YCUTUMENU C
8bIX0OHBIMU Mpanchopmamopamu. Takum odbpazom, ewge 00un mugh 6yoem passesi.

Q: Is there anything you feel that this test doesn't reveal, anything that sneaks by?

B: Ecmb 1y umo-nubyow, umo, no eauiemy MHeHUI0, Smom mecm He 8bliesiem, Ymo-Huoyov, 4mo
YCKONb3aem om 8auieco BHUMAaHus?

A: Prejudice, perhaps. A $600 amp can never be considered as good as a $6000 unit regardless of how
they sound.

O: Bosmooicro, smo npeoszamocms. Ycunumens 3a 600 donnaposé nHuxoz20a He 6yoem cuumamuvcsi maKum
Jrce xopowum, kaxk ycunumens 3a 6000 donnapos, Hezasucumo om mozo, KaK OH 36y4um.

Q: Basically, you're calling everyone's bluff here, putting every subjectivist on the spot.

B: Ilo cymu, vl pasobrauaeme 6negh 6cex, cmass Kaxcoo2o0 CMoOpoOHHUKA CYObeKMUBUIMA 8 HeNL0BKOe
noodceHuUe.

A: I'm giving them a chance to substantiate their viewpoints. We're taking into account distortions which
can't even be measured.

O: A oaro um 803moHcHOCMb 0O0CHO8AMb CE0I0 MOYKY 3peHUs. Mul yuumbiéaem UCKA#CeHUs, KOMopble
0aice HeBO3MONCHO UBMEPUND.

Ilpumeuanue. /leiicmsumenvHo, 3Mom mecm blAGJIseN UCKAXCeHUsl Komopbie He gbisagsiomcs hu THD
nu IMD.

Q: But what will you say to the subjectivists who prefer amplifiers which do not do as well as the Hafler
on the Excelinear test?

B: Ho umo 6vl ckadiceme cyObeKmuucmam, Komopbwle npeonoyumarom yCuiumenu, He nokasaguiue
maxux sce xopowiux peyromamos, kax Hafler, ¢ mecme Excelinear?

A: 1'd have to say ‘You prefer inaccuracy‘. We are not going to sell inaccuracy; we're going to sell
accuracy. The Excelinear technique strips away the music and leaves the residue. If you like that residue,
that's your privilege. I think that everyone will agree that power amps are supposed to deliver the signal
with the minimum of distortion; it's hard to justify anything else.

O: A 6wl ckazan: «Buvl npeonouumaeme nemounocmoy. Mol ne cobupaemcs npooasams HemMo4HOCMb, Mbl
cobupaemcs npooasame mounocmo. Texnuxa Excelinear yoansiem my3viky u ocmaensem auuib 0Cadox.



Ecnu eam Hpasumcs smom OCCl()OK, amo eaute npaeo. ,ZzyMCZIO, 6Ce cociacamcs, umo ycuiumenu
MouHocmu O0JIHCHBL nepe()aeamb CUcHAJl C MURHUMATIbHbIMU UCKAMNCEHUAMU, mpdeo OI’lpCZG()anb umo-

aubo opyeoe.
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We have yet to find a substitute for distortion analyzers and squarewaves, and I doubt we will.
Jeff Nelson

Ham ewe npedocmoum Hatimu 3ameny aHAIU3AMOPAM UCKANCEHUU U NPAMOY2OIbHBIX 60H, U 5
COMHEBAIOCh, Umo Mul UX HAUOEM.

Iicegph Henvcon

Boulder Amplifiers

Boulder, CO.

There's always jbe human ear but we all know what a notoriously unreliable device that is. —LA
Bcezoa ecmb uenogeueckoe yxo, HO 6ce Mbl 3HAEM, YMO MO 3a6e00MO HeHadexcHoe ycmpoticmeo. —LA
David Hafler responds

Ip6uo Xagnep omseuaem

Editor:

David Hafler responds
Ip6u0 Xaghnep omseuaem

Editor:

Peoaxmop:

E: Mr. Nelson's objection to the SWDT (straight wire differential test) is based on the fact that all
amplifiers have time delay, and that the concomitant phase shift causes a residual signal when the output
of the amplifier is subtracted from its input.

P: Bospaoicenue e-na Henvcona npomue SWDT (Oughghepenyuanvroeo mecma npsamoim
nPOB0OOM) OCHOBAHO HA MOM ¢haKkme, Ymo 8ce YCUIUMmeny UMerom 8PeMeHHyI0 3a0epiuCKY U 4mo
conymemayowuil (hazosulil CO8UE 8bl3bIBAEH OCMAMOYHBIN CUSHAL, KO20d 8bIX00 YCUIUMEIs]
BLIUUMAEMCSL U3 €20 6X004.

A: Yes, I agree. It is not only conventional non-linear distortions that show up on the SWDT; but
all aberrations, including those not necessarily objectionable.

O: /la, s coenacen. Ha SWDT nposiensiomcs He moibKo 00bluHble HelTUHelHble UCKANCEHUS, HO 8Ce
OMKJIOHEHUs, 6KII0UAsL e, KOmopble He 0053aMelbHO 8bl3bl8AIOM 803PANCEHUS.

E: Whether phase shift is audible or not is a controversial subject. Phase shift is one of the few
parameters which varies widely from amplifier to amplifier, and I will not arbitrarily assume its
inaudibility.

P: Cnvuwen nu ¢pazosuiil cosue unu Hem - cnophwiti gonpoc. @azoswiii co8ue - 00UH U3 HEMHO2UX
napamempos, KOmopbulil WUpOKO 6APbUPYemcs Om YCUIUMeNs K YCUIUmenio, u si He 6yoy npou3801bHO
npeononazams e20 HeCablUUMOCHb.

A: I prefer to take the viewpoint that all errors be reduced to a minimum rather than theorizing
that some are not audible and can be neglected. Therefore we have tried to reduce all distortions in our
XL-280 amplifier and have compensated for phase errors so as to have very low phase shift in the audio
band.

O: A npeonouumaro npudepaircusamuvcsi MoUKU 3peHust, Ymo 6ce OuUOKU O0NHCHBL ObIMb C8e0eHbl
K MUHUMYMY, d He Meopemu3uposamy, 4mo HeKoOmopuvle U3 HUX He CAbIUHbL U UMU MOJCHO NpeHedpeUb.
Iloamomy mbt nocmapanucey ymenbuiums 6ce uckaxcenus 6 Hauem ycunumene XL-280 u
CKOMNEHCUPOBaAU hazosbie OWUOKU, YMOObL NOTYYUMb 04eHb HUSKUU (ha308blil CO8US 8 36YKOBOM
ouanasone.

E: Mr. Nelson objects to this compensation as he states that this leads to resonant circuits which,
he claims, "smear" transients.

P: I'-n Henvcon so3pasicaem npomue 3mou KOMREeHCcayu, NOCKOIbKY OH 3ds6/15em, Ymo 3mo
NPUBOOUN K PE3OHAHCHBIM YeNsiM, KOMopble, KAK OH YMeeplcoaem, «pasmazbléarony nepexoousie
npoyeccul.

A: His hypothesis does not prove out in practice. Our well-damped minor resonance, which falls
above 400kHz in our production XL-280s, introduces no detectable flaw in the audio range. The swim
would show a "smear" as part of the audible residual signal if this problem existed, and we cannot hear
such distortion with music or other transient signals.



O: E2o cunomesa ne noomeepaicoaemcs Ha npakmuke. Xopouio 3amyxaroujuil Maasili pe3oHawc,
komopuwiil naoaem sviuie 400 kl'y 6 nawux ceputinoix XL-280, ne sHocum 3amemHvix U3bsHO8 8 36YKOBOI
ouanazon. Ecau sma npobnema cywecmeyem, mecm noxkaxcem «Ma3zok» KaxK 4dacms 0CIMAamoyHo20
38YK0B020 CUCHANA, U Mbl HE CMOMNCEM YCIBIUAMb MAKOe UCKANCEHUEe C MY3bIKOU WU OpYeUmMu
BDEMEHHBIMU CUCHANAMU.

E: Mr. Nelson suggests that the differential test would be workable if a linear network, which
exactly matched the amplifier, would be used for the straight wire.

P: I'-n Henvcon npeononacaem, umo ouggepenyuanvhsiii mecm 6yoem pabomams, eciu
JIUHENHAsl cemb, KOMOpAsl MOYHO COOMEEMCMEYem YCUIUmento, 6yoem ucnoib308amuscs 07 Npamoco
nposooa.

A: If that were the case, the amplifier and compensated wire would match; there would be no
residual due to such factors as phase or amplitude response errors. Mr. Nelson's suggestion "bends" the
straight wire, and assumes that phase and amplitude errors are inaudible. This is too great an assumption.
To take an extreme example: an amplifier with very limited frequency response, -3dB at 100Hz and
10kHz, could be tested against the not-so-straight "wire" which includes passive components giving the
same frequency response as the amplifier. The amplitude error would be subtracted out, and the "bent"
amplifier would exhibit no amplitude error in this comparison with the "bent" wire.

O: Ecnu 661 5mo Ovlno mak, ycunumens U KOMNEHCUPOBAHHBIL NPOBOO COBNAOANU, He byoem
0CMamKo8 U3-3a MaxKux axmopos, Kax ouuoKy hazoeotl unu amnaumyOHOU XapaKmepucmuxu.
IIpeonoocenue 2-na Henbcona «uzeubaem» npamoi nposoo u npeonoiazaem, 4mo ghasoevie u
aMnaumyOHvle OWUOKYU He CIbIUHbL. DMO CIUUKOM CUbHOe NPeononodcenue. Bosbyiem Kpatinuil
npumep. yCuiumeinb ¢ 04eHb 02PaAHUYeHHOU Yacmomuou xapakmepucmuxoti, -3 o0b npu 100 I'y u 10 kl'y,
Modicem bblmb NPOMECMUPOBAH HA HE OYEHb NPSIMOM «NPOB0OeY», KOMOPLLI GKIIOUAEN NACCUBHbLE
KOMNOHEHMbl, 0arowue my dce YaCmOmHuyo Xapakmepucmuxy, ymo u ycuiumens. Quiubka amniumyosl
(u pazvl) 6y0em sviumena, u «U30SHYMuLLY YCUIUMENb He Oy0em NOKA3bl8amb OUUOKY aMIIUmMYObl (U
@azvl) npu SMom CpasHeHUlU ¢ KU30SHYMbIM» NPOBOOOM.

Ilpumeuanue. 30eco Xagnep noscnsaem owudbxky mecma baxcanoanna u Axkynunuuesa. Henvss
noozonsims AYX eéxoonozo cuenana noo AYX mecmupyemoeo ycunumens!!!

E: The SWDT puts a premium on bandwidth.

P: SWDT oenaem cmagxy Ha nponyckHyio cnocoOHOCHb.

A: This is necessary to obtain low phase shift in the audio range. This wide range, plus phase
compensation, permits a null which remains deep over a wide range. Since the sensitivity of the ear
decreases at low and high frequencies, the residual which increases at the frequency extremes because of
phase shift has very low audibility. This test is primarily a listening test, so an inaudible null indicates
there is no audible distortion.

O: Dmo Heobx00uMo 0151 NOIYYeHUs: HU3K020 (ha308020 cO8U2A 8 36YKOBOM OUAnazore. Imom
WUPOKULL OUANA30H NIIOC PaA306as1 KOMNEHCAYUsL NO360sien OOHYILeHUe, KOMOpoe OCMAemcsi 21y00KUM 6
wiupoxom ouanazone. I10CKOIbKY 4y8CMEUMENbHOCHb YXA CHUNICAEMCS HA HUSKUX U BbICOKUX YACTOMAX,
OCMAMOYHBIL CUSHAT, KOMOPbIU YEETUUUBACMCSL HA KPAUHUX YACOmMAax u3z-3a pazoeoeo cosuea, umeen
OUeHb HUZKYIO CILIUUMOCTb. DMOmM mecm 6 nepeyro ouepedb NPeOHA3HAYEeH 05l NPOCIYUWUBAHUS,
NOSMOMY HeCIbIUUMbLL HOIb YKA3bIBAem HA OMCYMCMEUe CAbIUUMBIX UCKANCEHULL.

E: Mr. Nelson bases his objections to the SWDT on the short description given by J. Gordon
Holt when he wrote of his experiments with the technique.

P: I'-n Henvcon ocnosvisaem ceou eospasicenus npomus SWDT na kpamkom onucanuu, OaHHOM
Lorc. Topoonom Xonmom, koeda oH nucan 0 c80UX IKCNEPUMEHMAX € IMOU MEXHUKOLL.

A: 1 suggest that Mr. Nelson refer to my article in Audio, February 1987, which covers the
rationale of the SWDT and mentions some of its limitations. I would like to point out particularly that my
discussion of evaluating amplifier distortion by listening tests includes comparison on an A/B basis
between the amplifier and a straight wire. I have observed that for an amplifier to be indistinguishable
from a straight wire on the A/B comparison, using music or noise as a source, it must perform well on the
SWDT. This means that, in addition to low distortion, the amplifier must have wide bandpass and
relatively low phase shift. Of course, we will never see the perfect amplifier with infinite null on the
SWDT. However, when our null exceeds 60dB over a wide spectrum, I contend that the aberrations are
essentially inaudible; an amplifier with different sonic qualities is less accurate. Mr. Nelson's argument
does not refute my contention: a null level deep enough to be inaudible means an accurate amplifier, and
any which sounds different is not as accurate.



We are all seeking accurate sound. Computerized models of "perfect" amplifiers (or imperfect
ones for that matter) are fine for the theoretician—but the sound is what is important for the user of audio
equipment. Comparison with a straight wire—either A/B or differentially—uses the perfect reference
standard, and the tests can readily be done with one's ears. If accuracy is our goal, then the SWDT is a
simple way to evaluate it.

David Hafler
Pennsauken, NJ

O: A npeonaeaio e-ny Henvcorny cocnamocs na moro cmamowio 6 Audio 3a ¢espanv 1987 2., 6
komopoti packpwieaemcs cmvic SWDT u ynomunaromes Hekomopule e2o ozpanuderus. A xomen 6v
0Cc000 ommemumy, 4mo moe 00cyxHcoeHue OYeHKU UCKANHCEHU YCUTUMET C NOMOUbIO MeCcmo8
APOCIYWUBANUS BKIIOUAEm CPABHeHUe Ha ocHoge A / B mexcdy ycunumenem u nPamuim npo8ooom.
3amemut, 4mo 0711 Mmo2o, Ymodwvl ycurumens OblI HEOMIUUUM O NPAMO20 NPoeoda npu cpaguenuu A / B,
UCNONBb3YS MY3bIKY WL WYM 8 Kauecmaee UCMOYHUKA, OH 00JdceH xopouto pabomams va SWDT. Smo
03Hayaem, 4mo, ROMUMO HUIKUX UCKANCEHUTL, YCUTUMENb 00TIHCEH UMEMb WUPOKYIO NO10Cy
HPONYCKAHUA U OMHOCUMENbHO HU3KUIL (hazoestil cosuz. Koneuno, udeanvrhoeo ycuiumens ¢
oeckoneunvim Hynem Ha SWDT mol nukozoa He yeuoum. Qonarxo, koeoa Hawt Hy1b npesviuiaem 60 ob 6
WUPOKOM CheKmpe, 51 YIEepacoaro, 4mo abeppayuu NpaKkmuiecku He CIblutbl, YCUIUmens ¢ Opyeumu
38YKO8bIMU Kauecmeamu meHee moden. Apeymenm 2-na Henvcona ne onposepeaem moe2o ymeepoicoeHus:
HYe8OU YPOBeHb, 00CMAMOUHO 21yOOKULL, 4mMobbl €20 Helb3s DbLIO CLIUAMY, O3HAYAem MOYHbLLL
yeunumenw, a 11000, KOMopbwlil 36yYUm uHave, He max moyeH.

Mpui 6ce cmpemumcs k mounomy 368yky. Komnvromepusuposanuvie mooenu «u0eanibHbix»
yeunumerneu (Ui Heco8epuLeHHbIX 8 IMOM OMHOUWEHUN) XOpouiU OJisl MeopemuKa, Ho 38K 8adceH Ol
noavzoeamens ayouoobopyoosanus. Ilpu cpasnenuu ¢ npsamvim npogooom - A/ B uiu
oughghepenyuanvuvim - UCNONL3YEMCA UOEATbHBII DMANOH, U MECHbl MONCHO JIe2KO NPO8eCmuU HA CIIYX.
Ecau nawa yenv - mounocmos, mo SWDT - npocmoii cnocob ee oyenumo.

I[r6u0 Xagnep
Ienncayxen, wumam Huio-/[orcepcu

Ilpumeuanue. Kovmenmapuu gvloenennvie cunum yeemom coenanvl A.Ilemposuvim



