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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 naiimu 3ameny aHanu3amopam UCKANCeHUll U nPsiMoy20IbHbLX 60H, U 5
COMHEBAICh, YUMo Mbl UX HAUOEM.

Lowcechgh 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 uenoseueckoe yxo, HO 6ce Mol 3HAEM, UMO MO 3A6€00MO HeHadexcHoe ycmpoticmeo. —LA
David Hafler responds

I[r6u0 Xaghnep omeeuaem
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Peoaxmop:

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.

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.

Bo3spaoicenue 2-na Henvcona npomue SWDT (Oughghepenyuanvroco mecma npamvim npoeooom)
OCHOBAHO HA MOM (hakme, YUMo 6ce YCUIUMENU UMEIOM BPEMEHHYI0 3A0EPICKY U YMO CONYMCMEYIOuUl
hazoswlii cosue 8vi3vl6aeN OCMAMOYHBIL CUSHAI, KO20A 8bIX00 YCUIUMENS 8bIYUMAENCS U3 €20 6X00d.

a, s coenacen. Ha SWDT nposeénsiomcs He moabKo 00bluHble HeTUHelHble UCKANCEHUS, HO 8Ce
OMKJIOHEHUs, 6KII0UAsL e, KOmopble He 0053amMelbHO 8bl3bl8AION 803PANCEHUS.

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.

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.

Crvtwen iu ¢hazoswiii cogue unu Hem - CnopHulil eonpoc. Pazoewviii cO8ue - 00UH U3 HEMHOSUX
napamempos, Komopbwlii WUPOKO 8apbUpyenicsi Om YCuiumens K yCUIumenio, u s He 6yoy npouzeoibHo
npeononazams e20 HeCablUUMOCb.

A npeonouumaio npudepacusamvcs MoKy 3peHust, Ymo 6ce OUUOKU OONHCHbI ObIMb C8eOeHbl K
MUHUMYMY, A He Meopemu3upo8amy, 4mo HeKOmopwvle U3 HUX He CbIUHbL U UMU MOJICHO npeHebpeyb.
Tlosmomy mbi nocmapanuce ymMeHbuums 8ce uckaxcenus 8 nauiem ycunumene XL-280 u
CKOMNEHCUposanu (hazosvie OUUOKU, YmMoObl NOTYYUMb OYeHb HUZKUL (pa308blil CO8US 8 36VKOBOM
ouanasome.

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

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.

-1 Henvcon 6o3pasicaem npomus d9mot KOMNeHcayuu, NOCKOIbKY OH 3ds6sent, 4mo 9mo
NPUBOOUM K PE30OHAHCHBIM YeNnsam, KOmopwle, KAK OH YMeepacoaem, «pasmazvléaiomy nepexoonbvle
npoyeccol.

E2o0 cunomesa ne noomeepaicoaemcs na npakmuxe. Xopouio 3amyxarowuti Manslil pe3oHauc,
komopuiil naoaem sviuie 400 kl'y 6 nawux ceputinvix XL-280, ne 6Hocum 3amemHvix U3bsHO8 8 36YKOBO1



ouanazon. Ecau sma npobnema cywecmeyem, mecm noxkaxcem «Maszok» KaxK 4dacms 0CIMAamoyHo20
38YK0B020 CUCHANA, U Mbl HE CMOMNCEM YCIbIUAMb MAKOe UCKANCEHUEe C MY3bIKOU WU OpYeUMU
BDEMEHHBIMU CUCHANAMU.

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.

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.

I'-u Henvcon npeononazaem, umo oughgpepenyuanvruii mecm 6yoem pabomams, eciu IUHeuHasn
cemb, KOMopasi MOYHO COOMBENMCMBYem YCUIUMento, 6yoem UCnoIb308ambcsl 05l NPAMO20 NPOBOOd.

Ecnu 661 5mo 6v110 max, ycunumens u KOMREHCUPOBAHHDIL NPOBOO COBNAOANU,; He OyOem
0CMamKo8 U3-3a MaxKux Gaxmopos, Kax ouuoKy hazoeotl uiu amniumyOHoOU XapaKmepucmuKu.

Ipeonooicenue e-na Henvcona «uzeubaemy» npsamoii npoeoo u npeononazaem, ymo ¢hasosvie u
AMNAUMYOHbLE OWUOKU He CbIUHbL. DMO CIUUKOM CUTbHOe NPednonodicenue. Bosbyiem Kpatinuil
npumep. yCuiumeinb ¢ 04eHb 02PaHUYeHHOU Yacmomuou xapakmepucmuxot, -3 o0b npu 100 I'y u 10 kl'y,
Modicem Oblmb NPOMECMUPOBAH HA He OYeHb NPSIMOM «NPOB0Oe», KOMOPLLIL GKII0UAEN NACCUBHbLE
KOMNOHEHMbL, 0arowue my dce YacCmomuyio Xapakmepucmuxy, ymo u ycuiumens. Quiubka amniumyobl
(u ghaszwl) 6yOem Gvlumena, U «U30SHYMbIUY YCULUMEND He 0Yy0em NoKa3vleams OUUOKY amMnaumyowl (u
azvl) npu SMom CpasHeHUlU ¢ KU30SHYMbIM» NPOBOOOM.

Ilpumeuanue om Ilemposa. Xapnep noscusem owuobxy mecma baxcanoanna u Axyrnunuuesa.
Henvza noozonamo AYX éxoonozo cuenana noo AYX ycunumens!!!

The SWDT puts a premium on bandwidth.

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.

SWDT oenaem cmagky Ha NPONYCKHYI0 CNOCOOHOCMb.

Omo HeobXx00umMo 0.1 NOYUeHUA HUZKO20 (ha306020 cO8U2A 8 36YKOBOM OUANA3oHe. Dmom
WUPOKULL OUANA30H NIIOC PA306as1 KOMNEHCAYUsL NO360Isien 0OHYIeHUe, KOMOpoe OCMAemcs 21y00KUM 6
wupoxom ouanazone. I1oCKOIbKY 4y8CMEUMENIbHOCHb YXA CHUNCAEMCS HA HUZKUX U bLCOKUX YACHOMAX,
OCMAMOYHbBIL CUCHAT, KOMOPbIU YEETUUUBACMCSL HA KPAUHUX YACTOMAX U3-3d (pazoe020 cosuea, umeem
O4eHb HUZKYIO CILIUUMOCTb. DMONm mecnm 6 nepeyto ouepedb NPEOHAHAYEeH 05l NPOCTYUUBAHUS,
NO3MOMY HEeCIbIUUMbLLL HONb YKA3bIBAem HA OMCYMCMEUe CIbluUMbIX UCKANCEHULL.

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.

I 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.

[-n Henvcon ocnosvieaem ceou eospasicenus npomus SWDT na kpamkom onucanuu, 0anHom .
Topoonom Xonmom, ko20a oH nucan 0 C80UX IKCNEPUMEHMAX C IMOU MEXHUKOLL.

A npeonaecaro e-ny Henvcony cocramocs na moro cmamowio 6 Audio 3a gpespansv 1987 2., 6 komopoii
packpvisaemcs cmoici SWDT u ynomunaromes Hekomopbie e2o oepanuyenus. A xomen 6vl 0cobo
OMMemumy, Ymo moe 00CyHcOeHUe OYeHKU UCKANCEHUL YCUTUMEISE C NOMOWbIO MeCmos8 NPOCIyUUBAHUS



sKIOUaem cpasHeHue Ha ochose A/ B mexcoy ycunumenem u npamvim npo8ooom. A zarvemii, umo 0
mMo2o, ymodwblL ycunumensb Obll HEOMIUYUM O NPAMO20 NPO600a npu cpauenuu A/ B, ucnonv3ys my3viky
WU WYM 8 Kauecmee UCIOYHUKA, OH 00JiceH Xopouio pabomams Ha SWDT. Dmo o3nauaem, umo,
HOMUMO HUZKUX UCKANCEHUIL, YCUTIUMENb 00IHCEH UMEMb WUPOKYIO RON0CY NPONYCKAHUA U
OmHOCUmMeNbHO HU3KUI (hazoewlil coeuz. Koneuno, udeanvnoeo ycunumens ¢ 6eCKOHeUHbIM HYeM Ha
SWDT mwbi nuxoeoa ne ysuoum. O0nako, koeda Hawt Hy1b npesviuwaem 60 ob 6 wupokom cnekmpe, s
ymeepaicoaro, Ymo abeppayuu npaKmu4ecKu He CbluiHbl, YCUTUMENb ¢ OPY2UMU 38YKOBbIMU KA4eCm8amu
MeHee moueH. Apeymenm 2-na Henvbcona ne onposepeaem moe2o ymeepicoeHus: Hynesol yposeHy,
0ocmamouto 2nyooKull, 4moobbl e20 Helb3s OLLIO CLIUAMb, O3HAYAEem MOYHbII YCUIUmMenb, d A0,
KOMOpblLL 36yYUM UHAYe, He MAK MOYeH.

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

Mbui 6ce cmpemumcs k mounomy 368yKy. Komnvromepusuposantule Mooenu «uu0eaibHbixy
yeunumeneu (Ui HeCO8EPULEHHBIX 8 IMOM OMHOUEHUU) XOPOwU O]l MeoPemuKd, Ho 36K 8aXHCeH O
nonvzosamens ayouoooopyoosarus. Ilpu cpasnenuu ¢ npamvim nposooom - A/ B unu
ougpepenyuanbHviM - UCNONBLIYEMCA UOEANbHBIU YMALOH. CIMAHOAPM, U MEeCMbl MONCHO J1e2KO Npo8ecmu
Ha cayx. Ecau nawa yenv - mounocms, mo SWDT - npocmoti cnocob ee oyerumo.

Ip6u0 Xagnep
Ilenncayken, wmam Hoto-/[icepcu



