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HarmonLe
Restoration

Restoring Lost Harmonics

(What I am about to recommend here is, paradoxically enough, something I have usually opposed
adamantly—namely that notion that tubes make nice distortion and they should be used as a form of tone
control. Just about every day, I get an e-mail from someone who owns an all-solid-state system that
sounds just too sterile, too brittle, so my advice is sought for what would be the best tube product for
producing a fat, smooth tube sound as a sort of sonic overlay. This is just not my cup of tea, for what I
like best about tubes is their low distortion. Several decades ago, I was sickened to read an article in a
popular electronic magazine that described a solid-state circuit that produced—for those nostalgic that
old-time tube sound—a tube-sound generator; the circuit purposely introduced hum, motor-boating, and
distortion due to asymmetrical clipping! No thanks.)

Boccmanognenue nomepsauHbix 2apMOHUK

(To, umo s pexomendo6amb 30ecs, KaxK HU NAPAOOKCANLHO, MO, YMO A, KaK NPAasuio, NpOmue
Kamezopuiecku, d UMEHHO, Ymo O Mom, 4mo mpyoKu 0eiarm Xopouwue UCKANCEHUs], U OHU OONIHCHbL
ObIMb UCNONB306AHDL 8 Kayecmee 0OHOU U3 popm KOHmMpoas moHa. Tloumu Kasxicowvlil Oenb i noayyaro e-
nouma om Ko2o-mo, Kmo 61adeem 6ce-meepoomenbHblll CUCEMY, KOMOPAsL 36Y4UM CIUUKOM
CMEPUNbLHO, CTUWKOM XPYIKUM, MAK 4Mo MOU CO8em pazblCKUBAEmcs 3a mo, 4mo Obl Jyyuum
nPOOYKmMom mpyoKa 0Jisi nPou3800CmaEa JHcupa, pogHoe 38yuanue mpyovl KaK c80e20 pood 38YK0BOU
HANOdMCeHUs. DMo NPOCMOo He MOsL YawKa 4as, 3a mo, Ymo MHe Hpasumcs 6ovuie 6ce2o 0 mpyoKax ux
HU3KULL ypogeHsb uckaxcenutl. Heckonvko oecsimunemuti momy Hazao, s Ovl1 omspaujerue npouumams
cmamvio 8 NONYNAPHOM INEKMPOHHO20 HCYPHANA, 8 KOMOPOTL 2080PUMCS MBEPOOMENbHbIU CXEMY,
KOMopas npou3eoo0umcs 6 0OMeH Ha me HOCMaAlbeUdecKue, Ymo CmapuHHblll 1AMNOBbIU 368)YK-2eHepamop
mpyoKa 36yKa, cxema npeoHamepenHo 66ei 2yil, B00HO-MOMOPHO20 CNOPMA, U UCKANCEHUe U3-3d
acummempuuno2o omceuenus Hem, cnacu6o!).

I am big on restoration, just as I am big on conservation and amelioration (the act of improvement).
Surely, if something is worthwhile, then we should strive to conserve it; if something valued has fallen
into disrepair, then we should restore it; and if something is disfavored, disobliging, inconvenient, soul-
damaging, troublesome, or ugly, then it should be either improved, got rid of, or replaced. (The best
philosophical and political systems are those that fit on an index card.) Thus, restoration, the act of getting
back, the process of regaining, the attempt at reclamation, recouping, recovery, redemption, repossession,
rescue, retrieval, salvage, is usually a noble effort, save for—and once again paradoxically enough—the
restoration of the Nobility, the class of persons distinguished by high birth or rank. (No one would want
that, right? Or maybe? The modern Olympian impulse and program argues yes, yes, yes!)

A bonvwioti Ha pecmagpayuu, Kak u 51 60IbULOL NO COXPAHEHUIO U YIVYULEHUIO (AKM VITYYULeHUS).

Koneuno, ecnu umo-mo cmosaujee, mo Mol O0NAHCHBL CMPEMUNBCA K €20 COXPAHEHUIO; eCIU YMO-Mmo
YeHumcs npuwLLa 8 YRAaookK, mo Mol O0AHCHbL BOCCMAHOBUMb €20, U eClU YMO-mo He8bl2OOHOM ceeme,
HenOe3Hblll, HeyOOOHO, OYUA-NOBPEHCOeHUs, XTONOMHO, WU YPOOIUBDIL, MO OH 00INCEH OblMb TUOO
yayumenue, u36aeunacs, om, uiu 3amenums. (JIyuwue gunocogckue u nonumuyeckue cucmemol
ABNAIOMCA me, Komopbvle N00X00aAm Ha kapmouke). Takum obpazom, pecmaspayus, akm 6036paujeHus,
npoyecc 60CCMAHOBNIEHUS, NONBIMKA 0C80EHUsL, OKYNAEMOCU, 80CCMAHO8IEHUE, BbIKVN, U3bsImue,
cnacemnue, NOUCK, cnacenue , KaK npaguio, 01azopooroe 0eio, 3a UCKII0UeHUeM, U 8 04epeoHoll pa3z
00CmMamo4HO-napadoKCcaIbHO 80CCMAHOBLEHUS 0BOPAHCIMEA, KAACCA TUY, OMIULAIOUWUXCS 8bICOKOU
pooicoenus unu paunea. (Hukmo ne xomen, oa? Unu, mosxcem dvimv? Coépemennbiti OMUMNUUCKUL UMNYIbC
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u npoepamma ymeepoicoaem, od, oa, 0a!)

Artwork, furniture, and our teeth are often in need of restoration, as are classic cars and damaged forests.
But what about the world of audio, what needs restoring here? Vintage tube amplifiers and tuners
immediately come to mind, as do fine loudspeaker cabinets and turntables. Besides audio equipment,
there is the music itself.

Ilpoussedenue, mebennv, u Hawiu 3y0bl 4ACO HYHCOAIOMCA 8 PECMABPAYULL, PABHO KAK U KIACCUYeCKUe
asmomoodunu u nogpedicoennvle neca. Ho xax nacuem mupa ayouo, 4YT0O HYKHO 6occmanosnenus
30ecy? Ycunumenu Kiaccuueckum 1amMno8ulmM U mioHepbl Cpasy Hee NPUXo0sim Ha YM, KAK ImMo 0enaiom
MeTKue Kopnyca epomkoz2ogopumenei u eepmyuxu. Kpome moeo, 36yko6o2o 06opyoosanus, ecms cama
MY3bIKa.

In the early days of radio, all broadcasted music was live, as the recording equipment of the day could not
compete with sonic glory of live performances. But once audio recordings caught up with live feeds, live
music became rare on the radio, as it could not compete with the convenience offered by tape and LPs. In
addition, recordings of stellar performances and great artists allowed the timeless to live on and escape
the confines of the present. Recorded music, indeed much like music itself, is one of mankind's greatest
accomplishments.

B nepevie Onu paouo, 6ce mpancauposame My3vika Oblia HCUBOU, KaK 3anucvléaroujee 060pyoosanue OHs
He MO27U KOHKYPUPOBAMb C 36VKOBLIM CJABbl HCUBBIX 8blcmyniieHull. Ho o0nascowvl ayouozanucetl 0ocHan
JHCUBLIX KOPMOB, HCUBAS MY3bIKA CMANA PEOKO HA PAOUO, MAK KAK OH He MOXCem KOHKYPUPOBAMb C
y0obcmeom, npednazaemulx 1eHmul u naacmunox. Kpome mozo, 3anucu 36e30Hvlx chekmakiell U 6eIUKUxX
XYOOIHCHUKOB PA3PEULeHO GHe 8PeMEHU, YMOoObl dcumby U bexcams 3a npedenvl Hacmoaue2o. Mysvika, Ha
camom Oejle mak e, KaK U cama My3vlKd, A61Aemcsi OOHUM U3 8eIULALIUUX OOCTNUINICEHUTL YeNl08eyecmad.

So what sort of restoration is possible or necessary with recorded music? Great historical recordings are
often carefully restored by painstaking adjustments and edits to the master recording. Much like bad
plastic surgery, however, sometimes the restoration is worse than the original. But more often, the
restoration pleases greatly. (I have found Philips refurbished historical recordings particularly fine.)
Unfortunately, such sonic restoring is beyond the average music lover's talent, time, or endurance. What I
am about to recommend is something simpler and easier to implement.

Tax xaxue pecmaspayuu 603MONACHO UNU HEODXOOUMO € 3aNUCAHHOU MY3bIKU? Benuxue ucmopuueckue
3anucu Yacmo mujamenbHo 60CCMAHO6IEeH KPONOMAUGOU KOPPEKMUPOBOK U UCKPABTIEHUI HA Macmep-
3anucu. Taxk dice, Kak NI0XOU NAACMUYECKOU XUpypauu, 00HAKO, UH020a B0CCMAHOBIEHUe XYiice, YeM
opueunan. Ho uawe écezo, 6occmanosnenue cunvho paoyem. (A nawen Philips ompemonmupoganul
ucmopuveckue sanucu, ocobenno menxue). K coorcanenuro, maxue 36yko6ou npoyecc 60CCmaHo81eHus:
vlule cpeone2o aobumenell My3vlKu maianm, 8pems, Uil 6bIHOCIUB0CMb. 1o, umo s nopexomeHo08amy
YUmMo-mo npouje U ie2ue pearuso8amn.

But first, here is a quick aside, paradoxically enough (it just one paradox after another today) historians
have little problem reading very old newspapers, as they were printed on cotton-based paper (up until the
1890s), which can survive centuries of existence, while still remaining supple and white. But once wood-
based paper replaced the finer cotton-rag paper, things changed. Starting in the 1930s, many a historian
discovered that a critical newspaper, but not a particularly old one, had begun to return to the sawdust
from which it was made. Well, perhaps, we music lovers are in a similar bind.

Ho 6o-nepsvix, 30ece bvicmpo 6 cmopony, Kak 5mo Hu NapadoKcaibHO (IMO KaK pas 00UH Napaodoxc
nocie oyepeoHo20 ce200Hs) UCIMOPUKU HeDObULAS NPOOIeMa YMEHUs OYeHb CIapble 2a3embl, MaK KaK
OHU ObLIU Haneyamauvl Ha Oymaze X10nKa Ha ocHose (énioms 00 1890-x 20008), komopvle mocym
BBIJICUMb BEKOB CYUECMBOBAHUE, OCMABAACH YnpYeou u benviil. Ho kak monvko Ha ocHoge Opesecutbl
bymaea 3amenums Ha OOlee MOHKULL XIONOK mpsanka obymaeu, sewu usmenuaucy. Hawunas ¢ 1930-x
20008, MHO2Ue UCTOPUK OOHAPYIHCUT, YMO KPUMULECKAs 2a3emd, HO He 0COOEHHO cmapulil, Havaiu
8036paAWAMBCSL K ONULOK, U3 KOMOPO20 oHa bvina coenana. Hy, moscem 6vimo, Mol 1100umeny my3viku 8
AHATIO2UYHOM NPUBAZKU.



Not all master tapes survive in pristine shape, as not all tape-coating formulations are equally time
resistant. In fact, many master tapes from the 1950s are in better shape than some from the 1960s. In
addition, magnetic tape will self-erase, given enough time. Entropy is a steady and tireless worker. With
the advent of the perfect sound forever, i.e. the CD and digital recordings, a new problem arose: perfectly
limited musical information forever.

He 6ce macmep-nenmul 8bidicumo 6 nepeo30aHHOM 8ude, MakK KaK He 6ce J1eHmounble NOKpblmus
npenapamul 0OUHAKOBO pa3 YCMoudugocmvio. B camom dene, muoeue macmep-nenmol uz 1950-x 20006 6
ayuwel hopme, uem Hekomopwie uz 1960-x. Kpome moeo, macnumuas nenma 6yoem camocmosmenbHo
cmupams, npu HAIUYUU O0CIMAMOYHO20 PEMEHU. DHMPONUS AGNAEMCA YCMOUYUBHIM U HEYMOMUMDbLU
mpyxcenuk. C nosenenuem co8epuleHH020 368yKa Ha8ce20d, mo ecib KOMNAKm-0UCK U Yugposas 3anucs,
B03HUK]IA HOBASL NPOONIEMA: COBEPULEHHO 0CPAHUYEHHBIU MY3bIKAbHYIO UHGOPpMAYUI0 HABCe20a.

A digital recording's sampling rate sets a strict high-frequency limit that is quite unlike the limited high-
frequency bandwidth of analog recordings, which gently fall off at high frequencies, unlike the digital
cliff edge, after which high-frequency recording abruptly stops; period. Is the digital truncation of high
frequencies a big deal? We are after all men and not bats, so cares if the recording's high-frequency
response is severely and brutally shaved oft? Well, it is always worth remembering that in nature there are
no brick-wall filters.

Yacmoma ouckpemusayuu yugposou 3anucu yCmarasiugaenm Cmpo2oe 02paHuyeHue 8biCOKUX 4acmom,
co8CeM He NoxXoxice Ha 02PaAHUYEeHHOU NPONYCKHOU CNOCOOHOCIU 8bICOKOYACTOMHO20 AHAN0208bIX
3anucet, KOmopule MAKO CNA0alom HA 8bICOKUX YACMOMAXx, 8 Omaudue om yughpoeozo Kpaio obpwiea,
nocie 4e20 8blCOKOUACMOmMHbLU 3anucu pesko ocmanasiusaemcs, Ilepuoo. Ecmv yugposou yceuenue
8bICOKUX Hacmomax bonvuioe oeno? Mul 6edb 100U, a He 1emyque Muliiu, Maxk 3a00mMumcs, eciu
8bICOKUE YACMOMblL 3ANUCU ABIAEMCS CMPO20 U dHcecmoko copun? Hy, amo ecezoa cmoum nomuumao, 4mo
6 npupooe He cyujecmeyem KUpnuia cmenvl Quibmpbi.

My guess is that if the CD's high-frequency response had extended out to 30kHz, few would mind. Why?
I remember reading of a simple but powerful experiment performed in England back about fifty years
ago, wherein a high-quality recording that extended out to 40kHz was passed through an adjustable low-
pass filter. The result was that, for listeners not to notice the filter's presence, the high-frequency -3dB
down frequency had to be over 27kHz or so, something a CD's 44.1 kHz sampling rate cannot allow, as it
imposes a strict limit of 22kHz. As the Wiki puts it:

A oymaro, umo eciu gvicokowacmomuwiii omeem KP ovinu eoimsanymot 6 30 kl'y, mano kmo 6yoem
so3pasxcamo. [louemy? A nomuio, kKax yuman npocmoi, HO MOUWHbLU IKCNEPUMEHMA, NPOBOOUMO2O 8
Anenuu Hazao okono namudecsamu iem Ha3ao, 8 KOMopom KauecmeeHHds 3anUch, Ymo eblmsaHymol 8 40
kl'y 6vL1 npunam uepes pecynupyemulil Guibmp HUMCHUX yacmom.Pe3yniomam 6win, umo 0ns caywamenetl
He 3amemumb npucymcmaue guiompa, B4--3 0B enuz uacmomul 0012icHO ObL10 3aKonyumscs 27kHz unu
mak, mo yacmoma ouckpemuzayuu 44,1 kl'y CD ne mooicem no3eonumo, max Kaxk 3mo HaK1aovléaem
cmpoeoe oepanudenue Ha 22 kl'y. Kax Wiki nuwem:

The Nyquist-Shannon sampling theorem states that perfect reconstruction of a signal is
possible when the sampling frequency is greater than twice the maximum frequency of the
signal being sampled, or equivalently, when the Nyquist frequency (half the sample rate)
exceeds the highest frequency of the signal being sampled. If lower sampling rates are used,
the original signal's information may not be completely recoverable from the sampled signal.
[2] For example, if a signal has an upper band limit of 100 Hz, a sampling frequency greater
than 200 Hz will avoid aliasing and would theoretically allow perfect reconstruction.

http://en.wikipedia.org/wiki/Sampling_rate

Teopema KomenvHuxosa enacum, 4mo uoeaibHo n0OX00Uum peKoHCMpPYKYUs CUSHAA MOXHCHO,
Ko20a yacmoma ouckpemusayuu 6onvuie yem 8 08a paza MakCUMAIbHAs 4aCMOma CUSHad,
npoobl, UIU, YMo IKEUBANIEHMHO, Ko20a yacmoma Haiikeucma (nonosuna uacmomsi
OucKkpemu3zayuu) npesvliiden Camyio 8biCOKYI0 YacmomyCcusHal 6 bloopky. Ecau nuscnue
uacmomul OUCKpeMU3ayuu UCNONbIVIOMCA, UHGOPMAYUSL UCXOOHO20 CUSHANA HE MOXCEm
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ObIMb NOTHOCMBIO 83bICKAHBL € OYUpposannoeo cuenana. [2] Hanpumep, eciu cuenan umeem
sepxnutl npeden ouanazona 100 I'y, vacmoma ouckpemuzayuu sviue, yuem 200 'y 6yoem
uzbedxcams HANONHCEHUs U MeopemuyecKu NO380AI0M UOeAlb bl PeKOHCIMPYKYULU.
http://en.wikipedia.org/wiki/Sampling rate

I remember a vivid sonic demonstration that John Atwood made for me at his home. First, John played a
fine LP on his equally fine turntable. This was the absolute sound, as this was the signal source. The LP's
actual recorded performance was not in the least important, as the sonic buck stopped at the LP playback.
The LP might have held ticks and pops and a little wrap, or it might have received heavy sonic
manipulation at the hands of an overzealous recording engineer, but the signal out of the phono stage was
the target and the digital recordings made of this signal had to hit this target. How close did they come? I
was quite impressed, as the high-resolution digital recordings came close to the LP's (absolute) sound; I
would say that it was about 95% on the mark. At one point, John asked if I would like to hear a standard
CD-quality recording of the LP. I was keen to do so, as I wondered if | would hear a substantial
difference.

A nomuro apkuil 36yK0801 0eMoHcmpayus mozo, ymo J[con Imeyo coenan 0ns meHs 8 céoem oome. Bo-
nepauix, [{owcon uepan npexpacuwiil LP na e2o ne menee monxou eepmywxu. Imo Ovlio abconomuoe 36K,
KaK 2mo 0vlL1o ucmoynuxkom cuenana. Paxkmuveckoe 3anucannoe ucnonnerue JIl1 ne 6win 6 Haumenee
BAJHCHBIM, MAK KAK 36YK0BAs OOMNAP OCMAHOB8UNCA HA 6ocnpouszeedenuu LP.LP, eozmoorcno, cocmoumces
Klewell U mpeck U HeMHO20 00epmKY, Ul MO, B03MONHCHO, NOJYUUIL MANCEL0e 386VKOBOU MAHUNYIAYUL 8
PYKax nepeycepocmeosams 36yKOpedcuccepd, Ho CUZHAL U3 POHOKOppeKmop bl yenvio U yugpossie
3anucu, cOelantvle U3z 9mo2o cueHaia ovin yoapums smou yeau. Kax onuzxo onu npuwinu? A 6vin ouens
eneuam.ien, max KaxK yugposvie 3anuci ¢ 8bICOKUM paspeuleHuem npubIu3UIUCy K (abcontomuoi)
seyuanue JIII; A ovl ckazan, umo smo owvLno oxono 95% om mapku. B kakoii-mo momenm, J{owcon cnpocun,
ecau s xomen vl yeaviuams cmanoapmusiil 3anuce CD-kavecmea JIII. A cmpemuncs coenams mak, Kax
5 NOOYMAJL, ecliu 5 YCIbIULY CYULeCMEEHHYI0 DASHULY.

Bleak and grim was the result, amazingly so. Gone were the shimmer and luster; even the ticks and pops
sounded flat and distant. "Bereft of life" was how I described the sound. I realized instantly what a bad
trade we had made by accepting lifeless sound in exchange for losing the LP's pops and ticks and
inconvenience.

Xonoouwlil u Mpaunslil Ol pe3yrbmam, yousumenvHo max. Ilpownu mepyanue u bneck, oaxce Kieujel u
mpeck npo3gyyan keapmupy u oanexum. "Jluwennviti scuznu" 6win0, Kax a onucan 36yk. A cpazy nousan,
YUMo NI0XASL MOP2OBIIsL Mbl COENANU, NPUHAS OE3)CUSHEHHOe 36VK 6 0OMeH HA nomepu mpecK u Kieujell
JII1-x u Heyoobcmaa.

Although to be frank, it wasn't as if we had swapped the finest vellum or parchment paper for coarse,
splinter-filled wood-pulp paper, as the most LPs made in the in the 1970s were poorly and cheaply made,
so the thick, flat, high-quality LPs of the 1950s were a distant memory. (Speaking of splinters, I
remember buying LPs back in the 1970s that held vestiges of recycled LP's label floating in the black
vinyl and almost all LPs held a fat thumb indent due to being pulled from the record press too soon,
before the LP had completely hardened.) Thus, the CD fought an easy fight against a tired and injured
opponent.

Xomsi, omKpo8eHHo 2080psi, ObLIO He MAK, eClu Mbl NOMEHSIUCD TYYULUe GeleHEeYI0 UL NePeAMEHMHYIO
bymazy 071 2pyoou, OmKoI08uULelicsl 3anOIHeHHble OyMazu OpedecHO-80JIOKHUCTNOL MACCHl, KAK
OONLUUHCMEO NAACIMUHOK cOeaanbl 8 8 1970-x ObLiu naioxo u deweso coenansvl, Mmaxk Ymo mojacmolil ,
nJOCKUe, 8blcOKOKayecmeenHbvle naacmunku 1950-x 20006 6viiu danexum éocnomunanuem. (Iosops o
OCKOJIKO8, 51 HOMHIO, KAK NOKYNa naacmunku ewe 6 1970-x 2o0ax, nposedenHvlx ocmamku
nepepabomannozo smuxemxe JII1, niasarouue 8 wepHom uHULE U NOYMU 8Ce NAACMUHKU COCTNOSICS
AHCUPA NATBYA OMCIYN 8 CEA3U C MAHYM C PEKOPOHBIM Npecce CIUUKOM Pano, npedscoe, yem LP
noanocmoio 3axanenuvie). Taxum oopasom, CD boponucs neekuii 60t npomue ycmaguie2o u paHeHsl
NPOMUBHUKA.
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Now here is the problem: many of us own hundreds, if not thousands of CDs, which we are not willing
(or unable) to replace with high-resolution downloads. What can we do? One thought that comes to mind
is a harmonic restoring circuit that would add some of the missing ultra-sonic information to CD
playback. Such a circuit would purposely add harmonic distortion. For example, the second harmonic of
12kHz is 24kHz. Why do I think that such a setup would work, rather than just muddy the sonic
presentation?

Tenepvb 6om npobnema: mMHozue U3 HAC COOCMBEHHOE COMHU, eClu He MbICAYU KOMNAKM-0UCKO8, KOmopble
Mbl He 20mOo6bl (UL He MOXCEN) 3aMEeHUMb 3A2PY3KU C 8bICOKUM pazpeueHuem. Ymo mvl Modicem
coenamov? OOHA MbICTIb, YMO NPUXOOUM HA YM, MO 2APMOHUYECKOe 60CCIMAHOBIEHUE CXeMd, KOmopasi Obl
0006asumv HeKomopble Hedocmarowue Yibmpa-38yKo60ot UHGOPMAYUU B0CNPOU3BEOEHUS KOMNAKM-OUCKA.
Takas cxema Hapouno 0obasume capmoHuyeckux uckaxcenuu. Hanpumep, smopas capmonuxa 12 xl'y 24
kly. Tlouemy st dymaro, umo maxas ycmamogka 6yoem pabomamo, a He RPOCMO SPSA3HOL 386YKOBOI
npezeHmayuu?

VS

The answer is that I have repeatedly experienced the odd situation wherein an LP sounded much better
than the CD, although both were based not on an analog master tape, but on the same digital recording!
Surely, the CD should have easily won this shootout, but it didn't. Why not? My best guess is that the LP,
because it, like the phono cartridge and tonearm and turntable, is a mechanical device, being subject to
vibrations and the resulting resonances, resonances which helped restore some of the missing harmonics
lost in the original highs-truncated digital recording, thus reestablishing a more natural tonal balance.

Omeem 6 mom, umo s HeOOHOKPAMHO UCHBIMbIEAN CMPAHHYI0 cumyayuro, 20e LP 38yuan 2opazoo nyduie,
yem KOMRAKm-0UCK, Xoms U OblIU OCHOBAHbL He HA AHAN02080M MACMeED JIeHMbl, HO 8 MOM JHce YUudposou
3anucu! Koneuno, komnaxkm-ouck 0ondicer 6bimu 1e2K0 8blucpail JMom nepecmpenKu, Ho 3mo He makx.
Iouemy nem? Mos 0oeaodka, umo LP, nomomy umo oH, KaKk 36yKOCHUMAames U MmOHApmMa u n0O8OPOMHbIL
Kpye, 9mo MexaHudeckoe yCmpoucmeo, no08ep2asicy 6030eUCmsauio sUOpayuu U noIyyeHHblX pe3oHaHCo8,
PE30HAHCHL, KOMOpble NOMO2U B0CCMAHOBUMb YACb NPONABUUX De3 8eCTi 2APMOHUK, HOMEPSAHHBIX 8
OPUSUHATILHBIX MAKCUMYMO8 NpU OMcedyeHul yugpoeou 3anucu, makum oopasom, 60CcCmanasiugas odoiee
ecmecmeenHblll MOHANbHBIN OANAHC.



The hope is that the above sonic image could be transformed into the following image. (Some might
argue that both pictures are flawed, as the first is washed out, while the second is over saturated. Possibly,
but I know which I prefer.)

Ecmb naoesicoa, umo seviuie 36yK06801 00pas modicem ObIMb NPeodPA308aHA 8 CledVIoujemM U300PANCEHUU.
(Kmo-mo mooicem 603pazuno, umo 0be KapmuHsl UMerOn HeOOCMAmKU, KAK Nepeblll 6bIMbl6AenCsl, 6 MO
8peMsl Kak 8Mopotl nepenacviujer. BoamooicHo, Ho 5 3HA0, KOMOPbIL 51 NPEONOYUmaio.)

What we need is a tube-based circuit that offers a fair amount of harmonic distortion and no voltage gain
and, preferably, no phase inversion. In addition, it should add no hum or other sonic blight. A simple



grounded-cathode amplifier might immediately come to mind, but such a circuit will invert the phase and
produce voltage gain and present a relatively high output impedance; more importantly, it may not
produce enough harmonic distortion. How much harmonic distortion is enough? My design goal was 1%,
which I chose quite arbitrarily; perhaps much more is needed.

Ymo nam mysxcno, 3mo cxema 1amnogulil, KOmopbwlil npeoiazaem 00CmamoyHoe KOIu4ecmso
2aPMOHUYECKUX UCKAMCEHULl U He YCUTIeHUsL HANPANCEHUSL U, HCelamenbHo, He uHeepcuu gazvl. Kpome
mo2o, OH Q0JICeH 000asUmMb He 2yl Ul Opy20l 386yK06ol ynaook.IIpocmo ycunumeins ¢ 3a3em1eHHbIM
KamooOOoM MOXdcem cpasy NpUuxoosim Ha yM, HO MaKkas cxema 6yoem uHeepmuposams Gasy u npouzeooums
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Designing A Harmonic Restorer

The next tube circuit that will come to mind is the cathode follower, as it neither inverts the input signal's
phase nor produces any voltage gain. But the problem with a cathode follower is that due to the large
amount of degenerative negative feedback it intrinsically employs in its operation, it doesn't add much
harmonic distortion. We can certainly get more distortion by loading down its cathode with a too small-
valued cathode resistor, but then we will engender a big gain insertion loss. The next non-phase-inverting
tube circuit that comes to mind is the cathode-coupled amplifier. Yes, it doesn't invert the phase, but it
presents the many of the same problems that the grounded-cathode amplifier did: too little distortion and
a high output impedance. Moreover, it would most likely require a negative power supply rail, which
many tube-loving DIYers recoil from. So what's left? The grounded-grid amplifier does not invert the
phase, but it provides even more gain than the grounded-cathode amplifier.
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One huge advantage the grounded-grid amplifier offers is that the grid, which is usually grounded, can be
used as an inverting input. This added inverting input allows us use to use an Aikido noise-reduction
technique to vastly improve its PSRR. And the usual disadvantage the grounded-grid amplifier, its low
input impedance, is not a problem in this application, as the CD or DAC's output will directly couple to
the input and not pass through any volume potentiometer. We still face the problems of voltage gain, a
high Zo, and not enough distortion, but there is a workaround.

We can burn off excess gain with simple two-resistor voltage divider. We can produce higher distortion by
letting the grounded-cathode amplifier swing large plate swings. We can greatly enhance the circuit's
PSRR by using a two-resistor voltage divider to feed the grid a sampling of the power-supply noise,
which will null the power-supply noise at the plate (the circuit's output).
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And, finally, we can use a cathode follower to offer a low output impedance.
Harmonic Restorer
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The above schematic shows my complete Harmonic Restorer circuit. Of course, different tubes, different
part values, different operating voltages, and even different topologies could be used. The key feature is
that a lot of voltage gain was applied to the CD's output signal and the extra gain was then reduced to
unity by the two-resistor voltage divider.

The 240-ohm cathode resistor was added to limit the input tube's distortion to 1% at the circuit's output.
The 1N4007 rectifier was added to protect the cathode follower at startup, when the triodes are cold and
not conducting; without this added diode, the cathode follower's grid would see the full B+ voltage while
its cathode would be at ground potential; not good. The 1uF capacitor that terminates the 150k and 5.6k
voltage divider is there to ensure that this voltage divider only divides AC signals, not DC voltages. The
cathode follower's 100-ohm cathode resistor is there to buffer the cathode follower's cathode from
external capacitive loads; not good. The 1kuF input capacitor might not be necessary, as many CD
players already hold a large-valued electrolytic coupling capacitor at their outputs, which might be
oriented with the positive end at the output.

If I were to build this circuit today, I would certainly use a Panasonic non-polarized electrolytic coupling
capacitor at the input, as they sound quite good. The B+ voltage is a tad anemic, but I had mind a DC-to-



DC converter that would run off an external 12Vdc power supply, which would heat the heaters. In other
words, I imagined housing the Harmonic Restorer circuit in a cute little extruded project box, with a
wallwart providing the needed juice. Of course, a much fancier power supply could be used.

In SPICE simulations, the above circuit worked quite well, as the following Fourier graph shows. The
second harmonic comes in at 1%, which might prove too clean to restore the CD's sonic luster. I
remember reading how it took over 5% of second harmonic distortion for most listeners to notice its
presence. Nonetheless, the remaining harmonics fall off an beautifully single-ended fashion.
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Frequency-Selective Harmonic Restoration

So, are we done? Of course not. The whole point of this post was not to proclaim a new firmly established
path to audio nirvana, but to describe a somewhat elaborate thought experiment. For most, as [ have
discovered over the last 15 years, believe quite earnestly that NO NEW TUBE CIRCUIT IS POSSIBLE.
As they see it, all that could be done with tubes has been done in the first half of the last century; all that
is possible today is a more studied and conspicuous selection of expensive parts; and should someone be
so bold as to create a new tube circuit, he is either a fool or a fraud. As this modern man sees it, the
rounded corners on an iPad was a major technological advancement, certainly worthy of a patent and
adulation. Reality is very much different.

Given an extra ten minutes, I can come up with an additional ten variations on the Harmonic Restorer
circuit. For example, how about adding some negative or positive crossfeed, which would narrow or
widen the sound stage? Or how about two potentiometers, one at the input and one in the middle, so an
adjustable amount of harmonic distortion could added? Or we could place a frequency-selective shelving
network in front of the Harmonic Restorer circuit and a counter shelving network in the middle of the
circuit. Why? This approach would produce very little distortion at frequencies below the shelving
frequency and more distortion above it. A frequency selective Harmonic Restorer, in other words. The
following is one possible implementation.
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The tube used is a 12DW7, which is a dissimilar tube that holds a 12AX7 triode and a 12AU7 triode. The
input shelving network freely passes the high frequencies, but greatly attenuates the lower frequencies, as
the 290k and 10k resistors define a severe two-resistor voltage divider. The input triode's output
impedance at its plate is in series with the second shelving network made up of the 3.1k resistor and 47nF
capacitor. This second shelving network will undo the first network's frequency skewing. So, the highs
end up getting amplified and then attenuated, causing the high frequencies to hold more harmonic
distortion. What is missing is a PSRR-enhancing technique and the protection diode for the cathode

follower



