
































!ht 14 t& ot uln6 a ore t haD t vtl vt t on.a 1D the 

octan • a lthough aa.QJ" c t ntu.riea old in tt. Wtat, &D4 a 

aatttr ot t YttJ4a¥ pract i ce in certain at c t1one ot the 

Orit~t, 1 no vtrtbtl tee appe &ra radical t 4 aOi t Wt a t t r n •u.1-

c1&Da. In ap1te ot tho trt&endoua changoe in .uaic&l taatt 

&C4 •t7lo which have taken place in reeeot Ytara. ~•r.J Etw 

au.ician. appear to aet &n7 soneral departure troa tbt 

l iait ot t vtlvt tonea per octave aa 11kt l7 in tbt tortl t t

ablt tvcur-.2 ~ bt liovtra iA a eauat recogaj&t4 , tht re

tore, u radi ea.l, U. .:chocateo o! : ultiplo 41rloioD, bo

'"'•r 4iap6" &tt tbair Yieva, 1ha:t a !eel~ ot 4iacODttnt 

with the prtYa.ilizls qatea , 12-tont equal tt=pt r &atllt .. Tht 

obJtett~oa tht ao vritera haTe raised to 12- tont tt•per ... nt 

ean bt grovped into one or :.ore oC the tolloviAg t hrtl e 

categortea : 



1. 

~. 

Acouet1e: wherein it 1a alleged that t be inter•&!• c:eated 1=1 duo4tc1aal e qu al cUrlaioo a.re 
deticient. \l.SuallJ' because of thei-r lack or agree
ment with •=all rat iooal-cuabtr ratioa. fb t thirda 
and. eixtha ot our preatnt tuning ·~ te: a.ra part1-
cu.lul7 w'bject to r.:c:b allesaUona. but a o .. 
writtra alao attack tbo aeYtnt~ . &D4 a t ew eTtA 
queation the !ittha . 

2 

Biatorical: vbertin it 1a alleged that earlier 
.ualcal a1a~eaa baaed on other tun1Aga poaaeaaed 
toature s vhi cb would be desirable tode7 , but which 
b.avt been loat tb.rous,b. the adoption ot 12-to.oa e qu.l 
te:=pera=.~:. In general, t.l:.t developaeot ot au.~ leal. 
reaourceo ro,~red •~liar •71teca to e rp&Dd (i.e., 
enco=pasa a greeter number or tones to the octaYt) 
or ~riab . 'lbt1 pe r iabed . But &0.!1.1 ttritara would 
bring them bac~, expanded through ~tiplo d1Tio1on. 

!Volutional: vbore1n it i a alleged thst vbilo 
tbort ! 6 ~ot DeCtll&rll7 an inherent dt!ecc or 1~
adeQue.cy 1n 12- toae equ&l te::~ra:6t, cbange e 1D 
zualc&l s~le a:t ~rk146 to reeder lt inappropr ia t e 
tor further musical growth . Such a view leads ao 
evolutioaally oriented ftdYocatt or aultlplt divialon 
to examinb hi5tor1cal precedent• and acaustlc be••• 
for a ~•• 17Gttm. Tbt t&Fhaela recalne on • • elution . 
bovever, and .: he third group or vritera takes a •uch 
leae hoatilt Tie w tovard 12-tOOt teaperaaent than 4o 
the o t her t vo group1 . 

~ cbapter wi ll be deYO ttd to e ach ot thA ~· c ate

SOrioo liatod aboTo. 



auPrA!Il 

!'ill .I.C011STIC ll.LSIS P<i! Y.11I<TIPLI! Dil'ISIOI 

J oatpb S&uYeur , U&t great 4ta.t-:aute aatheaatiei&.A 

and cu.1c tbtori at actiTt aroun4 1?00 , proposed that t~ 

belt tt•pe:.d 171tea 11 tbAt 1c whie~ tho oetaYt t a oot 

4.1n4o4 iD t oo ~ p&rto am 1D -.!Ueh tbo puro 4latoDic 

iottrTall art altered 01 little aa pOiaible. l Ie tbia abort 

atato&oDt S&u•t~ pQft4 ftTt<&l Of ;be qUtGtiOO. wbicb baTt 

bothered cu.eica.l theort ata tb.rCJU.&hout tbe q ea. Rov &aA.7 

tonea are • too ~~1 Bov axall •~ alteration •" bt con• 

• 1d.ered •ea little aa poaa1blt"1 ,It &ppee.ra evident on 

tace T&lue tbat the mort touea oa.e uaea i.o a teaper-.4 

4irta1on ot the oct&Yt, the ~r• llt.tl,J oc.e 11 to CJ.D4 

closer &e4 cloeer equ1Yaltnta to tht pure 41atoaic 1Dttr

Ya.ll . J.cceptiJ:lg Sauveur • 1 baaic preaJ.ee tor tb.t •oaeut , 

all tea~raaenta can be attn •• r eprt l tntiAg a bll&4et 

betvee.a. eco-:30&;7 iD the ou:abe: ot tocea on the OElt b.a.Dd. &DIS. 

euctneaa or correspondence t.o •pure 41ato.r.de • lllttn-a..la on 

the other. 

C1Yt4 S.vveur'a •pur. dia~nie• aeale 44 • b&aia, 

bovavar, it La aelt-eTitenc ~at ao~t te:peraa.nta are !ar 

1•te 11at~g• tecpOre le plua p~ta1t eut celU¥ qui 
~ant son octave diviale eo peu 4e parties, a 4ea 41tter
~~c•c lea a otnd res et lea aotca tcigalea.~ sauvaur. ~abl• 
~c.@':ale d. t .. S~6t~es ':'teo:~;~• de :0:u1igue , EJ.a,cire d,--
I•aca~,&l.-:o,~le Cea ~I•~ees,-r711, avec lea 1.i:o1rta 4• 
~Atb~aat1Q~t tt 4e PhJa1Qut , f£8• }1 ~ . ~. exprtltion •pure 
41atonie • 1a tUen !roa the a.rc:icl• ou Sauve ur 1D. Scb.erehen, 
I!!!, Ne turt 2!, ~, P&a• -'2• 



tuporior to otbtra . 12-tone equal te:~er&m~ t 11 tar 

auper1or to 11- or 1~-tone teaperaaent in tbe accurate 

representation ot thia acalo. It oct ~ahea t o uae aa one •a 

balia & 171te::: other tht.n that: vbic:b Sauveur c.alled the 

~pure d1~tooic,• it 11 poaeiblt that 11- or 13- toce teaptra

:ec.t2 eight atrtt bia purpoaea better thaA 12- .. CDee ou 

abandons a lingle premice ouch ae Sauveur'a tbe poaa1b111-

t1ta btco:e infinite . It ia therefore necea•ar7 to btg1D 

b7 examining the building blocks or auaical ayatoma. the 

interT&la, aroua4 vbicb theories ot consonance and dioao-

n&nce, of acaleo, of tonal 1~1ee, aDd , finally, of tuning 

•1ate:s , are deviae4. 

Tll:EC:!I!S C? CCliSO::J.r.C3 .L~O DISSC!U .. 'IC! 

Altbougb tbe t•~=• ~conaonanc e• and •4taaonance• 

te~ to aucgeat apecitic undtratoo4 pbeno~eu. to cua1c1ant , 

and ol•bougb the7 &ro eaaonti&l oltztnta lD alaoet all 

tbtoriee or mualc, they have been lDtt~p~tt4 in •&r71A& 

ways by different autbor1t1ot . There a.ro those who 4e.t1.c.e 

c:onaon&Lct aod diasonance in primarily e~otional ter--a , tbt 

one as a aource or pleaaurable aeoatt1cn , the othc~ •• • 

aourc:e ot a dia~uieting aeaaat1on . Ottera prefer to 4tf1~• 

co~onance aod dissonance in the context ot the 47~a&Jca ot 

2Er~st Krenek bee use4 1~-to~e e;ual te:perement tor 
• apeCiel :usical effect in an electronic =usic&l interlude 
1o b!.a .;p1:-1tus !ctellh·e.::tiae Sa.netu..& . Y.u.alcal ,ua.rterl1 1 
Apr11, -~. ~·&• cl$. 



a mua1cal phrace , consonanc e representing 1 state o t •reat • 

at tbt t ad ot I phrase , d1110D.&nC t I ltate O! urg~C1 and I 

search tor •rest. ~ Still other• be•• def ined consonance by 

the rel a;ive position ot tvo tonea wi t hin a scale vitbout 

rege.rd to apaci.tic ha.r:onie co~1derat1ona. 3 Sove•er, tht 

=oat f requently u•ed , and probablJ the a o1t un1Ye raall7 

accepted . det1nlt1on3 or eonaonance and dieeonaoce res t on 

one or tvo eaau.::ption_s . !be !ira t ot the at 1.a tbt.t conaon

a.nee is pro-d.ueed b.T agreement betveen at loeet aoaa or tbt 

eo~ponent parte ot t vo or :ore aimul taoeoua cualcal aound a ; 

tail eg:reeo.ent U t.h~ result or tbelr !un4a.untala cr.atlng 

a &:all-number ratio , aueh 11 2:1. 3:2, etc . 4 ~e eeeond 11 

that , vbile indeed certain cocbinati ona ot oound are con

eon~: &Ct others dissonant reg&rdleaa ot their ausical 

context , it 11 t be cond!.tl oniog or t bt ea.r ratber tb&n the 

inhe r ent ~ua11t 1es or the matbeQ&tic al r atio that nakee t hea 

3Josepb Tataer Cla:L.ntaina that t.be toterval beeween 
tbt tirst ~d third :e~be rs or &n~ rUActionell.r u:t4 aealt 
is a CODIOD&DCt 1 re~ardltSI Of tbO DU:btr 0! tOL.I 1D tbt 
•c~e. h ~heo:v 2£ ~olVing Tonali tY, page 197. 

4 
It nee4 n~t be 4velt upon tbet v~ri~u~ acoustiei&nl 

•XJ>l&i!l the agree11ble or allegedl1 a.greea.blt t!!tc.ta or 
•~•ll-oumber ratio l in vt.rioua va~s . Vhether it is becauae 
ot the abeenc a of bt&tl ( He~olt~), the :el ti~ to; etber 
(Verach:elzun?) or the individual aounds (Stucp!t) , or tht 
tor:a€1on 0 1 a~reeable aad cocprehenolble rhy~ic pattern. 
by C.be c')~b1nt4 ao'JJl4 vaves (Opelt) , a e1.cple re.t.io betveen 
the coneo~itant parts te round b7 a!l tbece vritare to be 
tbe pbacozeooo ~~cb ceusea a co:bieattoc ot soucts to bt 
conaonant. ~his alor:e 11 wh•t :.atter-e La coosiderlng the 
i:plicationa or t ta doctrine ot na~al e onaonance on 
·~•te~ ot ~. 
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ao. 5 T'bo vrltera wbo e.4.here to the tiret rtev Jlight be 

called mozbora ot thl •Natural Con.on&nc e ~ aebool , while 

tbOII vbo a4opt tbe aecood a1Pt be coa.aiderecl u be litY.!.:J.& 

1n •Conditioned conao~ce.• 

CoDctr~ng tht aupporttra or eoa41t1oDo4 conoon&nco 

vho ecl•oeate ault!ple d11"1a1on, t~1 ee.n h&rd.l.T 'b .. , azq 

preference lor change on acouatlc grounda , a1nee the con

sona.ncea tb17 recogni:e a.re the •coo.aoa.IJl.Cel • 1.A current 

use , the ?00-cent !iftb and tho }00- ea4 400-cont tbirdo. 

Believers in conditioned conaonance caa, ot course, aup~ort 

:u.lt1ple cUrtlion on the grounds tha t the ee.r v1ll e•entu

all1 'become conditioned tu tbe •eonaonl.llces• ot a IJ.IV 

&1&tea. Hove·nr, a&.A) oppouents ot propo&ed 17at,eaa ot 

cultlple dirlaion havo used, in et!ect, the argument that 

tho ear has been .;~nd1 tio.ned to prefer "co.:aona.ncea• •• 

the7 are .6 It baa been real1a~1call1 o'bl5erred that 1t 1D.

dee4 pr·etertnce is p. aatter ot conditioning, progreaa troa 

one t\.I..D.l.ng e1ate::. to a.nother au.at O'ferc:oae alaoa.t illauper

able obatac:lea. The acoustical ba~il tor ~ultiple d 1Y1aion 

5aarr,r Partch attrlbutea to L:leto~enoe oL TareDt the 
!irat direct ate.te:ent ot the doctrine that t be <ear , and not 

P
tbe 11aa.ll nua'ber r atios , iG tbo determinant ot c:ooaona.nce. 
urtcb a.rgueu, bovever, tbat "t.~e reault s by ear a.od b7 

e~a ll-~'Jll:.ber r a tio3 e.r;• o! course i dentical . • G.e::.~a1a ot a 
~at; . ~·s• 239. Eelaholtz ta probll'bl1' the moat re.oovneG:-
04 :-e :&n1 theorists and aco~a~!~i&CA vho ba•e e4Yocate4 
natural conaonanee . 

6tt bAi a been the thi.r4a in particular W.re belieYe..rl 
in C:Onditio.lled cor..sona.c.ce baYe argued. agai;;st a-,ete•• vh1cll 
c:loael)' approXiaate t.be juat ratio S1•· Se e lMlow, page 2&.. 



1a there f ore cited alaoat exclusively b7 adTocatea o! 

natural couoaa..nc e. 

7 

Fur ther co~pl1cattcg the p1cture 11 tht tact that 

a&nJ vr~ tere accept l1a1tt4 portion• or a theorr ot natural 

conaon.a.nc e while r ·ejec ti.ns otbera . Aa Partch rigbtl,z 

poi.Dta out • •••a. thoat ..to v ould d iacount tbt idea ot the 

natural Talidit7 or t be Jaall-nuabtr ratioa uae the aoat 

batic ~all n~ber r atio , 2tl • ae t bt baeie !or their 

&u.ical 171teaa.? Tber• have been aa.Q1 tbeorittl vbo baTt 

&bared tht blliC Tiev O( P7tba.g0r11 that OC:tG.TII aJld fi.ttb.l 

a.bould be repr,e s ented 'b7 a::a.l l-nwa'ber ratioa bYt that thirda 

should not be. The particular qualitiea or 12-tone t e=pora

&ent haTe tended t o reiD!oree such a Titw. There haTe been 

.UD,J' theor iata Wo ha'ft a.ainta.ined that eouona.nct ia onl.7 

poea1bl& vhere the number• in the r atio •ere 6 or emallor.8 

Others have accepted .. consonant such ratio& aa 10:9 vhile 

retus1..ng t o consider tbe pri~ nual:er 7 u a f act or 1D 

au&1eal conaonance e t all . 

It 11 eYident that Eor =&nl writers vbo accept eaall

nusber ratioa 1c principle, the queation -wt en doea a aa&ll 

D.Uber .,.<:OrA a le.:ge nuaber ? • aua t bt &l'l.avered. '!he 

72:2. ill·, page 2}9. 
8zarlino vas , ot cour&et a moat !a:~ua exponent ot 

the tbeorJ or the aen.:io •• the baaia tor eonao~anc e. lroa 
the Reo.aissa.nc e to :!I.e 19tb ce::~.tur,., tbe viev ot tb.e senario 
U t.C.e b.aia tor co:::.eoa..aoce aee~:.a to b.a•• pre1'ailed o•er
~·l.c~q over both t boae vbo 'W'Culd re~u.ce 'tO 4 and t:hoae 
:. o woul~ expend. to ? or aoro tbe nv.aber o! natural partial• 

ed in generating a s uaical ¥,Tat••• 



•ubaaqutut pa.r-ta ot this chapter, working upvard.a ~roa the 

octaYt , ex.u.i.c.e the &!Uiivera vb.ieb ha.Ye b een SiTtA to thtaa 

queettou. 

a 

OD.e otb.er u~et ot the gen.er &l relat1o.aah1p o! eoc-

1onaoea ~ 41eaoA&Aca needa to be cona1dare4. ~re ~ 

been 1ncraaa1cal7 atrong contro• ers7 in rec ent 4tc&4ea oyer 

vbatht r oo naoMoc a e..nd. d.ie aon.anea should b4t cona14t red u 

oppotod pol~r torcee •t all. The tred1t1oA&l •iev, 

tDW><1otod o:ophat1ceJ.l7 b7 Zarl i.oo ADd ma.intt.ioad tor .... oral 

oenturitl, accapta the polarit7 ot coaao~ca LD4 41taoAance 

•• fundamental to =~1c . M&C3 aodern tbeoriata baTt oppoae4 

thia • 1ev . Arnol d SchOnberg aaaerta ~t ao-callt 4 41a

IOD.Aet 1DttM'ala are uotb.ing cora than the laae a~plt con

eonancaa . 9 Tba p~actict ot 20th ceotur7 coapoeere aaeaa to 

indicate aupport tor ScbOobers'• Tiav. 

Amons diac1plea ot auitiple diTi•ion, opiaion. ou 

tbt po l a.rity of COn.&ODA.DCI &nd d.i&&On.t.ACI a.r• aix.d. ~ 

ot tbo aaJor proponents ot 19- tone temperaaent, wr1t1nc 

UDder tbe p• tudOD1Jt Ariel , eapouaea aulti,ple 41Yie1o.o on the 

troUQda that it is necessary t~r tbt reator•tioo ot polar

it} be tveeu con.eona.oee and di.ssona.nce vbich hal t>.co•• 

corrodod.lO On tho other hand, I n .o lqoclu>egradaq , a. 
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leading &4vocate ot 24- ton. te~raaent, eon.14tra the 

abolition or conaonanee ~ diaaoc&nct aa polar oppoaittl 

to bt a buic ata..rti::g point t or hia •1atea.u It 11 under

et&Ddable that a 1¥1tta ot cultiple diYi aion attki~ to 

exploit a •tvtlight area • 'betlfttn co"~on.e.nce I.Dd 41aaoA&D.C.t 

or tO abol1tb CODIOD&DCI aDd 411 1 0naDCI &l togttbtr, Yill 

diC!tr t roa 1 171t1a atttaptiA& to reiD/oret t b t polar1t7 

oC tho ~0 tltatDtl. 

tnttrTall& 

Till! OCTAH 

•tt 1a un1vereall7 agreed that tbe octavos abould be 

exact , • WTOte the J:ngliahaa.n R.B.~. &oaa.a.quet itt. 18?6 1A 

hit ll e:eot~: Treatise ~ Y.usical InterYala !2! ~mPeTt
!!2!•12 Tbt~e ~e• much J~titication tor bia reaark whtD 

1t • •• ae4e, and it ia quite imaainable that the •~ atat e 

c.nt a1g.bt be &ad t toda,y • e.1 thougb the 'WOrd. •wUyeraall.7• 

would haTe to be cha.nged. . Tbe oct&TI 1a alone uoa.g tbe 

&mall-number ratio t in retaining ita ·~cial cbarac t er1et1ca 

iJ::l the cu.aica.l hierarc!:q' 1D the aea tbetica ot 4odtcaphoq, 

and it reaaina tba beeio tor alaoot •••~ propoet4 ~uaic&l 

&7atta. Tbt uni~ueoeea ot tbt oct&Te ha• bten 4eacr1~ 

~ ti .. a, but vb1 lt ahould ha•• each a unique ettect 

1~J7tchnograd•~• 
O:.ga.cic Source a , Pro 

~. 2, 

cuartertocal ~~ic, itl Poasib111t1e• 
P.ua!ca. ,~ute~Ocr.-1921 , pao• ;o. 
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app•ar• • • ~swerablt as vb7 gretA ahould looK gretn .1' 

In this eeneury, a l ew &~a1c1ana baYe begun to buil4 

.,.ateu which 4o .not rec:o~ze 'Chis hitherto conc.KK 

begec oay ot the octave. • ~ypieal and notewortb7 e aae ia 

Stockhauaen'a Studie II, where the 1Dten&l 5:1 i a ehoM A 

U1 preterecce to 2:1 •• the baa1a tor .a equal t e:P4ra

=oct.1• '!'ht icte rnl 5:1 1o Q1vtclecl 1cto 25 oqud parto. 

~er Stockhausen works h4ve 1n.ol ve4 other 87at-=s 1A 

vhicb tbt octsve 11 not t o be t oUDd. 14 aoce vorka or tbt 

Colos;ne achool the cont teu\12. or pl t ch pla,ya a role aeeoDd

a.ry t o tbe conti nuwa or aatur&tion (a t one t Ad. ot which l .a 

the a!.ne-vave, at the o ther e nd , nolae ) in which .DO 

pheno:enon •tmilar to tbA octave la 4iacero.ble . Such 

expe r i ments having been 1tarted , it 1• cocceivable t hat the 

octne uy begin t o ploy a clia1DisbiCII role 1n tbo t oraula-

tlon ot cuaical s ystems . 

I•an VyacbDegradak7, vbo used :ua1cal 87Cte:a baaed 

on the oe tave, haa proposed scales iD Yhic b pitches do not 

1' xn cozrar1ng tbo aud ib l e aoUAd coo~iouua vit~ the 
v1etble epec tru: ooe is struck by the teet that while the 
latte: p:oceede directly !rom red to 1D41go vitbout at &nJ 
po1nt in the icteric s uos•sting red again , t be pitch 
qualitieo appeo..r to repet\t tbe:tJel••• •"•r'Y octave . C re .. 
t~rQa, likbYi ae £1 Gr , etc . Red never retur~. ~cere are f al: ol'touct 10 recurrences o! oocb ~itcb cle t tl vitbln t he 
1&1ta ot tbe audi ble raoge of !requeoeiea . 

It 11 posai'ole t::.at. ~;b• r~ttio 2 :1 woulct h.a ve tbe 
.._. ett ect v ieuallr that it baa aurall1• ~e do not know 
l or b~rft because the buzan eye percoiYoa onl~ a color r~e 
ext eDdtno r roc ebou\. ILCOO to about ??00 a:lgStroe. UL.its . J!ut 
t b• te~•~cy oc red ~ blue to unite 1o ~1olet •uss••t• • 
lj••1bl• Yiaual qualit7 t o the 2 :1 ratio not UA11lto t.he 
• teet or tho octave . 

l4 Die Rothe , Bd . 1, rootnot• to page 50. 
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repeat tbe•aelves at the octave but r•ther at the aaeoAd 

o r third octa•o.15 Nicolas SloniaakJ inclbdoa in hia 

Tbeaaurua 2!, Sea.les .:».&:23 vhieh in.-olve :-epet1t1on at t.bil 

aeeon4 or t~lrd octaYe onl7, or eYeD at a atill wider iDter

v&l. Joseph !a$5t r at one ti&e eugoaated an 1ccura1on OD 

the heg .. o~ ot the oeca•e b7 treati,cg the perfect tourth 

or the perfect ~itth aa a coz plett identity capable ot an

closing a DUticLl 171toa. 16 Sucb a tourtb and !1ttb bt 

propoaed to call a •qu&rtave• ao4 a •quintave• re epec tiYtl7• 

The tetracbord relationahips ot tbe Greek Leaaer Perfect 

S3atem ~igbt be considered baaed on eucb a quartave prin

ciple, u~ !t ic poaaiblo to vlev porallel ors~• end toae 

. 20th c en tur7 !ou.rth doublic.e:;a •• a partial &aAite•ta tiOD ot 

a at=il&r pr1ccipla . 

I.n addition to propo1a1a to el lainate the octave or 

to replace i t aa tho prima-~ •ident1t7• LD muaic, there aa•• 
been a t•" auc;e•tiou ot recent oriSin that tbe octaYe 

lbould. not b e t."W:.ed preci(;•-17• 

A Dumber of studiea have abown that at the higheat 

&Dd loveet r&D3~s ot beari ng the inte rTal 2:1 a uat be 

ltretcbe4 a 1ube~~tial aao~t to pro4uc e the PI7Cbologlcal 

l!!ect ~••oe1ate4 vith tho oc t&Te. The r~ggest1on ~ 

rocontl7 boon =a¢o that 2:1 be ali~t!y enlarged tbrou6bout 

15r~uel d'Ear=onie ~ guarte ~ ~· page 15. 

l6'1'b.• E.i:--~va~• aM ?rwy• 2!. Tonal STolutlon. ~ 
Bulletin, -:;ipt . 1~ . --
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tbe pitch continu~ t o produc e ita &.Oit &greea~le ett~ct.l? 
It bae •leo been proposed that tb.e oc.taYe be aad.e 

a:aller . A4riaan Pokker, one ot the areat conte mporLr,T 

! iguroo iD tho fiOld or : ultiplo 41Ti0104 0 boo ~osorto4 

that the octave 1bould not be ragar4e4 1 1 the 1nY1olat. 

baeis t or a &usical eyete~:. but rather •·• one ot •••era.l 

n:ce asery eonaonancea eecb or vbieb 11 equall1 1oportant. 

Tbe u.nit in b.is te~:~peruent rtprteenta a eeiZl betwen 

rational fraction• ot the oct•vo , t~• perfect 5th , perfect 

4th, ~ajor 3rd, =!nor 6th, n.tur•l ?tb, and •auper• 2nd. 

Every one ot tbeae intervale 11 lltered ao that a a 1ciaal 

t-otal al terat!on eball be nec:eaea.ry •18 EJ:B.Qple 2 abowa 

tbl !actors 1D ?okk~r'l dete~at1oa or t be proper 11~• 

&xuple 2: Factora in Dlterein.i.D.i) the Ull.it tor '1- Tone S;Jitea 

~9 . 0 eertta 1a 1/18 ot }:2 
~8 . 2 eeots ie 1/13 ot 4:~ 
~ .6 cent a 11 1/10 ot S ;4 
38.8 cents 11 1/21 ot 8:5 
38. 8 CeDtl 11 1/25 or ?:~ 
~8. 5 c ents 11 l/6 ot 8:? 
jS ·~ cent o 11 1~1 o! 2:1 
o . 5 cent• !a e velgbted aean. 

l?Kolinslcy bes p:opoatd that •••cy oc tave be t olars:K 
o, oear11 :vo eecta . AY~ Journel, 1~ . According t o 
• ll.hel=. D-upont, a aurve,. b;r $t\.Qp!t aDd Meyer reported 1.D 
the ~~tach-rif t t ur Psycholo;sie ~ Ib..Ys1olos1e der S1Dllea
or~~e 1 ca . t.I:~o!£ / ~ o , dl&coverec 'aa; 7~ot t Aoat 
l;:;.e~ p: - •rre~ oc t•vea larger tb&n tbe pure 2:1 . 
Q.e oehic::h t.• .i u· ·l'h:.•1.ka1i sebec Te~p•r•tur • 

.. S ... .u:• ~e _la Muaique , _et lt Temptz:a.nent 
!sal, -:"-~~· ~ .. , ~.,"'-' 

·;'!>· ~ P' --.: .. ... , . 



1.:1 calculat1Jl6 his =e&.D Ya.lue t o r a u.Di t or the 

.,.atu, 7okktr gives the octave approx1aatel.7 4oublt the 

yeigbt at • • ch ot the ot her units, and bt g1••• tbt aaall tr 

ot t~e ru&J..a.l.na il>.teroalo guater .,. iaht thaD tho lo.r;;or 

o.a.ea 011. tbt grounds that a slighter cb.&nge proc1ucta a or. 

proDOUActd ettecta where the intt!na.l 1a aaaller. .Pokker' • 

oc t • •• 1• 1198.2 centa, jus t about aa abortentd &I 

Iol~k: ' • ia lengthened. "Perbepa it aight bo be tt or to 

ehooae that Y&lue tor the ba.aic 1Aterval," auggeata 

7okker . 19 1n • atattcent which certa1~1 talll abort ot 

aUit&DC7• 

lA hit charta bt also repreaenta the octave aa ou 

41a:tn.a1 c.n ot • tour~U.:eoa1o~l sche:ae, v1 tb u.ol t7 repr·eaent • 

1ns; tb4- au ot the aquares ot tbe :~e:ber d1aene1ou. 20 

r..aplte occaaional au.sgeatioc.a w clier•s&rd. the 

octave, to enlarge tbe octave , o~ t o aborten t~ octave, 

ita role in au.aic remains ao assured. tbat it apptftrl to 'be 

1D little do.nger or going 1nto eclip10. ~.mona tho lll&nJ' 

~ro~oaed changes 1n musical nozenclature brought into exiet

•~• b7 proponents ot Dultiple d1Yia1on &Dd bi others, there 

c1cea ~ot appe~ to b e a single ~co£:endat1oo to reletter 

the cotes ao as to den: the e~stecce or an oct••• 14entit1• 

l'reA tbe rtsorous s eri•.l :.oye..z_ent, which treat a a.ll 

19. Ptut-ftre vaudra1t-1l aieuz cbo1a1r c ettt ••l• ur-
l '• .-€ pour l•i:itertalle elemtnta1re ~u t ea..,. ... :uent. • ~· 

20ro~er, Lea r.iat~za t1c.tuea !! !!. ~ua1gue, P• 28. 



iJ)ttrTala vi th1.n tl:.e oetavt ea equal, recognia.ta 1D the 

oc t&Ye ita tr&4it1~ value aa replica or idt nt1tr. ~ 

recent debate within the ranks ot dodecepbonieta over 

vbetller to pe:"llit oet&ve doubling v1 tbin tha •row• auageata 

tb.at 't·O a ost, at leaat, th6 ax:iatenct ot t.bl oet&Tt u &A. 

llattrTal outaid.t o! t~ 1copa or atrial tr.atD.ent , i t u. 

ani;aa, ita apecial treat.aent creatiug poaaibQ' 10ae 41a

coa!ort. But the total !rttdoa ot celodic oct&Ya-41aplace

=•nt within 4o4eeapho~ demo~trattl turtber that tba 

octave 11 not stbjtc: to tbt lav e or t~a otbor interrala 

vitbin the 17atea. 

lD l isbt ot the aboYt it ap~&ra reaaon.abla to ant-1-

e : . ~ t~ the contir~\Dr~ o! the octave and to atipula t t ita 

~t• t ! to ~: e 11E>t:~:; !: ~: ~· • .:. ~plt d1T1a1on which will b t e.x

I l .,r . ~ :. ':-.,.lov . £• i r •ls4."' & practical necoaa1ty to aaauae 

• .. 1~0• tbe ease:lt.:;..l et.eracter o! 8ZI 1Dten al . Othtrwiae 

it would be necesaar, to conaider tbt oetave-and-a-t1ttb 

(tbe t welttb) separatol.J' troa the tilth, et<:. . 

TB! }rd PJ.Rri.U.: Till! PERl'ECT flPTH .L'lJ) 1 011il'rB 

•tbe atronoeat conaon~c• 1A au11c Dtxt t~ tbt 2:1,• 

1t how Barr, Pa.-tch choracter1••• t he ~:2 or per!ect 
l1tth. 21 '!hla stateua.t b7 one ot tl:e aoat eal.nent oppo

n.nt e. ot prtoeent-da:r tun.1ng proeeture1 aecorda with tbe 

21 
£2• £!!• • PP• 304-5• 
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prtne1pltl tet forth b7 one ot the l eadino prot&goniat• ot 

a t:u..ui..ng: approaehiAg 12-t·Oile equal te~;.eruent when it vaa 

new e.tld controveraie.l. Sa.id '.'hrcDeiater, "The nearer a 

ratio ~· to unity, the oore p~rteet is ita eon~onance.•22 

!be perfect !1!th 11 • a.tt.er the octa•e, the naa.reat poaeible 

l.nterval tO UJl1 t7• J.ll or tile bOVD tUJliog IJitOIU or the 

Veatern world have taken the pertect tilth into cona14er a

t!on and have rendered it with a 4tsret ot accurae7 vb1eh• 

1! quactioced b~ eoct authorit i ea, hat been higher than tbt 

aceurac7 conaistentl7 attained b1 ~ other inttrY&l except 

tor the oct&Yt.23 

AI to v:ether tho inttrYal 3:2 is ccaaon to all of 

tbe vorl4 1 c guaieal arate~e, aa tao occea1oa.ll1 been 

claiQed, Prit£ Kuttner eaaerta that the "!i!th• in Ch!Dttt 

music ia 20 to 30 conto rlat. 24 It ia appartntly nearl7 

U tl&t in Sia:eae CUSiC it, U 11 s;ener&ll7 lgl'll4, Si&aell 

22HJe n&her eiae Z&bl e er Unit4t, je Yollkoaaener 
d1eselbe 1St," cited b7 Dupo.ot, ~· ci t . , page 76. 1"oAD.7 
h1ator1a.c.a iaelud.i:l& I>upoc.t aaeriOe ro~.-~rcaeiater -.a 
1!:;ortant role i.e. t.be esta~l ! $lll:.e~ t ot 12- tone equal teaper
&:.e:::~!. S&r'bo\Lr 4oubtl, how(lver , tbat \/erck&t ilttr wa•, 1.A 
t ac t, ~ advocate ot e, ual t~:?tra:ent, cla1=1ng tnstea4 
t hat ~e ac1voe• te4 onl y • •veli-tt~pered• ayate~ in v~cb 
~Odul1t1oa to 4n1 key ves ;ossiblt vhile the k111 retained 
tbe~r 1.ad1vidual cbaracter1st1ce. 

z~1n tno ~eactone ~~~ 170tec tbe third 1• tuned 
pe~fectly ot the expeoae o! t~ t~Ctht . !hie tuning syat•• 
wcs, bo~••er, o: abort dur~tijn ~ its adoyt i oa vas ~••r 
t.Ltl.i Tc r eal. Ita position ot !aTor w•• proba!>l.y l e t a i.ntl\i
~eed b7 a ;reter·e::.ce tor t~ ttird o-.e r the t i!tb as tuch 

•.a by tht a12~lo !~et that onl7 a QUArter • • aucb diacre
P~cy in tbe fifths w&l necess1r1 tor a ¥•rtect third aa the 
Otu&r 'W~ &roun4. 

<• Co~un1c•te4 by d1•cua81on, Deee&b4r 1960. 
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cuaie &pprox1,&4tes 7-tone te:per~ent vitb ita 685.?-cent 

!iftb. ~eYert~lees, tbe interval ~: 2 htJ bttD an eaaential 

part ot Cb1t1es e au.sieal theory tor :&Zar1 centuries, e.D4 the 

interval 1e a otron&~ !elt port o! all higbl7 doYolopod 

111t 11:18 ot tb.e \le1t , Near Eaat , B..D!! l.ucli a • .Uain Da.nielou , 
• 

a comparat1Yt =usieologi at , haa c &ll!d the 3rd part ial t he 

•cyclic• el ecent in musi c , by wbieb he preaumabl7 moane that 

tbe do1nln o! e.ua1cal eystora ia generall;r dt!1ned. b7 e7cle a 

ot !it the. 25 

To 8oa&a~uet , the titth is the baaic 1Ater.al ot aQ7 

:uai cal a7ate: , And ~resul&r &7ste:. are aucb that all 

ttelr notes CAD be arr~ed 1n a continuous at ritt or e qual 

!lttha. •26 

Rteoonition or the pr ioac7 o! the tittha among ic

terYala vtthin the octave ex~enda to t boat who would te:per 

1t cona1derabl7 (&nd even, pa.radollcall.7 1 to one wb.o would 

abandon it): Robert SQ1 tb, an 18th centur7 Eol611ob tboorh t , 

Lo giving tuning instructions , 1Dd1catea t hat cbooeing a 

teapera:ent t or the titt h i s a •oet ees~ot1al att p.2? 

Joaepb Ya1aer, a conte~pOrArJ advocate ot 19-tone tampe : a

&ent. co;AiGers tne e1ele or ~r!eet t1~tha t o be a •comaon 

Sc 25oan1elou , Introduction ~ !~ Studr ~ MU11cal 
-•lea, 19--} , page a 2;<1-231 . 

26 Qi. ill· , P • 60. 
27S:1tb, Rober~. E~o~ca or th~ Fb110IO~bl ot 

~U81cAl Sow:::da , 1?59. lie ~~J.Ci altf: ""t'S.d: fii£o 7 e'O're t han 
ceuta. 
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deno~n.ator" tor all m\lS1cal S71te:.a. !it tirat produce• 

hil 19-to~e aeale a a a •~rie a ot fi!ths wi th a eo~ ot 

138 cente . 28 !hie he does, despite ,a remarkable dtciaion 

~ot to accept } :2 es the baais !or a eoneonanee in the 19-

toc.e ayatea a t all. 29 

Vitb th e exce ption ot thia suggestion ! roc Yaaser, 

surpr1s1Dg io light or hia use ot the perfect t1!th in 

d.er h1. ng b.ia ayate: , and with 1iailar exception ot a rev 

untquo t t:;erac&nta, gGnGroll~ proposed onl7 tor single 

pteee1 ,~ t~• Citt~ re:.tn. an integral part or 1ntonat1on~l 
ay ett~:.a. FroiD tbe riae or c e<Ueva.l .code • tt.rog;;b tbe eD4 

ot tb e 19th century t.hi e lntervel boa u.o.~ue s t1on&bl7 pl8,J'ec1 

Wa t io correctly ca.lltd the "dozinant • r ole , bArson.lcally 

&.ad &tructurally, in our cuaic. 1'b1 do: .inat i o.g 1nttrY&l 

in the "M.lle or t he octave" wb.icb ao concerned Rueau and 

hia coote:por~rioa, the ti!tb det1nea both the authentic 

and plagal cadencaa, and ita pri~ac1 a~ong Lctervale otbtt 

than tbe octave appeare to be !unda~total to t uncttooal 

h.antQ=3. 

Becauae ot tb~ c.a t.he:.attc:al- acoust1e baai1 tor the 

Uae or the perfec t !i!th a& do:ioatiog i nterval, apologi a ta 

116. 

••• 
.... 30such e.s 

Cited &bOYI, 

For f urther diacusa1on 

those vorka o! Krenek and Stoekh•u•en vbteb 
pages tour ~ teo reapeetivel7. 
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t or the Tarlous acboola ot 20tb cen~ c oapoa1t1on whic h 

have c boaen c.ot tc, ase the tl.tth above otber i.nttrvala u 

a to~et tor ~OQ7 or to~~ progresaion haTe bten hard 

put to JUS tify tbia aapect ot tbeir c•••· !!len Forte , 

1n tb.e 1Atroduct1oc to h.i.a book~ Conte~pora.ry ~ 

structurta, etat••~ ~r.uch ot coctemporar.7 •uaic is ren4ertd 

1.c.val1d tro: that poi.Jlt ot rlew (that the pre-emitlence ot 

t~ tilth ta naturall.t ordalo.ed) • • &A4 he uaerta that tbe 

awertoct aerie• •• a ~tural baaia tor tbe dominant-tonic 

re l&tionahip ia open to queetion on aeveral po1nta.31 

~-t .a.H.turt GOJ, be-wever, ply a role 1A the loa.g

man1!este4 buaan prt!erecce tor tho tilth 11 evtdecced b7 

the ai:pl1eit7 ot ita ratio and a tteated b7 the coctic·uiq 

bo47 o! vrittra who &elect that 1nt•~••l aa an 1&portant 

baaia tor their muaical 171teca . It would a ppe&r that &AJ 

171tt:a Of ~ultiple di'f'!SiOD baste! O.Q the pri.cciple Of tbl 

couena..ne~ or the acall-.ou:.ber ratloa would have e1tb tr to 

1Dc.lud.e tb.e perfect !i!th or to otter a aati&!letOJ.7 ex

Pl&n&tion !or its •bseace. 

'!h!. ?itth: .P'ure !!: Al t -ered? It re.&aJ.a.. to be det•r

&..lned 'Wh.etber tt.e per!eet ti!th aball be j)ure or altered, 

1.04 1.!'" alcer.d , to what extto.t. Probaoly 'the tuni!lg 111stea 

Vhh thf longe s t bla t orr 1D th.e 'Jest is t h• so--called 

P'Tthagor• &.D a7s t.ac b•••d oo. absolutelt pl.lN ti!th.a. tll.1_• 

.H Forte, Coate:porarz ~ Strueturea , pp. 10-11. 
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ayste:, 1..n ge.:1eral use d.u.rino tht Y.ldd.l e J..gea , probabl.7 

emp1o:ed extens1Yel: in &ntiquit:, ~nd us ed b7 tbe aojor1t7 

of atricg pla:era toCar,32 e&n never be cloae4 P4r!eetl7 

ainee no number o! exact ! 1t th.s ea.n eYer equal &A ex.a.et 

number ol oetavea.55 Here 11ea one O! tha primar,r de!eeta 

ot P7tbagort&n t 'uning, the iapertect relatio~hip betwetA 

!1!\b u4 oet.aYe. lc tl::.e other 4.irec.t1on liea i ta other 

i&?trle~tion, tbe iapertect relat1oneb1p between the tilth 

and other poaaibl7 4es1rable •=all-n~ber ratioa. Juat .. 

co powe r or ~ "*"' e•er ec;:ua,l a pover ot 2 , ne1tber o! thea 

can ever equal a power ot 5, or ot 7 eto. 

Vbeu operative in & 12-tooe ayatem , P7the~ore~ 

1Dto~a t1oo leaTt l a discr•panc7 ot 2}. S eecta, r epreae nt• 

in& tbe r at io 5}1441:524288 , wbicb 10 koovn ao tbo 

Pythagorean eocma. Aa cent1oned above, "ben applied to a 

19-tone ayste:, P7th4&or.an ~ ltavea a diacrepanc7 ot 

about 138 c ecta , a ti~e equal to ~ore t baa 2 unite or the 

te~ered 19-tone 170ttm. Huch lese i e the d1screp&De7 1A 

• 17-tone sya te2 and :an1 theoriats b e l 1tTt the ~abic 1?

tone IJ&t·e:. to b4 Py+.!::.e,ooreu. 34 l aaaer bE& o!ttre-d an 

' 2For A atroog atattmtc t of itH impor t •nc e 
41setplo o! itG role cee E&rbour, ~t Persi~t• ~co 
~tbasorean STate&. ---

b: a 
ot 'tlle -----

33This 1s ob't"iot:a 1.D t be r aet tha t all pover a or two 
&uat bo t~Yec. nu.aber& , vbile all powera ot. three ID\I.I t l>e odd 
nuat>.re . 

34 !ecordin& to Partc h, earl7 .Lrebian a u.a1c1&De e ucb :! Z.latl uaed non-~~~~ort~ a, ate:a but 14th cec~ 
eor1ace s1~pl1t1ec1 tc PTtlla,gor·ea.n tunia.g vb1cb hu reaa.i.M4 
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U:.ttreatt.ng p03tul&te w~eh d.e:1Tt&. e upport troa the 

ap~arent preference or :ueh ot antiquit~ tor P.Tthagore~ 

cwili>g. l!o •uoguta that i t 1o ill <U uturo ot all pent.a

toDic: au.eie to eeehaw tba uae ot t.bt .1u.&t th.1r4, a.ak1J1a 

pt t bagoroan tuning tho "J uat llltonaUon• tor tho 5-tou 

1colo.3~ 

~ong t he tbeoriltl who ~ye a4~oeett4 ttmptraaenta 
• 

tor tbt t1ttb 1 ao=t ha?t 4one 10 re luetantl.,. ua4 apa.r1.J1al.7 , 

but otbtrl ha•e claime4 to prefer tb. aound. ot the tt~~~~4 

!1ft ll to that ot the pure ti.tth. U oDa t he tecperuente 

adopted or proposed, our prese~t 11atea 1n•olvta rela t 1Ytl1 

alight t ltvring ot the ti!th. XtTer tbtltaa, there baTt bttA 

tbolt vbo baTe baaed tbtir lt&reb tor 1 bttttr equal t ·taper

u.ent on tbt poatu.late that tbt tilth auat be even better 

'tl::.t.n tl:t. t Ofl!' ! OU!ld in 12- tone eqwal tezptrUeDt.~ .l f&r 

g:rtater nWD\.Ier ot adv ocate& o! aul tiplt division baTt b een 

a1n~e. Htl:holt' boweTer p~etera t o regard tbt !:able •1•tea 
•• co:npriaed ot 9 fir t hs with S tones &dd ed a third above all 
but one o( the 1U.t1o.l 9 . Ovic.g to t he cleat ogree:~oeot 
between the =a jor t~ird ~ t ht ~:tt:T&l eo~riaed or 8 per
!tct ~ittba , ~ ac ret:tot ~ich E~l~oltt recorda 1D t ba 
theorem beari~ ~is na:e, the dit!ere~ct be tweec Belmbolt&• 
tx,lanat1on and the more usual one i oTolvte onl1 a ainute 
gredatioo in pi tc~. 

~5£2. £!!•• page 1}1. 

~6Ja~6 , a pianiat and tbtoril t who ta best known t or 
n-;a a.tte~,t to ;opulari z.e • r-e!or: 1.:::. kttboa.r4 d.eaio.o. c.on
·1·dtra t bt c;ueatiOD of :ul tiplt d 1Tia!.on, end &•ke a the 
nltial ct1p~at!on th~t tbt !itt~~ :ust be better than 

t boc e o1 12-tooe tt~perament , le6t1A; bi a to a choice btt
~een 29-, 41- and 5~-ton• te~r&Xen~s. ot .bich be cbooaea 
~bt • •coed. l~~r ~ehr ala ~v'l~t~i~e ~eQcera~ur, &e1~rlge 

G.r .&.hu.tilt u:a P.usi.rv1iiin.sc~il't , lle1't 3. P• 6. 
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will~ to a ee the !1!th altered =ore than in 12-toDe 

te::peruent 1D order t o Ulp rove other intena.la 1D tht 

teoperaa•nt. B.7 • aborte4ino ot tbt tittb b7 s• eenta . a 

teQperueot coDt,aJ.Ding tbe jut :a.jor third 1a ac.bieTect . 

wbilt a tilth which 1a ? centt too eaall produeea a 81Stta 

wi th a ju1 t minor third. Tbe apecitic • ·t•teu v h1c.b az.e 

created b7 the Y&rioua al t er a tions 1A the aise or tbe 

tilth v1ll be diec\l.lltd 1A later chaptera. BeleYact to the 

pres ent diacu.ea ioo 11 the eval ut.tion o t tbe alteratioc.a 1D 

the Uttb iteelt • •• otter..S b:r tbe various vriter a. 

On the ODt baneS tbert 18 Partch who clai.:..e that tTtA 

2 cents 18 an exceaeive altorat1oo . 37 On the other band 

ttere are au:.eroua advocat·e& ot :.u l ttplt d1v1&1oa vbo JWS.&t 

deticiencies or about ? c ent• to be within the r&n&• or 
tole raaee.'8 Nono ot the syatems ot multiple 4 1vi e1on vbi~b 

have obtained broad sup~ort pOIIISBI I fifths vitb a greater 

41$erep&:e7 ~han t bie , suocesting about ~ ce~t• • • an 

i "Plit4 li:oit tor the til th. Tllis i s a rar &::~aller !1gure 

than tbat ot the cUacrepa.nc7 ot other auppose4 natural con

I C:la.J:I.ce• in 1.2-tone te::.~eraaent. 

There ar e theorista who mei.ot a.1Jl tbet th.e pertect 

3?. A heard 2~e~ts d1screp&nC7 is a ae~1ble 41tter
*Qee 1n ai,:ulta=eous so~1c~a.• £a· ~., p. }10. Por 
tb!s reason , ?art:b opycse1 all equal te:peraatDta. 

• ;&Ariel a· ~ ,rts that the ?- cent det1e!~DC7 ot tbe 
~~tb 1n 19-tonc tft:per amont 11 well witbic ~Ce l iai t b470D4 

Cb conaooanee ia ies:ro~ed . ~sie btde~t~t ~ber ~eh lange 
~eb.t <He Gre~:e !OJ. cUe 'l'i-Sbu.os des 'JobH . .l i-L. ..'•• . • taa Rela
--~1L&tap:inz1p !: ~ ~. p. 144. - --- ----



tiJtb u the principal i.Jltena.l w1tb1n t bt octaYt r equir.a 

a purer tuning tb&D other eon..aona.ncca. AS•inat thia 1a 

ra1ae4 the counterclaim that the more complex and aubt lt 

cocsonaneea are aore eaail7 destroyed than the tifth b7 
aligbt Llterotiona in tuning. Pittho 1D practice •• vall .. 

t.beOrJ' ha?e 'been the l ea•t distorted i .nte"Ua a.!ttr tbe 

oc.tan. 

It ahoul4 be noted, boveTar, that the~ h&Tt b4tA 

occa11ocal tbeor1ata wbo hnve preferred altered to unalttre4 

!1ttl!A. Ro~rt Seith, in the 18th century, clo!endl..Dg aot.n

tont pr1cc1pltl a.gaina t the increasing tendenc;r tova.rd. 12-

tont equal temper~=ent, enunciated the rr1~c1plt that 1t 

1.n4tei the cotl.Sona.ncea or a Quaic&l •Y•t.em c.•4lit 'be t empered, 

it is beat tbat tht7 ell bt tt=ptred :odera tel7 ratbtr tb&n 

that one or t vo should have to be tempered' a sreat aaount 

ic order that otber conl on&nees might 'be al=oet purt . 

EYa.luatl..Dg all l..Dterv&la t rom tb1a otandpoiot, vbieb he 

eolled equal bar:o~ , S=! t h attocko the !ittho ot 12-tooo 

te•,.ra.ent •• bei ng •ttner than the7 ought to be.~39 Tbt 

idtol !i!tb, according to S:itt, wo~ld be 5/18 ot • eoaoa 

•~•l ler than }:2. This i s almos t exactly oix cents. ~. v. 
Drobi ecb , a 19th cen~ury theorist, use• ~tthoda aiailer to 

&oith'o in ! l..Dcl ing a T&lue !or t ho fifth that vill vork boat 

395:itb, E&r:c~tcs , p. 166 . sa~veur h34 been eon
i•rced vitb t t:.e e .;,uall : at.io n or tbe c11 acrepa.nc1es or the 
rntervals es vell, oe c~ be e e~o trom tbe QUOtl tion 1o 
0~0tnote l on pos e 3, but be vaa CO!lttn t vitA &A a.l ttration 

OA17 about 4 eu~ts in the !itth. 



with the other eouo.Q.IUlces ot the c11atonie e,.atta aJl4 alao 

.. lecta a tlat !'it~, 69'7.2 eento. 

In t ho 20th century , the. Danish m. tbemat1c1an and 

aco\lltie1&.D 'l'borTa.ld. Xornerup baa proposed a IMJW S'71't4:a ot 

aeouati e Y&luae1oD ai:ed at int trrel&ting all ot the c on

aonut i.ntena.la in a aingle ~tathems. tical progression. u 

pa.rt or hil OYor-&11 plan , tho •ideal • !1rth ia ~ bO 696.21 

ceate , nearly 6 cent• ts4l~ler theA }:2 .. 'to aupp or t hlA 

judgmtnt (&Yor1ng the acalltr tiltha , Xoroerup rel ate• t be 

}I'll pa.rtlt.l to each or tho higher part1t.lo through nuabu 

~2. Exuple 3. belov , ahova bow N.D7 t1ttba ~auat b• auper

i:pos ed to produc t tach or tbe p•rti•l• troa 9 to 16 , &D4 

t he at:e or each oC tbe tittbl 1n order tb•t the partial 

produced abould bt gure.40 

E1ample 3: l ornerup ' o Relationships oC P1~ths co Partiala 

h"Ull6t:R OP PIPT!!S SIZX OP XACS PIFTH P.t.~TIAL PRODUCED 
'Fi!:::R.!oY 

2 ?01 . 95 C& D t l 9 
4 696.S8 cent• 10 (or 5) 

l/1}' 696. 05 CtOtl ll 

1 701 . 95 CtDtl 12 (or 6 o r }) 
15 696 .0~ H 
10 696 .88 14 (or 7) 

5 697.65 15 
12 700. 00 16 (or S or " or 

• 2 or 1) 
• thirteen lour the rather than r1!tho: the exact Sn • ereion. 

00rornorup , .t:ouoeic V~t.1s!a o r l!Woru.lt, 1938, tb!• 1 ~. 7or a core diti!1~4 exa:iLation or Iornerup' a 
eorte • ••• Cb•ptt r 9 . 



.1.1 ca.n b t aee.a., tbe ti.tths are a11. either ?'01.9S. 

tt• atze ot the per!ect r1tth, or ac&ller, vttb. aoat ot 

U •• t .c tht region 696-69? , vt..ere E"oruerup•a • t4tal • tltt.h 

li••· the table eppeara to g~Ye a uppor t to the view tha ~ 

1.c •o equal ttcper" cu.tic.al .,ate: atte:.pticg to &1•• cloae 

ap . ... xi.:ation to tho upper pa.rti&le, the !i.rtll vUl hue to 

bt reduced 1.Jl I itt, p-trbep• nblta.c.tiall,)' . Hovever , toraerup• • 

.. tboda in arriving at n11 l~t are not above cr1t1c1aa. 

Be oppaa.ro to bevo excluded !i.rtba larger than 701 . 9~ quito 

arbitraril7• even 1..a. ea••• wbe re a aborter C,)'cle ot !Utb.tl 

clo•er to ?01.9~ vou.ld be..-. prod...,ed tl:.e oe.c. partial . l'or 

•~pl•, 1.n the caae ot the 13th ;.a.rtial, Xornerup requi.rta 

no loeo than 1~ ti.rtha, each ot ~eh 15 Aefrl7 6 cent• too 

&-:.&.11 . !!oveTer, 1t he h&d. substieute-d a tilth oa.l7 t't.Ne cents 

too luge, ?O;. o ce!lta, ha voulC ~n ~en able to produ.c.e 

the 13th pa.rti&.l vith a serleo o! but 8 !i.rtbo (?0~ x 8 • 5640, 

.:.U.nus 4800 • 840 cents • 13 :8) . !:ornerup•s table r eaatu 

lntora.atiYe 111 ahorlng the various &.!:ount• o! a.lteratioA 

nece aaa:ry to relate the shortened !itth to other meabera ot 

tbe b•r~c:ic aeriea 1 but ita Yalidi~ •• a Juet1!1c&t1oD 

tor hie tbeor, ot tbe roreahorte~d tilth ia ee•trel7 

• ••kened b7 the ! prlorl exclusion ot the le~tbtc~ tittb. 

Hov t o eYa..luate theories g1v1..ng actual acouattea.l 

P~•terence to tbA toreahorte:.~ tif th? Since they all 1A

• ol .. rel&ttoc.abipa be tvetn 'the ratio };2 a.DCl other DWibera 1 

O.De ia teaptN to d_i_areg:a.r4 t.h.oriea o! a aull tilth 
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.ttogetber ae e~ernall7 ordained an~ to qutet ioo atrong l7 

vbtther UJ.7 ot the authors, g1Yen Just a !i!th, r-eall7 preter 

the toreehortene4 Tersion. Ne•ertbelese, in Ylev ot the 

unqueet1onable preference or CAQ1 contezpor~ writer• t ar 

eQ!Lrge¢ aaJor ~irda OTtr pure 5:4'a, the genuine preference 

ot ~toze mua1c1a.n.e tor &.a altered. titth La quit.e possible. 

Ill Sraith'e case, reca.ll iog t bt prt~valanee 1.ll hie 4q9 

upociall;r I.a. Ellal&nd , ot ae..,-tooo twdog l.n'"'lT1og a 

d11 tinctl7 tlatttced. t1.tth, it 1a quite poastblt that 

co ad 1 t1oned tare or li:Lc.ate c<Ul4tM'&tiall q\!1 t .e conv1.c.c.e4 

h.im ot tbe acoultieal superior! t']' of t.ht a.z.•.ll tl!th. Cer

t &1 nl7 1! we are to accord a .. aaure or acouatical va11d1t7 

to the treat&ent or t~• enlarged caJor third •• a conaon&nce, 

it woul d appear oDly re&aonablt to accord ctmil;r regard to 

tt.e preference !or t.ht !orecborten•d fifth , etptc1•~17 •• 

tbt ~xt•nt ot ti!:aperi.ag iD the l a tt•r eaae 11 a ucll tb• 

a~aller, not exceeding the 7 . 21 e•ntl call•4 Cor ln 19-tone 

ttap8rament . ?or the purpose• ot t hia paper, all lDterTal a 

~it~ tbi& ran&• o: ':2 vill v• treated aa repre1enta~iYtl 

ot tba parteet !1!th, &:4 ~e pert•et tL!th vi~l be r•s&rd~ 

•• an &IBentlal part ot AQ1 syate: ot 1~ltip!e 41Yia1on 9 

with 701. 95 ceLtl regarded oa the ideal ot••• 
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Tlll! 5tll P.All'ri.I.L: 'EliRDS .ll\1) Sirt'HS 

With tbt addition ot the 5tll part1~, ! our intt r YOll 

art ad4e4 t o tbt !itld ot baaie conao~AAcea : 5 :~, tbt 

aaJ or third; i ta 1AYera1on1 8:5, tbe a icor a ixth; 61S, tbt 

a.1nor third, repreltnting the d1!!trtDCt between th4 perteot 

ti!tb and tho major third; and 5:3 , tile aojor eixth, which 

11 the inv~rsion ot the minor third. Tbtlt tour ,int•rYala, 

r~ preaented in eenta , are approxiaate l~ 386, 814, 316 1 &D4 

s,s.r., respe c tive l r. Because eYer'7 ou or these inteM'&l t 

deviates !ro: its equi• alent in 12-tone te~per~ent b7 well 

over hal ! e syntonic co::a, it is on the aubjeet ot the 

fi ! th partial t ha t the edvoeates o! 12-toce tecperament baYt 

been hiator1call7 moat on the 4e!ena!ve. RatQer thfD otter 

the ar~~nt that a discrepancy o! l} to lS centa 1a 

n.tglic;ible, dete.oder-a o! 12-t-o.ae te;~ra:.ent haTe ot teA 

eontend. ed. that a. large major th.ird 1• preferable to 1 Juat 

thlr4 . ~~ string pleyors &nd aingara oro taught to 

extggerete t he aite or eveo t be &ojor t birda ot 12-t one 

te ~pttamen t. ~~ tbt arguaent over tht prope r ti:• ot cht 

t.b.1:Ct t aM vbether t bt7 ahould 1.c. teet bt cooddtred u 

repre t totttivea of a co~on&nt 5th part1tl , ia baa1c to 

D4&r~7 all quectiona rtltt~d to :ultiplt div ioioa , the 

med• by both eides wi ll bt exa=1ned in ao:& detail . 

D&Aielou, wbo c~naidera the third partial to be 

•c7cltc, • calla the ti!th partial •aodal, • describing it 



tu.rther u the "b.U&.&J11•er • ot auaic. 41 But juat a.e 

aestheticians disagre e on bov erteneiTe a role tbt Sth 

partial allould pla.y l.n today• a muic, lliatoria.oa &D4 

:us1colos1•ts 41.rter on tbe role ot tb e j~>.~t t!llrd in otlltr 

•&•• &D4 c 1Y111tat1ona. Rat! oe conteilli.DI tbe n wober 5 

•n•t l.n tbe tbeoreticoJ. vritl.ngo ot Ptole107 near the end 

ot tb e Greek era. It is genoralJ..r agr..,d that tbrougbout 

the earl7 :144le agee the ti!tb part ial vea not uso4. Hov

• • •rt there 1a dleasree:ent about the tl&e .:4 extent ot ita 

re - iotroductioo into Quaicel theor.r and practice, and thia 

4iaagree:eot cloael7 par~l lela the di••sr••~~nt concerning 

its aes t hetic Tal1d1t7• 

J. Murr&3' Barbour , a l eacH!lg expert on tuning 171ttaa 
• 

a.nd a atron.g partlaa.n tor 12-toot tt=ptruect, haa clUM4 

on s tTeral occ~aiona tbat the tirat rt -1Dtrod~et1on ot tbe 

5th partial to :;U51cal tuning 17ate:aa occura 1l1 the vr1 tin&• 

or .B&rt oloaeo Ra.:.os dt FareJa 1,n 1462. Thorwald. ~orntnap 

• .nd othe r th&orista who bavt valued tbe 5th pa.rttel aort 

higl:.l.7 tbc.n Sarbour aac:-ibe to ·.-alter Cdic.gton, a.n .J:t:ngli1b 

tb~ori.st actiTe erouc.d 1300, tb.e re-introductioo. or tb.1a 

pa.rtia l .aa a ~etuls ot explaining the relad.v e con.~onuce 

ot the thi.rd. Barbour acitnov l e4oes Od.1.ng:.on•s •c1iscoveq• 

or the tnterv&l ~:4 but appa...~ntly does not b-elieve tb.at i t 

"'' uoed 'b7 hia or b7 hie eonte:.pora.r1es •• part ot a 



cos plete musical • 1•tem.42 

Buildin& tuir case oroUDd OdU>.ston•a alleged 

advocac;r or tb 5:4 ratio 1D ox;>laiDiDg tbe tblrd., aD4 

a.roi.IDd the E:!lglis h pract1.c e k='W aa gr.;el , vbereia 

28 

per.J.lel thirds ud. ai.rt.hs ._.ere SUA; aa conso:c.ancea not 

unlike the later French ! aux bou_~on, tbe aupporter1 of tht 

5 :4 claiD to 800 0 OOIUieCtiOD botwOOD tho begiDDillg& ot tha 

t heory or the Just third and the begi.DD1nga or the trutmeDt 

o! t he third aa • conaonanee . Th.e tbi.rd in !7tha.goreu. 

a ue 1c • ~t "Wins 'baatd on a s:a.ll nu.abtr ra't1o, vaa a 41-a

aacacca and va a treated aa auch.4~ It, indeed , t~ aeneral 

• cceptuee ot tbe tblrd oa a. conaoua.nct correeponcb 1D. tiae 

t o t ht a4optlon ot 5:4 ao the correct inton•tion ot tbt 

t hird, i=portant b1at or1cal support 1a given to tbe caat tor 

t ho j ust ratio. i'ht oppOaiD& c l Um 1o tl:at tbe iDtonal 

~=- va.a 1ntrocil.ICtd &tter the eonaoruu:ct or tbe third. had 

begun to be oatab l iohod end that Juot thirda Dover d14 

acbteve the videaprend use tbat baa tomttimea been aa cr1bt4 

42ro ~unL~5 and Te~pe ra=eot, Ba~h~~ el tee Odingtoo•• 
rerere~:e to 5 :~ &::-b:$ as t~e conaonLCt t tirCs on p. 3, but 
etooaea Ramos •• t ht !o~er or Jus t !ctooa:ton b• cauae he 
v=o ·~he !irs : kno~ ~J:O~ean wri t e r t o break av~ troa tbt 
P)'tbaa o: ee.n t u.o.iDg t or the tu: t.na, or tbo cb.roa atlc a ono
cho.rd. ' • .P • 89 • 

4 3Yasser co~a idera t~ ~ajor third to be a dissonance 
~ &11 pentatonic ~uA1c , vhicb , he contends , ie baaed on 
•.rthagorea.c. tuni ng . A ':'he.J r v c f £volv1~ Tonnl1tY, p. 111 .• 
t Urt Rl e~opr, a roapietea musiCo-soe io~s11t v~o ba1 bt tD 
&rtatl1 intluenc:td. b1 Yasser •s vr1 t1nge , ca..k.ee the aau 
.. tertia~. r.u si t aoziolosie , P• 62. 
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to eM a. 44 

The pN!torenee tor the juat t hird uo.11g tb.eoriata 

alld acowsticlo.ns, espaciol}3 1.a tho 19th cantur7 and obort}3 

betor& , 11 quite extensi~e . Etl&holtz aounda the keynote 

wben ha aqa. "The pri.Jlcipal taul t ot O\lr preatAt temprera4 

intocatioD lito 1.a tho tbirda , &Dd •• • ia tbt old 

P)'tbagoreu error ot t crmins the th.1rd.1 b1 meana ot &A 

aac en4-1o.g ter1ea ot !our tiltha. ~~ natural relatioD ot 

the ~ajor third to the t onic , both aelodical l7 and b&raoD1c

ell7, depeodo oc the ratio 5/4 (5:4) ot the pitch cuabtra. 

AnJ otber third ia onl7 a =ore or l e Ge uooat1a!ecto~ eub

e titu.te tor the natu.:al a oJor tbi.rcl. •45 

BoaLDquet calla tho ~haaor.an third "dleagreeable , •46 

after assert ing that "chorda toraed b7 the nottl ord1~&r1~ 

1.o \lit are =uc:h 1Ater1or 1D excellence to ebor4a vbieb ar-e 

in pe r!toct tune. •4? 

lD this cectur,r ~an,. ot tbo loadi~ thoorl ota aD4 

&couat1c1ans have continued to ••••rt the auper1orit7 ot 

tho c.a:urel third. Co.rl l::itz , at tho l:eglDDi~ ot t he 

ee~tut'7, aeaerte4 that "J. good a cape lla. chorua ain.ga , u tar 

u • co::~poa1tio.n per--ita, 1.n just intonation, ei.nce •••n 

••• l'i'oi 

"" 22· ill· I P• 8<). 
4

5Helcholt: 1 Ee~ann L. ? . 1 0D the S~naatioDA ot. ~one 
t1r~~ olo::.teal ~~is tor th~ 'rni"':-y ot hu.sic, tra.r.sli't'K 
~e &ir~&.n 67 D'i'iinder ~.&Ili a , p-:-}~ 

46
aoaa.nquet, .22· ill· . p . a. 

•? .ill!•• P• 6 . 



~oraal l1 gifted singer baa en excelle nt a enaitiYitJ t or 

pure octave s , 11tt h8, tourths, thirds, and at xtba . • .-a 

J. ai:ila.r rte w baa more .reeentl7 bet.n expre ssed on a nuatr.r 

ot occ~aions b7 L1Dd1e7 Sorde~ ~ by &&Q1 otbara. 

b en uona aoJM wri ters vell cUapoae4 t ove.rd 12-toAe 

ttmptrame.at, the .St b. partial 1a r•cogc.1&t d • • the s ource 

ot tbe consonance ot the third&. Ra:eau in tbe 18th 

eeatur7 ia a good example, aa he uo~~a lit iedl7 accept• 

tt.. aeaa.rio aa tbt beals tor con.aona.nce but la not U l-

4iapoat4 tovard 12-tooe te:peraaeot •• a co:proaiae . 

Hl.ndt&i th 1 a rleva oo tbt 5 th partial and on 12-tone teol)t r ;-

~J:Jtnt ar. 11a1l a.r , 

Otbtrl , however, ho•e Yoict4 an tmpbatic pretereoce 

tor the t hirc!a Ot 12-tone te!;pere.:ent OYtr the thircia Ot 

tb u.na.ltere4 >th part i al . In the ootea whicb acc upe.q the 

!!rat rele~s• !.a Huaurgi& &eccrde' aeritl oa t~ Hlator-7 

ot 1'1u.s1c:al 'l';:.eory , Prit~ .&.. Kuttner and J . r.u.rrq Sa.rbour 

t t ete , 49 ·~ vill bt aeeo .od demons trtted La the reoo~-
l.ng, tbe .-. 1a • • reason to doubt tbt aua1cal aerit oC a 

•u;erpa.rtl c:ula r r at io •• lov as 4:5.• Io t.bt introduction 

48~t1n guttr A eepelle - Chor tinge , eovoit •• di e 
lo:poa1t1on zul81at, 1n natdrlic:b-reintr St~ung, 4enn 
J•~tr nor: al •er&nlas t• S4n6er hat e ta Ceinee E:p!1odeo tar 
rt tne Oktaven, ,~inten, ~u&rt~o, Terten und Se~en • ••• • 
~f~ • Carl1 7on den natdrlicb reint Sti~un5sverh4lto1aaa o , 

• 01 : , ~~~p:-29 • -----

0 
49

tuttuer, .Pri tz, and J. t1urr1.,7 .Barbour, The Theo~ 
~~sical Creek r.ue ic, Ictrodue to ry Not••· Nev-Tori ,S8, 

• \U'i\1 llfiCO~COlw 10. 



;o their oext r elease , ~ T!:eog ~Practice !!.~ 

!.Dto.nation , the aa.=.e t-vo eu~bOf£ s-;.~t• tbat a aajor detect 

1J1 juat 1_.nt.onat1o.a. 1& • b<;redo·a vitb. t~ i..au1p1d u Jor &Dd 

door tb.J.rda tha t are too pertaet t or ou.r ea.ra to have a uc.h 

eharac t a r •• 50 

A great oucber ot vr i t era have taken a ~4dle poal

t iOD vith roeptet to tho thirde b1 eodore1Dg tho j u.t third 

t or harcont while pre!err1og a larger third tor .. t047• 

Al!re4 Jooq~1ire • a notable aeouat1eian vhoae Grucdr it l dar 

r.ua1kal1tcbe.D. Akuatik O! 1898 p roYt d ltrYiC t lblC 88 & 

t t:a.nd U"CS vorj( t or ~:All¥ J"t U'I , tal:eA t b.la poai doc oc tha 

bae1a or exp4r1:eott vhieb a~ovtcl t~t c uaici&na prefer 

t bt l•rs• cajor third ror :elod7 tut tbe aaall one Cor 

ha.rA:.oq. 5l &ngbert Sra.nds~a , :-eyorti.ns to the congreaa ot 

the Inte rnationale MUiiJcoesellseb&.tt in 19()9 , t ollowe the 

&A::e pa tb ae Jooquiere, call in.g the ae lo41c:, P.Tt.bagore&A 

1nterva1a •e truc tu.ral " while cons!.d e r i.Q& tbe harconJ.c , pure 

i nt orva_la a aouree ot •color. • .Bra.ncl&ll& wae1 t eTtr&l 

cuo1e a1 txaaplo o t o illustrste hio po1Dt, the t irat bo1Dg 

A&a the ' a ;be:e troa O.r fre1sehutz (Ex. •) , in vbieh t~ 

lnten&l 5:4 above t be tonic tor ttl.e E would, 1A Sra.cdsu • a 



}2 

i:Uapl• • • 

1D ep1te ot 1te epp a.r·t n t har:.onic 4er1Y&t-1on , 

l!r&Jl4uo inaiata a1:ol.la r l7 t ha t tha rl 1n the opaning tbeao 

ot t he ! 1n4le of Beetho• en ' • Yiol in concerto : UAt be 

PJthagoreu in o rde r t o aclU••• sutt 1c1eot brUU &DCe . !be 

t ol ks oog •steep, 80b7 Sl e ep , • howeve r . 11 belt •uns v1t h a 

Jua t third i o or4o r to achieve r epo ee. 

Vr1 t1~ itt 1955 , Tbo:.1 p. ?roet r eaete l o auch t be 

IU~olt "'83 • • Jonqui~ re and at-Uida: a t o ta~• ot li .. t...Dd 

Groven ' o orga453 tn enl~ged J us t iot ooation. 54 Re coocedtl 

that ~i• r eaction may be ~ue 1D part t o c onditioning: •• 

CUSleien acc~ato:ed to equal t e: pe r a:eot wil l f ind aanr ot 

t h e s eal e t one s , particula r l 7 thlt ~rd a D4 6 th , ao Cv.r re

=oved. t roa t heir ace us tome4 p l~ch aa to 1eea 'sour. • \lh& o 

& •ca.le o:- s olo ~elod.y i s pl1Jed. , !.t u y a pp:ea.r 4 1•conc.ert -

52 arnndome , Ube r die Toc ve rh! l tntate t o der a1 t ea wu1 
~eutioKuJi k , Ee r !chr-iOn-r!l ~ono=ess der InrirUitioniliA--

• • •• loch&It, p . }5~ cr. 
53tiv1nd &ro••n ia a No~es!an t beoriat aed cospo•er 

~hoee !o-ton& ors;u 1~ diacu.saed be l o v i n t his chapt-er e.od. 
11 Cnor t or 7. 

54?roc t, 'l'hoc • a P .. , .A t'.,5.tte-r or Reco rds, Orgu IA
•ttt uto ~·•~17. Vo l 5 :}, -Su.=or 1955 . 



fJ:,Sl7 out ot tw:~.e .• F'rolit atd.s, however. that "Vben theee 

~ note• are combined into chorda , the aoUD4a are aag1c• 

a111 conaonan: . The CC$plete and unaccustomed abeence ot 

)itat• ~t"ttD the note a (:.U:es tbem) all but bleed in;.o one 

to.Ae· na ;:ure richD.tll ot t.he ucte~~~ered chorda 1a a nO'fel 

,~rieDCe which ve w!Ah it wer e posaible to abare with 

enrt reade r. • 

Stri.ns plqora aro se11eral)J l.nnruetod to plq 

~ c o t .. ac~evb.o t h1gl>er tb&c the e charaocical)J 

~·~e~t f la tted notea. Thia practice tends to pro4uce 

J'Ttbagoreu th irds. Htl:Lbolt~, bowever, ln.!orca ue th.at 

Joacbia p111t 4 jun t tbJ:d a on all occaoicna ,55 &ad Dupont 

4oea aot c;,utatioD t tue eesertion in reportiD.g lt iD hie 

lllatory o·r tt~po ramen t.56 J.rgwneDtl pereiat to thia d.a.,r 

U to whether ai.ngers uae ju.at or lArj!it tbird.1 vhen work.1.n.c 

--., troa a piano. It appe.rs tbat ~ore &nd core autbori-

to doubt tb&t j u• t tblrdo ecJo1 OA7 aignit• 

!he a~nor third, 6 :5, hea at l rred up aoze controve rer 

:;~ 
Gelabolt:, 22• ~·• P• ,2,. 

56 
I>u~ont , ~· ill• 1 p. 1}0. 

5? 
'-te It 1a luttcer ' l prtlim.lDir)" finding in oeotral 
1o~~h tuppo~ ted ~1 at~o~oseo, le ~easu:e~e~ta t b6 t t~ 1:• 
Yetc• on o: t:.e d it!eret:a :.U5ical cedi a. piano. atr:.n.;• • 
.&ceo 8

• e t: . 1a tar leaa va :-1ed than ta generall-3 t bou.gllt. 
~~ t~ ~utener , a vell -euned pl &no teod, ~o have alight 
\be .;to~ tro: e~ual te=pcrase~~ (pe rha~a 2 or 3 centa on 
~t !:'b•) , V~le vot c ea and etr1ngs 5pproach equal temper-

~11 •• clooely. --,converae tion, D6ee~ber 1960. 



or it e ovn. R&:lked. u a aubord. ic.a'te ictenal to the u ,jor 

third b7 Deae~ea , becauae it 11 not built on a replica ot 

tbl !UDdacental t 58 the ju.at .ci.nor thir4 baa b ttD reject,• d • 

G d vitb 1t the 101Dor tr1u 10:12:15, b7 so"e autbora wbo 

b,Q,ve accepted the hL'"=l-'Dic u.sas:e ot tl:.e just major tb1r4. 

!!r1Ul4a:a ti.Dda 32:2? ~ttor tboto 6 :5 tor har:>onic oa woll 

~• melodic' use, cal ling 6:5 a horrible diaeord ( unertrt g

Hehen Y.:iaekl ans) • llbllt he tind.a a d1.&.1cishe4 aeventh 

bea t conatruc:ted. aa t,~te superimposed ) 2 :2? 1.Dtervale.59 

Jonq~;re reJeeta tbe interYal 6:5 1n the eonatructioc ot 

a1oor chorda to too 11te the aajor (dur-lhnl1cb).60 

The 1nterTol 6 : 5, v hoa e tirat use 1a attrib\lt,ed b7 

61 xornerup to Eraeto t.heoea or C)Tene 1.n about 200 B.c .. , hu 

rtet1Ted aubat8Jltial aw.:;port i .n itl owo 11gbt .. Ariel , 1D. 

particular , likoa this 1nttrY&l an4 regard• it ae the 

f Wld.a=-.ntal interTaJ. tor a big.btr au.ai cal order (GrwuS• 

1ntenall bOtere r ~~5).62 

58Dtec&rt·l 8 

59 B:'&n4s:o:a, ~· ill·, PP• }59-t.O. 
60Jonqu1oro, ~· cit., p . 1}9, p. 145. On pogo 1~5. 

Jon.quiere poillts out t:.~~ tn~ Juat :.i.c.or th.!rd calli into 
Ph7 • 41!!'er~nce to:.e a Ft :-! ect t'l!tb b t lov 1tl upper 
&e:ber, a tone t otall : ~suitablt 1! tbe :1Dor third 11 tbt 
bottom part or a =i:or tr1a4 a Jocquiere 4ooo not c hooa t to 
<liacusa t~o co::.pltte!..,. u.:u-elated di.tre:-e n: e tonea ot tbe 
tqu a.l -tt~;ere4 or .?7~~oreu :Unor t h1rch • howe•er. 

S 61x:ornerup1 r.·uical J.couatiea baaed on a Pure 1b1r~ 
~, colum.n.a 1~1')'. -- - - -- ---

62 
p 1.. J.riol, ~· ill• , P• 74. 

u t see cbt pter-10. 
7or ua ela'borat1on o! \:b.~ 



!!arq Partcb dota aot go a o tu aa .l.riel 1.D a i.Dgli.Dg 

out tbe interval 6:5 , but be call• i t "good t o the ear,~63 

oddiJ>i tbat ita P7tbagorun oquiYa.lont, }2:2?, i a •btroD4 

the ear'• capacity to determine accurate!7. •64 At tirat 

glance ttie indictment hardl7 ateaa reltTADt, tiACt e aaineaa 

tc dtt·era.i.ne accurat·el7 4ot a cot 1A 1tat lt appea.r to 'bt a 

aatiatactot7 V&:! to det·t rmi..nt the couaoA&Dc t ot 1.11 1Dttnal. 

But t be Lcplieati cna ot Partcb' a alles•t1ona go dtopor. It 

ia geur&ll.J' accepted that curent tun.!,ng practict gruta 

t or greater lee we,y to va.r1o.t1cns 1.D tla third than 1n tbo 

oet6Ve or !1!th. 65 But is not the ear ' s Ter,r villingnaaa to 

at-cept a coaside:able alt er&tica 1o the third a aign that 

1 t lao net accepte<l tbe }Oc>-cent ai.Dor tbir<l or tbe 40()-

or 408-eont major tbir<l u an aeouotical ataD4U<I? 11>4 

doea not t~ eo~pariaon bttveen the relative atab111t7 of 

tht am&ll-nu.abtr conaon.ances (ti!ths , !ourtha, octaTea ) 

anol tbo roht1ve 1notob1l1t;y ot the art1tic1a.l consonu.cu 

(tla tb.ircla a.n4 al..ltU:a o! current uso) at l out auggeat 

tbat wbe:o a mua1c:al aoc:itt:1 tUJ)el ita conaoout i.nteM'ala 

6
3Part ch, 22• ~·· P• 241. 

64 ,U!i., P• 278. 
65•eeta•es, tlftb•, ~d fourths present a certain 

PhrQblec or intona~1on , since tte alis~ttlt d,Y1ot1on troa 
t e co:reet pitch 1.::1; eitter .cote ia ::.ore t~~ppa.r·ent to t bl 
·~ th~ it wo~id be in •~ch Lcter•~le ~• tbe 6tb an4 3rd, 
Vhere tb. &.atbe:nttc&l ro.tio betlttctD -:.b.e notes la aore 
!0~Plt%." -- Ktnt Kt~an, d1iC:UI51~ v!vlln 4ouble-ctopa 
~ ~ ~.c~gue or o~c:he l tr~tio=. In4te4, the gtthe:atlcal 

•
1
tt ... o of toe t nfrCs a.n.J &lXt!l.l o? co~:;Jt.on practice is •coa-

P tx!" ~all wonder ttat tev :.\.:..S1c1a.n.a vould retuae to 
~?Dttde Ke~ his point on ~e tltxib111e.J or tbtir 1ot ona-

... oza.. 

I 



to cDll-z:asbe.r ratios it hu a : or-e atable buia t or ita 

1.Dtooat1on? 

~ lli:B 01 nl"ll!s .L'ID '!B IRil6 

With tho acceptance ot tho 3rd and 5th partialo aa 

basic to aost :usical syste=:~e, and be!ore proc.eed._in& to the 

eoos1derat1on or tte ?tb part ial ( which re£.a.ina contro

versial eve~ a:ons tbe aavocatea or ~ultiple 41v1e1on) , it 

1a neceeaa%'7 t o consider a bod.7 ot aeouatical d.ata and. 

apeculation c o::.cert.Li.ng W rela:1o.nsh1p betveu the ~rd a.n4 

5tb pa_rtials , l.!ld. the use ot the int:ervala creat ed b7 tb.ia 

r. lat1onabip in the bui l ding or :usical 878 t-eu. Joaa 

~~achmidt uses t bt ter= ·~nte::.-~r&t~e~ebe• to deac~ibe 

vbot be regards aa tho total :uaical titld tor an1 ayatea.66 

'Jea le7 s. 2 .. 'Joolbouae , an 1mportaJ:lt pioneer vr1 ter in the 

!1eld o! :ultiplt d1via1on, wri ting in 18}51 claiaa tbat 

•t.e~ interral • •1 be dettrmictd b1 co=b1nat1ooa ot tba 

~~jor 3rd , t ho Perfec t 5th , and the OotaTo.•67 

Boa~~uet aaaert.s , •to pro•14t a aater1al of notea 

to~ :uaical per!or:ance lt i a tbeoret 1call7 requ1a1t t 1A 

tha ttret place that t o every note uaed ve 6hould poaaeea 



I 

3'7 

octav• , ti!th , and major thi rd, up and dovu. Each ot thooo 

being a note used ve •a: r.quire the aaae aeceaaoriea to 

etch, and so on."68 Boaa:quet ~ontinuea, •tt however ve 

prortd.t aU the notes Deetss.&r1 tor an e rt·cded &1'St.• • 

vt have endleaa aerie& ot tit'th.i: running up a.nd do•n, u4 

eodleaa aeriea ot thir4a ~Inning bori&ootall1i and it 11 

pote1ble to ahow t hat JlO two ot t~ octet v1ll ever be 

u:•ctl7 the au.e in pitch. Co.c.aequentl7 i.n practice Ya.rioua 

e~prorl&at1on.~ &.N ezplo7ad, ao as to r ·td.uee the ouaber ot 

ootoa re~uire4. •69 

.u the Ju•.: !itth and tl:.i ~ aro tixed intor"tl.lo, t ho 

nrioua r e lotionohipa vithin the wtb ot tittho and thirdt 

trt i~utablt. Tbt moat i=portant Ot tbeae r.lationehipt 

vith their trad1t1oc&l ter:a ~ qual1t1tl are abown 1A 

l:xuple 5. 

Aaons the theori ata vbo have dealt with ault1ple 

41T1e1oo in tbe paat, a majori~ have built their 171teaa 

to capitali ze on feature• or th& web o! tittha and t h1r4a . 

Tte .. approxi:atlo.o.s• vbich Bose.o.quet DOt.tl aboTe haTe ltd 

t o t wo ty-yes ot systtc.a: eQual- ·te:pered. a,.ate:s in wtdc:h 

•"•:"1 ~e=~=- CG.tl aerre u ttird or ll!tb abo•e or btlow 

tnotber ae~ber; &nd une,u~ a,.ate:. vbere lor • greater 

•••eu.re ot aecU!"ac,. or ai:plieit ;r or both, the c:oaplttt 

mutuality ot re l&tionehip ia sacritiet4 and to~• on the 

68Boaonquot, ~· c1t., p. l. 
69 
~·• P• '· 

i 



b.upl o 5: Rol at1o.ool11po 1.o lio~ ot Fittlla all4 'l'l11r4o?O 

O.a1gna t1on Uu e 

.... 
B. 
c. 
D. 
i:. 
'1. 
G. 
H. 
J, 
J. 
( , 

. L, 
II. 
II. 
o. 
p , 

Porfoot Pltth 
MaJor Third 
1\inor Thl r4 
HaJor t one 
Minor t one 
Dia t onic 1oa1ton. 
Y,eJor l~a 
Cbro~o tlc otc1tone 
Minor lizma 
P)'thagoreU> H ua 
11&jor d 1ea1e71 
J1 1nor die111 
Syntonic co=.:a.a 
l11oor coc:=a 
Pythagorean comma 
Schit~~Da 

Rutlo 

}:2 
5:4 
6:5 
9:8 

10:9 
16:15 
27:25 
25:24 

1}5:128 
256:24} 
128:125 

}125:}072 
81 :80 

2048:2025 
5H441 :524288 

}2805 : }2768 

De acrlpt1on 

A- B 
Two ! itth• lese one actaYI 
B - D 
( A + B) deducted troa one aeta•• 
} .1. - (28 • ona oeton ) 
D - G; E - P; 28 - .1. 
}A + B - t vo octovee ; D - 1 
t hree octaves - 5~ 
one octave - 'B; G - 1 
5B - (one octavo • A)J H - ~ 
4A - (B + t vo oetevee); D- & 
three octa••• - (4.1. , 2B); l - n 
12A - eeven oetavee 
81. B - t1•o ootav• o ; H - M 

7°noet ot the aat•r1el a in tbia eh•rt are t &ken ;t roa a eiailar chart b7 
Fr1e4r1cb Opel~ t roa b1 a JJ lse:.1n• Tbeorle ~ ~. P• 21. 

71!bo Harvard D1ct1ono!lll1oto tho maJor diooia oa 1}5:128 (lour ainor 
third. a ai.Au LD. oc:taveJ; md c • t he i.Dterv&l ab:ow ber·•· . l28al25 , a allior 
4iea1e . 

" 



t 

trtAoe ot the ayatec lack tit th aD.d/or thi.rct 1 aboYe or 

'below. 

Vd:achaidt, iD his theor, ot rational toce-a1ate .. , 

baa ~&de oce ot the QOSt ~ece~ratlcg &AelJtea ot the qua11-

t1e=: and. poaaibilitie a ot the ••rtoua equal-t.~pere4 

Q'ste..» wlthiA the eont,en. ot ~be wb or ti!tb.a an4 t hird.•. 

Be 1a particu.la..rl,- coe~:•r--ed vi tb two kind a ot a i..Dute J.Dt.er

•&1• which he eon&ide rs particularly t:portant to teapere4 

•1•••:.. '!t.: rust ldJ>d he cel.la dofirdns (dortniorond) 

tnteN&la . 'rheae &re t!le •eq a:all lnt·er.-ala in tbe web 

or ~tho &Ad }rdo •~ch are :a~e to di1appe ar (a odo equal to 

~•ro ) Ln tbe process o! building 6 syec1~1c te~ered t7ttea. 

'itt arntoa.ie eo~t.:ta, tor ex.a.:ple , is a ciet'iJ::.l::;g 1neeM'&l 1A 

1:-co~• te=~•~a:ect, ~• is the aajor dieaia. The s econd 

kind, ·,~."drlcba!d t calls co:.atruc t ing ( k outruiereod ) ia.t•r-

Tala. ~••• are tbe interval a eacb. ot which 1• equ.a.l to 

c;ne Wlit o r a te~;ered •.J•t,e:~.. Th• constructiJlg intervals 

lll 1 2 - tOtlt tt:pera;::ent &.rO 'be Y&riOIU kJ.a.d.a of le:itoUS 

S"Jc e •• l6:15 &A4 25:2•. It 1a 1.o"d.r•eh&idt 'a baste. eont.en

t ioo tha t e r&t1onal IJWtt = 1a on• 1u ~hleh tho lar~eet 

t e ttoin.s interval ta a::;.aller than tbt aca U tat con.atruc.ti.::.g 

~te~al.72 The ration~ 17ate:a , ac.eo~dtag to ~ttrac.haid t 

72·•a:och.:li d t 
P· ~7. '. d.--sc!t:.id 
~ ~Jor die a!a , to 
lC~ toa.e c•:;e~a::ent. ':be ai,,es ot :be a t 
~! 4l .Q eeota reayec.t1Y•l7• Aa co~truct~ 
-:rae~dt ael~r ts 16:15 , 25:24, &ee l}S:lC8, 
O! vQJ.cb ia 70 coat&. 12-tona t e::pe ruent. U 

.... 21.5 
1n~rv&1a,. 
the a:.Alleat 
t beretore 



..... 
- · . 

LrO 5-, ?-, 10-, 12- , 19-, 22-, ~1-, }4- , 5}-, and 118-tono 

u:pe:a.:~ta. 73 

CZ;e o£ the g.rea t ad~"a.nta ses o t t he conce¥t ot a web 

o! t i! tb and ~r<la i .o that 1t .,..OT1deo a cethod ot cllo.rt-

1.:1.& r.aic.&..l systeu aceordi.n& to the intenala !ro:a .tl1ch 

cb•1 a...""e 4 er1Teli, t buo eating rlsu.a.l and eaa7 to perctiYt 

t~ charac teris t i c tea turca ot tbe atatea. 

&osanquct Dlkeo •uch a graph o! the 12-tone a1atea, 

vbicb be c..U.a t he chaOd.ene, witb t h e titths vertical &a.4 

t~t thirds bori:ont&l. 

::Xa:llle 6 : 

8" D F" 
G !3 

F A 
rattcllf.l . I.n choo1iDg 1}5:128 •• b1a cblrcl ccnstructiDg 
1r.~nal -.:drs ch.:;.idt is ::a.ki.o.~ a :.-'s t unu su a l se l ection. Tbl 
"! .. -: H -to e-e ,,.ltt Q 1a b ui l t ea tollowa , ( 25 : 24 )5x ( 16 :15) x 
(~~: c5} • 2 . •~a,h=idt instea4 builds b1~ 12-tone 17ctea 
•• !ollows . ( 16:15)1 • ( 1}5:t<a >> x (25 :2•> • 2. 

?3~!~., p . S$6 . V~ach:14t 4oe e poae o l i:it on 
t~t tr;1n$~~ h~a •1a te: tor, i! t e did not, other •=all 
U::tt rYal.; ta: n:;.ovtd !rom ~ua 1c•A pr act.t c o vould 1ctertere 
Vi t~ ti s ealc~lstiona . He chooses es l i:it~ l l !i!tba and 
2? t~1~1$ tn order to el lminut a ~oc very amal l d1oc repanc1ee 
t rc..:. :.:.~ octave created by th~ l~th t i!tb (th! P}tb.agore&D 
co~) And by the 28tb third (v~ich exc etda tbe Diotb oc taYt 
b)' o:U.J ~ t ev c e::..ta). 

74
!osa.n.;ue t • .22.• £..!!. , P• 2. 
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'!'he usual practice in s~.aphing !Utho o.ud thirda 1a 

t o represent the !1!ths bori£on~all7 &Dd the thirda Yertlc

all7• h. 7 shov a the sa:e duode.oe •• ch&rt:ed b7 !.d.r1au. 

7okker, who attribute• i t to the l?th een~~ as~beaat1c1&A• 

Loolll>ard 3Ulor. 75 

haaple ?: Euler•• C.nu.a Diatonico-Cbroaatica 

A £ 13 F~ 

I" c c. 0 
f)b Ab £ ' 13' 

\le,r~~l1.:;1<!t 1 not1AS tllat the duodene rtqu1rea tour 

cons tructing intervAle, chooses a dilterent arraagesent 

Ot tOD.e8 • ~ple 8 I~VI the t our CO.Q.I trw:tlJ:1.b iJlteM'all 

1c 12-toce t.t~:per&&tDt ao they a,ppe&r 1D E:Qler'a •75te.a, 

wblle Ex4:ple 9 ahova ~dreeh=i~t•a •elution, eli:inatins 

the inteno.l 2?:25. 

bam.-ple 8: The Construct!~ Inte rTala in 12-tor:.e Teaperuent 

~:_Jf~ r!L .... £fl r • • . • • 
L~ . : ~·! - ; -.;=~ t&-;.1 

ns: ; :z.S z7:2S 

i'5!'ok.ker, A. D. 1 Just I.::.tor:.eti on • n4 tbe Coabinat l on 
!! !ar:.onic )i&to!Ue r.elOC'iC G:-ol.O;a, P• r.-



~1el, who Wll a eontempor.&r7 ot Wdraehzid t'a an4 

wbol e vo r k wa1 vell tnovn ~ ~. was probebly intlueneed 

bl waroeh=!dt •• voll. In 1925, &!tor ~aroeh=idt hod olreldl 

4tYtloped hie theor1tl ot tbe =uin~~n-~er:engewebe , but be

tort be eod1!1e4 tbe 12 -toc.e s.;:t~: •• abovn aboTe , £riel 

publiihld his OVD Y11 WI OQ thet 1 2 ·-tODt I,Yitea , u.aing on.l~ 

the traditional throe oonatrueting l.ntervala, 16:15 1 25:24 , 

&04 2?:25. Ariel o!tors tvo patte rn. 1n interval charta 

wbicb, vben sra.pbe4, turn out to be a a ia a bown 1.n XX...p1e 

10. 

Exa:plo 10: Tvo 12-tone •1otomo bl Ariel. ?6 

PA$8 
F C (;. 

?6o.r1vec! ! ro= the chart a in J.r1el, !R• cit. , P• 11.5. 



It ap~are tbat Kornerup vould asr•• vi tb tbe aeeon4 

ot tl::.e .A.riel ayste:s , tor hi a own chart 1ru:lu4ea eYerr on.e 

ot Ariel'• t ones except~ .. vhicb torcerup vould probablJ 

select 1D the same canner.?? Oo. other pattern , aoaevhat 

oiailar to &riel'o is ottere4 ~lov Lo ~lo ll. I~ 

likeviee emplo~s only tbe aa.e three eonstr~ctlcg 1~tervala. 

aoveyer, 1n epite of the atrong pretereoce shown b~ Ariel 

II.Dd wa.racb.midt ! or 1yatema inYolvi.llg o.o.l7 three conatruct.ing 

icter.ala, it 1a bard t o ••• v~ &03 ot tbeae 17steaa 11 

preterable to the Bo5&Dqve t 4uodect vi tb its co~pact patttru 

1nvolv1o.g tour different o1&ol or eomitone. 

~&C¥1• ll; AA hdd1t1onal 12- tooe Syatea 

IF* c~ G* 
.4 f (3 
p c & £> 

' o• £b fjb 
' 

• 

--
To \o"tlrschc.idt, multiple d1 vie ion tollova r·roa tbe 

logical wish to e l i=inate t be l•rser of the dtfinin& inter

Y&la. Sia.ce the 4e1sis is the largest or the detiniUf) in

tO~Yala in 12- tooe tecper~~nt, tbt next rational •1•t•• 

~~6 t provide a~parate t ones tor pitcbea eepara ted b7 that 

1aterY&l . The dieais tbus becO~$ ebe s:alleat of tbe 

??Derived troe: r.usic:al Aco"Uat tcs ~ 2 !. ?ur• 
7h1rd Szate: , colu=na ~1-o. 



constructing inttr9ala ot tbe next rational 17atea, v~1ch 

ia 19-toot tt::paru.ent. Used in.st·eac1 aa a dttiJUAg i.DttrYal 

iD 19-tona tacparament io tbe 29.5-oent ainor 41oa1a, }125: 

mz. conailtin& or tbe d.i!!erence between the cllroaatic 

&e:Utone 25:24 and. tbe caj or d.ie .ois 128:125. Both or the•• 

latter iotervala are coostructins intervale, and it tollowa 

th~t since all conotructing intervals are e qual to one unit 

ot a given 17atem, tbe ditterence between a41 pair ot con

atn:ctiDg intervale 11\l.lt equal a d.erinin;; iDtaruJ.. 1'l>ara

tor·e, 1D a r at ional a,.ete~t 1 the ~argeat c: on.atruct~ ioterYt..l 

suet alv~a be leaa tban twice tbe aizt or the •~elleat coo

a tr.:ctiti.S 1.Dt.-trv&l. Other or \;'flracbic1t'e ret1oul 171teq 

wi l l be ezacined in tbe chapter. on the Y&rioua epec1r1c 

•1st•=• or multiple 41Tiaioo. 

~ S:ate:a: To tbeorista pref erring exoctitudt or 

rirtha .o4 third• to approximetion, the pro~le• bea . bttD to 

lind va,.e ot cloaing the open ende or their 171teaa. To 

proTide 12 central t onoa with Bosanquet •e minimal require

:ent (a ritth and. a third. both ab ove and. below) woul4 ro

qu1re 26 tocea to tbe octave , th• outer 14 or Wbicb would 

·~~e :erel7 aa ouxil1ar1es wittout t he ac:ouat1c&l reeourcea 

to hco:te tonics iD their own right. llak!Ag pottntia.l 

tozu.ea ot all tbe tones 1:1 the treditional tve l ve aa,Jor 

u,., vo\.lld. r ·t quire a =i.n.i&~ o! }? totaes per oct-a•t1 18 ot 

tbea lack1ns at least one auxil1&r7• Ne•arthtletl 1 ·~ 

thtor1ata b.&Ye triad to co:e to tenu with the 1nt1A1tu4e 



o! poasibilitie~, and Just organa and harmonia have been 

built wi t~ al~ost e•ery poasible number ot t ones to the 

oct•••· Barbour eX&:inea a ouabe r 9! tbtae inatruaenta?8 

beg~ on pogo 108, oad Pe.rteb atu4iu eneral 1.a groat 

d.tt&ll. 

Within the web ot fifths and thirda, perhlpe tho 

moat reaarkable ne~-1dentity is the achia••• which repre-
u • J 'l l\lo 

eonta t~ di t!erecc o between 8 titthl pl ua a third and tiYa 

oc t••• • : 32805:32?68. or 1.945 eente. EYen t hose theoriete 

who baYt been ~plecabl~ opposed to aubst 1tut1Qg tbe eppr o

xiiUtlone i.nb.e::-ent in equal te!:.;er.:~~.~nta tor Juat ratloe 

have te~ed to accept tbe pr i nciple o! an al t eretion ot 

each fifth b7 1/8 oeh1amo (obout a quertor of a c ent ) 1.a 

orde r that everr eighth !i!th ~igbt produce a Juo t &ajor 

t hird vben deducte4 !roD Ci•e octa••• · Tbt t reat=ent oC the 

tebit31 aa an identit~ can £i:pl 1ty a 2us1cal s1ste~ con

e1dtrabl7• Clar~ Jonta rightl7 recarka that 15 ~•Jor k•r• 
can , vith tbe assistanc e ot a cinute temperament o! 1/8 

aehisca , be reali:ed vith as tew as 24 tones to the octave , 

lf~e.reas ~5 vould be re ;ui red 1!. tbe achiau v ere nott:r•ated 

•• &!I identity. ?9 

!be Sorvegla.n eom;-oeer !iT1..n4 GroYez:. also usea 

78tn Tunin; ~ Temperament. 

?9Jo:~G, ~~:nrka on Juc t Intonati Oft and r.usical 
!_C•L_lta , J.cou.a ticil ~oe le £j J our .oil, I g;:;f.p:-'727 . 



ecb.iaaa tie t.empera.mea.t tor hia ju.st orgu,80 but teela 

co: pelled to add 12 tonea to the 24 reco1moD4ed b7 JoAea. 

bric.gi.Ag ~o 36 W nuaber of to.oea to tbe oct•••· 

'fbe aeh.iaaa U tU subJ ec t ot a claasical approxiaa

tioa , poaa1bl.7 111alabele4 a theorea 1 Belaholt&' Theorea . 

Tbil atatea that tbe ac~a~ , produced 11 outliced abo•e, 

11 approxiaatel~ equal to tbo er~or ot tbe !i!tb in 12-toDt 

te•~ruea.t. The roapectlve tigurea 1.o cute are: 

Seh.iaca: 1.945 ceote 
Error ot Sth: 1.955 cooto. 

The use ot the 1chi s:a as an identlt7 coDverta tbe 

opoc-oo4ed plene srapb lDto a ~d ot •~1ral, or partl7 

detached ring. The peria eter represeota a cycle c! !i!tha 

vbl t. the apokes represent • serle a ot th.irda. ~ple 12 

lllua tratea t be &Jete: ot 24-toa.ea advoc-ated b7 Jonea. Two 

»Oaaible noaea.cleturea are ahovu. 

Rx&aplt 12 : 24-Tono Sebismatic Tomporaaent 

80croven, ~ UAte:pered C£b&n 1 Org&D tnatitute 
~t•rJ.7, Vol 5:;>, ~~•r 1'"~5· 



RiYiDd ~roven exteods the spiral by 540 4egreee, aDd 

~••• j ust auch a graph to illustrate hia article which i a 

dto4 eboTe. 

~ Se!:..is::a iD P'Yth'!.s~rea.rr. srate:.&: S1oce 8 t1ttha 

deducted fro• S octavea le&Ye• a cajor thi.rd 1D scb.1aaat1e 

u:peruenta, a •1•t·tm ot ti!thl ,.-1elde a j u•t third oAl.T 

it tbere a.re at leaH 8 auperi.:p·os ed Cittha. M ter the 

(!ra t 8 toc.es, eae h ad.41tio!1•l tone ot & Pythagorean ayatea 

wi ll 7leld. t~ 1llu.1oc ot a Jaat tbird. Barbour 4Dd Xutt ner 

potnt out t ha! thil s tvea t he 41atant ke7a o! P,rtbasore&D 

tuning a clo:e reeeeblanct to tho ntLr ktyl 1c jnst iat ona

ti oa , vbile £ornerup, vho atrong l7 41aapprovee o r Pythagorean 

tun1ng ,81 &'TS ot tho pbeno:enoa o! &l:oat-jua t thirds over 

the "back !ift~s~ ot the P,rthago~t&A &71tem, •It ia the 

plerCul vq o! na~ thf.t all e:uggeratloo corrects it-

ult. •82 

Beceus e of the relatively elo1e ~orre apondenc e between 

t wolve Ci!th.s 8.:ld a even ocu.ves, the tone• or a.n extended 

eyele or pu_-e (or eub-achiasatieall7 teapered) ! if tbs teD4 

to ptle up in la7era ot t velve, t ~cb re:o•ed f~a the otber 

P\U'e ! i ! t bs , i..5d an inteM'al slightl.7 a: allet- thu • 

81tor=•~P liken• the octawe. t l !th, ar.d third , to 
tho t.b ree J!:ll.ary colora , mto!._nts! .. n!..c.g tho.t P]'tha.gorea.niaa 
1a the ~usiea: e~uivalt - : or eol~r-bl 1e~edneaa . Yluaiea l 
.\cou.!..:..!ll ~ ~ ~ iU.rt ~ ~ate~ , colusn 29. 

82s:ornerup, 1-c:o....atlc ~et.t.o.!s !! ~. 19~ , p. 19. 



a;utonie coac.a 1D the case ot sub-sc:b.is&.at1call.7 alte red. 

fi!tha . The 24 tonea of Jones' .spiral ._.._ g.rou;t4 u 

follova vbe.c con••rted into a pi'tcb. cont1Du.u:a. 

J' .,, 
I ... 

Piteb Cont1nuu: of tbe 24-tont P,rtbagort an 
Spiral (el1ghtl7 altered b7 ecbleaatio toaptra
~>ent) 

Ill a.•V" J'' .,.., f,, '" 
' 'I '''I ' '(I .,..,I .. , ""I I I I II l 

1 l 1 1 1 1 
100 IOO JOO •co S 00 6•0 

I l I 1 1 l 
1M roo 100 1000 IICO ] Ill 

V1tb. e ach addition or 1,2 t onea another •lqtr• 1a 

added. oct co::a blgher thaD tbe pr eceding ooe. Tbia tact 

poaaibl7 explai n• vbJ propoaenta or thia kin4 ot 171tea 

bavt t t oded to odopt 17ste~s vtose tcnta nuab trtd &ultiplta 

ot t welve. It will be eeen in exa.:ple 15, t bOYit tbat the 

i~ttrvala b ttvteD t ach ot the t ve lve close groupe art ot 

t vo <U tter•nt aiz.ea, the ont being approx1mate13 ?0 cecta. 

the other, 91 conta . The a1:1a.ller or these two intervale ia 

epproxi m.att l .7 three comoae i n stze, vbile the larger oct 

is about tour. In t he 24- tone ayste~ abovu 1: tX&3plt 13 . 

there art aeveo. 3-co:.!la gaps , and ti ve 4-cou.a gapa. J.a 

~ tbeoriotl b••• pointed out, it is possible to br1D& 

the veb ot tittba &04 thirds to a ver,r clcae approxia&tion 

ot a elo••4 •ya tt:1 'b7 con~inu.i.ng the api_ra.l \l4t1l t.b.tl t 

eo~ s•P• ar e ti lled in. ~ total ot 29 a44it1onal tocea 

are needed to t1 U tb••• gaps vb..lcb brln,;a to 5} tbt t otal 



o.uabar ot to.nea 1.11 the a7:steo. ..l 5}-tone P¥thasor.u 

aystea 11 &l•oat 1dentical with 53-tone equ4l tt•p.raaant, 

u 5} !1ttba (}720} ,}5 COllta) i a nurl.7 prec1aol1 oqul. to 

}1 oct•••• (}?200.00 centa). A a1Dglo !i!th in 5}-tQDO 

to,.poruoot 1a cliatinguiaht cl !roa th o JWit l i!th b~ onl1 

0.06 o! a coot,8 ' 

Tho builclins ot 12- toot 1~ora aoparatocl b7 a coaaa 

encouraged tbeoriata to uee traditional to.n•l noatncla~, 

~itb tbt addition ot a 4aah over or under the not e•A&at to 

UuUcatt rail i ng or l overing b7 a cotuae. 'fbia pr&Gttca, 

according to Xornerup, evolved rro= a 171tea ot coaaa

di!!erentia t1on b1 up;er and lover ease letter• u.ed b7 

Eaupt::>-I.D l 8H to t l>o f ull: dneloped pl011 ot O.tt!.nsu 

1n 1866 • in vbicb 4ashea above the- note- nuea a1gtL1!1e4 

levering b7 a co~a. Ee~oltt, &ccord1ns to lornerup , 

dupl icated this 171te~ in 1870, b~t wi th tho dashoa uaecl 

below the letter& to lower t~e pitch. Eit• I.D 1891 atill 

uaecl the sys tem, but with additio~ end d1via1on oigno alter 

t be note-na:.ea rathe r tb&n. daehea. 8" 

Oett1nsen, Hel=holto end .:1 to eJ.l uaod J7thagore&A 

nocenelatu:e, Ybtrein St representing the J uet tb1r4 abo•• 

8
3Tbe at:e o r tbe !itth in 53-tone te=par &aeDt • • 

"•11 •• :ucb or the c1u;a ebout i~t•Mal a1:ea cbrougtout 
t~, pape r 1• sat~e r.d t~: An i:press1ve tho~h unpu~l1&ht4 
t oll ectioc ot charta appeuied t o ~ Introdu-ction~ Tuc.iDI 
~ te:pera:ent , b 7 ~le& S. Ient . 

S 84torneru.p • Musical Acoustics ba&ed ~ ! ~ !b1r4 
2l!!!!. c.oluan. 21-22. 



c , appear& Yitb the s i gn ot eo~a aod1t1cat 1on. the Gl 

25:16 appears vitb t wo oom%4 s igna 1Ddieat1ns that it ie 

cvo eou:aa rez.o .. ed troa the G# o.t tbe P.Ttbagorea.n aer1••· ,:,-z 'L 

Xor~ru~ottera a chart tbowing ~b• no=enelature Ot b1a 

p:edeeeaeore t or t our tonea •• d• r1Ye4 f rom C aa center. 

Be aleo ebove bil own no=en~l•~•• vbicb 11 based on a 

Juat t bird oys t em vterein it i o t he P,rtbegoru.n int or n la , fl 
rather than the IJUtonie 1a.tenala, wh i ch are alt e red b7 

eo:=a elena. Exaaple 10 1bova excer»t• troa Xornerup•a 

ch.a.rt . 

tnnplo 14 : 

f, . ,,#,o """ IJttlinJr" H•t• !olh (,,~ £ it-.. ~:pm.,.,. I',<A.,~I'<>'I ,..,.., ... ; ( nl ; ,. If~ 

A' tf'CIP ' ') C I! ll'f 

2'; : f6 -773 9 11 
}!_~ 9-Tl:-2 9.# JJN>h 

S:f J8(, e ~ e.;-J e F~ 

JQ.'I IlL ;; !! d+l tl £U 
'/;I 

~~~~ J. d, d d+ I> 

~e debate betveen adterent a ot the t wo ao~encla

ture, bae been lieree. varachmidt, an adherent of eyntonic 

QO:a.enela ture , a_nd J . Vallot, a disciple of Oett1.D.gen, e n

S•god 1n o bitter debate 1n t he I"'S .. or t bo ZoitsohrHt 



.... 

.Sl 

f.!!£ Phlsik85 1.n 1921 and 1922. 

Vdrech=idt compares hia 53- tono 111tea with 

Oetti.noen•a 1D d.iagru tor:, att·a:mpting further to contoUD4 

Vallot. 5ote , boveYer, in !xa:ple 15, that Oettingen'a 1• 

• or. coa~ct than Wdracha14t•a and that it make1 core ez

t eoai Yt u.e ot the acbia&lo relati on (1bovn b7 the dotte4-

11ao oxtono1oao 1.n ~lo 15). 

huple 15: 1/llrsch:l.d t' o and Oettinsen' 1 53-tone 
S1•t•u rltb Det1ning: &D.d Coutructlcg Interval• &bovn. 

(ONST~V(T!N(; 
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>-"'· 1• 

-J 
~ -

jiJ'I>'J•~ 

;:, .:· .. : 
' l .•. : 

r·.~·. 

~ 

--l~-,·.·.·~_·:: .Jm. ~ J ~;.";."'; ''''; 
I • ., IJ'L14 ." 

"

• I J ! l ', ;..,.' 

' . 
I = ' L; 

- ...... , .. 
---

-.... 
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It &hould bo noted tbet • trul1 P7tbogoroan 53-toao 

171tta vould ep;ear o~ a 4iagraz •• a a1Agle horizontal 

ro• ot ;3 tltt~. Not tYtn O.tt1ngen'e noaeaclatura , 

•• 

, 85soo part1cularl1 \/allot in volume ~. p. 15?, and 
\JG.rectlm14t in volWIIIe ; , pag e 111. •·aracb.mld t aecri'bee the 
11Utonic no;t3elDturt he uses to B. Starko. author ot 
ffi~:i kolisc:t.e :-:usi.kleh.re ( ot vhic:b. •a..rachm,idt eitea p.agea 99 

100) . ~a:scSil~; cl•~• aa the chit! advantage to 
1YDtoa!e no:e~clature that man7 t•~•r c o::a-alteratiooa ere 
~tdtd than 1D Cettil:otn'a 17ate-~ , a claJ.a vhicb 1s juat1-·•4 . 

A( _ £ 



eo=plic a ted by co~-atsna , e:pl071 tbe ~ultiple 1harpa 

~ !lets that vould ~ necessart to ~tlect .ueb a 41agraa 

ac:euratelt• I t wo1illd appear t b&t v~le 'titlrachaidt'l noaen

elature does co:mend 1taelt by ita relative sL:plicit.J , 

Oetti.Agen• a e.r1t12, a.s •hown i n .:.:u.:._.le 15, above, ia the 

eupe:-ior one, t 'f'en in \t'tlrlc:h:id.t •a ~vu tersa: It 11 tlle 

more compact; it ia the one whi.eh u1es oAly three construct

ing icterTalsi i t :akes ·~eh greater use or the cchiaaa &a 

..,. idut1t7. 

The two baa ic no:enclaeure• ot J ust cuaical aya~e:a 

8-D:! or 5}-toa.e tea.,er e.:eo t are r-e!lected. 'b1 t wo cllat.ioct 

d.1v11J1o ne o! the 5:5-tone 17at-e:l to produc e t.be d iatonic 

scale. Joach1Q Steiner. ad vocatLDo 53-tone te:peraaeot •• 

a b&a!a tor ~•••~e=ent r et era t o the ~bagoreao 41•1a1oD 

9 9 4 9 9 9 4 01 etring-!Jdian and t o tho Juot d1Y1110A 

9 8 59 8 9 5 ae Cluto-l741&n.86 ~ d1le.aa oC the alter-

nete ac&lea &nd no~eGclaturea ~•ult a Croz tbe conYeraion 

o! the syntOnic comma !rom dd!ining to con•truet lng interval, 

Ou:- note-~ea are Oase4 OD tte ••~~tion. Yal14 1D 12-tone 

t e;pera:tnt, that tvo pitches se;are~ed b7 a ayutonic co~ 

are 1~ reality one and tbe a~. 

'I'll• vel> o! 5t!ls &J>d ~rd.s c!ou c.ot ond w1 t h 5} tones. 

~'t!.rsc:h:.idt has E)ODe O!l tO d.iogra.= 118- tot:.e te=per&eCt. The 

V~b i a. indee4, endless , &ed it ~uld appear &d• i s eble ~o 

., 4 j 

S~i.:::Wl; aut die E:ntvlckluns 
ko~rea5 air Intern6tlon.leo 



e~ricate Our$~lve& and :ove on to tbt ?tb part1•1. 

TE! s=7H FJ.R7l.U.: ?:4 , ?:~, ? : & .c;D Ti!3IR ~ICNS 

• xn the !lora and t•un• the tigurta 1 , 2 , 3 . 
&e4 5 are r uling sccording to the lav o! prec~euce 
that 1 , 2 , and 3 (aa vell oa ~ult1pl iea ot theae 
tigu.res with each ot her) a re ruliC.S on a lower ataoe 
Of .d!' Vtlop~Otj fO:" 1D.St&.nCI in tbl !lowt rl O! 
c oooco tyledonoua placta aad vi~h :oOpbJtel; w~le 
~ (and ~ul<ipleo •• 10, 15, &ed •• rortb) indicate • 
higllet• pbos& ot d &ve l opceza , - ... ln t b! tlowera ot 
'bico:-yledonua p la::s e..nd wi t h ecbicoder" (t;tartleb, 
cr1no1dea~s , •~ct1n1ae)~ while other pr1~e n~btra 
1adicatt ter&tol ogiBG. "b7 

~~ above categorical op,oa1t1on to the role o! t h e 

number ? uppeo..ra in a theoretica l treat i oe on C1.l.l1c. It ia 

a.ot, aa one oight thi:1.k , trc:a an oppOatnt oC the ex;a.ns10l'l 

ot mun ieal rcaoureoa. ~be atateo~at 11 by &orcerup, a 20th 

ee:at-Jr,. advocate or cu.ltiple d1.-1a1oo. It voulc! appear 

that in vbatever tonal worldo may d e velop, the ?t~ partial 

v! ll :eo&ic tbe ~~bject o! coo~rovt rl7• 

!ornerup • in b.ia other wri t Ulgl , acknowled-ejtl t bt 

seve~th partial . ee adaita ita plsce a:oaa ao:e ot tbe 

mus i ca l sy ateos ot the pas t aod preaeat ,88 Bnd even pr o .. 

vtJes an approxi=ation to~ t~ incerTal ?:6 lc hia Goldeo 

8 7t:ornerup, Muo!.ctl Lcoultic• ~ !!1! !:!::::.!. '!hlrd 
~Gtt: , eolu=n }1. 

, 88He &sserte t bnt th e arit!:a..t:net1cal dirlsion 10:10, 
0 ·~ ~ 10:8, 10: ? , 10 :6, 10:5 111 the batie t7P1 ! or oriental 
~nta tonlc eus!c . Aeoutt!.cs ~:et~ods o! ..-or~ , 19}"1-, P• 1.1 . 
b~~a ~or~ ia een 1tkrs· ~o=e riCi~~-r ~ooe 1n vtleh 

• Ottuck • the . ?tll partir. .... s o veb.ece:. t.l¥. 



S71te:.89 More iQplacabl7 opposed to tht 1nclu11on ot tbt 

7tb partial 1n UlJ' ldDd o! cusieal ·~to" 1a Ariel . He 

411tinguish~~ between the •natur&l• nuaber ser~ee ( wbich 

1c.cludee all .a.u:abera) and tbe ~ar:onic • aeries ( vbieh in

cl\ldU no prl..aelO or product• o! prl..aoa higher than !1 ... ~90 

Ariel'• opposition touehea ••er.r aspect ot the ee•entb 

partial, and ia c•tegorieal and ab•olute. 

Da.:Uelou proJecta th.e Yiev that tht aeventb pe.rtial 

11 bt10n4 tbl eeo;>a ot nor!U.l hu.aa.n peret pt.io.a., 9l &Dd that 

1tl 1ntro4uc c-ion would the retort be •d&Ageroua . • 

In their o,po1tt1on to th• incorporation ot tho ?tb 

puthl into t.DJ c.a v mut i.ca-l ayo·teatt, thete men Collov 1 

l oco and d.lating\IUbod l ine ot t~eoritta v b.ose ran.U t.AcJ.wte 

t.e..r lLno , Rameau, Oetticgen, Rie:ta.a.n, a.n4 HJD4oa1th.92 tn 

bh dtC1Di t1Te work on the 7th pa.rt-1&1,95 Har-tin vo~el 

89Por a thorough discussion o~ Jor~•r~p•s Golden 
S]'tto::, aee Chap t~r 9. Xortterup Ng&rdl 7 :& sa amalltr tb.&D 
6 t5 b7 • c!! es!s w!Ucb, in tbe gol c!en o;rate!O, 1o .618 o! • 
eoall ee = i~vce. The golden opproxl=a t ioo o! ?:6 i a on. ot 
t.~ .. boat ! n Ko::·nerup' o aystec t 265 . 93 eon tal vi thin one CtQt 
ot t~c ~atur&l ra~1o ( vhich is ~66 .8? cecta • iornerup ' • 
ro;reae~tation or ?:~ 11 mueb l e as accu:~;• , hoveyer. 

90~1el, !2• ett ., ~· 4?. !riel goda oo to po1Gt oat 
(p . ~1) '"\."~.c.:~ ... zve1 Z!n;e: e!oe:l :;veillU-oi) s1~e.n, deaatn 
':14ne ge c.au 1:. Verhsl t.nia G:? scbwiz:,oeo, da.."ln iat daa ve4er 
ttn =ut iLalisches Ictcrvall noch die 7e:~erieruns einea 
•olchen ; •~ i s t Oborkauvt keine ~us1k.~ ( If t wo •1cg•r• 
AiJ..O o t a.n interval ? :6 apart, tb.e reault ia neither & 
•u.e1cal interve.l nor tho te=perament oC aucb a.n i oterv•l l 
1t !a 1nde•d not ~uoic at •11) . 

9 lD&n!•lou , ~· ~·• P• 2}1 . 

92'rb.ese naa.ea a1 • c1tec1 b7 Pe.rteb, !,2• ill·• P• 9,. 

Pr 
9}~1 z in 4tr ~n~~~at!veo Y.ua1 ktbeor1e. Vogel La 

1Yat4o &enc-a~ tae-cn!vtr$lt7 o t ~nn. 
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1•••• • little 4o~bt ~t eve:y ~onceiY&blt &rguEeut vbieh 

pre aent-d~ aenari ata might wish to use baa &lre~· bttA 

ottered. However , aa Vogel ahowa, :ueh ot tbt oppoa1t1on 

to the theoretical endoraement o! tb~ ?tb ~rtlal ha• bttD 

baoe4 pr1mar1l7 on ita una•a1lab1l1t7 1n preeont-4&7 tun1ng 

and in ita exelu.lou tro2 cba d iatonic acale.94 

Thtra i t a large aeaaure ot amb1Yalenet toward tbt 

•••enth partial on the par t ot C&A1 advocate& ot cultiple 

41• 1o1on. Fri t dri cb Opelt , witbin a s i ngle tert, 95 .prtaenta 

a ~co:ple te • tabl e ot baalc inttrTa~a !rom wbicb the ltYeDth 

partial ia comple tely abaect,96 a t sbl t of conaonanc t a which 

iod udee rati oa o C tbe ? tb pa.rtiol,97 a atatocent that 

t ho oeventb partial i o diaturbing (ot0rend) , 98 tho atata• 

:eo.t99 t hat all con.aona.oce1 a.rt d trived. troa tbt •1..Da.l t 

cto~ 4 :5:6;7:8, t he recognitioa o f 31-tone tt:pe~eat •• 

a seans ot includin; t be eeventb partial withio a auaie•l 

syate:, ~ !!nall7 ~h~ decision t~ exclude t~ • ••enth 

partial !rom further musical sp~c~l~tian because o! tbt 

94vos e l e1ttl tbt tbeoriat CbladDl, vbo , 1D rt!trr1~ 
t o Ki rnber &er's Dace ! or the t one created b; tbe ? th partial 
f ree C (1 ) , erueked tbat tbe na t~ ro l aevontb val na=o4 1 
alter the 1m;:er atLve to:-~ o! the La t1!:. ire , to gO , an.4 a eant 
•Go av&7; we Cave oo place Cor 70u bere:w-

95All ~t=e1no Theorle ~ ~. L8. 

96p. 21. 

9?p. }0. 

98 p . 65. 
99 P• 66. 



technic~ 41!!1cu1~•• ~l-toce ~•=PerAZeD~ would ont&il . lOO 

BUltr, t be l?tb e eneu.~ matbezatiei&n ou vhoae 

tbeoriea ot t he Greek genera a &5Jor current school ot '1-

tooe te:perecl mus ic baa been !ounded., demons trate • •uc.h ot 

t~ a:b1Y&lence t ovard tbe seYenth pLrt1al abovn more recentl7 

b1 Opolt . SegiDDiDS witb speculationo about mode •• baaed 

on t he aenario • Euler ~Jeeta ack:ovledged Creek tuni~a 

bote4 on aept1mol iDtoroala •• 1:por!ect aDd harab.lOl 

Sptculattc& about thei r u.e none~beleaa, Euler btcoaea 1A

creao1Agl7 intereated in tbea and, la t er , endorsee the use 

or th.e • • • •nth pa.rtial. He evolvea a aatheu.tical toraula 

tor measuring relat iYt degreea o~ conaon&Aee (b7 ad.din& 

!actors &Dd expoctota) wbereb7 tbe na:~rkl alnor ••••nth 

1a the cos t consonant or tbt ~1nor ••••nth• whentYtr the 

tntenaJ. 11 inereaaed. b7 tbe 1.Dterpoa1t.ion or one or a or• 

oetaTea . 102 

SU.i)Ort tor the i nclusion or tbe ?tb partial 1D 

~ausical theor, baa as lona and di e tingu isbad a h.iat.oey 11 

ba a ita oppos!:ion. ~o=o t bt tigurtl vbo bave 1Da1at.e4 

t hat a r ole be t ound tor tbe nu:be r ? hove teen Mereecn•• 

1001' • 67• 

10 1Euler ' a 7eota.:ent Kovae Theortae. unpubl. doctoral 
<11tt ertat1oa by <.;}!..:.:-l e a .;). s.=::rt"!i";' P • 17>• 

102£uler• o ingenious thouoh higbly quest1ocablo 
i1'S 'U • f or uuuring conaoca~e i a treated at aoae l ac.gtb 
1A Vogel, 22• :!!·• eap . p. ?8 . 
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/ 10} lo-'ta.rtl.Di, fttia, Ser=e , Eaupta.&.D.D , &.D.d. Umberger. 

'Iht well-knovn critic, Dooa.ld. 1r&Dc:11 1o'fey, is at tb.e eo4 

ot a long liAt or &usiciana ot ~ generati on. when be 

co~ploin_J that :UDic aa it to now conetituted "contai.n.l no 

room tor ao ei=ple a tb1ng aa tbt ?th p~t1at.•105 

"~ proponents ot :ultiplt d1Til1on h&Ye been 

1Dttrtltt4 1.D the possible ro)t Of tbt itb partial 1D t .D

l&rgtd muaical 171t~. Iaaaer, vbo calle tho 7th partial 

•tl&'forltaa• rlthin the diat:onie ayetta, 106 incorporate a 

it nonetbtleae 1nto the bod1 of conaonant sonor1t1ea ot bia 

~aupra-41atonic• ayste~. 107 

:t'bt interes t in the seventh partial on tM part ot 

aom~ theorists has been ao keen that there have even bttA 

proposed •Just• 12-tone s7stema whos e non-dia~onic a e•bera 

are to be draw tro: sep:i::&l ratioa. One aueb proposal 

1a b7 .&.. K. -'.vraco!t in the t1rat voluae ot Melos, 1920. 

!!e ottoro a aeptl.!:al tun1.ng tor tho 12 ke7a ot tbe p1a.o.o 1.D 

the na.:t ot "tree1ng• =:us1c troa tbe ab&.ckles ot equal 

lO}Portcb , 2£• £!!., p . 9}. 
104x:irnberser's i.11tereat in the ?tb. partial ia 

t reated at eo:e le~~h in Vogel .~· e1t. 

l05£Dc7elopaed!a Erittaniea , lltb. Edieion, quote4 b7 
?okker, Explrienees Y.usieal ea , P• 133. 

19}. 
106! Tbeor. ~ SvolviM ionalitz , toot:note to p.egt 

107ror 4eta1la on Taaaer•a eupra-diatonic 871tta and 
1ts uae ot tbe ?tb partial , see below, Chapter 11. 



temperament.108 ~vraauo!!'s position spp~ars inconsistent , 

bovever, tor whi le his theory postulates a just , non

sept1m.&lly d erived d i atonic scale with septimal tones 

between scale degrees, the actual pitches o! his srs t.a 

yield no such diatonic scale. The bar~oAic minor o! Y i s, 

however, possibl e in the scale v hic h is shov.n 1n !Xample 16. 

Exampl e 16: Awraa.::.ot t•a Septi.mal "Just• Scale 

Pitch na:es given 
by ! vraamot!: 

Intervals upwards 
tro:~. Pt 

The veaknesses or thi a scale •re evident. The inter-

v&lB 'V&.%7 in uiz.e !rom 9 : 8 t o 64 ~63 a.n.d include •••en 

d i !!erent sizes. ~bsolutely no scale p•tterna and very tev 

bar conic patterns are transposab le at all , ·and these onl7 

t o a fe~ p1tcbes ~thin the syste~ . Avreamot!'s concept or 

t ooalit1 is ev'identl7 quite sta t ic . Vith tbe exception or 

the intervol between Ab ond A (25:24 ) and the interval 

bl'!tween 6 and f. (49 :48) , the intervals ot Avra.a::o!!' s 

108Awroa.co!! 1 A. 1,i. , Jenseits von Te :.periet"Wl~ and 
Tonalitllt , t:elos I 1 p . 131. .i..liras.mo!1""'s" sys te<t Eas e-
aut loua dist1nct1oo or hQv!ng been callo4 voroo than •tbt 
poores t tuning syst·e!ll. show in tb.ia book" bJ Barbour , 
Tuoi~g ~ Teoperament, p. 24. 



scale vould tit teirly eo=tortabl1 into 41-tone equal 

te~perament . Exactl y as it stands, however, Avraesot!'a 

entire scale cou~d not be approximated bt any te~per~ent 

~ithin the range o! thia atud7. 
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Adriaan ?okker baa rece~tl1 produced a 12-tone genua 

which achieves vha.t Avraru:.ott sought to obtain. Fok.ker 

cocbinea tour aepti:al tetrads 4 : 5 :6:? 1 tbe tlrat t wo built 

harmonically on ? and C, the other t wo built ornA:entAll7 

downward !roQ P# nnd B.l09 The sixteen tonoa thereb7 

obtained inc lude t our identities, thorob1 r educ1ng the 

number of di s tinct pitcheD to t wel ve . Tbo resul t involve• 

mucb leas dialoc&tion in the tonee ot present tuning 

pro~ t1~ e thAn do• o Avraamoft ' a oyate~. The five eonn t ruet• 

1ng intervals range in ai•o Crom 28 :2? t o 15:14, inYOlviDg 

a range of leoG than 2 to 1 aDd only al1ght l1 great•r then 

the range of COD.Gtructinc; intervals i .D the traditional 

j us t 12- tone ucale. The entire syste~ !ita reasonably well 

into }1-tone temperament with tbe &ir.gle intervals repre 

sentino 2 or ? units, geoerall7 aomevhat extended or 

shortened. ?okker's 12- t one &eptimal scale i e ahovn in 

Example l?• 

It should be emphasized· t ba t Polt.ker's septi.Aal 12-

t one scale is ott ered as one ot man7 possibilities, &lsost 

a_s a curiosity , vhlle J..vrauo!! ' s curloaltJ' la auggeat~d 

ln all seriousness . 



.. 

l!U.::;>lt 17: 

Intervals between 
auceeeaive tonee: 

1ok.ker' a DiaeoD.ic C.nus witll 
~ A44td S.ventht 

Pitch na:ea auos••ted 
by ?okker'• a1~: 

lDtervsls upvarde 
troa C; 

A 171teo ao~evbat a i,ailar to Awraaaott•a &D4 
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Yokktr'e ia o!tercd by tbe Er.3liabDan Perrett.110 Hia 

•1•t•~ right!ull7 bel ong• 4~ong th• propoaala lor multiple 

divtsion vQich are eoQA1dtrtd in succttd1ng chapte r • <••• 
Cb&pte~ ?). Tho basi& t or Perrett'• 070te: io tho con

atruction or t wo diatonic ocal .. a ••.Pti~al se,.itone (21:20) 

epart. It 18 qui te uodertt&nda~le that theorists who ar. 

1Dtorested ill the 7th partial are Ullliktl1 to bt oatiotied 

vt~b any 12- toce &yste:, ~ Perrett's 14- tone baaic scale 

(ho later ex•eoda it t o 19 tooe o) 11 but e tirot otep ev11 

! rom 12-tone t hicking UDder t h e inlluenco ot t~e 7th 

partial . 

The various ioterv&la created b7 t he ?th partial M •• 

t b.e / ollovio.g diacre:>a..o.c.t.el in 12-t:Oil4J t e=peruent' 

?:4 }2 c•nts too l&rge 
?:5 18 centa too lara• 
?:6 }4 eenta too larfo 
9:7 )6 Ctllt t ~00 ••• 1 

l 
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Nouetheleaa , z.&n.7 theorist• h$Te held. that the 

•~Tenth p&rtial expla~ at leas t aoae ot the phenoaena ot 

t he s:Uilc. ot tbe c.urre.D.t repertoire . The doc1.n.ant ae•e.a.t h , 

ln particular , hae tre~uectl1 been attributed. to the 

partial• 4 , ~ . 6 , and ?. That & &QT ad•ocatea ot t he ez 

pa.llS10n o! cualc al reaou.rcea ahou14 a.rgue, a a doe a Pokker, 

tba~ 4 :5:6:? .11 the •pr1a ary chord• ot mua ie,111 11 bar417 

aurpr111n&• EYtA aou or tbe t.beorlata vho h&Ye been 

l oath to accept tho val1dit1 o r Cht 5th parti al have 

aeeepttd the ?tb partial •• a cuaicol r•&lity. ~ aucb

cited aurTt1 br Cornu &Dd Kercadlt r lat~ in tbe 19th 

centur1, vhic b &bow&d a pre!trenct Cor artitlcial tbirda 

1n pl ace o! the 5tb. partial except 1.n tho ha rconic u. o or 

tM a aJ or tbL-d. , abov·ed a general. pn:ttrect:e tor t bt 

natura-l aeTen-;h in domina.at b&r:IODJ'• 1'1:ora tbao. that , 

Sr&:ldau, vho &gre ed vi th Cornu G:lid ttercad.ier about the 

St b p&rt ial , e~nsiders tte interT&l ?:4 to be preaent 1D 

the rich narmoniea ot Vagoer and rea~onaible tor their 

"="-" ( "sU.nu!lde" ) e!!eet . 112 

!ra.:.da=.a.'a thests that t he i.D.terva.l ?:4 pervac1ea 

'.'a;;ne r • a harmonies le~d G to 1ntero a t ing speou.lation abou t 

tht iavertib!lit1 ot the aocor1ty • :5:6 :7. The t=all•at 

111?okker, ~ Lctona tlon , p. 10. 
112 eranda~a, g?· clt ., p. >56· ?urthtr e2ph&tic 

•up;o:t ot the role o. tce-?tb pa~tl•l lD 4o~ln~t haraoQ7 
1s O!!ere4 tv ~. NorCeu in A Sev St3i7 ot ln t ervala, Or&an 
lostt tute ~Arterlt , Vol 5:r,-pio• • --
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ra:1on&l 1ateger• ~eh ca: be used to indicate the 1DTtr

e1on ot tbia •oUDd ar~ 60:7~:84 :105 . NeTerthtltll, 7otktr 

u.ea auch aooori tiea, Cict:. he calla chorda o t the aub

ae•enth, AI doee B.rr,r ~b. 

The apeculation ariaea rroa the uat b7 Wagner ot a 

Tilt uu.a'Wr Ot h alt-disinished l:tVentb CbOrdl • 1."0.. balt

dis1niabe4 •evo~th , in traditional practict, ia tbt exact 

1nYe relon ot the do:inant aeventb and ia therefore to the 

chord o/ the aub-seT•nth preciael7 aa the do=ioant atTentb 

ta to the chord. 4:5:6!? . Bra.ndsca ne••r QC!Dtiozu t hl bal t

d1~tabe4 lt¥tDth er;l1c1tl7• Elaevbere 1o b11 article, 

be •tat ea that ~~ d~ahtd aeventb aboul4 coneia t ot 

th...-ee .P,rtha.gorean ai.:l.or t hi rd& , l e c..-tc.g oDt to vondtr 

whether bet cooaidera tl:le b&.lt-c!im.i..a.ished •••enth to be 

baaed on 4ittereot l over ioterv,ls t b&e tbe dtain1ebt4 

OeTontb . I t 11 posoible , but bardl1 likel1, tb at SrLDdaaa 

la.ee.Jlt t.bt b.&l.t -d1r:Un16t.ed chord t o e on.ais t ot t wo P'J'tb.a.go rean 

U nor tbi.rCa with a natural S"!vec.tb percbt4 on top, 381 

c::eo.ta abo"ft tU dt:i.clabecl ti!tb . Owing to hie d1a1oel1n•

tioa. t or t be 5 th partial, it is possible tbat the abo•• 

woul d be bia pre!ere:ce over t~e ~ore lo&ical ~:~:~ : l or 

60:70 :64:105. 

Vb!lt t he l.nt•:-T&l ?:4 has be e o atcole4 out b7 aou 

VZ'it t 't'• au:b &I 8r~s:.t., ?:~ an<l 1:6 ha.ft a.l;o 4.riWU the 

P.M.tcu l .u· l ,ctereat o: ot.he:-s . Perret t !1JlCh io t.bt trito.ce 

7:5 (5$ 3 cento) greot be auty v bieh be !11>40 laok!Jla l.Jl tbo 



equal-te~perod aubs~itute . 11' Ferrett eitea Tartini in 

support o! hia conviction that ?:S ls ~e ;roper ratio tor 

t~• •uo~ente4 tourth. 

7:6 bao been o!!ere4 b7 ivraa:o!!, ?oXker , and others, 

• -• tbt lover intenal ot an i:porta.nt aept i.Jlal &1.:1or triad .. 

6:7:9. Thia eonority is o!!orod b7 !vre~o!! oo t he oxplona

u o o Cor the a\lpertooic chor4 1n just il!t onation (aupt: ote4.l7 

tllerob7 ending the riddle or ito apportnt di,.on~U>e o) . It 

is dittlcuJt tO set tht basil tor Avraa:ort•a aaeertloa. 

The ct ord 2?:~2:40, vhteh 1e tb• chord or the eecocd 4tgree 

of tM st8Jlcia.rd Just major ae•l• , b>ea.ra .co more ot a 

reat:bl~ce o! 6 :?:9 tb&n it 4oea to 10:12:15 , tte at~ard 

,jw;t :Unor tried. '.bilt ?2: 27 1G a eo""'a •=•llor t biiJl 6:5 , 

1 t 1s :.ore tha.n a coua l a.roer tl::.i.l::. ? :6 , a.nd tbt ••ptiaal 

:inor triad, lik~ the traditional ai~or t riad , conta1oa a 

pe:teet t ittb which , 1! ~sed tor superto~1c bar~oQJ, au1t 

t~-ov sou other !ittb o-ut ot t\t.CA!. 

'!'be sonor1 ty 6 :?:9, like t tl<! sonorit;r 4:5:6:7, boa 

hee~ cited conai~•rablJ ~ore o!ten ~AD 1:s icVer51oD , 

lea~ 1 AQ oce to question anew v: etbtr tte sonorities e• tra

pol a tad !rom tto h~onic series e~, i n teet, invertible . 

ra..rtch a.nd: Yokke r r epea. tecUy 1ns!.-st t!:.•t tbe7 are. but. 

11 ~so eca:or~d is Perre tt or t Ce soUDd or 7:5, tbat 
h.e 'OIJ tulateG the 1o.vent1o!l o ! :h.e ec.l:.a.:=.o!lic: geou.a to 
~e:ect t~!l to a cban;e discc~e~ or to!s icterva~ b7 
Oly;;~c , owing to a alight =iatu:i:; o! hie l1re. ~ 
!:..ues:io!i.s 2.!, r-:;.~sical Theory , P• 3 . 



oilt&ide ot tbe ir pages, o.~e ia u::.likel7 to 11-Dd. ~ reter

e~e t o a ltpti=&l a ajor , 14:18:21. In experi:eAtl related 

to the wr1t1Qb ot this paper, the aepti=al a1~or chord wu 

entbua1a&t1c&ll7 reeei~ed whil e the aepti~al aajor vaa not. 

T!lote v bo are •• &.rgW&ent~t1'fel,- 1c.cli.na<1 u tU aa~ 41• 

ti~lebed. thloriata ~ho bave debated in the paat tbt 

1nvort1b111t1 o! the }rd and 5th part1ola will baYO a tine 

new boce to chew upon ahould the ?th partial aaauae a 

greater role 1..D the music or the t'uture . 

~ ~ ~ St ha , }:'do, and ?tho: Tho a4d1 tion ot 

the bu:.onic: ae•e::.th t o th e veb o! tblrd.a and litW adda 

a oew e...-ra:, of poat1"bl e l.llten&.la vbieh c&D be uat4 1D 

place ot aed.tooe, dhaia, and co~. !be pr·oli!erat1on 

ot tbt l l 1.DteTYall vas r-ea;a.rded a& a g:-eat th:•at b7 .&.ri el , 

and their abtor~t1oD into a ~usieal 5ystem doe& poll a 

considerable problea. Example 18 sbows a tew ot tht aoat 

pro2inent or these new iote rT&la. 

Tho tour iAterYals which are bracketed 1A SXAcplo 

18 e.re the ones :rokke·r uses sa coo5truet1ng 1nterrnla tor 

his 31-tone ara tes. !he bott om oce 11 one ot bia det1n1ng 

to.ter-v&la , othc .a.·s ot which includ e tbe syntonic com.~~a , 21 . ~ 

eeott
1 

and. tb.e 8-c:ent interval , 1029:1024 , couiating ot 

t.t.ree ber~ocic a e1'eAt .h.S t.nO a t1!t:h, =i...Dua three oc ta•ee.
11

• 

!ho t>IO coll.r-idect1t1U (225:224 and 1029:1024) &.<'* 
7 .. .I , 



Ratio 

1 5:1 .. 

21: 20 

28:2? 

}6:}5 

225:2~ 

She 1.t1 
c:ent e 

118. 4 

85 

7 -7 
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l)oscript1on 

Per!eet ti!eb plua aAjor t hird , a1Aus 
natural eeTenth. 

Perfect t il th plue natural ••••nth, 
&i.nus octcave e...£4. th1r4. 

l:atural ••.,•otll aiuua a PTtb.a.&Or·t&A 
:Aj or airth. 

~o pe rfec t ti!tbo, ainua a major third 
&nd natur&l aeventh. 

'r'wo natural •••e nt ha, a1oua an octave 
~d a !Utb. 

in oc t aTe and t~o mojor thirds, ainua 
t wo natural aeTenthl . 

Tvo octavea , ~inua t vo tittha and one 
natural ae"fonth. 

'lt"Wo tittbs Uld tvo t hirds , ainua an 
octave e.nd a natural seventh . 

in a ao~evhat less perfect V&J to septi:al just 1Dtcnat1on 

vnat t he ecbismatic relationsbip is to aonary juat int ona

tion . !Nt the 7th partial addo a third 41~:e~1on to tlu! 

veb or t one-lattic e as ?okker c~ls it . secaaae of the 

added d Uticult ie s 1Aherent in this t hird di:ension, no

bo<ty has 11 ,.-et propoaed a aepti.zcal sttd-closecl, "rou.oded• 

J u.at a75 te: c.o~pua'ble vi tb J o: ea' or Gr o•tn•a ••tl&r'J' ,luat 

17Ctem.. Soptical ach1e~atlc tt~per&&enta do not , &I :et, 
·~•t. Thtrt art, on the one haod, e1att21 auch • • 

Perrett' a &Dd Fartcb •a (••• Cbaptt r ?) vbich l.a.corpora t,t 



the 7th partial but :.&k.e no att e::D;pt at co:zplete or net.r• 

eo~plot• cutual1t7 (tranopooabl l1~7)• On tba other b&D4 

there ia '1-tont tt4per&:@nt with 1tl close approx1aat1oc 

t or tb< illtenala o! tha ? th partial, u 1a ohow ill 

!X&apl e 19 , below. 

l!::i<.uplo 19' 

Errore or Septi.:Dal lDterTala 
1» 31-tone Temperaaent 

Intenal 

7:4 
7:5 
7:6 
9:? 

trror 

1.1 centa 
2.1 centl 
4 .1 canto 
9 · ) eonta 

Vbil e oo seci- elos<d juat •1•••~ opoel! lea ll7 

de oi gned to inel~t >be s eventh p~tial has b<oD o4vaneo4 , 

Boee.nqu.et diet not negl ect to sugges t cethods ot approx11Dat-

1ng t he eeventh pa:tial yithin his s enar, S11te~s. The 

ato.c.de.rd .Unor s eventh , 16:9 , when .tla tteoed b7 a Pytba.goreu 

eo::a 1 becozea &l:oat equal to the oatural eeventb. 115 It 

:&7 be 1~pl1td troa tbis that the co~a-layer a7steaa or 

~el&holt &, Boe.nquet, Eit&, Groven, and other• can otter a 

clos e approxization ot the ?tb part141 . Howeve r , Bos&nqu.et'e 

ap~roxi:at ion 11 • centa in error , aDd anotber 2 eenta •uet 

be added t o tte error vbtn t he :ore uaual syntonic coma& ia 

eubatituttd tor t~t r,tbagorean. The 6- ceot epproxi&a tion 

!ar tbe natural seTIUltb 1o :u.n.;r ot tbe •11tem.e or tittb.a a.nd. 

tl:.irda u~ well be w r t h not i ng , althoug.b tbio lllght otUl 

ll5Boaanquet, ~· ~·• P• 41. 

I 
I 
I 
I 
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6? 

~ 

bt an exceesive 41ecrep&nc7 tor an iDttrYel &I un!aailiar I 

at t he natural ae•enth. 

~tantone te=peraa~nt ot!er.d &D exc ept1on&ll7 !int 

approxiaation ol the natural sev&ntQ 1n the fora ot i t l 

au~e.o.u4 aixth . Tb.ia 1• !orce!u.ll7 brought out by rac:h 

o.rl7 theor ieta ao lirnbersor , and by Bosanquet116 &D4 

[ ornerup.ll? 

Tho nailabil iry ot the ?t:h partial u Ul oYertoDa 

tor bra11 instrument• baa been explott e4 occaaionally aa b7 

aoaaini,118 BeetbOYen,119 Ant more recentl7 bt Br1tteo.120 

bartok 11 c1ted121 •• bav1Dg advocated ita Ult, &rguiD& 

tb8t Co l k-pr3ct1ce ADd creet1ve n•ceetity Juet1!1 1tl in~ 

co r;ora t1oc into munlcal tbtO.rJ'. 

~be po••1bil1ty of &&king the lDtorT&ll ot the ?th 

partial •••1lablo at an~ acale 4t~rtt l o &41 auaicol context , 

116 
~· • P• 42. 

ll?xornerup , Di e Vorl tu!er der gleicb•chwebenden 
~e:perstur, PP• 1-2.---

UStn .a !&A/a re <:1te4 b,. Geveerc, B1ato1 re et Tb,orie 
!! ~ ~ualqce de l'!nt1qu1t 4, p. }lS. --

ll9Tr io ot Ero1ea S;ympho~, third cove&ent. It 1a 
Of co~ra t play~d higher todAy, but tbe concert Db ' a t or 
t~tr~ horn a ~e produced by the •~venth ,arti• l AOd ~ere pro 
~t.bl7 pl&7ed •1ov • ai::c: e :he us1.1.al preet.ict va_a to lover 
;~~~ tnao t o ra1Qe tto naturel p1tcb b1 band . ?u:tbe~ore, 
t~es e ~b '1 &c~ very beauti ful vhen pla7ed ~lov.~ 

120ro t he Serenade !or Teno~, ~~ !e! Stringa , 
.P:-elu .. h e.u:t FostlUJe. 

12127 Pokkor in Lo Ga::o •.•• , .;o 152. Article o1te4 
1o tro~ tbe sunsarian puoliCitro~ OJ Idot. 

. 

I 
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althoU&h r e j ected b7 ao:e &d.vQ-Ca~·•• o! :r:ultiple 41T1e.ion• 

1• to othera the prime reasoc !or l ooking b~yoD4 the bori~on 

ot the 12-tone &TStea. 

In tbt erpanalon or tbe t 1el4 ot usable eleaent a 

Cro: the har&onic seriea , once t he ?th partial 11 accepted., 

the 8th , 9th, and lOth partials t ollov without d1!C1eult7• 

1'bt 8th a.nd lOth partiab a.re, o r c:ourae, r ·eplicaa ot tbe 

!WidaJr.Ontal and o! ths 5th parti al , vtlile the 9th pa.r tial 

1i d e!"i 'r ed !rom. t vo su;.e:ri.=-;osed !ittha, a.Dd it gene rall7 

~o~ee,td ; o be tilt tuis ot the .,..,.n:oD.ie degree or the 

just scale.122 !he next controverai&l point in the ex

p&ne1on ot tbe usable r ange in the nar:onie aeries is the 

l lth part i&l and, a• in tne case o! the ? th part iel, the 

41apute b~a been fierce, 1t va3td on a QOre li:ited. acale . 

Tbt utt ot 1nterY&la based on r a tios involving the 

au.ber 11 ha• a long bittory. Stude4ta o! various ancien t 

&t14 p:-1.::1 t1ve cul eu.rea hav• t ake a aeuu.re:.enta ot pipes and 

cU•cove:-ed in placeD ao din:-ae ._. Gre ece and. t1orva..1 ert

~tuen ot a preteronc• t or .rith=&tical dl vi• t on ~c tho pipe 

. 122-:t rtsi.n theorist:: , sueh aa Ariel cd toruerup, 
vno te~ to 4r~ the :ualcallt7 of the ? tb pa:-tlal •• well, 
elate :~e a~pertocic to be 10 :9 &bOTe tbe to~e ratter than 
9:8. ~cere ie still a 9 io the r &tlo, hqvever , and at aoc. 
POint all •just~ di~!onic scales ~uat co~tain two con$ecu
t~ve fittha , crea ting toeothe r tbe :ulationship the~ 
c &raet~r1zo a tbe 9tb partial . 



D7 t wel! tas ot its length whi ch produce• the p•ntachord 
1 1 1 1 1 r2·rr·ro·;·s· ~i~ ~sea. t~e Norwegian aus1cologist , 

cons1dtrl thil pentecho rd , a& well ~a 1t• 1o•trt1oo, 

8 :_9:10:11 :12, to be ;>reae:>t in the cuale o1 acalu or UA7 

peoplet, including t he ~orvegians the:aelvea.123 Barbour 
1. 1 1 1 

liote • eea1o baaed 011 t he tetracbord t'2' n·ro· ..... bdJl8 
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omoa,s tho Grult tunin;;o l1ste4 b7 Ptole117 . 12• '!be intarTal 

12:11 lo also elted b7 Barbour •• tho c>..lddh intorTal or 

the ta t r achorda 1n Ptolt=J ' .s Chroaati e SJUt.OAOn.125 

Accordiag to Partch, the krabi~D lute-pl'Jer Zal&al 

~cogni&td tbe llth part i al •• an el ement 1n hl a susie , 

and t ht Reaala~e t heor i st V1e•nt1no accept e4 t he 11th 

part ial in tboory i f not l.n pr4;tc t tce . 126 J.. nuat>.r ot 

vrite r a beve ci t ed the 11th partial •• the b .. t a tor 

quarter-tone cu4lc (24-tone equa l te:pe ~~eot) oving to 

t h e c lo1e relat t on&hi., bt~een t he ~terva.ls 12 :11 ( 150.6 

c ent•) , 11:9 (}4?.~ c ents ) LOd 11:8 (551. 3 conto) LD4 t bo 

eo r:r~ apoDdi..ng tnterval1 ln 24- t ooe tez pera=ent (150 , 350 1 

&ad 550 centt N i pee t 1Ttl 7 }• Pa.r t.ch a.al f.gsen point out 

ll3~on, Erik, tu: .!:!ltdtehWl$ Wld E:: t v1etlue.:; 4er 
~' pp. 104- 5 . zes·~~~i a h~~n ~ l~ ~c:v~ ~lan-rQlk
l ooga ~t! ec:1.414e r s c~a ""' c • t.) re~re le nt t h e l ! t'3 pa.rt1al 
i c t td dla;~~te 8 :~ : 10 : 11 : 12 . Ee elabora t~a on t:is LD b i a 
S.ca la-Stud ier .. 

p. 21. 
125 Ibid • • 9 • 18. 

126 
~· :!.!•, P• 251. 



~1• relationshi p , but perbapa :ore s1gn1!1cact 11 th• 

a.tt1raat1on o! t be role ot t.he 11th partial 1A quarc.er-toae 

2~ie by I•ao Vyacbnegrads~, one ot the : ost ardeDt ot the 

~uarter-torUate. In b.is M4!1uel d 'Ea::c.!lie ! i'ua.rta !!,! ~. 

19}}. 'qaehnogradtlcy e 1 tee the nth partial .. tbo but 

taaia tor 24-tone te~per~nt . 12? He auggeata turtber , 

however, that i t ia also po$&1ble to regard the ?tb partial 

as r eoponoiblo tor 19/24 ( a diaerepaney ot 18 conto), tho 

l}tb tor 17/24, aal tbo 29tb tbrougb 41st port1alo u th o 

baaia tor the c omplete aeale t ro= 21/24 through tbt nex~ 

9/24 . 

~7achntdrada~•a rat~er !ree us e or what are probabl7 

unptrcei•ablt r el• t tonahipt &ugoeata that he 11 &erelJ 

looking tor u acoua t1 ca l baaia tor a pro-e:.d.atiq au..ical 

• r otem . Partch, bo~ever, c:eotes bia :ueical ayatea out 

ot • de t ermination, ! priori, to include the lltb partial. 

Partch • a.kta tome effort to round ot.Lt hia a:ra tea b,y addlllg 

to nes t o ! 111 the l arses t i ntervals, but be doea not tr,r 

to l!lii= proxUato a c looed. tempered systtu~~, 8ltbougb bo to.ktl 

t he t r ouble t o ca.lculal e that the har.:~o::L!C: aeri ea t hrough 

11 can be ~aaonabl7 approxi:ated b7 a te:,.raaeat ot 113 

t~ne . t o t he oc t ave.128 Sue:C a nu:ber is t oo hi gh eveA tor 

Fa.rt c b. 

t io.Q 

l 27'J)'ochnos r •doq, ~· ill• , P• 23. 

l 28Pa.rteh , !2.• c 1t.t p. ~?. For a e:r1t1cel 
ot 11}-tcne tempe~:lt, eee c~;-~er 6. 

•••lua-
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Un~167 norden spec;ulatea t hat t~ lltb partial ...,. 

well bt the oext to be brought ioto the bo47 ot auai~, 

altbouah be does ~ot conside r it t o ha•• been or ~ 

i.=lportGce 1D t he er·t ot b.ar;:oD1 up till now.129 ScbGn'barg, 

oa. the otber hand, res,a.rda the 11th partial, •• va ll as tbe 

l}tb , •• baei~ to the chromati c acale.l}O Conaider ins 

SCh6ob4~g ' a known Tiewa on the neceatity or o•ercoaing 

traditional w~ o! baar1Ag tr1a41c rela t ionships, the 

thtOr.1 enunciated i n bJa article, Protle~a 2! Harmon:, rela

ting all to.oaa 1Jl the 12-tcne a;rat e:: to tbe pa..rtial a ot I , 

IV • and V, 11 Q\1ite aatouodtna. 

~ple 20; SchOnberg ' a ~eouatical Sour~• 

Partial• 1 2 } " 5 6 7 8 9 10 U l2 1} 

C C G C 
p p c p 
0 0 D G 

! G 
A C 
:a D 

B'b CC D 
Eb P G 
1 0 Jo. 

I 'I'# G Job 
.lo SC.O'b 
B C# 1! lb 

SchGoberg'o espouoal or po.rt.1ols up t o tbo H th u 

bt1Qg precont i o 12-tone 

vebo~ent l7 b7 Yaoaar.1}l 

t.acpe!"e.:teD."t is att&e"-•4 Qu.ita 

Y•sser points out that t bt Cl 

4er1vt4 as the 11th partisl ot 0 represents ~ pitch alaoot 

a ee:itone r ro= t~t Db reprteeoting t b! l}th partial ot 1, 

129! ~ s:ut!.• ot lnte:-:als. p. 38· 

l3°scb0oberg , Proble~s ~ Har=o;z, MoCera Muaic XI , 
P• 1?0. 

l31raeser, ~ Letter from Arcold SehOnbers, AKS 
Journal, 195}. 
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71t l:otb are re¥r·e&ent.e4 by the sc.e pitch 1.Jl t <(ual te::ptra

:Dent . I.e spite or d.iuerepSJlcies or nearl,. 50 ce.nta . 

SC!10nterg rea.Etir=s his pre-teren.ee t or eQu&l. te:peraae.nt , 

likening natural intonat ion to n.udi t1 and teoperuea t to 

preaent.a"blt dreae ... . poss1bl1 the aost e'foe.ati.,e d e tec.ae 

ot equ•l tempera:ent that ever has been attempted . 132 

It Scbenberg pa1• a poaaibl 1 excesei'ft obei eanee to 

tht upper po.rtialo through 13 1n h1a concept o! tho 12-tont 

171tt~, Tatter 4oea tbe aa:e vitb reapect to tbt . ... 

partia l s •• t be baa1a t or the coc aonant unite or bie 19-

;one &Jtte; . The errore or tbt interval s dtr1ve4 !rom aoae 

ot the&o pe rt1aJ.a eomot1.:ea excaerd 20 cente and a pproach 

the licit oC poaeible error in 19- tone te:~er&&~t {about 

31.6 centa ) . Exa:ples or Gueb erroro whi ch Tascer bimaelt 

haa caleula t ed133 include 13:8, 2 2 ct~ts , 11:?, 24 cent•, 

12: 11 , 24 centa. 

Sioce the ha: r=:onic serite is t c.:lleaa , aJl:S t1D.itt 

:~sica l syate: m~t drav its liaita. The Pytbagoreana 

allov no primes b1g!aer tbu ~. t:a.u;J have bten t owu! vbo 

draw t he l i ne alter 5, or ?. P~rtcb , cla~ing bil reaaooa 

to bt practical and erbitrar1 ra~er t~an baaed on an 

i:mutable theoret ical concept, stops . alter 11. Ya aaer and 

SehOnbers bui ld on ver-s loo5t ap;>rox.1Jiat.1o:u or tha 

l~2Yas ser , Ibid., P• 55. 
1''u.publ1ah>d latter r roa Joooph Yoooer t o JohA 

attdt1el d , Mlr.7 9 , 1933. Hie calcul. ationa, 1Jl centitonea , 
have t.er·e been conve rted into cent.a. 



pa~tials t hrough 1; . One r ather exceptional group ot 

English theoris ts , otort1n6 •~th Xac Parron, have bold tho 

17th p.:t1al to be &D 12portant :usieal t l ec ent134 e TeA 

wbilo reJect1n6 the 11th oa4 l}th. 1'ho;:r ·~ hen b .. n 

influenced larc;e l;:r b;:r tho close opprolti~:otion ot the l?th 

partial in 12-tone equal temperament . Perrett, however , 

who oloo oopouseo tho 17th portlall;5 wbilo reJecting both 

tho llth and tho l}tb, io a ohLrP critic ot 12- tone toaporo

cent &D4 &D a4• ocate or =~t1ple 41v1e1oo. Be ealculatea 

tbat v1tb the priaoa ~. ~. ?. and 1?, 1?1-tone t e~per&aeot 

ia the nearly perfect acale (see ch•pter 6) . 

~ ;o~aibl e wo&kneaa ic a~ muaical theor,r i nvolTing 

accurate rec.ditiona or the uppe r partial• •• an obJect1Te, 

1111 1~ cevl7 toun4 data abow~g t he OTtrtocea ot actual 

aoacdino todies to reprt s • nt thei r theore tical pitehe a vitb 

1nc.r-eaa1no; i.Daccurac,. •• tbei :- distance Cro= tbe tunda.:.entll 

increases. 'IDe noted. acous:.1e1e.c. . Robert v. !oWlS. haa 

doalt wi t h this pbeno~enon extensi~•l7 , 1}6 and i t ia 

poaa1ble tbat further explora tion :ay bring into question 

::OJ:lJ' •co~;tiee.l aril)u=tnta !or .;u.s t a1ste:a i.nvolvin.g the 

hig!:e r pa.rti&ls . Hovtvor , inha.r.::oonic1t7 , •• the phenoaenon 

l}4Sb1rlav , The Theory of Harmonf• The l~tb partial 
la =oot1oned by Cusili~ eccordrEg to ~ rla~ . a a the baail 
tor the t rJe =ioor t hird . 

l}5? er=:ett, .!!.2• cit ., p. 149. 

l}6Se e Tou.no•s article in Grov8a Dietionarz ot ~ 
!..!:!! r.us tc!. ~a • 'i"'\aAiD.o. P1e.Do. 



1& called., a.ttects octave re;;lieaa of l ove r pa.rtia la aa 

ve ll, a tact vbicb haa not de$troyed the rol e ot tbe 

oct••• 1n ~QSie, or •••n ot the quadruple oc t••• · In• 

ba~zon1e1 t7 is cum~ative aa the dJstLnce troa the tunda

c.ental 1.ncreaeea 1 and. tberetou is r·elat1val,- alight i n 

ita etteet on tb.e auperpartieular ra~1oa (that ia , ratioa 

coopriaed ot numbers onl7 one ~~oveo tro• eac h other 

aueh •• 1'112). It 12:11 11 4ee~ed an aeathet1cal17 

desirable pbeno:enon, tbe tact ot i&b&rzonic1t7 na~ not 

•!teet 1 ta ochit•ement. Pa7cbolog1call7 1 bowever , tbe 

kc~wledge Of !nb&r~OD1Cit7 11 likel7 tO prove a ban41cap 

to ta•orable cooaid.eration ot the \lpper par-tiala; one CaD 

a.lread1 bear the queation • '11111J consider them vben the7 art 

boucd to be out-ot-tune ~bov? • 

Despite the uaquest1onab17 satla!7ing • elodic 

ch&:aeter ot the aerial 8:9:10:11: 12 , the addition c! the 

llt~ partial ~o cusical &11te:s 1o•ol•es aucb eo~plicationa 

tbat •eot ureeoQt pi.:~c.oers aucb as Partch who reallJ' u•• it 

Vil.l probabl1 long eo~tinue to b& outo~bered b7 tboae v~ 

cite it to ~ust i!y such diverse pbeooceae •• 12- (ScbOnberg). 

1~- (Yasser) , and 24- (·Jyschnebr•4sky) tone te~pora..nta 

whose subat~e . 1n :oat eases, has l i~:le to do with the 

lltb pa.rtial . Nen:rthe lesa, so broad e.re tbe poasibilittea 

ot &.ultiple di'Yiaion tbat, •• P&rtc:b. bas abown by exa:~~ple, 

1f &! t oNe • !I.ple rooa to t nose vtlG would explor• part1ala 

• • hl~b aa 11 , ond poea1bl7 eYeD bigber. 
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TEE ACOUSTICAL POSITION C? 12-'l'O!Oll 'l'i:'l't:?..llb."""'l'l' 

£very interva l in 12-tone te=p•r~ent baa, •• t~ 

rore sotno shov e , been a ttacked at one t lae or .notber. ~ 

octa•• haa bteD a ttacked ! or bein& too ~rteet; tbt tlttb 

bo th tor be1Jlo too perfect a Dd c ot perfect enoa.gh. The 

major third haa beec attacked in tbeor,r tor being too 

large, but in pract ice it baa oCt en be en c ade atil l l arger. 

Ficall7 1 12-tone tecperaceot baa be en at tacked tor a aiiag 

no provision tor tqte rvals iDvol TiDg the ou=bers 7 &04 11. 

12-ton.e t ·eQ})I !"O.::tnt vas ~ore a ttscove17 tha..c. &.D 

invention, s 1~e e ita properties vere inhe rent in t~e eoodi

~1on or "12-neso• locg batore werc~e1ster propos•d the 

.. well-tecpered" acale. '-'ercla.eiste r cay, in t act, c.ot be 

tbe deciai~$ advocate ot 12-to~ e~ual te:~r~t at &11137 

but , vna~ever the c~ae , ita quaLiti•a refl ec t a !UD4a:Antal 

approach ot his, v~cb le to regard •• aost itpor t act amona 

the r etioa t ho se which are cloaeat t o unit7. 1~ ,_'hateYe.r 

can Jue t11 b e s aid •d•ica t 12- tone te=ptr&:ent it r epr t 

oeota vith greotoat fidelity tbo~e lctt~lll vhose r at loa 

l 3?~~;ont an4 : os t or t~ tr3d!t1C:41 sources ett e 
-orck:ei a ter 5 8 t bt pri ncipal e~o~e ~t or 12-to~e te=yera

OeDt, but ~rbo~r b~lde thot •e~e~e! s ter ce•er recc~ended 
yrcc i aoly equal tel:lr~ rru:.o nt ct al l . t:u t ratt..e r a rough 
ap~rox1~a t1on . ~~t 1uca tion is ~ot esae~tia ! here, beeau~e , 
i n the tot.:J.l ity or t bo J 1ol 4 of p0111blo tuning s-:r ctoma , 
• Crekc~is~~r's und 1 ~ -toce equal tt:pe r a:e nt cannot be t~ 
apar t. ALd 12-toat teuper&Qeot d oea rt311ze ~erc~eiator'a 
p:emiae. 

1~•Je o.lhtr e tnt . Zehl ~er CD.1 t.• t J• YOllko:u..ecer 
41eae lbe tat.• , uote4 b7 Dupont. 
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e os t cloael7 approecb unity. E%a%ple 21 •~ova how the 41•

crepanciea in the representation b7 12- tone te;~er&:ent oL 

sma l l-number i n ten als increase a.a the highest pri.ae nuaber 

in the ratio increa.ea. 

~plo 21 : Di ac ropacc ioa 1~ 12-tone To•por &aont 

tnterY&l clu•; 

Prime claao 2: 2 :1 
Pri=e cloaa }: } :2 (invers ions 

no t ehow) 
Pri~e class 5: 5:4, 6:5, 9:5 
Pr1:e c l ao• 7: 7:4 , 7 :5J. 7:6 , 9:7 
PrL::a e l aoa U: 11 :8 1 1 :?1 ll;6, 

11:9, 11:10 

J.Yerage 
d1&crep&llC.7 
tc. e e.o.ta 

0 

2 
14 
30 

40 

.AYe rage 
d1ecrepaAC7 
1n " o! possible 
error 

The cloeonesa o! } :2 to 7/12 11 quite roaarkab1o , 

t areciall.Y when one eonai dera th.&t 1.A order to tiDd an 

equal te:pera&eot vi :.h a.n approxi:.ation ot the tilth lC.ieb. 

1• c loser, one must ~oceed aa h1gb &a 29 t oa.a to the 

OctAve. Tbt r•rore , 1! one hol ds, witb J . ~urr" Barbour 

and Pri tz J.. luttcer tbat1>9 •auper9.rticul.r ratioa ~10Dd 

the li~t. 7:8 ca.=ot ba1't :ue1c&.l Yalut ••• tbt rt 1.1 t 'YtD 

reoaon to doub t th~ =u.1cal merit or • au~trp~rtl cular 
rntio a a low AI 5 :4 . • t b.tn 12- toct tt=~~ra.::ftnt lttu a o.r e 

thee an ade4uate syste.= bu t rather a.l.aoat • p.ertect ou . 

It is to tho•• who regard a elos • epproxlaa t ion to tbe 5t h 

l39Notes to !!:,! '!heorz o! Claadcal Greek Xuaie . £.2• 
51!· , cclu:n 10. 



~-tial or ~ kiud or approxi=ation or tbo 7th partial 

11 .deairable that 12-tone : emperamt ot &U6 t appear i ,nadaquata . 

por .v~b :us1c1&ns •• desire closer approximation• t or tba 

~tb &D4 7th partial• or bishor , ~ult1plo d1T1a1on or tbo 

oc t•~• 1a justified on acouetical gro~. 

~ ahi!t !roc 12- t o 19-tooa te:para:ent vould inTOlYa 

tbe aaeritiee ot some ot tbe purity ot tbe tittb in r.turn 

tor thirds which are cueh closer to just thirds tban thei r 

COU!lt er;arts in 12-to~e t e:pere.=eo·t. '!be intervale of the 

? til p•r:i&l co raprounttc! 1:10re .ta1tb!u11T 1.D 19• tl!.nn 1.D 

12-tont te:pera:ent wben ~easured 1o cents , but only Yl r.T 

a l tshtl7 ao When :eaaure4 on the ~~1aibl7 :ora realistic 

btoia o~ ptrcent nge o! ~ :&Xi&uz pos s ible error. Exa:ple 

22 thowa t ht diaertpanciea of the grou~a ot basi c 1ntervala 

1.n 19-to::e t ·•=pera.&ent -.c4 cc:=pa.reoa them t.o the correepou4-

1~ errore in 12-tone t emptraaent. 

Tl:.eN 11 S.mproveme:t over 12-tone temperuent tor all 

ir:.tenal claasea exe t;>t tbe ! lr•t, cot oo l 1 1n t.b• total 

ai~e o C t .be cH serepa.ncr b ut aJao in the per~aota.ge or 

possible error. The ic:provec.ent 18 1oaut f1c1ent to provide 

• 5at1sCactory basta tor tbt ? tb or lltb p6rt1ala . It 1• 

1D th t re~1on or tb. 5th partiol tbot 19-toc. te~p1 r&3ont 

ICOr ! a its cos t i=portant s aine. At tbt e~enae or the loaa 

= 



bte:"'Ya.l claaa 

Prl&e class '' ~:2 
Pr1~o clooo 5: 5:4 , 6:5, 9:5 
Pr!~e claas ?: 7:6, ?: 5, 7:4 1 9:7 
Pri:e ela .. 11: 11:6, 11:?, 11:8, 

11:9, 11:10 

#.vorege 
discrepanc,. 
lc. centl 

I:pro•e-
cent 

? -5 
5 9 

15 15 

2' 1? 

?8 

D1ecrep8Jlo,. 
ic % or :a.xi-
•u.a poaa1l)le 
er ror 

!:prove-
ment 

24" -zot 
14" 14" 
48" lZl' 

?4" 6" 
ot the great accuracy ot ita !itt~. 19-tone teeper&Qent 

el1:1netea tbe ra t her lerse errore in the 12-tone third.a and 

c..: e aa111, thtr·etore 1 be cona14•red ar; acoustical improve

~ent ••• or aettack 4epeD41n& ~Done's point o! Yiew.140 

-------------------------------------------------140Por a m.ore d.ete.iltc! l:reetzec.t of thia ~"bject 
lte Chapte!" 12. 

~· :ze 
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ClLLPTER 2 

tiiSTORICAL PRSCED~\TS PO~ MVL~IPLE DIVISIOI 

"Greek couoi~ or tho but ~r1o4 ••• v u a t~ 

o! beautJ unsurpeeee4 aDd unatt&ined in ~ subsequent 

age .•1 Opiniona ot this kind le~d their holders t o aeek 

out VIJI ot r-eeat.a.bliah.ln& the beaut ita o! b1go11e eraa. ~ 

alleged bteut,. ma,. be or the :uaic or ucient GNtce , ot 

t l::e RtDtita•nce, ot the Baroque " o r ot a non-l.'e stern eul ture. 

In gea. rel the pattern ot tbe argu:entt ia the a&&t. !be 

older 171 t e= save wq t c ~wtr ayate:.a not Dvill.O to ~ 

interiority or ita intervcl t or aocoritiea. Quite the 

c ontra.q, the older 171te2 s••• vq t o never, eoareer 

171te~ because tbe older 171tea vas not flexible enough 

to satiaf7 tb.e erpandino der:.a.od ~or .bar:t.onic cmd modula

tionel reaourees. Tbua, tbe arsu:ent coDtinuea, t better 

illtO~atiOc.l $Y&tem V8$ lost ~IC8Ui t QU81Ci&n8 Of &A 

e&.rli!r epoch we re incapable ot addi.ng tbe Dumber ot extra 

t on!s to t~e octave which eight bave beec necessar7 to pre

ee rve t l::e •d•e.ntag;ea ot their 1Dtonot1o c.el •1ste.=1 W.1le 

•~aoding h6r:o~1c resource&. Today, boweTer . witb our 

vaatl7 ioereased technical resources, 1t vou ld be poaeible 

to recreate t~e beauties. ot earl1er 1n.tonat1o:tal S1Jt.eu 

V1thout ••critlcing the present m.od.ulatio.c.o.l poaa1b1l1t1ea 

4e~ded b1 mus1c1ana . ar thil line or reaaoni na, •ultiple 
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division beeo:es a potential t1:e-:ach1De . bringing back 

the loat intonational subtleties ot the past to be enjo7e4 

vith or vitbout tbe full sopbiet1cat1on o! the present. 

Chie! among the &71te~ ot the p ast tbat recent adYOCatea 

ot multiple division haTe singled out to i&itate h••• been 

the hexmoniae of the ancient Greeka, the just intonation or 
tbt Reoaiaeance, u.4 tbt ceut.one 171te~• ot the late 

Rec&1ae~ce ~d tbt Baroque. 

11usie&l t~eocy toda,y, 1n a~d:;iDS til& theor7 o! the 

Gr ooka, •••~ to be i~~oros~e~ pr1mar111 1D tbe Greater

Perfect S,tttQ and the netvork o~ =odes vh1ch tbeor1ats ot 

tho Christian epoch tried unaucc e sa!ull7 to l..mJ.tate. .1..1 

!tr •• 1.ntonat1on 1a conce!':le4 , the Greek u the:.aticia.n &D4 

tbeoriat P7tbagoraa is rtcogni~td tor hia syste: ot tunina 

b7 per!ect t1ttb.a 1 a practice atill vid.tl7 adhered to tod..q. 

P7thagorean intonatio.o. ia, at PArtcb po1nt~ out• a Ytr.J 

41r·ect an.cea tor ot 12-tone e qual temperame.o.t, a t e iZiperuent 

tn vbicb tbt !lftbt are nearl1 pure at tht expenae or the 

othez- 1:14'11-nu.mber interval a. 2 B'ut 'Jhl le lergt nWD'bera ot 

t b.eo:-lata btYe concerned. tbt:Jtlv•a vitl:a the 41aton1e &o4tl 

and vi t b Pytbi,oorta.n 1Dtonet1on lc Greek cu.aie • a aaaller 

&roup baa cone~~ned itstlr wi th a &ucb tborn1tr area 1A 

lpa:tch , ~· ill• , P• 280. 

' - A eo 
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Greek :u.sical tb•or.r: the gen.era~ e nha.r&onic &:4 ebroaat1e

•• well aa diatonic; ao4 tbe ~AS 171te:a eouaerated b7 

Ptole~ aa part ot the Greek practice. 

The neatnesa o! Pytbagorean 17BttaatizatioA 1• 

weakened vben applied to the chro~atic genua,&nd ~hagort&A 

~ng bra&ke do~n co~plete l7 ~en &n atteapt 11 .. de to 

appl1 it to tbe onho.rmonic genua, In atandard upl&DAtiOJU 

the chro2atic tetracbord la diagnoaed aa •aeEitoa. . ae&i

toot, 1114U1to:e.•~ But 1o Pyth&gort &D tuning tbt a1ze ot 

tbe ~ ae~i tona • ia not prec1oely halt tht aize ot the tone; 

i t 11 aO&lltr. It 11 ~~th the second teci tone t bat the 

4!tt1cult1tl or the ~hagoreon ·~· t•= eo~nce. Lt both 

lt~1tooe& art 90 centa (tbo recogD1;t4 a i&t ot tbt 

P.ytbagoreac lomitone) t btp the re=atn1ng interval in the 

tetr&cbord muat be 316 c t ota, the interTal a~b ttadtd by no 

ltaa tb.&.a. 9 !i!ths. ?hit 1e tar leal e eonowi eal tba:a the 

~iotonic tetrachord which requires but 5 !i!tho . The 

ae veD-toDe distonic seal e 1~ produced troa a eeri tl ot 

tix cODt1guous !1!ths:. The seve.n-tone e h.rcmatic ecale 

req~ires t welve !iftbs and is not a stl!-containtd eoa

ple ted s;ste~ ~en pr oduced ~7 tittba , as is the di•tonic 

I Ce.lt . 

~lD order to coDtorc to t b • ~attern e stabliabed elae
..Cere 1n tbia p eper, 1 e.z: couct 1.og tro<2 tt-.;.e botto:. up aDd 
hope tbot thl 1 vill ·not cause too ::ue.h con!'u.sioD ill tM• 
Chapter ainc:e, with the mu.Dic o! t.b.e Gro ek.a, it 11 aort 
custo::~.ar.y to c oUD.t t rom. tho t o p dow. 



!he Pyt,hag:oreu' 1 probl-ees art e ompoUA4e4 vhe..n he 

triea t o ex,lain the enharconi~ oenus as baaed on tittha 

t.lone. 4 
'l:bt eta.nc!e.rd explMati.on or the ellha.r:~~on.ie gezna 

1• •quarter-tone, quarter-tone, 41-tone.• How l&rge 1a 

the quarter-tone to be? .Usu1.r.;, tor a beg1.u.1..ng, that 

t bt large iaterval ia to be the uaual a1ze o~ the 

P)tbagorean tbird, eoch or the quarter-tonea would be 45 

centa. t h11 intenal, boveYe r . does not exist v ithi.A tbe 
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Pytbagore ao aerie e , &!though • !ai r appro~tion ia 

ottered b1 tbe doublo-cocc• (about 47 eenta) aubtended b7 

24 tt!tha . An approxia ntion ie, bovtver , ag&1 n4 t the p~

cit t 5p1rit o t the P7tbagore&n$ . It tbt large interTal 

1a to be tbt ai:e or the third ~roduced wbeo 8 tittha ar• 

deducted tro~ 5 octavea, ~ centa, then each quo r ter-tooe 

must be 57 cent s in ai:.e. -Thia interval is oleo not pro

dueed within tbe Pythagorean systea. Therefore tbe eo

b&r=onic genua cannot eoosist o~ • qual quarter-tones pro

duced by tht ~tbagore&n proceaa. 

Erld.ecce see:s to augge&t tbat tvo r a41call7 eoo.

tHe-:!...:1& rle._.. on :w..sieal intonation exist.ed aid.e b7 &ide 

Cor quite aoce t ica; the one vas PJt hegorean and e~luded 

all ~enera otber than tbe diatonic; the other v&a based on 

4Ferrett a tatea, '"Tbe p:oble: vh.ic:b the f1tbagor•au 
to i l ed to aolve va4 hov to d1•1d~ a cajor ce~itone &elo41e
Ql:j and harconical:y.~ He adds , -Tte correct aolut1on 
S1T*D US &A 'open 80DA~e' back t O tbt world of genuine &D4 
beautitul Oreek aua1c .- 22· £!!• • P• 11. 



~a:!cus c c:abl:uttlon.a or m all- cumbl!r rat l oa &.ld 1Dchade4 

oll t hre• s •n•ra as well as bJbr i ds ot tbem. 5 Staidta 

~hagoraa, Arlstoxenos o! Tarec e l s contlder~d b7 &&AT a. 

a 4!sc1pl e ot s1:plit1c at1on, althou;b ao&e o! hia wrl~~ 

a.M t hoao or h1 a <Uacipl es l e&ve his position aoa evhat 

amb1guoue . Arlstoxenoa 1a kaovu t or suggetting the poa51-

b111ty o t 12-tonl! tecpor~e~t. which :ake • hia poaa 1bl7 1te 

tt rat a4~ocate. He 1a al so a uppoaa417 known t or bia 41&

tri bee agAlna t t he barmoniate, who advocattd music baaed 

on e:all- nu:ber r atloe; t bia !a one ot our wa3a or l t aruing 

thst t h e bu:onia t a did exiat , and tha t the7 did lla•• aoa e 

11\l l uence. 6 

Zbe b a.raonieta tee: t o beve b.a4 a urtyr 10 !-l.ao.eu• • 

whose de•ot1on to the ~tnha.r:.on1c geau.G and. to aCl.&ll-nua'ber 

ra ti os va a au.tf i cient t o b.avo ioduced b1m to <let7 tbe 

popul&ce o! bta co~unity so t hat be vat tanla~4.? 

l atheleen Seb.l esi..D.ger hes attecpt• d. t o reconat·ruc t bis 

1ea l e. "l"bt ca.rtyr~d 'Timaeus ate.nd.a se • kind or ~ultu.re

he~o t o thoa~ who f ee l cut oft b7 t~e s1mpl1!1eationa o~ 

lC -to~e te~pera:~nt eueh as 11~eeus vas cut ot! by the 

17thagore 0.:11 . 

5t a ttleec Scbltai cger, a cajor au• 1colog1c t a v~ 
( t vote4 ~ue~ or har wo~k t o a atud~ o t ~r.ek ~ie , holda 
t :.!.a ~lev , .,. , do t:;.BQ,J tx-po :::~.ent e oC ~ultiplo <l1...-1 a1on. 

6scbl en1cge r and Per r ett tc~be ai ze tbe appa rec t 
~t t pa tt1 betveen Arla t oxenos &nd the h&rzon!ets. 

7!1okel~ey , Otto , ~ 3ar:oa!c ~· K.~.S.A • 
...... .. d~·· 1~<? . 



Poti=LTe ev14•~ce or · a cona14erable ~pact b7 the 

propo.ce.:.ta or s:&ll-n~"ber ratios exists in the vri tin.ga of 

a ou.l>er ot theor ists and hlatoru.na, s o.c.g t hem U ctcytu.e 

ot Tare::.t, OidJm:ua, Plute.rcb, .a.cd Ptole~y. wboae catelogua 

or ~uni=&• haa rece1•e4 vide circulation ~ougb ite 

publica tion in 3a:bour• 1 1\m1ns and Te:pera..=ea.t . Pt-olt81' 

l1Yed ••••r&l eenturiea after t he creat ot Greek c1Yil11a

t1on and &!ter tb~ tuppoaed deeline ot the non-diatonic 

gener a . Per tMa rea a on b.! a catalogue a are 1-0ae t1aea die

counted •• :ere apeculatioa. baat4 oa. tbe r eadiDg ot Vbat 

even in ti l 4~ waa ancient tbeor,y. Ne•ertheleaa , aa 

re l iable .a= au:Cori ty a. the l&te Otto Go~boai t~ea the 

~ lev that ~ole~·· tigurea v•r• bated oo actua l praet1ce.8 

Prcbabli tbe atronse$t tv1dence or tbe ~•• ot •mall

number i:tt~als in Greek ~usic comet tro~ aurvi ving 1natru

unta. :.; tf:t" :ajo: vork, ~ ~ !!!!.2.!• Schlealnser 

re-~rese-.::l~ &ee$Ure~nta ot mAn.7 auch inat~.enta aa proYUlg 

eonclus1Ttl7 tba t the vi.nd ins:JJ:""\1menta of ancient Gr• eee 

ver• at~4 to ~&11 number ratioa. Go: boai &lao 1D41-

ca:..es quit.. a. nu::.!>er or aeeles bas ed on aepta&l 1ntenala. 

AJo~ vith questi ons o! the extensiveneaa o! the use 

&n4 ~l~t~e o! s~ll-nu:ber ratio& and t he oon-d1etoo1c 

genera, Ce:-·• is the Q.\Mition oC t.hair artistic quality • • 

8~~a1, Otto , ~on&:ttn uc~ Sti~un:en der Antike~ 
Hus tk, 1~!~ . , . 103. •P.&n dar? nreb£ vergesaen~a• ale 
~ Ton ~olecaios gtprl C' vordeo tind, sondern aua 4er 
Pr&.xia a t.&1&tn. • 
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oppose4 to that or th~ muaic ot the ?) thasoreana . Perret t 

euggeste t ha t •Perha; s 

betveen tho= ve~ t he 4eatn ot ~uaie • • ao art. •9 Be 

admi ts t hat the eo~trL.~ viev- - t ha t t he7 hel ped clar1f7 

a..o4 er.noble the C "t-is • or e pre•aleo.t. Ne•ertbel esa, no 

le ta a.D el.ltbori ey t h&n Je:Ya ert, per ts.pa tl::.e ! ira t ot the 

greet mo4 ero =us i c ologtata t o h&ve eonce~trated hi s eeten

t 10na on Greek :uaic , r epor t s t a vor ably on tbe enhar:onic. 

He atatea qulte ~~~at!c~l7 t hat tbe be' t aoureea con

a14e r e<l t ho e!lharccnie t o be t he gecus £!:::. exc e l l enc e , t he 

moa t d1St 1n&u1sbtd , the bea t ord ertd, an4 the c oat exact. 10 

I t l s opinions auct •• t b1s th at ln~erett 2 any proponents 

ot ~ul ti plo divis i on . 

The 16th and l?~h CeLturle l ~roJuc ed a nuabe r ot 

tbeori ats vbo s ought to ~produce tbe sooera ot t he Qreekl 

::.hrou.g.b : ult1ple d.1Ti a!.o4 on t4 eqeri.&t n tal bt aia. Soa t 

ot th~ s• t btorlat• h&Te, in t urn , had • profound in!l~toce 

on eontemporer.7 advoc•tes ot multipl e divieion. Viet ntiao . 

Oct Of the f i r-st trcilde:-s O! 8 ~ul tiple-divi & 1on in a trw::umt , 

is s~4 t o have &tt~~te! to the or t a rtcc~c111etlon ot 

Gre ek ide as wi th 16:!: ee.lltu.r~ p r :ac t ice. 1 1 Giov ar..n!. Ba t~i ate. 

9Pe: rett , 22· ~· • P• 9. 
10 cevoe:-t

1 
?ra..::co1a Aug . 1 ::1 e to!re et :'he"orie !!,. 1:,! 

~u~ i ~ue do l 1~t. ~~!!~ , 1675, p. ~~o. Le~uee;e~t que 
- h· .. :-ec&;:~~:.e "'lll!''t e::.ha:-:.-on1..f.o;e • de quoi DOUI 
5ur ;rendre dQV&At &:-e . se!on l o i ~crivains l es plua com
;-e t e::;,ta 'c •e at l e ;er..:t p~r e xcel lenc e , lr plus 41st 1no---ui 
le :.ie Wt o!'don::, , le ;;lua ex.ac t . • • 

l l c it.td 1c 2rbou.r , 1".l.Ci .o 5 ~ ":'t:.?« r ..:.e n t , P• ll?. 

L 
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Doni !.c. tbe l?tb ctctur7 built ali elaborate organ vi t.h tUee 

kt1boa.rd.a, t acb tWled. t o a cll..!terent :.ode . .87 a eoa'bic.arton 

O( tODtl fro• the di!ftrent keyboards t ht gtz~era were &lao 

obta~able.12 Ferritt aacribea the origin or ~~ enharaonie 

genua to Jut aueh a eocbination o r 41atou.J.e aodea, although 

be proceede quite difttrently troa Doni. Vhere Doni 

etparatea tho "tonica" ot hie modt a b7 major thir4a . 

Perrett separates t hea b7 the 1nte~&l 21:~ . 4er1Yt4 troa 

tho interval ?:5 (• tilth lover) which Perret t eona14era 

an exceptionlll7 t ine consonanc e. Perrott, like boni , 

co:uJtructa b.11 :.odea in Juat intonation, e.n4 a c;urlou.a 

teatu...-. ill tbt int•rval co:at-ruct:ion !a that bt cboo;ea, 

like Doni , t o uae di!!orent mode• . In Perrett ' s ecbtu the 

mocles ere ayc:1etricall.7 co=pleaeot&rJ' , the o ne bein& the 

1nYtrsion ot the other. 

Leonhard Euler wae acotber l?tb centur7 theorist 

4eep~ interested 1a the Greek genera . iUler•a i4eaa ha•• 

been intll.:tntial a.c:_ong an i.::.p-o:ta.nt grou~ or 20th een~ 

theorists interested iD multiple division. Ht reduced the 

variou5 Greek eealee t o ~themati eal to~ulae involving 

eocbi~tiona ot third& and !1tthe and ~ so~et~s seTeotha. 

It 1a this eysteeatie attecpt to eodif7 the preetiee ot 

tbt Greeks wbieh Fokktr aei:.es "U;pOn a& t he baais tor td.a 

31-toc.e S71tec . •Euler bas giYt.n us our acale ,• aaserta 

Pokie r on aoverel occaaion.a .. J.ccording t o !arbour, Sul.er 

12~ •• p . ill. 
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~as elao one ot tbe tirst to euggeat ~ instrument baeod on 

Uera at parated.. i.e. pitch b·,. a coa.z.a. 

Euler's greatest intlue~ce on advocate& ot ~ul tiple 

41 vi eion c!er1 vee tro:: hie me tboc! o! con.s true t1118 (or 

postulat1ag the reconstruction ur) ~ecera troa groupe ot 

intervale. T:t:.t cUe to::..ic genus ia, aecorcUQ8 to Euler, pro

duced b7 tho !ormulo }}x5. Tbe }} moans that !rom a otart

ins pitch a crele ot three !1!~ 11 aorked o!! (ao t or 

exa--ple t rom 7 -- to C, G, and D) . The "5• 1od1catea 

thnt t or aach ot tba cotta produced a aaJor tbir4 above i a 

added ( i n the caae ot the pitehe a ca:ed abOve t~ a44e4 

tonoa vould be A, E, B, and ?,f) . O~ler• a diatonic ge~u. 

contain• 8 pitchea &D4 yi elds not one but t wo d iatonic 

ocalos (thor art cot i4oot1cal) . 

Ki rnberoer, tbe gr·eat 18tb c:entur7 t lleo:;-1at 1 apoke 

out tor the inclusion ot the enh&r~OD1e interY.Ia. Bia 

atate~ent on t~ aubject waa made b7 Bosanquet th& rrontiG

piece t or his Treatise . In Bosanquet •e t ranala tion, it 

rer..ds 6& toaovs: •c;reat·er c e rta.iJ:JlJ' would ~ the gain of 

Song it ve really hat the enh.a.r:onic int erval e in our 11a tea. 

Por then ai~ers would accusto~ the:se l ves, !rom their 70uth 

u,, to a1Dg correctl1 the a:allest har:cnic 1nterTala, and 

the t i r or ~ l istener to appreciate the:; &Ad t bertb1 

~Uld it be poaaible , 1n : an7 case ~, to make the expreaai on 

ot tbe paesiona ver,r cuch atronger.·1' 
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The Greeks h&ve auppl1e4 the t:•sinatio~a ot ~u11c1ana 

with interest in the aeptical intervala . tht ver.r aa&ll in

terY&ls or the eU a.r:o.Dic senua14 GAd aealee ot Wltqual 

intervals produced b~ harmonic LDd arithmetic aeriea. But 

~~7 have prov1de4 eYeD ~ore a a a :yetique: an untuown 

music assoc1ate4 Yith one ot the greatest cultu~a hietor7 

l:.t.a knovn. rhoae vbo interest the:=se l ves ill thi.s grstigue 

ere dravn'quic~y beyond the l i:itiag sphere ot the ayatema 

ot tone relationa ot t he pre sent. 

"Cli9N5 tor::eC: b;r thl! notu ord1nu1l:r 1n use are 

~h i n!'erior in excellenc e ; o chords vhich are in pertect 

tu.c.e, ,.. l ) atat.es !oaii.n~ue t. 'i"be tulli.D.g knovn as j u.ot in

tonation pe:-c1ta tbe principal cho.rds to 'be in "per fect 

t \llle."' Vheo the do:~.Ua.nt is exaetl1 a perfect tilth abo•• 

tbe tonic and the aubdo31nant a perfect tittb telov, and 

tbe aajor tr1641 ot t be t onic, 4o~inant , aDd oubdoa 1naut, 

co~tain ~oth pure tbirda and ;ure r ittbs , t be s cal e tbereb7 

14~ypieal o! the interest La tbe ~reeks by advocate• 
o~ ~ult~pla 41v1~1on is aD a: ticle b1 Edo&rdo C&vsll1n1 , Il 
?:uricro,...stisco ne l l 1 evoluzione ousicale, 1.n t he R.iv16 ta-
1'.'.i~ ua .. e .~.to.a. la.tw~O , P• l;.v . t!oval l £c1 t:apt.a .ci:e• the 
~~o~:a~:e o! tb~ Gree~ echa_-:~oic t o co~te:por~~ cult ipl• 
4!.o·i a! o n, u t ·recocstructa tbt t )tt&Jlt tras=tnt !roa t he 
~estes according to eo.huoonic tbe·ocy wi th rather pleaa1J16: 
:-eaul·u. 

l5Bol&n«;,Uet t .ER• ill• t P• 6 . 
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tor:ed 11 l a id to be 1D Juat intonation. Ttchnicall7, bow

ever , •ny scal e baaed ent1rtl7 on una ltered ration&l•nuaber 

1nterTal8 11 !J1 jus t 1Dton.atioa.. 

Det1g~d t ,o ~e 1:10:-e }:er1'ect the conaona.nce1 ot 

tbe Henaiaaaace , this tuning, inv olving tvo 41t!erent aizea 

ot vhole-tone , had a short 11te-apan ovicg to it• 1Dtlex1-

b111e3. Since tbe earl3 death ot just i ntonation , howevtr , 

attempta at its resu.citation have !~lled volu=es. Still 

core Yol~es have been tilled in raCutation. 

A number ot controvereies re~•rd ing Jus t intonation 

atill a:ao l der. They conce rn ita hi.etory, itl merita , aod 

ita present ~e. it &nJ'• How ex.teDSi•e va_s the use ot jua t 

intonation? Bow •~11 1n Ves ter~ b1otor.y can it be t9und , 

&ed ho w long dld lt laat? Vas lt gooerallT dl•ca--dod bo

cauca it tailed to do what it "'' 1uppoaed t o do or because 

it t ailed to do what it vaa cot ·~~poced to do? ADd, 

t1nall1, do choru••• end br aaa tnatruaecta uae Just intona

tion Wbtn tht7 art able to do ao.aa 10:e vrltera allt~e? 

Al tho\lg.b tbeee que s tion& &J'e quite d. l otinct from one a.notb.er , 

they te:ld. to be tr·tated •• one, becau;e juet intonation ho.a 

:aaaged to l ead itaelr ex~raordinaril7 vell to op1c1on

toraing. Those vbo f avor just lctocttion ar~~o tQet Juat 

1otocat1oc bad an exalted • a! ert•DI!ed biato17, that ita 

replace~nt by ~eanto:e and then e qual te=pera:ent vaa 

due co changes: in tbe :u.sica.l re qu.ire=ents rather tb.8 n to 

~ inbtrent v e&kDtSS i..D. Juat 1.o.tO..D&tlun. fit7 t'Urther 



&riUe tbat 1t ia 14eal • a t leac~ to: bar:o~. and c~t 1t 

1e etill used tor ao:a.e ::~.uaic b7 the beat cboruaas. Their 

op,onenta •rsu• that tbe hiator.7 ot Juat 1ntonet1on waa, at 

bea~ , shor t and undiat~-uiabed , that ju.t baraoniel aouad 

1Da1p1d , that just 1Dton&t1oo vaa ooDdemned b7 ita own in

herent we&kneasee, and that choruaea t oolicb enoU&b to 

trr to use Just intonation vill go ~adicoll7 !lat. 

tt is possible to ..U:e all killdo or I>J'pothu .. about 

the uae or j ust intonation at the end ot tho Middle Agoa 

aDd the beginning o! the Renaissance. It 1a generall7 

acknowledged that the Englis~an Odin0 ton16 clained that 

tho proper tunins t or the thirda abould be 5:4 aDd 6:5 1A 

about tho 7ear 1300. Whether thLi repro5ented theoretical 

wiab.tul thinking or actual :usicel practice can onl7 be 

guesaed a t. It is also quite pooaible t hat the 5:4 third 

repreaen ted. a loce.l pract ice. !n&la.n4 cq ha•o uaed. a 

j ult t.b.i.rd be!ol"o the contin.ent; aus1colog1sta geaeralq 

ack:ov le4ge t hat Ecgl&nd, through the practice kno~ aa 

gy~Qtl , u.atd the thiN oa a con.aonA.CCo earlier than the 

CODti.ueot.l? 

Vl tb 54rtolo:eo Ra=oa de Fareja lo the 15th ceo~ 

l6Kornerup , ~bo like s ju&t ictonatiod, t ende to 
e:pb.asiz,e Odin,; to n'~ role, while 6&rbou.r, who d.oe• not , 
t·tncSe t o ·~-lm.l : e 1 t. 

17sea idel b•1ng poaaibly ttA tlra t, ~leod v as 
p:obably the l e.•t co~t:ry 1l1 t.be r.'eat. to us e U.t jut tbi.rd. 
Croa.c• •n ua.ntone to;per~ent ve r e still e xtut and in uae 
in England in the loto 19th eentur;T • (BoS&n<lUtt) 
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~gi~ a locg aeriea ot theorists whO tuoe4 tbe1r •one

chorda t o just intonation. a&.rbour no t ea tha t Ra.:oa c.1td 

f!X;>ed.iect aU:pl ic:i"ty rather t ba.n :.u.sic.al ceceea1q •• tbl 

reaaon tor inclu.c!il:g ~be intorvala o! ~. 5tb partial in 

b.ia ~· Ba:bour alto poill~s out ~hat !l&:o• • tun1q I.JI 

: ora vaighted in ! &TOr of tbo perfect !i!tb o• er tba thi~ 

than a.re the later, core a tuda.rd, just t~a. J'roa 

t b.i a !arbour dHuceo tbat at ~" tiM ot Ra:oa J ust 1D

t onet1on ba4 ~ehind it Oeitber tbe support o! videspre&d 

P~'ctic: e nor the e~hatic: endoree:ect ot t heorists on tha 

baaie or ita auper ior eoUDd . 

u to the e a.rt.,' tad to t b.e prac tice or Jus t 1nto c.a

t1oo , lt such practice the re V CioD &t all , B&r~ou.r po1.nta to 

tho dU'! iculty or lintSlJ:l.b tho more ebro:Atic worlu ot 

Karen1io , Cipriano 4e Rore, &ed Geau&ldo wi thout 1nat~

~entol accozpaoiaent. Sdrbour poict a out in this connec tion 

t hat ! c.ap~lla 4!d cot aean ~unacco=paaie4 • 1n ita earlt•r 

U&&St and that c~orutel =ust have a4opted th• intonation 

•1ste=e oc vbAteTe r 1natru:eota were uaod. •• ¥ccomp&n1:ent . 

Vhec.her :u.sici&nl u:a.h&apend by !1xe4 l nc.ona t1ou 

could. disti..ao-ui.&b j u..t t 1ot o·cat1o.c at all 1& anothe r eubJee: t 

!or con~entio~ . £ecent experi:eoto~ion tas indicated a 

vide apan. or p:-e!e:-enc::c:. a.::.ono :us1c11Jls conce rcic.g the 

tbirda to be e:ployed . ~ccording to th e preli minar,r ! LDd-
. ~ 

Lno:• 1.A a stu::,1 by U w1e iicha..rda;.ca at Ind16.!l& Cn.i"ref'lity , 

18eonveraation with nr. Ri ch&r4ton . Hit Cioding e 
v Ul bttco2.e J)&rt o£ an unpubl ishe d ~.1 aeer-u.t1on at Irodia.na 
t;,_l.Yorai t7. 



' 

92 

ac:. excellent ~::~ua1c1aAa decoostra.ted s.re&t tc.cona1at,enc7 

1D t bt tb1:da the1 "preterre4." N~ns tbeor1Dta haw. 

poatu.l•ttd 4.1!tereot thirds tor me l od7 aod har•oc;r and. it 

11 cooce1Yable that aome ot Bicbardaoc *a aubJeet,a ~ haYe 

been tb1Akiuo .. =elo41c:al17" ~ ~bar:ooicall7~ on 41ttereot 

occasiona when th07 were tented.. Foklctr baa recos:Di ud. 

the di!t1cul t7 conte:poraq :ua1c1&J>a line at !or:o.i.D& tlla 

iDterTa.ll o r just intona t io11, a.nd baa wr1 tteo a g:rod.e4 

aerie• ot ex~reisea aimed at de·veloping theae akilla.19 

Proponeo~a o~ just intonation aaaert that t he current 

ge~eral 1Aabil1ty to ~asure thirds accuratel7 ia t~ 

direct reault o! atrophy caused by :he long disuse ot just 

1ntonsc1on. At tho •~~ time o ~tcr proponents o! j ust in

~netloo (1o. so:e cases tbe •~ ones)20 losist that 

choruaea do, i.od.eed.t use j ust 1ntoa.et1oc. T'Mre a; peare t o 

be an tocon•istenc7 htre. 

A ei~1ar contrad1c t1o4 ean be noted on the otber 

ai~ e , however. Barbour and K~ttner dtn7 thst unacco=pacie4 

Chorutea use jua t intOD4 t1on21 ~d tben proceed to a ttribute 

tte tendecc7 ot unacco~~an1e4 chor u.ea to fall 1d plteh to 

The 
and 

19?okker , Jus t !!lton.stioc.. is 
tl Xerciaes a loOTtt:e;pt t.o tr'a.in. 
u.e thd seve~th partial. 

the vorL in q~eation. 
the Duaician. to bear 

20sort~n a:ouea mat choruses u..ae just U.tcn.atiOJl 
and tbat ~tost vho don' t prefer j uat intervale to teQpere4 
oces thro~h the 7tb pa: tial 4em~nstra te inau!t1c1e~t ear
t r o.lnine, . Orsa.n Ine titute ,'Ua.rterl y, 5:1 , p. 31 tt. 

21 I.Dtrodu::tOl7 notea to t!uaurgie Recorda A-2, ~· 
Cit • 1 COl ULna 29-}C). 

l 
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t bt ~•• o! j~ot 1ntonat1oA. 

'Iht argu:ent ~bat Juat intonation caueea t'latti...c& 

1a one ot tbt elasa1c&l and ott-:epeottd pointe in tbt ca.e 

agailat the WJ I ot pure !1ttb.l o.nd tb1r4a . I t ia baood on 

the 4oublt •:plo~nt or tbe au;e:toD1c. lD cbor4a 1D 

which tbe aupertonic is ecplo,-od Yitb subdo~1na.nt tUDct1on , 

the aupertoaic is derived b: thirds tro~ the aubdoaiD&Dt , 

aod baa the Talue o! 10:9 abo•• tbe tooic (4:} - 6:5 • 10:9). 

In cborda or dooin&nt !uoction, however, the eupertonic ia 

der!Ted b;r !i!tb.s above t be do:Uni.Dt ud has tbe value ot 

9:8 above tbe t ol11c (3:2 x 3:2 ~ 2:1 • 9 :8). Since tbe 

normal course o! har=o~c prosression is troa aubdom1nant 

to do~nant rat her than the reverse , b~on!c m~eie 11 tull 

ot i nataneea in vh1eb the aupertonic ia tirst aung (or 

plqed.) u • =ecber ot aubdoa1ne.nt bar:aozq and. held. o•er 

in a.n upper voice to becom& a &e,mber ot 4om11UUlt harmo~. 

Aa auming thet the pitch o t th e aupertocie 11 held a t • 

con.at.1.:1t level , the pitch ot the tonic cust move d owva.N 

as tbe i aterval between the t wo 1Dereaeee troa 10:9 to 9:8. 

Thua, t or every progreesion t ro& 11 to V 1D Jult intOD&tioc, 

~bert the supertonic 1e sustained at a constant pitch, tbe 

tonic talla b7 the i nterval Sl:80 or 21.5 coDto. In 0 111 

ot the great tours de Coree ot tbJs brancb o t ausical tbeor,r, 

Gustav Engel bas analyzed tbe entire score or Don G1oY&nni 

t or progreas1oos in vhicb the double e:ploya.ot ot helt-o~r 

tonee would I oree the nsic upva....-ds or dovnva.rda. Engel 



concludes that vere Don Gi o"f'&nni t o be per!or:td 1.a 1tl 

entirot7 in just intonation, tbe pitoh vould al ip b7 about 

u. ·~:ente4 tourt.h in tU course or t bt evea..l.ng. 22 'flle 

un_r audiences vbich have hea...""Cl cllorusea alip a whole tone 

1c leaa tban live minut•• Cli..n b.ard.l-1" 'be &l&.n~ed a t Eagel•a 

eat1.aate. 

In refutation P&rteb auggeata that the aupertonic 

c.eed AOt M held con.stut. .According t o Partch, it the 

pitch or the aupertonic 11 ra1ae4 a comza durinS the pro

greaeioo 11-1, tho r esult 1e no~ dis turbing and the pitcb 

or tbe ori,ginal tonic il t!lere'by retained . 1D UJ:1 cue , 

the tendency o! chorueta ~o drop in pi tch ••1 de&onatrate 

that lett to tbeir ovn 4eYicea stcaera v111 ten4 to adopt 

aoae kind ol Just intonat ion. 

Despite tbe vehe:an:e vitb which Barbour and Kuttner 

attack just intonation, aai eap~eiall7 ita t birda, the7 

le~ve the door open to t hose vho woul d re-establish Juat 

inton.ation tnt-ouc;h zultiple 41Tts ton vbtn tU7 conclude , 

*Or course it 1& the se"f'ere l ici~ation ot just intonation 

to l2 llOtes ill the oeta•e, vitb e~a.r:.oc.ic al l7 e<i.ui"f'&lent 

ootes forbidden, tbat baa caused 1te outright reJection by 

Aus1e1&ns.•2~ The reco~ vbich acco~pLCie$ tbese reaarka 

2 2£ngel , Gusto•, ~~~e Kat~•=atiacb-h&r•oc1acbe 
A..~a1zse des :>on G1ova.nniV'Oii F.ozart , Vf,..,, III , 1887, p. 491 a. -- -

2~£2. cit., oolwm ~1. 
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u:pls 4e:=.on.stra::ea tb.a t :tOre th.&.n t wel ve toc.ea vou14 1cdeed 

have to be available 1! jus~ ict on•~ion vere to be applied 

to &usi c having. &llJ' substantial ha.r:t.ouic re.nge . 

It ia tro~ juat auch a pre:!se that Bos&equet aod 

Poller begt.n their apecu.le.tiou on mult ipl e cUViaion. I t 

ia &lao trom t his pre~ee t hat tbe vast number ot UDequal 

acalea eucb as Belmholtz' (24-tooe) , Sit&' (50- tont ) &n4 

Groven'a (36-tone ) ba•e ~1aen. Partch &leo ~akee juat 

intonation bia atarting point, a.l thouo,b 1oe1at1ng on the 

ext ension or the ~rinciple to incl ude tftt ?tft and llth 

pa:tialt . ·~llrtch:idt and .t.:itl used jutt 1DtontU on u 

tbe thtorttical baeil tor 19-ton~ te:pera&tDt mucb •• 

ZarliDo , Mtraenne ond Raceau u~ed J us t intonation •• the 

ba&is t or ousical a~te~s t or wb1ch tbt7 too advocate4 
2• t.e::peruent. 'Ibe coincidence ot the Juat :.inor t hird 

with i ta equivalent interval in 19-tone tezperament (tht 

discrep&eCJ is a s~ell traction ot one ctnt) is oct o! tbe 

5tro~;est ar~ents used tor that particular •7Stta• 

espec1all1 b;y .lriol . 

f echnicall1, jus t intona t ion sup; lies the proponent 

ot :ult1ple divisioc vltb a ~odel whose consonant th1rda 

41!!er auba tanti a lly !ro= t boee o! 12- tono te=per~ent. It 

also i ntertats hi= t hrough it1 sreater vari tt1 or b~elc 

lntervala , vhicb re qui..re s~e.ller sub41.Yia1ona ot the occ.ve 

24rne te~para=ent vas meantone to tte tor=er cese . • 
IUb-co&:atic tecperament not unli ke e qu•l tempera:ont in tbe 
aeco~, &nd. eq,ua.l tez:pera.=~etlit 1A t:he thi..rd. 
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than l/12. It provtdoa hi• vitb ouch rolotiYol7 &inuto 

1ntervala ea 2S:24 the dir!a~eoct be~~••n eajor aDd ainor 

thir4a (wbicb Ariel con.idera to be the b&aic uait tor 

19-tone tompero:ont) a3d 81:80, the di!te ronco ~tvoon tho 

=ajor ~ =!nor whole- tone& ( which ~a widel7 bel4 to otter 

tho boaic unit tor 53-tone te:por~nt) . 

Bu.t , aa vi th Gr eek t u.n1.c.ga, just intonatioc i a 

equoll7 1&portant tor the 1nt&n61bloe it brin&o to tho 

modern propount ot ~eultiple 41•1a1on. T:r.ere 1a t be 

myatlgue ot 12~11 r ation4l nu=bera, and tbe i~eal ot perfec t 

conaonance. AD4 there 11, aa vit b Greek ~inga, the 

eaaoc1at1on with a go lden age in the hiat4ry ct t he vorl4- -

1n th1a caae with tbe Reoaiotan~•· The atte&p t to acbitYt 

Juat intonation 1..a.. aore co::plex auaic tha.o. vaa obtainable 

in the Rtnaiaa~e baa sti=ulated ·~ proJtcta in aul~plt 

41~41on and Yill no doubt continue to 4o ao. 

Ul t4 litarall71 the ter& ~:eactone te:per&&ent• 

applies only to Pietro Jzoa•a ~co~a ce:pera:ent ot tat 

!1!tb, vhtr ei.J:I; the maJor tb.lrda &r·t e x.ac~ and the maJor 

aeco~a (to~•) are the ~•an ( geo&etr1e) between 9:8 &D4 
d 

10 :9 . ~ the ~:~ore gacor1c: aonae in v.bich •ua.ntone teap.ra-

:ent• Ll eo:et1=aa uae4, i t b41 coat to •!an ~ t e=perazent { 

ot t~ tltt.b, tor the pu...-poae ot ia~oYi..A; the t hl.rc1.8, w~r.1A ~ 
z \y 

iJ:. ;q Wl • I et J..'f' <t ~ ,. y .: . f.!!. -o 11 '7.!h 
t tf 



t he !1tth 11 o.:.aller thaD 1n 1.2 - tone e qual temperue.Dt. IA {( 

th.te eenae there are nearl.7 e..s .~ Y&.rie tiea ot aeanto.ne 

teaper~nt •• ther. are 16th, 17th and 18th eentur.7 

tbeori eta C02b1ned . The gec~ric :eaning vi l l be uaed here. 

l'lea.a tone tecpera.aeut t1gu.red he1Yll7 in the theoreti

cal vr1t1Ago ot tho 16th through 18th conturioa, Ita t.

portanee 1~01e out ot the reali2atioo t hat pure tilt~ &ad 

pure thirdo could not oxiat side by oido in • •uo1cal 

syatem conta1n1nt a amal l number ot tone e . Tbeoriete , 

therefore, reeurned t or conv~nteoce to the Pythagorean 

proctlco ot producing tho third by co•blning !our !ltthe 

and deducti QG tvo octaves . Hovever , vhereaa the 

~h48or-una used pert ect tittlu>, allowlns tbo thlr-do to 

be a coua luger than tile jus: t hires , the &>ropononta of 

::eant.one tt:lp.r~ent reduce<1 the si~e ot the !itt.b.a 1D 

order to improve the t :t!.rds . In. uon •s ).-eoua t e:::pera:.ent , 

the a oet eignit1cant and the onl~ llte~ally correct •mean

tone te~ptr&Qent," the fifths e~e altered &bo~t s~ cents lD 

order tbot tbe th1tQe can be ~ure . 

Tho ahitt in •~phasla !r-om the por!ect tit th to the 

maj or third •• t be b&aic un~lterable i nterval vi tbin tbe 

octavo 1a partly ox;>lail>ed l>y the dovelop.:ont o! t be thiN \l 
•• • eonoon&nce in ~ua1cal usage . But th•re 11 a logical 

r-ea.aoa. ror preterrin.g ::aoa.ntcne te::~er-.=ect to PJ·thaaore&D 

1at onation. Since the third ta co:posed ot ro~ tittha 

( leaa two octava a), a aicute alteration o t a ainl) e titth 



vill b.ave a tourtold at!'eet on t he siz.e or the thi.rd. B)" 

m•king ooeh !i!th ~aller by ~ co~, the third 1& i:proTed 

o~ -vbol e co:ca, which ie eooug.b to ca.ke it x;er!eet. Ther't

Core, vhereaa a •1•t•= eonta~ pure !Let~ vi~l ha~e t hirds 

iO e rror by a wbole coc:a, e •Y•t•~ vith perfec t thir4a wil l 

ban tittba lD error b7 onl7 It co=•· It thirda and ti!tha 

are conoidered oq,ual17 i.=porta.nt l n a cu.ica_l •TDt,tQ. 1 tbe_a. 

clearl 7 it 1e bet t er to chooeo the 07Mtez i nvo lving ~-coaaa 

ot e rror t ban tht e,t t= ~avolv1~ a 41aerepanet o t an 

eotire com:aa. 

Otbor so-called :eaotoae te;pera=en t a hftVt ariaen 

C~m atteopts to co~~ro:i&e the difterecce • between fifth 

lied t b.ird , ~:~aking: n~ ither ptrtec t vht le holding to a mi.ni11W11 

tte d1eegreeable d1aerepaneies io both . Stil l other• haTe 

d eveloped !roo t.,. oborteni.cf; o r both the ti!tb aJ>d tha 

•ajor third i n order to iaprove other intet~ale i n tht 

ttcpeta:ent , aos~ cotabl7 the =inor third . Y.eantoab t e:pera

C4Dt t a looked upon vi th 4iatavo~ by t hose wto cocs ider the 

pure tittb to be ~ore icpor tant tb$~ the pure tbi~ or who 

loolc upon t b.e pure ttird.s a a 1.D.!t r1or co al tered. tt.i,rda. 

Ntvarthele•• • it repreueot G ~importAnt phase 1~ tht 

h1ator7 o! 1otoc.ot.1oo and one vhich aaw t b.e birth 8Jl4. 

d• v•lop:ent or ~r=onic ;ractice. 

Tber• ar• , aa wi ll be shown, t wo tmpo~ta~t reaaona 

vb,)- t~r• 1" t. cloae · kia.ab..lp b,tveen ••utoae t e :pera::ent 

&4d ault1ple divia1on. In the tirat place ther• 1• a 

11 



thtorttic&l ~latlonabi; betveeA ~ given =eancoca te~pera

cect &:111 a.o equal t·t:.perue:lt inYolv1.ng : ultlple 41Ylaiora. 

~~ 11 beeauae ceaDton. te:pera.e~t ia a perfect tut 1D

cocpl t te 171t•=· Tb4 aharpa oc the ooe han4 and the tla ta 

on tbe other art tttver joined t o:getber, each z.t&.Dtou a:~etea 

haYing it1 own part i cular alze oC ~wol t • tltth ~·~• the 

t wo tDdl •• eet.• But it la possible to contioue tbe ltriea 

ot !Htbo in tbno oy until , vith t bellid ot on!J' negl1g1blt 

additional te: per1ns, they ~ ~eet . Tbia produce• an equ•l 

te~per&oecc vhieb ca7 be thought ot •• t be tultillment or 

~as ia or blck&roua4 tor the particular kind ot :eantoo. 

ce:perue.nt. Theoris ts o! tt;e re:antoDe period , aucb u 

SauYeur, I .Ctu&ll7 414 use ::.u.lti.,le diYisioo aa • theoretical 

~••1• !or &c&A,on¢ ;e~pera:ent, Converstl7, tod11, th11 

relatlonahip 1-1 u.aed to j u.st1!7 Qultiple divis i on 11 a ~&:l.S 

of reetor1Qg the advaotages o! ceantone te~peraaent. 

The aecond cloae rela tiona~p between ae&Atone 

tem_p-eruent end multiple d1Yisioo ie 1o. the prac tiea.l reala. 

~~01 ot the proponeota ot me2ntone temper&ment ac tuall3 eo~

ce1Yed it to~ intLrus~nta possessing ~ore tban twelve kt71 . 

~eoatoDanc e inst~entl ve ro built and ampl,Y describ•d vhieb 

aade multiple 41V111on , part1cul•~l7 thoae 071ttc1 1~vol•tco 

19- and ~1-,onee, a ~2lit7. ~ Cbarle a Eent aaa erta ,2~ 

25xe~t, Cba:les . ~ ~~~rodue ti o= t o ~o- ~4 
":'exi'ft :-u~or, p . ""-6 . :bti"D!;Se:-:o nn):ubiT&ii'i!"Tocu:iiat ia 
~a.rttcu . .-.a.ri:~ va.lJ.a'ble to= <;be ~_gi..nn@r d\:e to the t horoug.h
oe sa o t ita lntor••tioo &cd :ce lucidit7 ot 1ta preae~tatioc. 
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re!erri~ to Arcn•a ~-to~ te:p~ra:ent, •xt one vert to 

4ee1s:=. a.n i.nstr'l.:.:lent c•pable or pla,,.-il:l.g the co::.ple t e aean

to~ 111tt: ••• (i...D..-olvi__n,g both t!le a~a:-pa &Dd tht t'lata 

in cc-=cn \Lie ) ••• it would re :;aire 19 D11 to tt:e octave.• 

It ~isht bo added that 1! one vishod to =aka ot ~oaaa 

te~per&me4t a cloaed eyste~ , he would require ~1 tonee to 

the octaYe. 

Meantone temperament gradual l y gave vay to 12-tone 

equel tecperament (which is, lts~tt. a term ot c eantont 

te:per~ent Vhen tho ter= is uee~ in ita broadeet ttnae) . 

12-tone t qual te=pora=ent 1s the reault or the alteration 

of tho tit~b b~ opproxi~otely l/11 co~e, which te::.ptr~ent 

l t avee ttt tbi~ 7/11 co~a t oo large, L~ t be cinor t hird 

8/11 coc:a t oo a:al l. There ap~eare to be•• bttD a t vb

at&ntiel period betvten t~ ~axicu= i:Iluence ot Aron' t 

~-co~a tt:per~nt and the tri~pb or 12-tone t qual tempera

~nt ~htn a compromiGt temp~ra:ent or 1/6 co~a , aocetl ••• 

called Sllber:ann •a t e~pe ra=e~t, enjc1ea videeproad uae . 26 

or importance to tbe pre s ent stud1 ere evidence• ot 

clo6e histo r icdl ties be tweeo ~eantoDe te~~era:eot and 

theoriea or lt.Ultiple divisi on. EQ~&.l11 i::portant 11 the 

quest!..::l wbetber the d.eticienc!es t.n :.ee: tone te=pera.cut 

which caused ita 4o~all vere of t~~ kind thst =ultiple 

26Sauv• ur undoubte41:r r:.ea.ct t h!a te::.~ra:eat v beD he 
·~· tb~t the ~~-toae t~:p~:a:ent is 1n se~eral use b7 
:Js1c1&nt 11 !te 1ot~rvals are •$sentiall7 the lama. Set 
ScUrchen, ~ t:ature ~ ~. p. 42. 
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d1Tis1on could have preTented. It it can be eatabl1ahe4 

that aueh elbae ties a. bave beeD euogested did exist, and 

it it can be further establ1ebe4 that ceantone t .e;:peraaant 

tel l ~ecau.ae ot ita •volvea "2? &n6 not because o! ita aa&ll 

!Uthl &.D4 t b!.rda , t:en a atrong bietorical case can be 

cad: e tor ~u.ltiple 4.1rta1on aa a just1!1able extension ot 

aeantone tempe r a.ent. 

Ot particular relev&nce 11 tbe work ot the deat-&ute 

tbeoriat , aatrooo~er and za the=a t1c1an, Joaeph Seuveur • 

.Utboug,b .b.imselt l:ll&ble to he ar, be vorked with the con.atut 

corroboration of :~sici~ , and obtaiDed auch insight icto 

cus1c tbat Eer=IDD Scherchen wa a led t o plooo bic ~tb Bach 

and S.etboveo a=oco the groat 1~ovatora ot =ua1e . 28 

Sauveu.r•c V!'it~s on :ou.sic appe a.r i n aavera.l articles 1D 

the ~(coires or tbe Ro7al J\cade~ or Sciences ot Pari• and , 

except !or tl:.e br ief su::.::.a.r,1 b.; Sc hercl:.eo, have r.ot been 

t:o.nslated into ~,;lis.!l. Seb.ercben alludes to Sau•eu.r 11 a 

proponent or 4; - t one temperu.ent az:~d. aa a.n op;on.ent o r 12-

tone tempera::ent . :he letter is quite true, aa the !ollov-

1ng &tate:ent, tre:slated. bj Sebereheo, bears out.29 •Tbie 

27':b.at !e, -:be ~•d !1!"tho betvoe n t he t ones a t tbe 
t noa o! tho syate~ . These co~ ld be cor:eoted b1 multiple 
diVision, vbile tbe s:all thirds 644 ti!tba ~• baeic to the 
s:ta.ntone ayate:z an~ a..re not correct.ed b7 t he tilid.ition of 
:=ore ton••· 

28Tbe 5a=u=e ot Husic. lD t~11 book, Scherebon booora 
Sr.uveu.r, '!ti"Cb 1 c:. ile""'it::.oveo vi th An tfiSS-3 apiece, US1.f1.6 
t~ir t r&::.ace!ldi.:.,,; i)!'t~tness &Dd t he ir p~81C&l cUaabil1t1ea 
aa a c entral t be: e. 

29~0 !n&liO~ io DOt b7 Scher cbOD but b7 Villi a= HanD; 
Scb.ercb.en'a trallSl&tion was to Gtrmu. Tbe Na ture 2!. ~. 

p. "'· 
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aysta:: (12-tona 'tecper&:e!lt) is ;:eterred b7 our leaa 

co~pet·ent 1D..Itru::.antal1sts; it allova O!lt to tranapoae 

eaa1l7 without chang!~ or int~rv&l. But : ore aeca1t1•• 

mua1e1ana have rejected it , bee•use its interval& dtYiate 

troa the diatonic nora.•30 

It 11 aloo true that sau~eur propoeea 43-tone temper

ament, but there 1a no ev1~ence that he ever envioase4 muaic 

with 43 actual tonos to t be octa~e. Sou•eur tVi4 entl7 

meant 4}-t one toQpor~ent to be ~be theoretical ba111 tor 

a :eantone te:peramont 1nvolviug the tlatting ot tbe tilth 

by l/5 co:=a. Tbe crucial State~tot b7 Sauveur vbieh 

Sc=erchen paaata over without co~nt 1s that ~55-tone 

te~,erament ia LQ universal use b7 ~us1c1ana .• It ia 

obvious tbi t twc 111 tl>e liu~&l •• ~Ue t ill• otatt ... ot ia 

absurd. 55 t onea to th~ octave i s a radical projectioD 

tOCa.y and a ~.5-tone octave has never enjoyed ~Wlivereal 

u.se .. " \lbat Sauvtur evid.entl7 had in =ind. 11 l/6 co:aa 

te~per~ent which, in the eerl7 18th centur7 , is known to 

have onjo7td w1dtaprea4 use. The tilth in 55-tone tempera

cent 11 altered b7 almost preciae1J l /6 coQma , r endering 

~5-tone te~per~ent tho theoretical eocpletioD ot t~e 

~'":e 171ti::~e 8. son usage ctis lea JoCeu_r a d' lnstru.:.eo.a 
lee =o!na hob1lcs , a cauoe 4e aa si~pl!eit' et de 1• tac111t' 
pouvan: trans~ose~ les notes ut re ~1 ~a sol la 11 aur tellt 
to~ehe qu'1ls veulent , aans •~c~ char~ecent d~a ltl 
1o-:e:-vallta: :ais les d1!!€=~cees ~~s l:lttrvallta dt ca 
13s:i:e avec ee~ du asa:;;c 01ato~~ut jua te itant tro~ 
&:a:ees , l ta hAbilta Jo~eurs d'lnstru:ens l'ont r• JettE. • 
~e~31rea, 1?01, p. 214. 
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oeiJlto ... 171tt::o 1nvolv1Z>g !itths altered by 1/6 coa::oa. a,. 

the aut logic , tbe 4}-tcne te!!pera.::ent 6d.voc:attd b7 Sauvau.r 

can be coa.atrutd. aa tbe theoretical co:plet.1on ot a aea.ntou 

ayotem 1nvolv1Dg !irtbA altered by l/5 eoaaa. CoDa idara tion 

ot Sa~ve ur•a reaaoca tor advocating tbia t a:peraceot bear 

out tba aaau=ptio o that t!lia 1-a v hat h t 1ntaDde4. Ra liata 

9 rt&IOD.II 

l. 

2. 

s. 

6. 

¥Oint. 

It preoervea tia just miDor second of tbe 41a
tontc 111tem .~ 

It preaerves a major aceond and chromatic ••=1-
t one t hbt repreoeot 1rit~eticel eaana between 
tbe Just al ternat1vea . 32 

~e deviatioos ot the ott er intervals are equal, 
excti" t tb • t or the :inor t h1~4 vbich 11 doubltl 
ec;.ua CUocre~cies bot~;er the ear leas than do 
Wltqutl ontO. }} 

It tbe \l.Dit or "-"-tone te=~r•~•~t i a 1teelt 
di vtdK i _nto ? parts, al l ot the dJ.screpanciaa 
tall very cloae to UDita oi thia ••alle r aub
d1v1a1on. 

The zoat per!eet interval , the 4tb (5th) , 11 
bett er represent~d than the thirda. 

4~-tone tecperG~ent is a :~ean b-etveen the otber 
legi~imete eyetems. Its v bole-tone i a &n 

}lThia and the sueeoodin; 8 points are taken !roa 
Ge no!"a le CI.Oa ::iia ti!::es TOI:"fere~ do Jo:usic;ue, X(~:otrea, 
pp. ,16-l~ --

}2Thil •••~ error is elar1!1e4 by Sauveur•a sixth 

33Tb!a po1:at, :~o:ev~at alien to our age, 11 aa4e 
:-.~"&tedl.y in tM le~!l Ctl1CU:-y . OUr 12.-~oc.e sya te= b&l 
~os t unequel 4!acrep~c1ea ~s be~eea 5 th and 3~. While tbe 
t i -ttb &.:1.:1 =.aj o:- tr.trd ot 19-:one e~,pera..:.e:at ar• ill error b7 
t.l.:aost preciaeq tht c~ a.c:owat . 



&rith:~tical co~ between two cinor ADd three 
~&.jOr to nee 1 precisely th-e proportion wbicb 
appeara !n tb4 octave . 

?. The tUQ o! #ll deviation• or the 1nterYall, 
t aken positively, i s leaa t ot all tbt e7ate ... 

8. Spta=&ridel (the •~eller sutd1•1aion ~ent1one4 
above in no. 4) ere equel to tho }Olat part ot 
the octave e~d represent or41n&ry logarith&a. 

9 . I have tri ed ell ot tbe t e=per&Lenta OQ =7 
el &Ttcin , and ~ colleagues hGTI preterre4 the 
sou.nd ot '•3-tono temporaaa:nt. 

104 

S&u•eur•a third point , the t be pretere eq~al devia

tions to unequal ones , 11 prob&bl3 at the r oot ot bla prt 

!erecee tor 1/5 eo~a te:perament. Tbo perfect filth ao4 

t~e cajor third, repreGectino the intervale troQ tbe Cunda

~ota: to the upper eonsona.nt par~ials, are the i.=.portut 

onee to ~o•t ot the thtori&~s . I t is sel!-e vid~nt that 

~-co::a te=pera=ent ! avore tpe t hird completelT vh1lt 

Pyt~agore&n tuning t~vore tbe !iltb. Tbe ar1tb:et1e meaD 

t~~••o thea youl4 be l/8 ot a co~a, but tht arit~etic 

:.e &u 11 bard.J.,. valid hert, ainc.t d.1sere:uu:~c1es or the tt.ird 

v:ul4 the~ bt tour tl:ea aa great aa d1ac~p.nc1ea ot the 

fittb. Sa~vour'g 1/$ com:o te~per&:ect i s tho e~uivalent 

o! • geo:otrtc :.eu t>etvten. the .Lron ;ae&Dtooe tee~peruent 

o:~ tht oce bAc.d o.nd P,-thogorea.o tuo.in.o oo tbt other . The 

t=tr4 • • vtll a3 the !1Cth ia in error b7 1/~ eo=ma . }' 

34According to leot• s !igcres in~· Cit., the Ciitb 
1L ~3-tone te~pera=ent 11 ~ . 28 cen~a !let vbiTi tbt tbir4 1a 
4.39 centl aberp . rn, diac reyancy bet~een tbe t~o deviations 
is a reltin<itr th.a t .. ,-~ooe t~:pera.c!zl't is. ocl7 &D opprox.i:Da
t ton (&l tho~3h a good o~) tor 1/5_co~ te:pera:4nt, t or 1D 
tt~ latter 115te~ tbe deYiatio~ woul4 be exactl7 equal . 

/ 
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4A aap•et ot Sauveur'a ease wbicb eopbaalzea t hat b ta 

inter•at to .a;3-t ooe teapera.=ent vas 11 a bea t a tor a :.u.e lcal 

s,rste= rather tb&D 11 a cocplete 11ste~ ta ia bta I Qpbaata 

in the adva..ntas•• ot •}-toc.e t e:.p.era:ent tor ceaau.re:ent. 

l/5Cl ha a been t ound by a numb~r or theoricta to be e ute!ul 

uc1t or ~aeu:e~nt because t he logarithm ot 2 (the octave ) 

' ' 1/}0lt called an epca~eride by Sauvaur , 11 

cal led a atvart by otbera vho use t t. Use o! savorta aakea 

poss.ible the z::.ea•ure:.ent ot intervals by o rdinal'7 logarit h.:a 

of their rati oa , wit hout tr&ns posing by a co~pl1c,ted con

at&ct aa tn ttt case of cents or =ilicctavea . Theortota aa 

far re:oved t ro:r. ~· advocac.1 ot 4}- t one te::per~eot u 

' • .'a:-ach:ldt an~ Dl.nie lou hove :ada uae ot tbe aavart tor 

FU:poaee or oeaaur.~nt . But this baa little r.levaoce t o 

the custc:a l =•rtta o t 43 t onea to tl:e oc tave. Seitb.er 4o 

Sauveur•a ott•r pointe, vhicb 1tre11 the d1etoa1c lAterva le 

but to co va7 pertain to a ayetec c:onta lnlog •U7 ex,tra 

tones. 

J.a sauveu.r'e 1/5-cow:.~a and Sllbet'u:m'• 1/6-cOID.IIla 

t&ltp!rauntt b& 't'e tbr1r close equ 1vttlente in·~- •od 55-tone 

te:pera=:er.ta, ao A.ron '.o ;...- c oc.:na t.e:1pera.:~~ent b&l!l ltA cloae 

eQuivalent ta H -tont e qu.al t ·empera.:ec.t. Tt-.e Dutcb cathe

~attcian P.UY6t~t pointed o~t this eQ~1valence 1D the l?t b 

centur1. A practical connectio: betve~n the ~vo ~•• eetab-

1!.5hed , a t l e ast tor t x;:er!:ent.al ;u.r;oses , by V1cent1Do . 

late Re4a1as&nc e co:poeer , theorist and :U#t c 1&D extra-
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ordi.o..&.r]'. Ria ·a.rebiee:balo v• • tuo&d, he 11.31 , t o the pr•

Yalli..D.g i..D.ton.atiOll O( his dq, vb.ich wa a ,.._COUll t e:ptr a

&ent . }5 Eis 1.nst~ent poa a• •••~ 31 ktJ"I t o t bt oeta .. and, 

1! it vas at~ed to tbe prevai l ing 1o..tonat 1on ot bia d&7, 

wu nea.rlJ' e,ual.-t~~:-.4 . ftUa i s abovu b7 eu.aplt 25, 

bel ov , in whi ch ~be 1? p1tcbea tbovn by Xen t t o r t he DttA

t one 17ates art eontraated wi th t be equiv• ltnt pitebea t o r 

31- tone e~al te:pera.:ent . :..a v i l l '&::. obsened, there i a 

no <11 1lcrepa.ncy as l o..rge aa a s eh.i sa.a. '!he t wo I J"&t u.a are 

nea.:l7 1de!lt1cal, so that o~.t z.ia.C: SA,f vit!l !'Ull just1!1c a 

t1on t hat ~-co~ t e:per4Qent, vbich t oJoyed videspre&d use, 

is the direct GDcestor ot 31- tone t e~;ara:ent, which haa it& 

••!:7 a trong aa.• o-ca.t ea todq. 

Durillg the eo.rliet t period or mea.ntone tuning , sen. 

tb.eoriata ; ropoae-4 t o alter t.bt ti ! tb by :ore tb&n )t co ..... 

in tb~ int~reJt ot r •ndt ring the ~inor th1rd ~d maJor 

aixth cloatr to tl:• ratio 6:5. tbe cioor thi.rd ls c:-ea t t4 

io ~tit 571te 21 by tbr.t aureri:P.OIOd ( i ! tba . \~Are the 

fi f th 11 purt t~t aiao r thL~d . li k~ i ta eo~pltaoot wit~A 

the tl!tb th~ &aJc~ t~ trd . is out o: tun• b7 • co~. 1or 

the a:J.cor t hird. 'tO b~ in perfect t .u.ne , tbt ti t th c u..t be 

al t ered b,1 1./~ co:;:.a , vbicb v1.11 f.lso bt the e rror ot c.U 

:ajor tbird . Two ~porta~t ~tnaissaoct theorists , Z&rlioo 

a:d. Sa lines, propo$ed 1 uch a ttl:~era..::.ent . I t should ~ 

atreaaed that bot~ tbeorist a also p ropoae4 otbe r te-~ra=enta 

and that tb£y cUd :ot 11ns;1e out 1/ }-cou a te:pe ru t:nt tor 

}5Earbour, 2£• £!!., p. 117. 
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~1-toa. Y.ea..atoce D1ecrep&D-C7 te=perueot twWg 

o.oo .l o.oo 
~8.?1 -------·-??.42 J.il ?6.05 1.}7 116.B Sl> 117.11 0.98 154.84 -·--·-------19~-55 3 19:;.16 0.~9 2}2.26 ----------270.9? ---------}09.68 0 }10.2? 0.59 }48.}9 -----------}8?.10 Qjl }86 . }1 0.?9 425 .81 Db 42?'. ~? 1.56 46'1.52 -----------50}.2} D 50} . 42 0 . 19 541.94 -·--·----·---5!!0 .65 D;l 5?9.4? 1.18 619.}5 5l> 620.5} 1 . 18 658.06 ---·----·---696.?? :; 696 .58 0.19 7}5.•8 ----·------7?4 .19 --·--·-·-1112.90 't 8H. 69 0.?9 851. 61 -----890 .~2 F# 889. ?4 0 . 42 929 . 03 Gb 9}0 . ?9 1.?6 96?. ?4 ----------1006 . 45 G 1006. 84 0 . }9 1045.16 -·----------108}.87 C# 1082. 89 0 . 98 1122. 58 J.b 112} . 95 1 .}7 1161.29 ---------·-1200 . 00 .l 1200.00 

1/3-ccm:a tecpera=ent cs~ v.ell be cona1dered a 41rect 

torb~a.:r ot 19-tone oqual t ec;;ercent. J.ccording c.o E&rbour
1 

Sal ines never rtali~ed th@ possibi lity ot c losi ng hia 17stea 

tht-Ou_;b the u.se ot 19 tones ;o the octa••· Za.rli.uo, vbo 
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propoaed 1/3-coz=a te=~era:ent,but Oul1 •• one ot ~and 

vitbout tbe tntbuDi&ac he reserve4 tor ~- LDd 21?-eo~ 

teAper&&t.Atl • bad a 19-tone i:latrua~nt ~onatructed, •ert 

probabl.7 tbe tirat of ita r.::eciea. but thtl"' 11 110 entence 

th&t he tune4 it to 1/}-co:ca ttoterasent et &Q1 tlae. 

NeYerthe ltll 1 tbt correspozui~n:e betveea 1/3-co:.:n.a tempera

~ent Lnd 19 -tone equal tec;era:e~t is extraordtcaril¥ cloae , 

ae Ex~ple 24 sbowa , aad 1/;-eo~a t ecpera~ent can be eon

si~ered a <arect e.ocestor ot tbe later e1etea. 

Exa::plt 24: 1/3-Com.ca and 19-Tone Tecperuent Co:opare<l 

19- tona 1/} co=a D1acrep&J)c7 te:.pera:=ent to:pera.~tent 

00.00 ~ 00.00 o.o 6}.16 J.# 6}. 52 0.}9 COli~ 126.}2 ~b 126.06 0.26 Ctl>t 189.4? II 189.57 0 . 10 ..... ~ 252.6} ------315.?9 c }15. 64 0 . 15 CeDt }78.95 C{j ~79.15 0 . 20 cent 442.11 Db 441.69 0 .42 cent 505.26 l) 505 . 21 0 . 05 Ctnt 568.42 llil 568.7} 0 . }1 eont 6}1 .58 Sb 6}1 . 27 0 . }1 eont &94 .74 l! 694 · 79 0.05 cent 757.89 -·-----------821.05 p 820 . 85 0 . 20 ClOt 88• . 21 P# 884 . }6 0 .15 cent 947.}7 Ob ')46 .• 90 0 .•7 cent 1010.5} G 1010. 4} 0 .10 cent 107}.68 G# 1073 - 94 0 . 26 <tnt ll}G.84 Ab 11}6. 48 0 . }6 eent 

.l nu;aber or co:.proUses l:etveen l/3- and ~coca& 

te~per~ntt v•r• proposed . Z&rlLno •a D~ 1• gt~er&ll7 

••eocieted v1tb 2/7-co-=- te:perament, while tte 18th centur7 
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English theorist Robert Seith endoreo4 5/18-co&&& te:pera

•ect. 50-tone e~uel division :igbt be used to coaplete 

either ot the above ayetama, aa tbe tilth ia ver,r cloee to 

696 ee.nt1 1.11 both . S::1.1th'a ia the neuer one to 50-to~W 

te;pera:aent, hav!..Dg b een e&.leulated v1 th the 50-41T1e1on 1A 

a1D4. 

Smith 1a a~eo on rDcord ae oppoeina 12-tone e qual 

te=p•r~nt which , dur1ng hie l1~tt1ze, bad begun to die

lodge uutone te:per~ente tro~ their po&1t1on ot aupre3tC7• 

•the bar2o~ in this ayatem ot 12 becitones 1a extre~•l7 

coarse ~d diaagreeable.ft~? ~ith 1 a and Sauveur'e opposition 

at least •~oses t that tbe appr oaching triumph ot 12-toDA 

equal taQptra=ent was Yitwtd vitb al~ by aoco auaiciana 

who tully ucdtrstood its 1mpl1eat1oue. 

A number ot modern edvoeates ot multiple d1Yia1on 

baTe taken pa.rtieule.r interest in the tJ::.eocy and practice 

ot ~antont tt:~era:ent. Pokker regards :eantont te=ptra

~ot •• having been a highl7 satis!aetory system ot intona

tion whose u.Ddoin,g vaa eau11sed b7 the i .neonvenienet ot 

rtquiriDS aopa:ate keya tor G; and Ab.'8 He is o! tho 

Opinion that tbe :uaic of Sveel1nck JOun4a beat vbtll per• 

fOrmed iD ~tOntone te~peramont.39 Of th• 6b1tt troa 

'7S:J.th, Hcco:li<a, p. 166. { ? f''l) 
}Sl'oltltor, !!; !:!!!!.• •• P• 152. 

'9toltlter, ~·, P• 161. 
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me&at one ;o equal tewpe r&ment, Pokker wr1taa, •fbere wa. a 

gro" ing te.cd.enc1 to sacrifice the r ·et1nE::ent ot the Ta.rietJ' 

ot aem1t ones i,n order t o make tbe~ all equal an4 tbereb7 

t o gain tbe e~:.plete tr.td.O: Of ~eod.ul~ • -.Q 

Pokker acknowl edge s hia debt to HU3ghena whc orrered 

}1- tone t ·e :.pera:.tDt u a =ea.na or coi:pleting .1ren•a aean

tone te:apero.cent.41 I n ?olt.ker'e t i..Dal euua t.ion, b.istorical 

a.n4 acouatical eonaiderat1one (tt'u lat t er re lating prU.....r117 

to t ho 7 th partial) abort equallT 1n hia cboiea or 31-tono 

teaper~ent. ~~riceslooprical t QUal tempera:~ot baa two 

tacea. One is t urnod to the paot. I t . r ecalla into being 

t he all- but !'orgotten beautiel or the :.uaic or the gr·eat 

old coster• b~ reatoriDg the te=pe ra=ent th t7 breathed in. 

~. otb~r ! ace !a tu~ed. t o t be tu~e, vitb ita pOI11b111t7 

ot coping vitb ne w bar~onio s and with a utocbtbooou• aue1o 

out llde tbe co=pa•a or tr&d1t1 on&.l secular \.'eatern cusic. •42 

Xornerup is another advocate ot ~ul tlpl e d1T1 a1on 

vto is well avare o! its close relat1onsb1~ v1tb ~•antooe 

te~pera=ents . He considers Aron 's ~-conma te:peramtn t to 

be t he t o :o•!"\l..l:ler or 31- cone te:pera.:ent cd. S.alioaa• 1/3-

co:l:Da te;per&r:!nt tbe to r ·erwmer ot 19-to.ca te::Jperament . 4 3 

40?olle:-, fi~4 7e:pe:-uent vi t h 2,! !!.!ll.!!• Organ 
!ns t 1t\lte , ua.rt.er ~. o.t . ;> :~ , p. ~ .. r.-

4l rokker, UD C:-;ut 
1 

a :.t ~:1 toes ~aJeura !! l"..1ceurs , 
£~cbe~ct~s r.usicaris , ~· 02. 

42Fokker , Sgual Tt:per&:eo t vitb 2! Notes , P• 44. 
43-sor~e:"l;p, :5.e Vo :-l AU:er de:- ~leicbacl:.vebenden 

'h :.J)!:-a turon r.1t !.2, od~r ll ~dnen l o. de:- CJ~:t•ve , P • 6 . 
l:or:.-uerup 6t.trl.Sut~a bo;S: r.ea..o t cne te~pe;-U-ents to .lrDold 
S~t lick, rather than t o Aron or Salinaa. 
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1bese tvo 171te=a ot =ul tiple diviaioc ar• tht one a in vhieh 

xor:erup baa tho greatest interest. 

Xta..otone tecpera:e.Dt l ett behi..nd. apeciatAI ot inatru

:::e~:t a vi th "Gpl1t-keya • ~ otter clevicea tor rea11&1.D.s 

aort th&D 12 tonta to the octaTe. Lockicg, ;erh4pa, the 

i ntangibl e prtatts• ot . the supposed Grttk tunica• or the 

1llua1on ot per!tction io. ju t intoo.otioo., Ct l.titoo.e teape,ra

cent ottera • bockground ot pr5ct1cal multi plo d1v1a1oo •• 

well •• a tbeor.7 auoseati~g s reater multiple diviaioo.. I t 

ia hardly aurprioing that aclvocat~ s ot cultiple d1v1a1on 

5Ucb •• ?okker, Xornerup and Sos~quet, ha•ing detero1ne4 

to C.eir aat1atae:-1on tl':.at ::.e&Jlto.oe te=.peruent waa llOt 

44 
dro~yed because o! ita tasie in~erTsls, cite ••a~tone 

:t:,orasent aa prtc•d@nt !or their propoaala. ~bi le the 

aplit keys on tbt instru:tnt a possessing 1} to 16 tonea per 

octe.Te could pu'h the "volves• av .as !ro~. tbe coor , tbe7 c&n 

be tl1s1oated eotirel7 b7 a eo: pl.eted system o! =ult i ple 

d1Tis1on. 

hrioda other t ha.c. t he Gre ek, Renaieaa.ru::e, And 

Baroque, have aeen iaol•ted pheoom&no au~ge ative ot cult1ple 

diviaioo . The t~ous Montpelier c odex ot tbt l~tb cen~1 

44Eosanquet devot~s several pages t o a~ e~e~e4 
~iscusetoo or ~ch'a opp.:ont reoeo~a ror pr e!orr1ns e qual 
te:~ ra.:.ent. a.!1l1 eoncll.lli!es t!l:.t B.6.c:b's ocl,y objection to . 
:eawt l3ee t • :.pe ra.:ent "*'' to tbe · wolf" v,.tch C&Jl be re:o•ed. 
tbro~ ~ultlple 41v1s1cn. ~eept !or tbe • volt•, •'7• 
bo•~i~tt, "no cl•1a C4 equal te: p•:.:eot (OYtr &~ antooe ) 
e&n be u de 1n Baeh 1 a na.:.a . • ~· c it., p . ,36 . 
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poa eeased marks senerallt thouabt to indicato =ietTOtonal 

iltarationa in pitc~ Jose,b G:~!ch c&retull7 above vh7 
tho lign• ~ • -l • r • 1 &.04 J co.n:ot indicate rb.Tthaic 

or ci7D~C o.lteratic.c.s b-~t """' ap;>~ to pitcheo.•5 .lt 

leaat one quarter-tone compooer, Aloia Haba, re!erl to tbe 

Xontpel1e r codex &I a.n h1a~or1ca1 precedent tor .c:ultiple 

div1Jion.46 sacha baa written oC a s oa t _ua!que medieval 

ln&tru:eot vtth atpti:a-l tUll.la.g4 ? but a a Car •• l a known 

th1a instrument b .. cot 11t been cited ae a precedent tor 

;ul tipl o cliYision. 

Clo•ol;r l1c.lted with tho 1Atonst1o;wl oyuc;a o f ~b4 

peGt as mode l s tor : ultiple d1via1oc are the present s7stems 

or other cultu...-.a. SUch l e a41cg adv,:)c.at4!S ot ~;ultiple 

~i v 1e1on aa ?okker , Bos~~uet 1 Eornerap , YaJter , Partch, 

a..."ld \.'jac h.Jlag r adJlq h6ve ahOY:! considerabla l.ctereat 1A the 

:uaical ayate~s o! t~e Orient . Tbt p~••~ce ~ithin the 

~rl c1 o! 1nton&.t1o::.a l 8)'&te:~a o ther tha.n our ovo oC Cera • 

ch&act t o teat ot her ~aa1bi li t1ts • od t c~llenge to 

4 5Gcelch, Jose~, :!! Vie ·t~ ~ ;o~sru'en ~ ~~ss tonel o 
~ ~9etl 1P-, 1911. ~~ · 9-1~. 

46aoba, ~-~-Prob l e:e o , De Hus lek, 192?t p. 

•?s •cha , Curt, A Str&::l~e Y.ed 1.eve.l seale , . .t..rs.s. 
Journal, ?all, 1949 , p: lo~ . Acco~l~ t~, t vo ln
ataoc ta abov th~c ·~ t~t t l~• a:c~ 1100 , t he v 14e-ceehed 
8:7 aca.le v•• used i.n a~4i :iotl to ~!;.t custo:&%'7 ••• sceloe."' 
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eAluge our ow 875 t ea eo u to 1.ceo:pora.te tt..t beat ol 

other •1atec..t. No leaa a ~u.s1e1a.: tb&.a !&rtok 18 e1te4.-.& 

a a urs;lrag tlMr 41 rlaloaa t!ta.o 't!!oee prorlde4 b7 12•tOIM 

tezperam.nt 1n order t o reali:e t~e autochth~ tolk-aualc 

oC t.atero Europt. Pokker a«:r i butea Raba'a p~oceupatioD 

- with aultlplt 41v1 a1o.n to a a11:.1 lu i.llt ert et 1.D &aetera 
. 4Q 

Europe~ cu11c. ~ 10kker ~sel! 1• greatl7 1Dttrt ete4 

1o the ealendro acale or I~cntaia, ~icb bt cona14t r a t o 

be based on th• triaecting o! tte perfect titth,;o SUch a 

triaeetioo 1a poealble in }1 - tcne te:pere.:eot wbtr. t be 

tit·tb 11 18 u.n1 t a i n eiz.e. ~'1sch!:~gradaQ t.lao cite a the 

oear-equal 5-tone ecale as a rea~~• or ~ •7t tt= (C4-tooe 

te~per~eat) , and M :.ectio.ns J.ri.bic ~usic •• a bute tor 

his ayate,., 5l Boauquot conce:-us h1:5el! at l ecgcll wtcb 

ln41.., ctaic. llhllo lii8J>J' SIUSicio:;s argue tt.at largo a...-.aa 

of the Orient poasesa music vit~ less subtlt r.tt r¢ ! Gr 

auancee or p1tcn then Veatern ~1c, eo1e E&tttrc culturea. 

pa.rticu l a.rl.y t hos e 111 the ne !!"-Ea.st a.nd Ind ia • haYt ,pa.14 

conaidtrabllt Attention to ~·recision in the ic.tonat1oo ot 

482;r Pokkor iii La Ga::.::e ••• P• 152. E&rtok i o haN 
cited as advoco t1n~ io-p&rtlc~la~ the eeveoth partlal. 
Pa:tok usee tones ~ing out51Ce the 12- tcce 17Stea ~a hil 
Violill Concerto . 

49 ~., P• 152. 

SO!!!..!! I.ntonatloc. , P• ~. 
51-~echcogredak1, La Y.~ts~• 

~uo1cLle, J&n. 19~? , P• 26: 

I 
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their 1Dte rvels.52 ':'be t act t bae Arabian end. In41&A a-uaie&l 

171t~1 e~~l07 zo~e tban t v•l•e to~• • to the oct ••• aer.ea 

•• ec eu~ple to :u11e11U1& or tbe ·Je 1t. t hat 1etaaitl\1. t7 to 

12 c!latlnot plccboo 111 Cho occave <&11 h&r<!lJ b o c bo U.ait 

ot bwa&J> c apaci t7 • 

• 
CONCLUSICll' 

Mul t i ple dl vlai oo bas tira rcot1 in t he ac tua l •ueie 

ot the didtont and nea r paat, and in othe r cuaicol culturea 

or t b.e pr•aent . Some ot th e prol>osed ay atema ot multiple 

41v1aioc., auch o.s 51-tone e q_ual tecp.era.cect . involve i ntona

tion• vbicb (vlth neol1s1ble devi a :ions) ve~t ac tuall7 uaed 

in :tuaic: . Otbere, such as 19- tone t·e: peruec.t , involve 

1otonat1ona wh1c:b we re s eriously propoaed b7 &ua lca l 

scholara t4 me et problecs or an earlie r age but ve re never 

ex-tensivel7 uaed. . T"il.o c ase tor c ultiple d1v1a1oc i e W1-

quea t ionabl,7 tnhCUlcod. by t h e ext:ent t o vhich i t CI.D draw 

oc hiatori cal precedent . 

Bu t t he pr es ence ot varioue tuni oga i n t he maatc ot 

the past i s not i n itaelt proot t Cat all or aD7 ot t hea 

should~. revived to4ay . I~ t he Linal ana~aia cne •e ovn 

readi.ng o! the im.plicatio::uJ o! history de;>enda upoo hie 

Views of the acouet1ea l properti es o! 12- t one te:pora=ont. 

S2Prot . Paul ~attben of I=C!aca Un1versit7 t ella ot 
a v1 s it1:o Arab1an a tcoer who e~reasej • • t ontst:eot at bow 
~y di~:erent :us1cal intervals were not&te~ &nd re o~•4 
tn ',.'estern : uaic aicpl7 aa a cajor th1rcl. 



Is i t a better tuning than t hose which preceded it, or 

rather onl:r a mor-e co nvenient o~e? Por those vbo b.ave 

accepted the latte r alte rn.ative, hiet·ory bats supp lied a ... 
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ati:ulus tor tur'Cher study 1 8Jld t or t h e propoaal ot sy atec.a 

of :ultiple divisi9n. 
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Cl!.lPTEll ~ 

IIUL'ril'LS DIVIS!OS J.S ?E3 <>t:SULT 0? iVOLO'I'IOJI 

In the vorda o~ Roger Sttlioua, ~It 11 bardl7 

nece1a.ry to point out on th&•• p4gta that change 11 in

evitable at LQy pe~io~ 1D the 4evelop:ent ot an art. •1 Jor 

aboY: two cen~iea , the chengea wbiob have taken place 

have not iuvo1Te4 the e1aential canne r ot tuning, but tbArt 

b&ve been a considerable number of theoriata 1n recent 7eara 

who believe t Qa.t a stage in :usicsl evolut;ion haa been 

reacbe4 vhere cb.a.n,5es ill the c.a.nne:r ot tw:dns would be :=oat 

desirable . 

The Yie w t~at the procest ot evolution calla for ne v 

eooeepts io tbe field ot intonetio» 4ota no~ ceceeear1l1 

car17 ~ 1&plic1 t diea;proval or ~2-tone te=pe:ra.:..ent aa an 

ocouetical entity. Tbe advocate o~ cult1ple divi sion through 

evolution ·~ be very tavorabl7 disposed toward 12-tone 

tecptra~ent ~ CA1 prefer it to earlier ~atorical ayste~• 

or lot onatlon . Ho la 11ktl7, in tact, to rega.~ 12-tona 

te~~t reQea t aa a ettp in a long cbain ot progress; a ch.tn 

vhoat next link :uet aoon be t oUDd. 2 

1!1uaieel ;;uuterlz, J.pril 1960, P• 1.59· 

2A ttpieal representeplvt or tbis vie w is Kornerup, 
vho regarda :usicnl evolution tl a series or victor1ea t or 
t~~ b~:oniots (Har:oniktr) over tbe c~o~iata (~anoniker) , 
t~at i s to I IJ ot tte progr.s sivts over tbe rule - bound con
oerva tlves . :ne ori ginal e4vocates or the 12-tone aystem ot 
tUino tornerup ploces acoc,g the ba:r:~onista. Todq ' e 
ad voc ates ot 12-tooe tt~pera:ent wbo o,poae &n •~•nalon 1D 
~~1e&l ~sources t o 19- or ~1-toce &Jite~s, Kornerup con
a14trt canon1ata. Akus:iaebe Geattza, P• ~5· 
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~voeac7 ot 2ultiple 41Tis1ou .a a9olut1oDAll7 

decreed t =pl ies e ither a critical view toward tbe ••terial a 

.n4 practices ot conte:porart =uai c or elae t be Yiev that 

contecpor~~ practices are tr&Dait or7 o r tranaltional. ~· 

aisht bt best brouobt in rtlie t b7 • cita t ion or tbo oppo

aite, con&ervative viewpoint . •AQ 'exhaustion• ot the 

reaourcea or the 12-tone 171tea io the relevant future 11 

oot onl7 untoreaeeable, but untbi~able. ln1U 

vastneaa or str~cturel =ean. , ita t lexibil it7 1 and 1te pre

cision , tbe 12-tone ayste~ cedes n otb1DQ to &Q1 cueical 

system ot tbe paot or preae.ot that baa ensaged tbe Qi.Dd. ot 

;;u.&1cal man . .. 3 !Jhe above atate~era , b7 l".iltoo Babbitt, 

do es not necessar111 repre sent the t hinking ot all contea

por~y 4o4ocaphon1sts, howo~or,4 

Besides a l1Jc.it·ed eata:e.t,e ot tbe grovtb poea1b111t1tl 

o r pre t ent ~usicol praetice, the advocate of a ultipla 41v1-

aion t hrough evoluti on t ·enda none tbtlees to regard organic 

g..."""O~tb aa a neeeaaity.. Be te.od$ to ••• as ll:::porta.ot t h e 

1oter-pertcrmabil1ty ot oe w and old muaic to tbt aa=• •111eu, 

pre!e rabl1 on tbo au;.e i!latrwcenta.. Part1cul&.rl1 atreeaed 

11. ~e YitV?oint that a ~•v ayst•~ c&n b• 4 • t1o•d oD17 

through practice , rstber than tbroush tbeort• 

71nally, m1Jl.;1 o ! tbt adv ocat•a or :ultiple d1T1a1~n 

'a.bbitt, Musical quar terly, April 1960, p . 259. 
4Tbis will be de~oloped in oomo detail later in thia 

chapter. 

• 
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thro\18h ••elution are conce:z:ed. Yi t!1 signa tht7 ~lle-re 

~lrea4y t o bt preQODt vhich i:!ieate lt~ tovard a DeW 

:u.eical &J'ate: ilwolrtns :ore tone.s to the oct&Tt . 

I!ITO!I!~IC., S!ST~S 5Y !!!SroRicai. DI!LSCUC 

In his articl e in 19,0, Tonality ~ Atooalitz !! 

Srctb•aized ~ Supra-Tonali ty , Yasser atates 4irectl~ a 

dialectic concept ><bic b is implie·d tb!'Ougbout hia vritl.nga, 

I.o tba very title ot the article , raaser ~onveye bis Yi.ew 

that t onal i ty end atonality re;res~ot thesis and antitbea1a 

vi thio tha tunin; ayste~ o! 12-tooe te=pera=ent. Yroa their 

clash s uat cc:e a oY~theais ~e~e1: tha 12-tona acale . p~e

~1ou.l7 atonal o w1oo co ite lack o r a :odal Pb1t1ogn.2A1 

( tbrou.gh tht teet that its interval• are all e qual ) , beco.:ea 

a t o nal entity •• part or a l&r~er unit, 19 ~ tone te:peraaent . 

Htrr:.a..nn PCrogner alec aees 1n t onali ty aod atonaltt7 

tb.e coexi t ttnct ot a kind or tJ::.ea i a nnd a.ntitht •lt • but he 

!1n~s h ar~OD3 ratbtr tb.n disbarcoD3 in tht prtltQCt Of 

oppos 1tea. 'Jhero Yoaae r t ees • ne v •ys toll •• rtaulti.G,jJ 

!roc and reeolvi ns the c ontlic t, Prrogatr • ••• t b t c onrltct 

aa ael!-IUitainic.g Wld cr·ea t1ng a bo.la.nce ot coture vltbin 

t~~ 12-tone 111tt~ . ~ ch~es wbich : igbt occur in tht 

t":..:.D:i!lg sya te::a e:uat co:. fro:= the tonal aspecta ot the 

sys~e~ a lone . tor 1t is in 1t& tonal sense tbat t h e 12-tont 

s75 te:l conta.i.n.~ the eilha....~onic e;~ va.lents vbich u7 Coree 



119 

oxpe.n•1on.S 

Taaaer 41acuaaea the evolution of our ovn ao4 other 

a \dlcal 17ateu 1 atte•;t l .a.g to d e :.onat.ret.e & ai.ailar 

dJ.altctlc proceaa to that vb.lch b~ hold.a 'till reaol•• the 

coctlict betvee.a. tonalit7 and atonal1~7• Ht cooeidtre the 

Sta.:e ae ect.l e to have e\'Olved troa a a imple 5- to a a ore 

complex ?-tone 011 te~. 6 The n~cesait7 tor 12 t one a 1D 

\.'estern muolc be coneidera to hav e arleen troll the erK\&.1.~17 

evolving tendeacy to use all seven ot the t onee ot the p~• 

cedino { "intra-di atonic • ) systeo aa: scale me:ber a. Teaaer 

believes tb! 14th centurs ~ ~ova to have been the point 

in :.u.ical hi a tory vbere the '"i..J:.!"ra-diatonic • ]'1elde4 to · 

tbe d.iatonic. Jean d e t.:u.r'is, 1n his attacks on tbe cualc 

9! ~!:• J.rs il9n, bHr"7cd. IU:isel!" co be li!.l 1n!ra-<11atollicht , 

according eo Yaaaer.? 

t.elch.lor Sachs , .1a asSert~ tbet our 12-to.n.e 

4J'Bte"' ia the result o C evolution by accretion troa a 

a1~pler ?-tone &J'Item, points out tb&t our ~e&na ot nota

t ion ie • carr1-ovor tro: an earlier stage tn tbe evo lu-

5Pcrogner, 01• Zw~l!ordouns 2!£ ~. pp. 252-, . 
6~ !'heorz ~ l:Tolvins To::.elit1, p. 4,. 
?'l'or:ali:v a:.d .lt onal! t7 •• • O'O . cit., p. }4?. J1odern 

lcbolar aE!p aoe:s-rG IEa~ca te. tha t~asiir p1cko4 tbo vr o ng 
~an in ;e~ 4t ~u~1 s 1 but his otse:vat! ona wo~l4 be t~u&1l7 
?al td. it oaa1sz:;t4 to the re:a.l op~oneot• o! !::.!, E!!!• 
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tio=-rr ~ocesa.8 Sach'a assu:ptioo . like Taaaer•a aiter 

hia, 1.1: as t'ol'tlve vaa evolved. !ro:n simpler 17st:eu, ao ca.n 

• ore complex •1a t eaa evolve rro~ ~elYe . 

Since t he eYolutioa ot vbole cuaical 171te .. ~ 

al w'f• beec demonstrably alov, there would be little re•aon 

to advocate !urtber evolutionary traoator=ation at tbia tiae 

v e re oll theo:-ista as satiatied aa Bobbitt (a bon) vith the 

atate or musica l :ateri&la at the present tioe. It is 

bard l7 necessary to be a spee1a1ia t in ~ultiple diTisioa , 

or e Ye.a. in theoq Al1d eo::.poaition , to be s v&re thet tb11 ia 

not tbe ease . lcdi~ectlJ', o! eou.rao , a.llJ e.ttac& OA preseAt 

pr&e tic e e 1e an 1Dv1~&t1oc t o r Curther ee~cb tor alternate 

tech.o.i~uea . l.D u4d.i tioz::., boveYer, t.h.e r e 11 o ften • direct 

corre3pocdence be t we en tho &d~oca~1 ot multiple diTision 

a.cd & C.t(.t tive rtev tova...~ ea jor aapeccs o C cont ·e :por&r7 

pr actice • 

.A.riel , to c it& a.a. •xtrea• c•••· adyoc • t ·• • 19-to.a.e 

te~P4r~enc to r egenerate a :usie vh lch ~· beco:a en

reebled .. 9 -' thre•d or very aeveroo c r1 t 1cialll o f' concecpora17 

~usic r une througb cucb of ~~ l lcerature oC aultiple 

8sepo~t o r the ~~h Con~ress , !nternatioa. l r.u.ic 
;"3-ociety, 1911 , p . 279 .. ?o r tu rtber 1n!or=ation on the work 
ot Prot: . SAchs aee Cha~ter 8. 

9na• Re l a t1Yit l t spr! n:1p . P• 164. 
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divia1on.10 Perrett cites with ev14ent approYal a Yiolent 

•ttack oa. =u:h cont-e:lpore..ry :usic b,. G. D;raon . 11 Partch 

vritea ritb. strong <liafevor on c urrent treoda 6 WI.J' troa 

"corporeal " sue tc . Tbe article b1' SchercheA 1c pr~iee ot 

Sauveur 11 lull or prediction• or the d1a1ntearation ot 12-

ton. tempor&%ent:12 "the acience ot acouatica v1ll baTe to 

bear sauveur'a experiment• i n =i..cd, •• the d1erupt1on or 

our e qu~l-te:pered ac &le , and tbe mueicol ay•tem on wbicb 

it le b&lt4, bocomea coaplete. • 

The crit1c1a: or eootecyorary prtC tica involve• , 

either to~et~r or separate l y, both tonal h&r~on1c practices 

a~ atonal, eerial procedt;:es. Ya~str acc ep t.a the otou.e11atc ' 

Yiev that the ad4it1on o! ehro~atic tooea eYentuall7 •4ia

LDtegrited tonal1ty.•1} !lsev~e,• , hov&Yer, be atatta t ha t 

a tooal1t1 v as cot a "bett-er path. •1" 

ll:oa t oce hWld._re<l 1esrs ago , Helz.bolts !'oreeav tlw 

do~nation ot mueic b3 dlsao~~c e . He ecnsi~ered thi a an 

lO~h~ txc• ption. interestingly enou~h , 11 the litera
ture endorain~ exact quarte~-tones , ~be rel n & majority ot 
WTi te ro seem ~o be qu ite cc::U'ortable in thoi r 3\u·roundinge , 
an4 quite convinced th~t thei r ~ork is but att extens ion or 
t he ~ork already begun 1n the 20t h c&ntur7 . See Chapter 4 . 

11so:t ,\l!S tions or Y.uslcel ':'heorv, par;o 11 . CitGtion 
is tros D)•al):: , 'OJ • ,r.e .• eV"t:us!e , 19 2} , p . ?;;, . to th• effect 
tha t cuch cev :.u:oiCls ?or~"~cne-deot." 

l2~ ::atu:-e 2f ~. p. 02. 

19J5, 
1

' ... rteT'!. s•cl Conc:ert ot "':onsli tz, Ji . ·?. ~ . ;.. 
P· roo. - Journal , 

1
4£ 7l:•on 2! !:Yolvi:.s Tonal!tz, P• 2}? . 
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untor~ate develop:tnt ID4 placed the bla:t on the t qual

te:pored scale. His a tate~ent desorvea to be quoted at 

10&e lengtb , !or it r e prea.nts very probabl7 tbe beginnins 

o! 1 pattern ot cUaaent which has ei.nce charac.terl~ed a 

1~0• bod7 ot the a4Yocates o! aultiple 41Y1sion. ~ &D 

t~tnsion o! He~olt&' reaao~, op~oa1t1on t o extre=

diaaonanc e beeomea oppoaition to the current tuning •1•tea 

wbic b Helcb.oltz cona1c1era to be the cau.ae1br the tren4 tove.rd. 

<111aona.oc 1. 

~117, ve ca:not, I ~t1nk, tail to recoou!~• 
tbe 1D!luen:e or t t :;•r•d intonation u;~o the 8t7lt 
or co~Fosit1on . :te first e!t!ct o! t~ls influence 
waa ! ovor abl e . lt allo*ed com~oeora •• we ll • • 
pla,ers t o ~ove !reel7 an~ easil y into all keys, and 
t~ua opened up a ce•; Ytal th o r ::.odulot1on. On the 
o~ber hall<! 1 I<C lil<ev1se cennot !all to recogniu 
tbat t be al t e~4tion o! ir.to~n ti oo alao co:pelle4 
eo::~ose rs to h& ve rec ourse to so::Je $UCb. veal th ot 
~o~ulation . For ~·~ tht 1oton~tion ot consonant 
cho~a ceas~d to be ~er!ec t, and the ~1/!erenee a 
bt tve e~ the!r v~rioua inversio:. and poa1t1ons v.re , 
11 • coase~uenee, nea:ly obl~t•~•tec . i t was neceasar7 
to use :ore po-.ertul :e&.35 , to have r ecourte to a 
tre1uent e:ployment o! ta:sb disaonancea 1 and to 
•~deovor by l t &i usual ~~ulat iocu to replace the 
cbn:~cteristic expre ea1on , which tbe harmonies proper 
aod the ~ey itsel f had ceased t o poaaeaa . Hence 1n 
:o.a,. ~:~o4e rn co:i)Oii tio no d i ssoo.en t chorda ot the 
dos:i.na.nt Se•·e:J.tch f ort: the itaj ority , and consonant 
chorda the ~inorLty , ret no one can doub t that tbia 11 
tCe reverse or vh at ouo~t to be the caat ; ~ con
tl~ual bold co!u l &:lc~a l l e3ps th:t&tta ecti rel7 to 
deetro1 ~he teelin; !o~ tooGli~J. ~~t£t are ~plea• 
l&nt S)~pto:a t or the tu:t~er devolop:ent ot art. ~· 
:echsnisw or instr4:~ts and a~tent!oc to thei r eon
venieoce , t hro otec to lord it over the r~~ral re~u1rt
~tots o! t he ea~ , LCd to destroy once ~ore the pr1nc1-
plo upon whicb mode rn mu51eal art 1a rounded, tbt 15 ate ady predominacct ot t be tonic tone and tonic chord. 
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~ .. ""Mt Sel:hol t& regarded a a a dt nie..l ot priaac7 t o 

conaoaanc e baa developed toward the denial ot h~u_r aa a.a 

ele:ent o t :uaical CO:lltructloa. Richard Franko Gol4a&Jl, 

wr1Ung on Stravl.MIQ' ,16 eo.uiders thio denial 'bade iD tho 

pos t-Veberu world, • a441ng, • I t is c ert&1nl7 possible that 

har&OA7 ia 4eod, thet the co~posers ot the 18th and 19th 

centuries haYe explored all the poaa1b111t1•• ot whet wo 

haTe coc.e to call t ra41t1cnal b.a.r2.0Q , &Dd: that the coaposer 

todu.7 oan add nothing to vbo.t the1 baTt lett ua. • Xlae

wher• in tbe •~e article, Gol~ 1Ddicatea that he la rar 
f roQ certaiJ:l tha t t hil i a ao, a.nd be does not auggeat, u 

C&D3 ot the advocate• ot ~ult1ple diYi aion do, a apec1t1c 

:eana ot ! 1c41ng new !aceta or »Oae1b111t1aa t or what ~ 

have come t o call tru.41t1onal harsOQ3• 

~~lle one branch of multiple d1• 1s1on literature i a 

devoted largtl1 to the turtber development o! traditional 

baraonic values , anotb&r is op~oted to tbeae Taluea . Yaaear 

bell••••• t or example, tb~t tacb ~~leal a7at ea r ormed b7 

evolution muat have ita own apec1all7 t1tt e4 h&r3on1c 

la.nguas;e vherein C0.:1SOD.i.ncea and d.!aaoDU~.c•a are t rau

!1gure4 !rom less advanced ay•t•~·l? Perrett , whoa• 

approach is core historical th~ evolutional , decriel th• 

inh•rect po••rt7 ot cateriala 1~ the restric t ion t o ~o 

l~usical guarterlz, Apri l 1960 , P• 263 . 

l71or • d•tail ed treetaen~ or thie au~~eet • •• 
cheptor U. 

[J " c g ' ( 
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: odea , ujor a.n4 c.inor, l:.be purity ot one ot vhlch. be alao 

que a tiona. 

Ot atonal1t1 Perrett applauda the los1e vhe r e there 

ia equal tt:peraaent , but he consider• it "'UDA&tural,• 

11ke4.1ng: it to tbe eocplet-el7 egalita.ri&D aoc1tt1 •·where 

co oce 1a &Q3bOd7.•18 Slsevbere, Perrett t&kaa a aore un

equi~oeal po11t1on asainst atonalit:r .n4 a aore conc111ator:r 

ete.nd wi tb roopect to t r adi t ior.al har:aonic concept a; "the 

f uture or music doea cot l ie in atonalit7, but on the 

direct contrar1, in extend i ng t he prioc!ple ot tocalit1 to 

and tb.rouabout tho cb::-o~atic scale • .,l9 Perr·ett•e pred1ct1ou 

bas not been realized in 1 ts .first tbirt.7- t1ve ,Je&rl but 

t~ere continae to be :usicians vbo, tor the lons r~, would 

ag:ee v1tb Perrott. 

4 aoctvhat atypical view ot tbe dis~tegratioc ot 

ton.alit:r, e Yitv which traces its. lineage to Hel abolt& e_.cd 

ltada to an acouat1eal l7 oriented a4voeacy ot a ultiple 

division, ia Ari e l ' • • He ! ee l s that major a.nd a1cor ha~e 

been vtakened pr1mar111 because ot tbe aeouatical dat i e1en

c1tn in their roproaentetion by equol te~per~tnt . Tbe 

d~ rtere.aca 1n notu.re between the two kiD.da ot t hird 1-1 

about ?0 eonta, Ariel =~1nte1n• ~ ¥b1 lo the &aalltlt U4it 

1o 12-tone tt~v•racent 11 100 conta. A tonal 11tttm with 

&.a 1ot arval cloet to ?0 cents (19-tone temper~.at contain. 

1~errett, !2• ~. , P• 29. 
l')Ib14., g . UO . 



tht inttr.al 6, .16 ctntt) wcul~ , aceor41Ag to Jritl , 

atrtngtbtn &ntw \b.e 4ual!a=. btt-veeo =&Jor &D4 ai.Dor. 20 
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Vhile oppoettion to p~eaent practice tec4a to be 

eaeoc1ett4 vtth the btl1et th&t •o=ething ntv vt l l ba~ t o 

bt toun4 to r epltce i t, eo: eti=e• tbe letter Tiev appe&ra 

cou;l ed vith a profound rea~ct ~or current prtc~1ce. 

Strav1n•k7, deap1tt his current absorption 1~ tbl t eChniQue 

or dodoeapho~, 1a villing t o eoceode the poae1bil1t7 that 

cua ical evolution may take another direction. 21 

~ht View that conteQ;orary ~usie 11 in a tract1t1onal 

state ava1t1no the develop~eot ot a set o! •aluea Which 

will e!!ectively replace those ot traditional b&rmOA1 hal 

been held. b7 :.a.tl.J cUstin.gu.ished. co::=.entatora on cew =ua1e 

tor QUit. I IOIU tic.e • 

t11 St\:dt or T\lutieth Ceatuz !!a=oy in 1914 ltatu , "Ve 

Jhould 1 11 new tormula e a.r11e ot \l!bieh v e CIJ:UlOt at preleot 

!oreate tbt charoc t er. •22 

Soae QU81CifiDI , cueh ae Sabbitt, have coo. to be

lieve t~~t 12-tone eer1tl technique baa t ultilltd aucb pre

diction• 11 Ltnorzand'e. But aa long •• eve o oucb preaeot 

20
u t e l. ~· ill· • p. 164. For 41. detailed aecou.a.t. 

tee chap t er 10. 
2lstrov1na~ an~ Cra!t, Co~vers& tions vtth Iv.or 

s~ravt&akr· p. 151. Cur ~ustcal l a:~~~5e, 'IJ' St~k1. 
' 1s ser1a at p~e,ont, an~ t~ou;h our coct.egror&r,T 4t• elop
=.ect ot 1t could l:e ta.n,::e::.tiel to a.:. evolution " ' do oot 71t 
see, t or u.s t!1.11 doesn't :.atte:. Itl reaou.retl h••• a.a
larged the preae.at langua~e (ot : u.ic) •••• • 
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eupportt rl ot 4odeeapho~ aa S~ravi:Ak7 ap~~r beait&nt to 

:aka such clai••• it ie uolikel7 t~t itl ~uaeroua critics 

will accept &tbbi~a Yiew. ~be ad~aut retu•al ot the 

~Jor1t7 ot co:poaera ot elec t ronic 2ustc to &!tis pitch 

boundariea a long traditiona l linea :'7 be a aigo th•t the 

4071 ot 12-tont ttcperaaent ar&, 1Ddtt4 , ouabert4. 

GRADUAL rEV£LO?.'.Er.T ,uro W'I'ERP£llP0Rl'!ABILITt 

Ad'Yocatee .;r multiple division by evolut i on tend to 

atrese tbe ro le ot ~raetice over theory~ and ot general &Ad 

v1dea,preac1 practice ov~ .... Wlic:ue practice. Augusto l:ova.rro , 

in bta 1ctor·tlt1cg atwiy ot various poeaible ~usical ayate=s , 

poiotedl7 re:iada b!a readers that 12- toce te:pera:eot 1t

GtlC waa lapoatd neither b7 e to:ous Ph1•1c1at nor b7 &D 

oc.ioect c u•lcia.Jl but ri.ther b7 tte public 1 by vbicb Noverro 

~• ana tbe Italian lut@-playera G~ tho Spaoieb v1buel1eta. 2' 

Ya1aer otters • r ather p~eci s e and dt t•1led theor•t1-

cal 171tt a quite 1o edwanee ot Bn7 popular cl~•or . Ntvor

tbel eet ho suppor t a views ai~r~ilar t o lloverro •o on the priaec7 

ot pr toc tict ovor thecr7. it is the art ist .nd no t the 

scieotist , &a1n ta!n.s Yasser , ldlo vill !irat dt ttrci.oe tbe 

Qelodic 1nton.t1on ot the 19-tc~e ac6le. 24 Oppositi on to 

2}Zio• a.rro, ~· cit., p. 2'4<;. •.!l ':t.:zperuento de 
~oe• sonidos •etua!;~c~en uso en oceiC e~te, co ha aido 
lQpuoato por ~in~ :~stco r~oao o :~a ico •~tnente, lo 
ic;u•o el pue~lo: los laudis~~ 1tali~oa , 7 ='• auo l oa 
v1tJel1ataa eap&!olea.• 

24! T~orz 2£ ~olYios To~alitz, p. 222. 
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tbe :.tcha.c.1cal t xpt.AOton o! tbe r ·e toureea ot c ua1e b aa 

eharacttr1tt4 t he argu;:e.ot-a ot · \o'C.rach=14t25 tlD4 o tber 

prOpODtDt a O( 19-tO.:lt eubcS!vislo:l egalnat tht C\'Uilt'tt r-t04t 

advocatet. 24 -tone te:pera:~t is attackt4 aa otter1ao 

nev tonea throusb tbeoretical decree (baae 4 o.a cocvtoiezu:e) 

r ather than artistic ntcest!t7 . 

Prop~nontl ot 2li- tone te:np.era.cent, however, argue ln 

the ea=e ve in , cloh:1.ng that t he trul7 or ga.a..ic growth ta 

t hat vh ieh r e tains t he prese nt syste o locK , stock , and 

b~rrel. r.eedlesa to say , al l 12- tone m\laic to ~rtor:.able 

on e ~ual-te::.pertd 24-tone lnst~ents. Alld a.n unquea tio aoblo 

6~Yi..Dtage o! c;.ua.rttr-to::.6 :usie over other speeita ot 

::~ulciple dlrtoion is tb• possibility or Qx.ing the oew 

with th o old LDd thtre~y in~rc4~~~ ~ev ~~i~al pbe D02tna 

in di3eatlblt proportions. 

't'bt per(or:u.b111ty o! 12- to:te :u.ste o~ C4-to.ce inat"ru

ceata ls iceocttateble . Similar ele1~9 have been &ad e tor 

19- tone tt:Jptr>_,d in.ttt"U.;ents . Accordi.ng to the c1aic• o! 

t o:wt or t ho ac1vocntoa o! 19- toM temperaoent aa A ,prOduct 

oC evolution, lt. 18 co~,prited ot the 12 -tont •c•le, plu•? 

• ux1 li•rr tones btue4 on the 41atoni c scale . C&o botb tbe 

~iatoQlc and 12-tono chromatic e~ate=a at ~• kno w tbea be 

~uceeeatull7 pl17td oo 19-tooe 1cat ru:en tt? Y.•lcht or 

2
5-JC.rlet.ciJ t, "11e:-!el- UL.C! See!latelto!l:u i k, Seue 

~us1k-Ze1~~ . Vol . 4~ , t9c1, p;-to; . 

.. 
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sacba aqa 1ea, 26 v~l~ Ya.tser a~pe&ra rather w::&cert&J...D. 

Ic ! Theory !! £Yolv1~ To~a!iEZ• Taaaer atatea tbat 19- tone 

te:per~-=t l a aa tlaCac tory Cor 41atonte celodlea, although 

be c:once4ea the dbcrep&.echa to be •aoaewhe.t gr·tater• than 

1a 12- ton. teaper&aent.27 In • le tter to Jo~ Re4t11ld , 

raaeer conce4tl tbat 19- toct te~per~ect poaaeeaea ~littl1 

it a.r.;r ba.rmon.lc &dY&.ntee;e oYer 1 2- f or th1 p1rtormuc• ot 

dletonic muaic ,• at &n1 rate not enough to Juatlty the 

abUt to 19-tone te=.peruent !or thia purpose !!E.!!!• 28 

Accor11.1D& to Tasaer as well ss Sacha, then • diatonic a uaic. 

ia perto~ablt o~ 19-to~ tns tru=ent e. 

\/bat about cb:o.=a~ie: music? Cb.ro:atic: cater1al.a are 

tncluted in Sachs ' outright assertion that 12-tone auaic ia 

plf.l&~le 011 1'3-tone inst~ots. 3ud1I:ellt'-'7 experiloot>.t Hion 

ehovs S.cha to b• on ra:hu sbakJ' ground. n .e di trere.ocea 

betveen the tw qste:s o!' i..:ltcnatio.a are qui te great ._, 

regard.a cb.ro:a.atic =.usic . A.ssw::iag: C to 'be tho poi!lt ot 

re!tre.cce, the f l '' t) f 12- a.n.:1 19-tone temp.era.:ecte are aore 

than 30 ceots apart . ~ involve~ 4 disertpancy be tweec t he 

t wo ayatect or c los e t o ?0 cents . The tvo 11a t e:e caD har411 

t e cons1dtrt 4 t QU1Y&l ent ae re~Arda chrozatic susie. It ia 

26
!n hia r.port to tte ~t~ Congreta ot tbe I.~.s. , 

~· ~·· p. 69. 

21h T~eOrY ot ~Tolv!c3 ~onalitz , p. 1,1. 
28n . lette r ta dated t';a7 l . 19}} &!l~ 1a, of c:oura• , 

to..:lpubl!sbed.. 
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Taeaer'a contention that ge:uint l 1 ehroa atto29 .ua1c 11 

vrona oa 12-tone inst~enta acd correct on 19-to:. inatru

;:eota. lA Tiew ot tbe tact th6t co:pooera 'Wert couc1oual,. 

vorklag with t he 12- tone acale » thia 11 a qutatioDAbl e 

assert ion , but it 1a :ore tenable than the a rguaent ot 

Sachs t bat the two eyste~s are int erchangeable in tbe ren41-

t1on ot tull 1 chro~tic music. Taaaer support• b1a •~su=ent 

b7 referring to a number o! features ot music uaiq the 

entir<~ chro.u.tic g""ut (ao a basic scale) •• &Dt1c1pat1o..a 

ot 19-tone ttmperacent. 

SIGJ:s 0 '1 C.l!ISG~ 

It 11 1nberent in the evoluticoar,- proeea a that tbt 

seeds of the new are, at so:e staoe , ~re•ent in the old. 

!a1str bt litYt S tb~t & a~ber ot con:e :porary practieee 

s~ow an inetinetlve leaning t oward a nev intonational 

aye te:. N=Oc,g the a i~::.s t o w~cb Ye.sser poiata ia t he 

extensive use o! octa ve d isplace .. e.nt. It 1a hie rt ew tlle.t 

i n 19-tone tempe re~en t vbat io oow cslled the cbroaotic 

sca lo wil l havo s re at me lo~tc value as a acale. It 11 not 

ef fect i ve at • ~elodic scale tod~, 6ccordicg to l aaaer , 

becauco it 11 ~out ot tune . " Co~;ooer4 1 instiuc tiYtl¥ 

c e::tino thio. &void the -c!irect use of tbe chr-oc.at1c acale 

but , dt tir i.n.s: 1t& bece.Ut1 .oout.heleat , t!:.•7 cl10i."\lbe 1t 

2
9?hat ia to S&J cus ic iD vhieh ill twt l Te tenet 

funct i on •• part ot the baalc scale. 



no 

through tU u.se ot ? tha e.Jld. 9ths i..o. place ot aec.ood.e, there

bT h,id.in; tbt Wl.l &t1etaeto=7 1Deon.at1on. )O 

A rather r• ••&lino corroboration ot t hia arau-ent 

eo:•• tro: SotaA; uet, =ore than a halt centur¥ earlier . 

lA thi a itJ.:J tanc 1 Soa&llquet ia cot apealtizl.g ot aul tiplt 

d.irltl on. ..In chorda ton=ed ot a tueeeaaion ot ainor 

tbirda , mejor eixtba trequent l7 occur. CArt mutt be taken 

t;o 41 apoae thom eo a a to =ake thie 1nterTal corrtot. I t a 

dtYiatioa 11 neceasary . it is better, it poaeible , to extend 

tht interval by an octave; t h e resulting major thirteenth 

(~:10) io not ve~7 sen&1t1ve.•31 It ia tte rolotl•o lock 

ot •ensiti rity ot t !:le octave-disJ>l&ced i.nttr'f'ala vbicb 

Yuser b el1tYtl :a!c:es the p:t.ec.o~~:.on ot oc:.t·IYt 41splace~ent 

10 a;;ract1ve to coaposere . 

Pol.7't o.c.al1t)' ia another c-oete&.porl.r7 phtDOIItD.on 

cited b7 Yaaaer •• eYid.nce or t~ &at1c1pat1on ot a DIW 

111tem. Ht d.• co.c.s trates hov tbe diat onic scale and. diatonic 

ber:o~ can be produced by the ei~ultLntoua ~• ot t wo 

P.ntatonie eca tea with aimple qusrt6l ber=ooy. Postulating 
1 11m1lar eyn t hee1s at a mor e adv&nce4 atete ot muaical 

4•'~'•lopmcn ~ , Yaaaer euaerts that there ia no auch t~1ng oa 

P0l7tone lit7; t hat p ol;yto.oal c o:;bin.at1on s repro l tDt ti!lglt 

~ontc UD1ta 1D a =ore elaborate ayates.~2 Altbouob thla 

~0 •. N.s . Journal, 195}, p . 59. 
}1 

BooLOquet, ~· ~· · p. ?2. 
32 ! '!'he or T 2!. E"Yolvins ~o:l.&l itz, p. 2SQ. 
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vi ev .Ca:f be Q.Uestioned on tbe besis ot eo• p.oaer 1 • awa.r eDeaa 

o! the pheoo:.enon or pol;rt:onali.ty v!leo the7 u.ae 1t . I a.saer 

1a probabl7 oup~orted by t be very d1tt 1cult7 • cus1c1an C.a 

in attecpticg to extrac t t v o or : or• separ at e ebor4s troa 

a •i.c<>lo pol7 toaal cozbl..nation in liatoniD;! , llor 11 a 

pol yto.aa.l eouorit7 .a.ec:es aar117 intended to be heard u t vo 

or more aeparat e chorda . 

l aa aer 1a e apeciall y 1nterea~ed 1~ t he b&r.OAJ ot 

Sc riabin ~ 3' Scriabin ' a so-called myet1c al chord 11 treated 

b1 Yaooor ~4 otbera~4 • • o co~b1nat1on or tho fol l owing 

ce::ber• or the bsr:.ou1c aerie s : 1. !J . ? • 9 . 11 &Dd 13. 

':'beat are tho very partials vh1eb Yaaoer eona1d.era to 

eo::pr1ae tbt 'baale consonant he xad io 19- toce t t Qpt r a:eot . 

Tasaer poetulattl t ro: the above t ba; Seriabl.D cuat baTe 

ecviaioned eo~etb!Do lit e the 19-tooe 171taa 1D eTolTing 

hi1 •a,Jat lcal chor~P' and bis b&.rc..onie t binldng i.n general. 

Tbia Ti t w baa been exper~!ctall7 c orr obor at ed b7 Till~eo 

E. Scha rer . a ph7aieist vho has long held a etrong i ntertat 

~~I t ahould be born l c = ind t hat Cor o per l o4 pre ced
ing the wr i ting or Yas se r 's book Scria~io vas rt~arded vith 
con~1 doroblo ave by a r ising geDerat1on ot com,oaerl an4 
t ba t bii 1n!luence was once r~garded &$ tar greater t han it 
1a t o<la7. 

~~ Thoory 2.f Svolvln~ Tonall tz, p. 2~2. Rrnot 
B1n4 el he• : ore recent~ pub isbed & si~ilGr &ell111a ot the 
Scr1ab1n chord: C ~ ~ e a d ~ 

l ll ? 5 1~ 9 . I ! tb1o l o, 1a4oed, tho 
Sc:labin cbo:d , it i s dread~ully ou~ or tUD• t o botb 1~- &n4 
l~-toue te2p•ra:e~tl . In tai ~ness to Yatoer . bovever . it 
should be etated tb•t .ucb the worse would be tbe 12-tone 
tt;P41rt 4 r t n41t1oo. 



in l5saer' s theoriee. ~S L!ter ~rt1e1pat1ng in t be con

&tructtcn or a 19-tone iaat ru:ent , Schafer reported to 

laaser that ·~ friend pl '7td Scriabin's 5th Socata (on the 

l~to~ ~trument) and eYidenee that be aenae4 t he plane 

w51 ••er7Vhere . •'6 

A phe nOQttton which oe.eurs tro• tUe to ti.oe lo the 

stan~Lrd eo~tecpora.~ r.perto1:e and can eatil7 be inter

pret• ~ ~ preeasing an ere ot :ultiple divi aion i a tbe use 

ot toctl outaida or the 12-tone r~al= t or apeeial ettect. 

~oug tbe worka in the Jtan4ard repertory which emplo1 

~uaual aubdi•iaions are Booja:in brit ten' s bighly auccesa

tul Serenade tor ~enor , Horn , and String Orcheatra wbieb 

u&es tht tat. tW'al ? th a.n:S ll tb partiala ot tbe bora i.o 10lo 

ps&a as·ta, A.a.roo Copland 'I pla.no tr Lo Vi teblk wh1cb uaea 

ay,r o :.:iaate qua_rttr tone a ic. the t wo strlngtd ln.atr'Witnta , 

and Barto&'s Violin Concerto . Ernes t Bloch and Cha.rl t e 

Ives art a:ong tbt other recogni~td eo=poae ra vbo baTt cede 

occ&S1o~5l uie ot Qicrotocee . 

J&ceS Y.ursell wri teS Of tQUil t empt~a&tnt that lt 

bas frozen th~ deTe l op:tnt o! : usic, consigolcg !nDOYetloo 

'5P.16 bonors thuoi~ i a entitled The r.us1c or ro~orrow 1 
: t:e .:it:!I- !'A-::li~t.onic Sea l~ , 6 Ne"' Co:u:: e;::tO! •l'!'0"'6're, .t:.o 
::7i; t:-;:: ~ e ~udc• i !iinru=.inf"\lg .. l). Hri ! a.a t~en.t
E a!. _;:.~ va s ln c:ollaoo:-. U o:l with J a:.es Piehl . 

}61etter !rom Seb~ter t o laaner, ~published , dated 
?eb:-uorr 14 • 194?. Schafer ofterod o sie;ill•r report t o the 
Accl,;.atic:al Society of A:lerict. at .about tbe aue time. 



to the tpee4 or !law ot • glacier.~? CD on. le~el, ~uraell 

appears wro~g. Bas ttere ever been a pe r iod in the hittor7 

ot ausic 1D vbicb $t1l•s have changed aa rapldl7 or aa 

co:.ple t el 1 u in tboe laat ?0 1eL...._? On anotbe l" 1•~•1 , 

bow•~•r • the rapid cll&Dgea ot e t7le can be construed aa 

etto~~• to aursount &D obstacle which bloct. tbe entr,r into 

a aore t ertile 4oa&.i.n. Ch&nge u4 pr ogress need not be 

synoQlaoUJ , and Huraell ! a cleer11 r.ter rina to tbe latter 

vbeD he ~taka ot •tnoovation.• 

J4~ocatea ot :ultiple 41v1a1on t brougb •~olution 

bdit~t that ou.r general bab1tuat1ou t o 12-to ce equal 

te:per&me~t ta the greatest ob1eocl• to further progreaa 

ln ausic ~ that a kicd or ·a~perm~te• is po&tible vhicb 

ava.i ta onl7 tbt arrival ot co:.,oaara IlleS pertor:.e ra equal 

to 1ta aupertor cballenge. 
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The advocates or :ult1?le ~~visioQ ebare onl7 the 

view that the present euni,ng syet~m 1$ or soon will be in

adequate. As t h e re&aons tor their hold~ t his vt ev Y&r.J . 

10 do t be re:ediea vh1cb tte7 pro;ose . "~ ot those 

v r..ose onl7 1.Dtereat i .e a ne w 17ll te::=~ i.s evolut i ono l baTe 

propos ed to bu l l~ 178te~s or ~ultiple d1v1s1 o.D in which 

the 12-t one ac&le rt:uU~ \LCCb et.Qge-<1; i t la se:-.lJ' eub-

41v1de4. Thi s ta tho basil tor so -called querter-tone 

~uatc. Others hove propo1ed t ezpera:tntl based on a ao~ 

perfect ttttb than l a • • e!lablt 1.!1 t.be preaeot eq,ual

te~pere4 tyate~. Other• a till ho•e pro~oaod te:ptr.menta 

baaed on lese pert eet t ir tha but =ore perfect third• • 

rese:bl1c.g tbe =eutone a,..te=.• o r tote paat. J. tev ha•• 

coote=;la tee tho idea ot te:per•~~ta t b•t :akc no ette:pt 

tO duplicate the Citth o r tha third . Still othe.o hs.,.a 

de5p&ir~4 ot ce e t1ng th~ir acouttie de&&Gdl b7 a pe r tor:

able equal te~peramect and ha•e propoGtd une~ual 171te: a . 

The tolloving chapters a r oe arr&Aged accordJ ng to 

the cateso~ies outlined above. 19-toae te~pera:ent ia re

&e rY~d t or the ~ ot t his eectio~ in order that 1t ·~ be 

ex~ed 1n greater detail. Cheptera are devoted to the 

earl 1 vritera on 19-tone te%per~ent &A4 to e ach ot its 

three leAd.ins codertt expone:ta , ~0:-:J.trup, Ariel , a::wi Ta..sser. 
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C"..APT Ill 4 

r.uL~IP~ DIVl$10~ RLS~D ON 12- rCN! T~~~ 

fbt lluaber ot m:ua1eiona vbo haTe worked 'rith quart ,er

cone t ill t beir cc.:poaition..s ia a lread.7 la.rge. 'fhe 1-l.a.e 

extends tro• the tirtt 4ece4t ot thio eeoturr (and poaaiblT 

tarl ie r) to the 9reaent , 1 &Dd 1Dclu4ea rtprt aentati• •• !ro• 

&e.DJ cou.ntrita. 'the readJ' a.Yaila b111Q- ot i.D.struatnta 

te=ptred t o 12 t onea por octevt baa probabl1 contributed 

(o.r core t.bt.ll e.n;r &COI.latical tbeoritl (although tb.t7 exist ) 

or b1ator1cal pr ecedent ( althouoh one 1a eaid t o tx1at ) to 

t .b8 practical tac t o f 2~ -tone tq~al te:ptr~ent. 81 tAking 

tvo 1no trum.nt• attuned to 12-tono t e:pe rameot and tttting 

tbe= 50 c tntt apa:t , 24-toct tt:ptrazec t ia obt ained. TYo 

pit.noa, ao tuned. , hcTt prov14 t4 tbt qua.rttr-ton.1atl rltb 

• standard medium. Pour pianoe, e o tuned, have pro• t dtd a 

qaar:er- tone •orcbea t r e.•2 

At le as~ t~•• ot the ~uarte r-toAt eo~poeere hiTe 

P'!.l.blis: bed. their theoretical Ti tva at acme lengt h .. 'l'bt 

t arl!est ot these vaa the C.r-:.~c ·.atlt ~4llendort!, vboat 

1Dupont acknovl t4gea RiChl r d E. Stein aa h&V1 Q6 been 
the !irst to co~pose v1tb quar tor-t~ne5 in 1906 .. £2· £!! .. , 
P• 115 . ~hie 1• probab ly e arlie r than tht rt r ot querter
tone wor~a ot Eab.e , Eua B6.rtt. , or J~ro :O:e,ce r vho , togoth&r• 
a:t~ er•ditt ci b7 t•o•arro ..,itb or1§Laat1:.g 2 ... -tc ne t •=rr•
~eat . £2· el t., p .. 2~. Y.o~e l ~kels co~rtct is Joe Aauar• a 
••:sertioc t 5it Ste i n " ' ' the ti:-at. to p~~l1ab qu.a.rter-tont 
:uulc (2 pieces !or Cello on~ PlAno , 19V6) . there vao uo
doubtodl1 earlier exptri=entat1on . 

2._.,.ochDe,.ro4 oq calla h1o vork, .Uilll FarlaU 
tLrAtbustra, a ay:~OQT tcr an or~atr.-or-tour planoa. 



p~pblet. ~ cit V1~rte 1t~o~~ , appeared 1n 191?. ~ 

d ecade later Alois Eaba, prob~bl7 the be t t ~ovu or tb. 

co:=poseri whose pricar7 output b.aa involved multiple 

di•isioo , publilht'd bia ~ liar'=onielehr·•· 'Tbe ~ 

Bhr.:=ooielebro waa selected b7 Guatav Rtelt tor 1aclua1on 

1D bi a liat or tbo SO ooat i&portant treat1ata ot all t1•• 

•bout •u•1e c ot ovo1loble 1n Engl!ob.3 Io 19}} I • an 

~~achnegrado~. a quart«r-tODt e o:poaer vboae wortA were to 

re ceive a Cai r meaouro or local auccea s aoce yeara later, 

publ iab•d a r.a ~uel d ' Har~ooie ! iU•rta de ~· 

XOller~orrr , Eoba end ~yschnebr&daky aha:• a eo=:on 

lnttrest iD tho pr o'blo= o! br 1Co1no tbe eba_s~ betwe•n 12-

and 24- tone zuslc , but tbe 4tt1tude o! each ot tbe three 

: ec is qui te di!!e~•~t rro~ ttose or the ot~e ra to~~ t tio, 

ae it is toward the goole ot quarter-tone music io sener&l . 

M&lle:ldortr•s ch!e! c:onee rD throughout hia pupb.let , 

~ ~ Vie~t~ l tOnen , aee=s to be the do!en~e ot quartar

to~e :usic: aoai~ t ~harges t ha t it i a too rl41cal. He 1a 

by present standards &O out- and -out cooser • • t1••· Bt 11 

t or reta-i.c.i&~ the tradi tioo.al aealea e.nd m04es • w1 tb. the 

~o of qua~ter- tooe interva l e tor ocea ~ional enrichmso t 

ot aonority but pri:arll7 t or the enlarge~ot ot the pooai

bil it!ei Cor codul~tion. Ho 41v1dea his 24-tont 171te~ iato 

t vo dis tinct l 2-tone a,.a te.::.!J pitched a quarter·-tone apart. 

~Rtese, }Ou:sco:e Classics ot ~ L1terDture , 1957• 



~ large portion ot t bis pa=phlet is 4evote4 to aiaple 

modulational tormulao tor moving t ro= a s1ven key iD one 12-

t oce •7ste~ to each ot tbft 12 po~sible t e7a in the other 

t71t ea. Bealdea ahowing the tor:ulae ae mua1cal exaapltl 

be cit t l three general rule1 tor eucb modulat1on5,vh1~ he 

cl&i..al al'tql to !ollov 1.D hla own pra.ctiee a 

l. 

2 . 

~ . 

In paas ing bet~ee n t wo keys which belon& to 
oppoe ing 12-tone s~ate:a , ua e oD17 !~111ar 
e~orda , eacb cccplete in a single 12-tone 
17atta. 

Stnce aueh a pr ocedure prevent& the u•e ot a 
eo=oo~ to~e 1& ~•es1Ds trc~ one eyste2 t o the 
otber , f ollov the traditional rule tbat lo tbe 
ab5eDce or a eo~on t one tPe~ cust be eootrar.r 
motion. 

Zecb !ndi\•idual voi ce :ust sove b7 a alc.gle 
~uerte ~-toce over the break between tbe two 
syatte£ rathtr than by o larger lnterval . 

MOllec.d.ort! 4evot·• • a c.atJor portion ot b.la pa.cpblet 

t o the rerutatioc o ! those argwDente vh lch be consldera to 

be thoae c ost tr·equently r&.1 ue4 agalo.e t c;.uartor-tone :u.ale. 

7hel l &r~ento reaiod uo that in 191? the za1n current ot 

tba 20th cen tury vaa 1till to.r t ro:n 41etat1C.CS or detenin1C8 

the •••th• tlc cencer or s r aY1t7• Y.~ or t he ergu:ente 

agalnDt quar te r- tone music 1n thia aec tlon e ppear t o be 

re:&rkabl7 sl2ilar to th• argu=ecta aaaics t a ein-stre-= 20tb 

eeotur7 cuale in gene ral , argu:ents l ons s1DCI abandoned . 

First Y.Ollen4ortf citta the objeetion tbat cuaic vith 

QUArter-tones v1ll aat e people eve.n aore .c.e.l'Tou.a t.ba.n the7 

e.lread1 are ( •die Menechen nocb nerveaer gem.acbt verden ale 



eit Jtt lt echon ein4 ~4) . He dev ote s co~idereble apace to 

de::.ti..:l.s: tbt conttntion. t'h.e aeeo!ld obJection vhich be c.1tea 

11 that quarter-tone ~uaic wi ll des troy the t e~perad 171tem. 

thia obYioua 1naccurac1 be 4e ale vith eu:aarll7t •• be doee 

witb tto oquall7 !allocious t hird obJec tion , tbnt bocaut o 

O( the &Yi i labil1t7 Of qUar-ttr·-tonea all Of t b t prtltnt 

11teratur·t will h&Ye co b e re-co:npoDtd (uzJtowponlert) . The 

!ourtb argum~nt which ~6llec4ort~ diapoaea ot t. tb&t tbe 

introduction of qua:ter-tonee a1gnit1ee a rotrosroaeion to 

t he prl~t1ve. t Yen barbaric. condition ot a lover cultural 

le•tl . J. !1!tb and t!nal ne-gative a.rgument 1a cited , tbe 

onl1 one ~ouo tbe five t~t i a still heard to4~. Tbia 

arg~ent 1a tbat the quar~er- tone would be ~ueb too amall 

., intervel to per.,i; t vo cdghborillg toeu to bo proporl:r 

4ist1n;u1ahed tro~ o~e another . 

t Ae object to~ vh1ch MCllen4ortC c ites are tar ~ore 

ot interest tOda.Y tba.n l:.is routine replies . vhich might . 

e~uall1 ~ell bave bee~ ~=itteD in defense ot ~ ~ ~ 

?rint e=?s • lm:ho4. as wi ll emerge in the at\l.4y or Haba 

IL"ld B\J&OCi t the ea..rl1 ~tYe lopment O! i.nte rtlt in &\lltiplt 

~1vta1on lttms eeatheticall1 to ho~• been resarde4 aa • 

lt ~iti:at t ~ina of cuG!cal :oder~•= · It tbia be true, the 

~ot vas probabl7 unt 1t4 j us t a!ter tbe e~d ot ~orld War I 

vtea a new 20tb centu.~ :us1cal elite ea=t to pover and 

.. 22· cit. , p. 40. 
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de!ined liaits ot acceptability ~it~1n vbicb tbe aultiple

division advoc ates co~l4 otTer t berea!ter pe~etrate. 

xelleodortt• a pamphlet i a , .. tbe foregoing might 

s uggeat, 4ated. ltl arou:tnt.s appear naive t oda7 1Jlc1 ita 

.:.Wiiee.l goals q_Uite s.oc!.est. Ct ao:e 1ntereat 11 

Y.e l lendortt•s ovn har=oniua (vbich be ot te ra tor aale, 

citing prou~ly i ts ~utacbts Reiehsps tent ) with • ke7blar4 

c!eaign vhich iJlexplic&bl;r ca.lls !or }6 r•ther t b8ll 24 ke;ro 

t o the oe t aTe. 

Alois Haba 11 ucdo~bt~ tbe =ost vorld-renowned ot 

t bo cooposers regularl7 eopl o11~~ mul t iple divi sion . He 11 

pro'ba'bl.7 aleo the :.c:: t agre~SaivelJ' Uti- traditional ot the 

:ult!~le-d1Yia1on co:poaers in bis attitude tow~ the mU31C 

of the pu t t.nd. tb.e c:o:.poser •a d.ut7 to tum avAJ' troc 1t.S 

Moo t of tbe ::e ue ~armon.ieleh.re co~siata o C a ai=.ple catalogue 

ot poc1 ible scales and •ocor1t1~• 1~ each o! several aya teca 

or e quol to::;>e ro::ont . It 1s 1:> hep1z:o vitb tl:;e ph!loeopb;r 

whic h F.aba outllcea to ~is ext~~e4 1:tr o4uet1on tbat t hia 

is so. Be e~lai.n.a that it ...ould be " r ong t o aing.le out 

progressi ons to de:onatra te t o tbt student • btQauue tbe 

s~1:!ent m-J.St lea.:.o abo·a all to c reate bil ovu progre aa tona1 

progreS$ io~s • bleb b6ve Dever tee~ used b4fore . 6 Reba &lao 

5Eat a• s attitu6e co:bl ~ed v'itb ~ ~~ r enown &A3 hove 
eontr1bute4 t o the pu~l ic i:a~e o t t he edvocetl of wultiple 
div"i&ion aa an extre:.t: rad1eu. 

~ouo F.orcon1tlehro, p . 112. 
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denies the existe~c• or anr suet thing as inherent har:cnie 

ttn4ene,7. Any such tendecc1. be aaeerts , exiata ccl7 in tbt 

creator' a &ind . ? 

The 1opress1on ot Raba as a kind. o! aus1cal an.a.rclliat 

i s rein.torct4 b.7 a readi!lc) o! HaOa •a ow Tiht or t.be b.iator;r 

·o! t ht ort. Pra.nz Sku.hersQ !a la.vi~bJ.J pra.iaed. b,. Saba tor 

hie doc trine that a.ny triad =ny be ueed at ~ ti:e on 8A7 

de6rtt ot ~ kiDd ot aeale.8 tarl Stecker 11 cit~ with 

reaptct tor bovtng extended this eame principle to tecrada . 

~ Vitezalav Novak 11 co::ended tor having br~ght ~ntada 

a&4 btxeda into tht aa:e ;rociacuit7 o f relot1onah1, . To 

all o! this H1ba adds bis own ex~eotion : ~ co:bi nation 

ot t vo or QOtt tocea can be uctd tn conjunet1o~ vith &A7 

other co~binotion or tonos regardlesa ot tbt ayate~• to 

v~ich eocb se t :ight belong , 9 

The ~ Ear:onielehre begina vtth a thorough 

ca:alogue ot possible scales and sonorit1ea to tradit1oaal 

12- t or.e 'te:.p.era:.ect. Thee tollovs a aeetion oa 24-tO.Ilt 

te:perament nnd a section or 36 -ton~ te=~~r~ent . Finally, 

a s a cro~-lng syste:, ~ o!ters ?2- t cne te:;~r~at vtJcb , 

e=ong ether t tings , co~bi~es all o! t te ~csa1~1l!tiea o! 

each ot the other 3 ayate::~s in t he book. .Ee does c.ot c.a...D 

?~., P• 129. 
8!bid., p . viii. Saba e&lla Slcuher•Q''a the tirat 

trul7 or!~1nal thee~ Iince i&:eau. 

9rb14. , p. n. 
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~ &~'tt:pt ~o abov the ~euliar eeouatic ~vantages ot ?2-

t~ce te=pera:.ot, which are vo~ t~ ~otfn8 (aet btlov, page 162) . 

Be ta uocooceroed about reto:--s in notational ;rocedures, ~ 

U$11 t l tYtD di!!tr eot kinds or $harp ligna t O prOY14t !Or tYer.J 

poeaible t oot between the vhole-tonea in ?2-toot tem~r~~t. 

Heba'a coapoettionA bavt been ptr!oraed to a~ 

~lacta, otteo wi tb conaidtrable aucceaa.10 Hit vorka 1oclude 

pieces Cor many dittorent codia and 1ocludt at l taat one 

oporo, ~ ~utter , vhicb appo.rs to hevt btto produced v1tb 

considerable oxcitt~ent in Munich in the late 1920'•• Tbe 

orcheatration calls tor the c.o:pltte 'bod7 ot qut.rtt:r-tooe 

1nstru.:enta aYa ilable to Haba.. .1 regular t hough 41cio1ahe4 

atr~ aeetioo ia aupple=~nted by 2 quar ttr-toce e lariaets,11 

2 quarter• tona t~p•ts,12 2 t llde troaboneo, o quarter-tone 

pie~o, a quarter-tone harconiua, and 2 barpa tuned a quarter

tone apart . Tbe piano, cl~inets and trumpate vert apeei~lly 

built tor t ne oceaaion.1' 

Babe appears to have regarded 24-tone te~ptr~ent aa 

a bauis tor notation and a starting point t o r hia •T&tea 

10~ •• p. 246. 
11~ccord1ng t o Si&Qund Elein iua rtor-Toce ntt a, in 

tee Pro-Mua1ca ,uarterl1 ot Ma:cb 192~ , p . 22;-Qijarter-ton. 
elo~inets vere !i~s t built tor ~ich¥rd H. Stein. 

l2J.eeord1~ to fbil . , 5 qu&.rter-tone t~pet ·v .... 
buil t 1~ ~e 19t h et~~1n ~esca. 7h• a441ttoc ot a 
!ou:th Y&lTe CO:ulteti n5 vitb a $!:lo!"t p1pe- en:ent1on 11 al_l 
lt6 t 11 n.tded to convert a tru:pet t o QY&rt e r-toot uae• 
albeit v1 tb ra tbe: inexact into~eion. 

1' ·aaba, t:ei.ce Vierteltonoper £!! Mutter, J.Abruc.b., 
l:onateactu-i!t t~erc.e Rusl..&.. 
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r.cother ~a.a •• • r1o,1c1 •ss-;e.c o~ ia.tonatio.c. to be 1d.hered 

to at all t1:. a . l.Jl. the i.!ltrodu et:ory not.ea t o b1a 11\laie 

tor Unaeeo:p&41ed 91ol~opua 96, Rata atotea th&~ be eon

eel•• • t bt ~u·~~er-tone aa rerrececting a pproxi&&te l r even 

subd1•1tiona or the aeaitoc•• oa they are corm&ll7 p1 &3t4 

on the • 1olio. thit means, aeknov ledse • Haba , tbat the 

chromatic ae4 diatonic aemitonea are ditterent in ai &e, 

alld t b.e pla.yer ia l nctruc t fJd to 'bear thia 1D m1ad in tlt1-

:.ating the proper intonation of ·t ha quute r-tonee . 14 In 

the int roductory notes to the companion vork , P&nt117 tor 

Solo Violin , Eaba alco stresses -ebe ceceaait7 tor "'plaa ticity 

ot 1ntonat1oc. • 

?okk•r int&:-pr·eta Beta 's .flexible viev of the 1.Dto.na

t1o : o! 20-to~• te~pera:ent to =ean that Maba ia aore 

int ereated 1D aicrotones in general than ln tbe l~ec 1E1e 

syate~ ot :icroto~ea he e~ploys . It ia Yokke r ' a opinion 

that vith the opportun.i:y to use aM bea.r 31-tone iMtru

Z&nts Haba vould have acee _pted that sys.te::~ . 1S Thi• &I)' 

well be >dsll! ul t!linl<illg on Po:<.lu•r' s pe r t . Habo tb.rough 

his lite ' s vor~ b ecu~e qui t e h abitua ted to thinking along 

t .be Uo.ts ot tbe 24-tone syatem, vh.ich he recognized t o b e 

a dua l. c:oz:.dJ.tioc.allr relet.ed w:U.t (aa op~osed to the 12-

toue I ,Wtta vbicb he calla ~ 8eoustieall~ related ~1t) . 16 

14Eaba , ~uat~ue pour Yio:oo §!!!, 
Violon ~tul , ~ · 3. 

15rou.r. I.e ~··· p. 152. 

,. S, Pbantaiaie 



In.n -"7•c.h.nesra.daQ belo.11s;a to a )'OUJlOe r generati on 

~ Haba An4 aoae o! his vrlttnua ahow the moderat1~g 1£1• 

t luenc• or tbe ceo-cleaaical revival which tempor~ril~ belted 

the contempt tor t he p r aetlcea or the put" vhleh iEl.tluencecl 

Haba eo atrono;l,. . '.'yechnegradak,Jr ' a vri t1nga obcw two con

tradictor, ltra~na . ~. one axult1Qg in tbe o verthrow o t 

t'r&d1 t 1onal ha.r:.o.a.1c: e one•pta t .n tbe vein ot Babe . the other 

higlllJ coccillatoQ' and ratlocal 111 ita atto::pt to 11nlt tbo 

old llDd the cev. His qua.rter-toce cu•ie, to Judge troa i te 

er1 tica ,1? would appc&r to rt!ltct bo t h atrains , eomatimea 

h.i&hlJ' re::lniace.nt ot ·.·agner and Scriabin , Gocet i:aa e.xtr-ame -

1~ diaaonant and anti- tonal. Periodically ~ysehnegrada~ 

returna to a concept which he call a panaonorlty, • coocopt 

which baa •• i ta basic pre:!Dt tba deatruction or conaon&ac e 

and 4.1aao!l.lnce u polar t orcea. 18 Hove•er, iD his other, . 

&ore ...-al"t:ablt vorks , \o7$cbegrac1aQ aee:.s 5.lQost to b e a 

dii!e ra.a.t author. 

or all 'Jysc!J.Ilelll'adai<;y ' a wr1t1"6• · the one wbicb ebede 

tbe coat •aluable lisht on his au1ical practices i s probebl7 

hia Y.anuel d' h&r:onie! gu~ts ~ ~· published in 19}3. 

I~ 1& a aoderate wo=k , in aoae re apecta remlniseen~ ot 

both 
IUC:b 

l ?7ba !Qpressiou 
t-te ;pres • such a.a 
aa Lionid. S&bu'*e" 

la con.tlr:td b7 Ule opiAion.s or 
~rta de ~chloe~er , and the •antia
(l:<aical Tiua , JW>e 1 , 192'.1 , p . 50}) . 

l8~yachnegr~d5~, ,u~ rtertonel Mus ic, Its Posaibil
irtea a..a.d. Crse.nic so-..:..:-ces , Pro F.u.•lcil , ue..rte :-J.,,., OC:t . 192? , 
eaP-ecii!Ty pp . jO &.na. ;>1. 
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r.olleedortt. V7tchnesradstT begino, •• did MOlltDdortt, 

b: d 1•1dia& bia ~4 t ooea into t~~ brVupa ot 12. Cot group 

be c1.lla tbt ol cl tcalt, tl::te other, :he new a cale. Ht t.btA 

con.idtra iottr?al c.o:encla~-e at toae lt~-tb , pr. &trYi~ 

the a.:ea ot tbl intervals or the 12-tone 111tea •• ther 

stand and adding tht tollovins oev nasea: 

Seconda , ~irda , Sixtts, ~Sevenths 

neutre •••••••••••••• between :4jor end minor 
plus quo oajeu_re •••• >'--tone l ar~er than ujor 
moino ~uo :1noure ... ~-tone s=aller t ban minor 
sur~U$O!nt6e •••.•••• ~-tone lorger than augmtDtad 
a oua-c11m1cu.'•· •••••• jot- tone ac.3l lt r t han 4.1g1nilbad. . 

Perfect ~te~ala 

=ajeure ••••.•••• ~tone l arger t~&e perfect 
a i.Dt v e ••••••••• )C.-t.oae s::ellt r tba.a per teet. 

Adc!i t"!onal Aeeidectal Sigu 

raise by >t-tone # 
raise b7 }/4-tonel# lower by ~tone ~ 

lover b 7 }/4 toot •~ 

Next, ~)ochnebrodak7 carefull y conaidtra the component 

porta or the 24-tone a yattlll o Fight intervlll a Corm comple te 

24- tooe circlet. Thia 11 ex4ctly t viee the n~ber ot in

t erval& v b1ch tor~ complete 12-to:::~.e circ le& 1n \.he 12-tone 

syste~ . In the 24-tonc S7 &tew th•se in terval• are 1/24• 

5/24 , ?12~ , 11/ 24 , &04 their respective in•eraiona . lD 

6dd1~1oc , tour 1oter.a ls t or: e -tone circle• witb1o t he 

S)'St·e -3, 1'be11 lrt }/24 t 9/2~ , &nd. their- 1nvera1oua. 

~y$ehoeoradakJ implies that tbe t1eld tor ao4ulat1ou 11 



great~7 onriche4 b7 tbe ••~labil1t7 ot thole a441t1ono1 

lona c:7ele e. 

1'bt above &erving to introduce the pro,p4:rtie a ot the 

ayatt~, ~achGesra4ak1 begins the !!rat ot bia two maJor 

unitat quarter-tonea •• acc:identala , altered chorda, and 

tba ~ala t or =odulat!on ~t~o a =ore traditional b~onic 

context. It ia tbia aec tton which beera ao• e reatabl&nce 

t o MOllendortt. W7ac~~ograda~ , ho wever , baa codttiod hie 

i dees ta..r more C:1retu11,- , aoe. h.aa certetn tea ted azu1 favored 

progreaaiona to otter to the re ader. 

Por :usic: funduen:al l,7 1D. the "'old* 12-tone acale, 

.con- ba.rmonic or~a.me:::.ts !ro:. :!le "new• acalt l bO\I.ld bt no 

a;ore than 3/4 to:a.e re~ved. fro: the!r r,~solut1o:aa . 19 

~ple 25 ebovs s tveril or ~1te~esr•d•k1 ' • ! a• orito 

sicultaceous o~ents ~esolvtno over pe4al-t ontl. 

Exa::ple 25: '.uarte r-tone Orno . .:no.cta b7 'J;rach.ntgredak;.r 

l.)P;t c tJ D' I C 
<) f;..-~G .) r"'U;.. o/ 

-lot''; G- -w:~ & c;, ·; (;,. 
P~.';.£ Ft, .. '~:- £ ;.:;, D 6"" ·o~, D £;..-; e 
F ;:·/-; (,. ~o' r (, (. ,.~, c (.. ~ /) C' '!c. 
C- C- t-'- G c • 

lJ1acb..ctgr~atsQ ia co~seious ot tk:e enhar&onlc 

«b1JU1 tie a 1=-bo:--ent ill aol:ll! or b!s orna:.e.ots. Vert1eall7• 

th• upp:•r tonea ot tbe:;e so::.or!.ti ea e:e tred1tional chorda • 



~•Jor, Qinor , e tc., atrougl7 • usgeat1n; apel l tnga consistettt 

with ~heir aound . Hor1zontal17, throuoh !heir reeolut1CA 

in contrars motion , theae groups ot orna:eata app.ar to 

r ·e(tu.ire OJl alt ogetber d itter·ent apellinQ. . The aituation 

i s • ot courae , not u.o.precede.a.ted , ex1at1ns in auch tredi

tional !unct ions &s the o~ente4 ei~h chorda vbich a oUD4 

like do2inant seventbA. 

:ien, '•'1achnegrada)Q" t-•w:U.nea chord a l teraticna b7 

quarter-tocee . He s bovs all (eleven) !orcs ot &n altered 

tria~ wherei n one t~ird i s ello~ed to rem4in either =-jor 

or &inor an~ not altered. Tho so-cil~ed neutral tr~e4 . 

vhlc.b co::.siats ot e.n e q,ual}S bi&ect.el! pe:-!ec t ti!th , he 

cons 14ers doubl1 altered aince neither t~-d is lett un

cb.nge4 . 

Aaong bia preterencee 1D chords *Cd aclle a, 

1•';rlch..aogradelq liata the "Seopolita.n• vith root raised • 

quarter-tone, and th~ so-ca lled CfP•1 acale vlth ita two 

au~enttd aeconda decreaued tbrcu;b tbe rais ing ot their 

lover :.e:.bera b7 a ~uo.r::er-tone . I.n t to =An1 chorda t.Ad 

sc~ le s , a.o. 1=;>11ed \Ulderlying principle aeeu t ·O be p:e&e ct. 

~Oere traditional 12-tona prectice ~d.itted t vo aonoritiea 

vhoae ool7 di~terecce lay in the : od1!1cation b7 a semitone 

ot one tbe pitches , tbe u ae ot t be quarter-tone betveeo 

the se tvo pitche3 is acceptable prtc:ice. 

This p rinciple is euried oYer rnto tetra4t. 

'.')>a et..nogl"&dsq io !ollll o! o.lterill& tho !Utb.O o! OnODth 
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chords b7 a quarte r -toce, placins them botwet~ the d1=in1abe4 

~ perfect eategories.20 

Next, Yys~hnegrad•k7 turn. to aodulatioa. ~• a n 1A

troduc t1on tO hiS treat~ent O! modulation bt tvetD •otd• and 

tor •cav • cajor and minor scales. 

ins a i gnatu:e 1 ~# 
g ' 
21 . 

c ajor hu the t oUov-

~11ehnegrada~ • s &odulat1ng procedure is rather ~ 

M5lltador!!'e in tb nt be recouonda the avo id&Lee ot ~ 

action ~n ~ vo~ce b y lar3e interv~a bet~ten t wo tonea in 

op;oaite syatt~G . At the : o=ent o! :odulatloa, only the 

oingle =ove to the neighboring ~u ar ter- tono ic reco~ended. 

He endoraea sequential !or:ulat 1nYOlv1ng querter-tontl aa 

an txeelltnt ceans ot achiev ing aucb :o4ulat1oo. Ee 14da 

tbe recomcendation that •• the ~o4ula t 1oo Approacbea, the 

quarter- t ODe barrie r be aottened by tbe use ot orna:tnte 

Cro:. th.e .. oev• acalt . ?te uce ot atveath cborde aD4 o.ou-

ha .r:1on1c tones &t tb.e poict ot croaei.Dg 1e eh:o tugse at-ed.. 

' ':t.e &econd. pa.r t of tl:.e Y.anuel d 'Ha:-!:lonte ! ,\larta ~ 

~deals vith "ar~iticial qu~rter-tone ac&lea.• Vbil1 

poin ting ou t that eueh scale s need not us e t he oe taTt •• 

: he i _r b.se1e unit , \l)'se~egradslq <:hoostS to re5trict hi:.sel .t 

to tbose w~cb do. ProctediAg as 41d ~be Greeka, 

20~ •• p. 12. 

21~., P• 1,. 
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W)eehnegr adek7 builda hie aealea ! r os identica l 41aJunet 

tetraeho~a . He per:ite b.! a t.etraehorde to co•er 9/24 • 

10/24 , or 11/24. Por a detailed exa:ple or vhat be con

ai~era to be a par tlcularl7 auccess! ul quarter-tone ac&le , 

~achntgradtk7 atagleG out the scale be calla tbe ceutral 
l 22 a~ode, C, D, :g,._, P , G, JJ , U, c . As caD be aeen , t be 

principle ot tbia aea.l e is that all degrees vb.ich ha ve 

different ton.ea in ca.Jor and minor are reproaented b7 the 

qusrter-~onea 171og between thtm . Th~ key aigna ture tor 

tb.J.o ocalo ia h h ..f • 

Nen, V,.aehnt~adaQ d.et·er:.i.nes the : ost eloct l 7 

related tr&na;oaitton or tte s&:e :ode . He anal7~•• h1a 

~calc lo ":;:; ot ;be 1::urral• of vhlcll H 16 :ade 1 pro

ducing a tabl e ot all consecutive degreea , all alternate 

degrees , ~ every 1cterv&l created b7 each thi-~ degree. 

The t able ~veal• 6 instances or t~e neutral t hird , 5 or 

the perfect rourth , ~ ot the neutral second , ; ot the aajo r 

aeeond , 2 ot tbe ~•Jor fourth , and 1 or the minor tbird. 

~ t hl a .. thod wyechnograda~ concludes thot the circle or 

neutral. t hit•da ia the pr1.mat•1 bofJil !or ::~odulation when 

uaiag tht neutral oeale. Jus t •• tbe pertect tou~th ia the 

baaia !or tbe 1i:pleat &odulation iD the ~oJor or Ainor 

:od••· ln the courae of aodulatl~ b7 c•utral tbirda , the 

:::od1.f1cation ot tU ke7 alga.atu.re 1• rather 1Ater.ating. 

£e atated &bo•e, th• k•7 a1soa~e t or c neutral coat&1D• 

22 Ibicl., p . 18 . 
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' h • a . ll'he :o.ost clcael7 r"elated k~7 i s S ~ neutral. flle 

t ea.lt o r E /t neutr al i s :?; h , P F, G, ;., ~ . B..f:, c , d., e A. 

uoJt 'a ba'fe been a dded. or re:oYecl, but ra the r a :f ha• 

be t D addecl. Coc.ti::uU..cc; u,pward., t be ~xt neutr-al b7 1& G• 

vtDit scale inc lu4e• the 7 1 ac4 ~od1I1e s tbe a1gnature ot 

tho precod~ key by o:J. tti.o.;; t ho ~A. Thua 1n proceod~ 

upward !rom ko1 .co ke,. around the <:ircle ot neutral th1rda 9 

t ho o1gut\l:'e o ol to!"l'.ate}J' odd t •a ud o::Ut It '•• 
W) echnegrodsk: ce xt conaidere acalea pouaaaatns acre 

than ? tones . Particular tovor ia accorded a tb1rteen-t cc.o 

ecale tovolY~ng tvo disj~ct he ptaeho~a (le parated b7 a 

se;~itone ) , eech o r vl".ic:h eonaio t a of l i ve ae :d t ono a and a 

~u&rte~-ton•· The bat~e iDterval t or ~odulat1o: 1• the 

major tour~b (tbe ir.terval b 7 whlc b. tha t 'lllo heptuehorcll or 

t.he acale a.re ltp&.ra t ed.) , 11/2:4 , vbJch , like the neu t r al 

th1.rd , retu.lts in 8 co:;>le te ~-ke7 c7cle. lc. h1 a •a,..pbODJ', • 

&!:.!.!. ?arlai t Z.S.ratl':ue: t :-a , 'Jysch.negrad ai::;T vtil ize u t bil 1~

tou scale ext: en.l i";"elJ' . Cn t he occat10n ot one ot it• p~r

t or:,nce a, Olivier t:•asaien POJ"td special t.rtbute t o t hi a 

scale ~his reYiev. 2j 

A cootraatinQ &rt i!ic i al scale mentioned b7 

.;achLegr&ds~ i a the ~oat e~ui-dist&Dt pentatonic seale. 

',.'yac~g.rad.sjcy' t..xo:ree tly Us~• tt.e lot~ rvals *-' t v o ~hole 

2~t$3aien 1.!:. La ;:oode ~u.c ica l , read •• a reprint 
vl th date &:u1 pa.ge l::.s;.e~d. 
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tODeG .a.nd three intervals o t 5/4 tones . 24 e. •total Calla 

a quarter- tone short ot an oet&v~. Pres~aOly the scale 11 

achlo• e4 h7 • •Loole vholo-tono a=4 tour lnterrala o! 5/4 

tOt» • 

uae ot ttuarter-toc.ea. en. r.1eb u.se h i.ll •expN&SiTt 

uoiaoo. • In an e xprees1•e unleoc , t vo tones are aounde4 

sitdla.r procedure ia :entioud to.r a.o. "e~t"eteive oct&Ye. • 

nat '-'7•chnegr&ds)Q' thought vell ot this device ta eon-

!ir~d b7 the ICOrt O( AiDi i F.:l a it :&ratbuttr& whert 

tr4m011 involvi ng t~o or :ore ~~~ultaneoua ~exprtt a1Yt 

l:Aieoc.s • occur t;uito !reqtJe.ntl7· 25 In lig,bt ot tto tr•1~nt 
use o! e&j or aeven tbe and minor ~tha i n rece~t autlc ot 

12 wc.ea per octave , i t 11 i.D:erestir.a; to apeculate on 

whether tbose intervale art &1£0 UA~ or 1DteDded •• •ez-

~u&rter-toc.e ca; be a sa;:oerior uar.s to a.a eff ect Ge.t.re d 

b1 many co~posers besides Vysct:e~ad•k7• 

~~·c~gradsk7 ~~o~se~ r~&llel s onor i ties involv

ino!! co:.p oa i tes ot quorttr-ton.e rtla. tionshiptJ, a.nd theae a.lso 

r toure pro: inently in ~ Pc-li.!.t z.ara t hu.stra. Parallel 

ceu traJ. t h 1rd.u a.nd pa rallel l e.r;e seco!!.d~ (5/<c.) • c t t.·eA iJ:1. 

24~· £1!·• P• 19. 
25~ Fa:la1t Zaratbuatr5 , ;ubl. b7 L'Oiatau ~·· 
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r ather long chain., appear v1th great !r•quonc, iA the 

eco:e . W)achnegrada~ ahowa aeYeral txa&; lea or pol7tona11~ 
preaeottaa ei&ultaz:.toual.7 a aa.jor key ua1na •old. • tottea, a 

aLoor k13 uaing "nev • tocea, ~ a neutr~ kt7 ua1ng both. 

Ht elao ottert txa::plt>e ot 'ldlat he calla pol.7atoD&l1t7 c:oo

a1at1ng ot 12-tone pAtterns tunctiontng a satn.t oot-&Dother.26 

Finally, ht ahowe ao:e example• ot vidtl7 tpect4 IODOriti ea 

io which all 24 toooa appear. 

Hie :ain t ext eompl&ted, the author doYotea an 

appendix to consider ation ot tbe acoustical bette tor 

QUorter-tone c:usic. Ee begiu b;r stoting that tho llth 

pertial ia tbe best basis tor tbe s1ste;, a atateaect bo:n 

out by t ho elost equiv~l e=c• betwee~ 11:8 (551.} cents) &D4 

11/24 (550. 0 cents) . It te htd 5>opped here he would bt on 

fir= ground. . 
2
? However, be turns t ·O ot ter poaalblt acousti

cal aourcea. Rt g4rding C es the generating toce, be decides 

t o con41der etb •• th• ? th pe:t i al, p r •• tho 11th partial , 

J.. J,.. aa tbt 13tb pa r t 1al,8Jld the scale tro := a h t -o E t' 11 

every pt\_rtlaJ. from the 29th to the 4lat. Bb be lttri'butea 

to the 5?tb partial wh ile other t onea atill re:ain vithout 

parti als o c thoir ow. Prtataabl.7 the,}' art 4tr1vt4 troa 

tr&napol1t1oca or the aeries al rea4,}' ahovn. 

26 22· ill•, P• 22. 
2
7tt lhoul d be aoted thae t~e ,art!cular p~ettreace 

ot both ~~~c~eg:ada~ and Hessa!en : o r :be ~uartt r-toae 
scale vboG. ba1ic interYal !s ll/24 Jibe I rl th tbe excellent 
ecouatic.J. baaia to: thia inCerTal . 
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1he abo~e explanation ~· hardl7 aae1atact~r7. !he 

?tb partia l is more tban 18 ce~t• re:oved t roa olbt that 

t n1s s eem1 exceao! ve 11 eo~has1ze4 by the t uct t hat 25 

cents is the l~it ot possible error 1D the quart er-t oce 

ecale . r.oat ot the bigber partiala a re approximated t ar 

aore close l~, but it ia 41l!1eult to take aeriousl7 aQ7 

arguae.nta that there can be a genu.U:Ie acoustical baaia 1D 

pe.rtials "" high •• 41 aJld 57. 
I.n a later article, 28 \Jj"schnegradsQ atte;:;:pta to 

trace the ao~ees or quarter-tone musi c to the Greek en

har~ocie tetrae~or4 and t o :he :ua1c. ot the .Lraba. Ee is 

careful to di t!eronti nte current practice !ro= that or tbe 

~ient: vho uGod ~uarter-toncs onlJ aa a :t&n$ ot al ter1~ 

!Wldo.:ental aevec-toae ecalea.. He claUs tha t Q.U&rter-tonea 

c&A per=eate tbe eoun4 ideal or claas1cal :uuie through 

te~dene7 t Ont$. vten Qf 11 about to ~••ol?t to X, 

'-7schnegradok,y prerero the us e o r D m. To ulJt onlJ' a lew 

qu~t•r-tonea , hoveve r, is to eo~it an e trroct to the 

oecse of at,Yle. He r ecom.:.end a tbe acbilve:eot ot equil1-

~r!us th-~vsh t he use o! approxi~atel7 t be ••=• nuaber of 

toce~ !ro= each 12- tone syate:. th is equil ibrium ia, in 

t act , enco~oged ~1 tbe perrorclng medium ot t vo (or tour) 

pi~ol, 61&ee the ~~~aliz&tioc of tte i:~ortance ot the 

rolts o! the various performers serves t o e &tabljeb t~e 

28I.o. r.usi.,ue a' fuo:~rt • de t on et sa ~11setion 
prati ;ue,~ Yevue ~Us ca e, :-~:-!93? , -pp. ~6-33. 
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desired t onal equ111brlua. 

~7ac~esrads<J's CO=POiitiona ba ~t hed a :o4eat 

meaaure or success, with perbapa t he mos t favorable critl c &l 

r eaction t olloving a concer t 10 Bruaae la iA 194?. Ot tht 

113A1 laudatory reviews ot that ~rtorQ&Jlet, probabl.7 the 

20st lavish praise e~ f rom Louis Vtrscbrt agtr ,who re

:arke429 ~bAt ~ns1 P~lalt Zaratbustre o!ttrt4 a •prodigloua 

reTe latl oa. or a nev mus.i cal dOi:l &.iA.'" The diaaoa.ancea he -

considered hardl7 severe !or an ear aeeusto~ed to Stravinsky 1
' 

t.Dd ScbCJ>btrg. 

Tht greatest !ermont ot ac tivity by co:posere ot 

quarter7 tone :uaic took place 1D the 1920'• an4 earl7 30'•· 

Amoag ita practitioners in Ruaaia vtre Art hur Lourlt,vho , 

•• an t&r11 cozmias.r ot =U41c, g&vo cult1ple-d1v1a1on 

co:~oaera a atroa3 but short-lived boos t, and Georal 

R1:sk7-Koraakott, aon ot the : or• ta:oua Ri:sk1-Koraakott. 

In C~teboalovakio , bteidea Hebe , Pr. Vieame1•r compooed 

QU&:t•r-to~• vorks . •• 414 a vbolt galax1 ot co&poat ra lD 

Ge rsanr. J Org Mag&r ~•s • a:ong thee. perbapa the a oat 

1cport.ant tor bie p1oaeertne ~ork at instNment conatruc

tion. Accordi~ to ile~. in 1925. bt VII It work tr,ring 

to build an instrument capabl~ o r pl~ino music written t or 

29L& Citft Xouvelle , Srueeal a , 18 1eb ., 1947. ~ 
work was &!so :rerfor:lled 1.0 Paril en !iovewber 10. 1945, ·at 
vhie~ tiat one of the tour pi~•t• w11 Pierre Boulez. 



lf4!LC 

154 

~ ~·)0 :be Q~&rter-tonists were repreltDtt4 1D 

ltal7 b7 Sllnatro Bagl1oui, !.n Spot.> b7 Do~>10o-un do 

!:urrueta ~ Puach Ba:oa, aLd 1n Pracce b7 Y.a.rina Scr1ab1D 

e.:l4 Y'•ttte Cr1.caaw1 , i_n addition to 'J)"echllegrad.aQ, an 

Uport troa R\u aia. LetLD. A:erlca vee repr. aented. a'bo•e 

all b7 Jul1'- Carillo or Y.exico, wno made a quao1-rol 1g1oua 

crueade over bia e~paign tor multiple d.1vlaion wbich be 

l obelo4 'El Son14o Treee' (the l}tb oound) . 'l 

lo tho United States, Hans Barth and Mildred Cooper 

we re •~ons tho l eadins exponents ot qu arter -teat c ua1c , but 

it should. be ment ioned that Ch~rlo s !vea v aa cont1nuall7 

1nte re a ttd in ::icrotonea , and e aaa,7o4 a !tv vorka wi t h 

quartor-:onea. He wrote a sbort article 1D ~ Y.ue tca 

::Uart erlz i.n vbtcb ho &&J'& , • rb e •••1.a1lat1on ot quarter

t one• with what wo have nov into ao:e reaaoca'ble &e4 

aatiatactor1 baaic pla~ wi l l be, it see~• to ce, &lona 

3-0Klt in , Si~u.nd , ,-.:nrte .r - Tone ~ta , Pro Hwatc&l 
,~arterl1 1 March 19C5 . 7~e n~s-rritea-Qn t bta page a re 
t aken o1thor t~oo t hi s article ¢r from ~s uo r, Joat, to loa 
l'iie r otoaos l. ~ Apl 1 cation c c=o Sis t emes Tt :: per6dos , ""'devi s ta 
f.uc!c"'l .!nia·no. , vc~ -t.o\', 1~ p . $9 . ::ovo rel n~oo ere 
al$0 tsktn !rom Kullanbach- Greller, Lotte , Die F.istor 1ochen 
:;runrn~~ ~·en de:- '/1 A:oto~ t One 1 i..rchi v !C.r.l':.ua iOOou e:ucL<~ lt 1 
Se;; t. 1'1,7,7. ' h·· E1s s ::e.l~eob.sch-Grell er attributes the 
firs t ]\arter .. t.cctt CO.t:iJ001 tio~ 1:1 'l.bt l~t.b ceatur1 to 
Joseph Pet:val , begin:Ung 1D 186 21 

~1 '"\.'t are a bcut to see the aeco=, H sbe.nt ot the 
gre6t•at tr&nocendonco that ~45 t a~e~ pltct linct 'be fore 
tbe t!=e or Christ; ••• tt~ psyc~olco1c~l tr~•toreatioo 
J::-cdueed b7 Cl"..r!a t!&.n d.oct :!:e wee S\:..re l 7 ~o g.ret ttr th&D 
t~ t o rcidablt revolution 'llt..!ch ':'he l}tb SO\Lilt\ 1 will pro·
duce !a. tho &.rt ot tones. • -- El So:Ud o u_ , ltb • . 1C)24 1 
P• 6 . 

;;:; 4 ; 14 



hLraonic l1:4a vitb tbe :elo41c co:ing •• a k1A4 ot 

CJ llateral ••• 1u a se.n.se oppoaitt to the wa;r our pr-e

l t.zat •rate~: hat cle•elo~cS •• 32 

155 

I••• prtdlc:a that it will take secera:iona or •••n 

cm:iur! t c before q,uar·ter-to.ces a.re a baorbt4 int·o the 

i~tiAct or tbe LoDer-ear, but that it ia ati ll wortbvhil• 

tc atte:;t to uae t~e~. He !e•l• that cborda witb tour 

d!atinct toAea are better than triade, and tbat p.otada art 

beat ot all, on tbe grounds tha.t one mecber ot a qua.rter

to=e triad will sound out- ot-tuce but a Courth tone can 

c~rect ~~ im;reaaton. He cites tbe ability ot quarter

t~•• to •relit•• the :onoto~ or literal repetition• and · 

to a.a.te a r~tb.::.ic contr1b\1tion to atnu:ture 1A thi• wq. 

Ht cotta a ,roblt~ Vb tch bao concerned advoeattl ot other 

ll~ ttple 4J:• teionc ( aee aup~le:.ent, pase ' 9S , below) , 

ca:.el7 , that it lo 41trtcult to dtst1DQuieh 1nverelon.a ot 

Q.tiL:'ttr-t.ont aonor1t1ee. He bla=ee h!a o wn e a.r ,33 but the 

prcblt:a ca.r vell Ue in the ao\Ulda tbe.caelve1 . 

~ genora l interest ita 21ult1.,le d1V1e1oc 4Uld i.n 

qu~ter-~oDe co~position see~ t o have decline4 aince tbe 

e&:11 1930'•· Neverthe less, th&re re:ain an u~ovn number 

32Ivtc, Cba rleo, so:.e ;tla.::er·-~o:.e Iepr-eeaioca, Pro 
MU$L~a , uart erly , r.arcb ~. ~· ~o . -zien1d ~abaneev takea 
jur.: :~e oppoei te vttv;o1nt , a d.v it-1-llg qu•rter- to.ne co:poeera 
to :o~.: en:ra:e en ~elo;!J", if .c:~c essa:-& to t he total exclusion 
or :ur:.oq. r:uai cal ~~ Ju.:le 1 , 1 .. 29 , p. 5()4. 

H~. lli· • P• )}. 
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ot co: poaer1 vbo COQti~ue, 1n o~scurit7, to coapoa• quarter

t one =uaic , ge~erall7 t or t vo pi&nOI . ODe IOC~ a~ 11 

I':Ordt cai Sudbtrg of !iev York. E1s :uaiea.l cr.de::.tlale , 

which lnclwle • 4octorat• Crc2 Mrl1n , 34 •re probabl7 better 

tUn tboae of ~ v•l l -lalown co:poaers, but be b.aa c.boaen 

t o uaaa a haoe bociy ot quarter-tone vorlce in alz.oat total 

a.non,y.t t7. 

There is a a~ll literat~e of publiehe4 quarter

t one music , &nd a substantial litersture ot ucpubliebe4 

qua rter-tone mualc 1u :aouscript. More detailtd atud!ea 

ot t bit brancb o! eultip~e division would vel l pro•• !ruit

t'ul tt tb.ia ti:e , be tore :.uch or the unpubliabe4 ~uic be

co=•• 1ncre•• tcsl7 un••~lable ror reaeareb . 

There hat been s uch aeyere criticisa oC tae parti

c ul•r choice ot 24 tones t o t he octa •e tro: the ach ocates 

ot o t her aehoola of cultiple d1?'1stoc.. '.betber poleaic , 

a s when comino tro• Ar1el , 35 or closelt :e&aoned .cd 

!llodert.t t, a a vhen co~t15 !rom :;o.vuro36 or Ha..ndtcb..in. , 37 

3
4

t,eovledae or his Tery exis t enc e, &I ve ll &I the 
britt bio gr~~bical 4•;a 1ne:u~ed , vere l•~:ed ~u1tt b7 
Cb5DC e in . 4.iiC"t.:.GiiOil or O'tbe ::- :aa t : ·e:-a vith ?':"itl Euttner. 

3Sor!t1, 22• cit., p. 135. 

36y<>nrro, !!.2• ill•, pp . 1534. 

}7ELD4achin, Akustis~s aus Rusal~ , Gedt~botk 
a a;oetodtn !!a 2!· ~· l· Se~e u:l ~•r , p . 146. 
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the criticiaa ttnda to !oUov one ·s.:.eral Uo.e . A.eeo:d!..Ag 

to tbtat ~a~ Otber v:ieerlt the b111e qilt&kt O( tbe 

&.dYOCI til or 24-tODt te:ptra.:.c t 11 t.b.at tlUJ' \Let 12-toce 

t~:per&:.n t &I their etarting point ••• •• thtir taage ot 

a perfect 11'8ttm. 8-..at 12-tou t.cperGeZ1t 1a itoe l.r 1 coa

pro=iae and poasesses a~rious ve&knea~es v.btcb art ecdur•d 

t or t~ .. ko ot sl.cplici t7 . Vnat , it is aakod, dote 2--t one 

t ecperacent add to 12-tone te~peramant ln return t or the 

exten sive looe in a1~plicit7? ~nquest1on•bl7 . 24-tonA 

te:pera.ceot otters a good • pprol<iu.tion or the lltb partial •. 

Partch an.d ::ovarro, a.::~ong others" concede thia. But t.o lG.at 

av•i l io a good l lth partial vbec tho 5th and 7tb are l£ck-

1ng7 

I have elreadJ' d1&cU3&e4 ~~achne~&da~·· claia ctat 

24--tone tt~P4:r~nt L=provea u;on tU ?th p.e.rtia.l otte~d. 

by 1.2-coct te:~peruent . Ill ter"'~ ot percent ot poaaiblt 

error. tbe ?tb partial or 24-tone te:peraaeot la voree th&n 

the pocrl,. »pprox1C8ted 7th pk.rt1U o c 12-tone tecperu.e_c,t . 

J..a tor tbe 5th pa.rt1ol , a :oderatol.y voak l)01~t in 12-tooo 

temperuent, l t 1a • ot cou:-se • unUprovea b,. uubcllvie1on 

ioto qut~rtt r-toneu . But, Y~erea:s the ert'or or l 3>i ceota 

r epreo•nta onl7 c? percect o! ~~e potsible er~or io 1 2-to~e 

tcu:,era..=er;t, tbc !isure Oeco:es a tar lea a tolerable 54 

percent io 24-tone t-•~i)er~n:. It i:J qt;J.te u.nderat~able 

tb•t the leading proponeDta of 24--:oee teape:-uoot vrote 

!aTOr&.bl7 of abol tehio.g all co&eoptl of con.ton.ac:ce • • ..uc:b. 

'• 
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ro tbe ob~ioua truth advacc~4 by propooente ot 

qu&rter-tonea t bot a ll ot the ad•antagea or 12-tone 

te:pera;Ant a:e r etained ~ 2~-tooe teeper.cent , tbe 

Opi)Ot:ttotl 1ntil t that thla 11 not e~oush. .U t~ Dua~r 

or t oneo in o t uning or te:pera:ent 11 1ccreaae4
1 

iapl3 

the cr1t1ce , ooe 11 entitled to 1acre ae1ng aecurac7 in tbe 

opproxi:otion ot the intervals wbieb tor= the eoouatieal 

basi s t or the 11:1 \.I.D ical G3'Stem. 

I t 11 this altoge t her r~aeonebl o d0ct rioe,that tnkee 

tOe r ec tor o: pertoroance and l istenin6 dittieul t1 i nto 

account, Which renders so cocplax tb~ motter ot cbooa1ng 

a coat eu1table ~ultiple divisi~a . ~e:e it cot tor the 

reasonableoeas ot this e:~ent , all intonarto~ problt=l 

could be eolve4 by ;!kin& a b£sic unit s~ a:all that tho 

4eY!.at1on ot al l desire~:! in~~rvels woul d be a ioute. In 

600-tone tecpera:ect no interval can be incorrect by more 

ttlan a ceot. 

I t the 4dvocotes ot 24- toce te:perament are aocewhat 

at a loeo i n tbo deba t e over an scoustic s l baeie , they 4o 

he ve serve ra l strong histori cal precedent• to draw upon. 

Thore 11 1 to begin with , the Cre~ k enhar~onte ci ted b7 

:.•.rsch:losradalc.t . Borbou.r cites llrcher ' a r.\lau!"a-ta ~iversa l is , 

~s• 2C8 1 •• evidence the t ~iGtox•noa haa long be en looked 

upon •• o p:-ecuroor ot 2li - tone t·e~perC~ect.'8 r.oat ot 
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Ptole:,y' a enhs.ri:JOn.ie tWli.o.gs do oot divide tba se:a.1 to~ 

eQ\la.ll7 t howeYer, c:.d t~ Gre ek e:Ja.r~or.dc cu be uaed. t ·O 

Juet1!7 other mul tipl e divisions as well aa 24-tont t e:pera-

u:t. However, l.:lOtber tWliD.g ot 

Ptolt~ LDd baaed on ~orn~ntalft 

tht tetrac:bord , l isted. 

l l l l 4ivio1on I< ' !!'I0'9 , 
~bt be reg&&~e4 as prtce4eGt a~citicall7 tor 24-toa. 

te:pu·uent , l a1•gel:r because ot the prominence ot 11 1A 

the ratios . zrik 3ggeo, a!ttr citlna the prevalence ot 

thia tetrachord io much extant tolk-muaic, point• to the 

rat1oa 1n~olv·1ng 11 an~ conclv4es thAt quarter-t ooea are 

tbtrob:r eatubliubod as r1valt to whole- ac4 halt-tone 

.,. . .. ,...}9 

Tht primary def&nee tor 24-tone te~peracont reate 

ne itbtr oo acouoticel nor on bie t orical argu&enta , bowe•or, 

but rather on evolut ionol grounds, wherein 12-tooo tempera

~nt is accepted &$ a t1xed quanti~ and tbt next cueieel 

syst e: 11 postulated as developing directly out or it . 

':'be re 1& e:rpeC1enc,. involved in such a vi~v , aM tb1a 11 

so~:.e ..,hat eont1r.ned by evidenco of a non-concern tor •~act

~•• in iD:ooatio~ ~b!ch has beeo a:tributed to tbe chit ! 

&dvocatea ot 24-tone tecper~ent. Fokker, 1a citing Haba 

Aa rega.~1QO 2~-tcne te:,er~tnt as a loose a~pro~at1on, 

approvea . Frit% Kuttne r, c iting •7ochnegrads~•a piano 

tw:d:lc) a.a a he.pb&&a..-d a.ttair !Nc;.uentl-1 ir:tYolrlng errore 

~9Esgen, ~-Studier. 
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e.s gr~at .as 20 cen-:a , 40 eonsi~t.r& aucb 1oaccurac,. to 'bt a 

poor r• tlec tioo on quarter-tone r:ue:ie . 

!llt 1! ex;tedh:llCJ' 1.9 the ree_s on tor tbt choice ot 

24-tone te::.~ ra:ent, this is no t neeeaearil]' to be eon

deanad. !Xptdiene7 b&B been & f actor in the deYel opa.nt O! 

mualc&l SJ'ate=a 1n tbe paat--c•rta1Dl1 1n the deyelop2ent 

ot our o~n 12-tone •1atem. Perbepa the cost Justifiable 

ebarge \O!eb eu be bro\lgbt a,ga1ost the pioneer• in 24-

tone equal 41v1a1on 10 aimply that they have been in

a\.l..f tic1eat 17 critical or tbe paet and the present. 

l':ORE 'i'HJJf 24 TONZS 

Ot~er vr1ters aD4 ~o~poae~• baTe s ought to aub

d1Tide 12-tont te~perameut into still !1ner units . Among 

tkese a.re auaoni, ~o a.dvocated 36- tone tuperu!:nt b\lt 

1a not knovo to have co::posed i n t bis eyste.mi Barbieri, vbo 

haa co:posed c.u.aic in. ~-tone te =:~pera.:ect vhleb i.e cot, 

tovever, etntrall1 available; Nov &rro , who b4a advocated a 

:uaic vhich , ic e!tect, ueea 60-toce ttmper&eent , although 

aetuallJ e:ylo7i~ 0~7 ao~• or the tocea; ~ Carillo , 

vbo btl cc:poaod ;ua1c suppOD Odly in 96-tone te~peramtn t 

/ 41 (a •Pr•lu=to a Cr~atobal :olon,• vb1c~ hao bttn p\lbl1cbt4 

40conversation wi t h r~ . Kuttner . These est1Detta 
~re G&i~ t o represeot aceual oeaau:ecente, and C1 ovn ox
~e:-ienc:e v1 th u.nu.suG.l t\l.D.i..:lo;:: vould: l e ad. u to concur tl::.at 
such errors are possibl e. 

41Publ1sbed b7 the !lev llusic Soc1et7, 19}4 . 
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and recorded) . 

SU.Soa.i present& hit pro.Posal tor }€.-tone equal 

t .e oper&Ae.c.t in hie a bo.r t book, ~etch !!, ! tiev Sst!:.etic ~ 

~· BUsoni•a ap~roach is ect1rel7 evolutio~. Bature•a 

gr adation& ot pitcb a--. intinite , he aaae rta, &ed it 11 

therefore 1~cu.cbeot u;.on the pr,eaent geceratio:l ot muaictua 

t o •ove a little nearer t o 1n!~tu4e . 42 To thia eD4, 

Buaoni auggeata that ~s1~t8 t wo-t old d i vi sion ot the whole

tone, three-t old 41via1on =t~ht be used. Vbile other 

writ•~• have started ~th tbia ase~ptioo and ad• ocated 1?

or 19-tone te~pera:ent, Duloni aakea it cle~ that be ia 

referr ing t o exact diviG i ocs ot tho t one oa it now exiate. 

Because ot hia baaic propoakl , cc:2entators bove er~ooeouol7 

ascribed tbe adYoeaey ot 16-too• oquol to:pora=oot t o 

Buaoni . Be leaves little roo= f or doubt about b11 1nttn

t ioA$, bovever . Be acknowledgea t hat a 11ste= ot tblrd

to.o.ta vitbo\lt se.a.itonea vould repreaent a oet loal •• 

against the pr&stnt tuning system, owing to the 41aappear

uu:e or the pertect !1!th t..Dd the cinor thi rd . He there

tore p:oposea to keep bot h, b1 ereatl:g tvo 17ste~s or 
thlrd-tontt, e ach ae;arhted tro: the other ~1 a semitooe 

(or thre e s1ate:na or ae=.itones, e·aeh separated b1 a third

t one) . Tbia la 30-to:t.e te::pera.:ent. !ueoni vould uk.e no 

uae, t or the preaent , ot the a~alle at · unit, the &1~-tone , 

<--- 5 s A 
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•• aucb . Eovever , he statta b1a bt liet that t ho a1~-toce 

will tventu~l7 beco~e 1ntegra te4 into ~uaica~ speech alao. 4 3 

It is t ase1nEting to apeculate on what Busoai 'a 

vieva on multiple di vision would be it he were alivo tod~. 

~ould ht have turned toward 1?- or 19-tone te~pe ramenta 

vbicb may well achieve his licited obJectives =ore satia

tactori~ thAn ~-tooe te:peraatnt? It is quite poaalble 

that tht ad•ent ot the 404ecaphoAic acbool would have 

aatiatied Bu~on.i ' a aesthetic viehe a vitbi.a 12-toJle: tea.~ra

.:ent . He quotes t:ietsche approvingly: "l could laagino a 

muaic whoso ra.rest cha.r::J ahould conaiat in its complete 

di vorce tro12 the Oood o..nd the &d." Th1e divorco baa been 

och1evod without the interce•a1on or multiple division or 

t ht oc tave. 

B&rbieri 'a ~tone te:pera:tnt 11 paaaed over tor 

lack or •v&ilablt catoriala to dlacuaa . Uo•arro •a laplitd 

GO·toot ttmper~ot will bt diiCUIItd in Chapter 6 under 

the beadiCO 15- to ne te:peramtot. 

?2-tone tem~ra:ent is • IJi tto select ed by both 

Saba and Novarr o tor special atttnt l on . Haba eelect• i t 

~u~h aa Buaoni ttlects ;6- tone te:pera=ant , as a me&na ot 

!uai.n.g tvo ai::.;ler syste:~.a . \.1lere Bu1ooi uses ~6-tooe 

te~pera~R~t to tuse 12- an4 18-toct te~pera=ecta into a 

single 8Jite:, Saba does the sa=t with 72- tone te=per~eot 9 

eo:b1n1A& 12 , 18, 24 , and }6- tone te~;er~eots. Tbe 

4~~., PP• 31-2. 
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guidiAg principle ia tbat all oi thtlt cumbere are t.octora 

ot 12. S:&'bs rev!!·ls in the vaatntsSJ or the rtaoureea or 72-

to;e te~pe~a;ent . !Ddeed, tb• eo:bications are ao cusaroua 

that hie ideal o£ completely di~t~rent baroonic progreasiona 

£or each co~poser :ight bave a ehanee a: reali:ation. 

Novarro, who ca:e£ull7 e~ic.ea the :erits or tYery 

poeaible equel temper~ent by checking the eorres;ondeoca 

o t intervale within each syste= eo a~ll-nu:bar r&tioa , bas 

a great deal to aay tor 72- tone tempera=ent. lndee4 , it 

ia Cor :ao:-e tha.n Just uother oultlple or 12. J.=onc; t.be 

intervale t:Ovtlrr o co.aeic!ers odequately repreeente<1 ln ?2-

tone te=pers=tnt are the !ollcving , plus their inve~aiona .44 

21:20 es 5/72 
16:15 00 ?/72 
10: 9 •• 11/72 
9: 8 •• 12/72 

8 :7 QS l il/72 
7 :6 •• 16/72 
6 : 5 .. 19/?2 
4:} •• }01?2 

S:" u 23/?2 
9 :? •• 26/72 
7:5 •• ~5/72 

Pleeoed wltb tbe cor reepondence ot t be rat i os baaed 

on price nu:bers 7 or s.:aller, t\ovc.rro also assigns val ues 

v1t~1n the tc;perament to 1nt8rva ls involvin~ the lltb. 13th, 

and ( iA one c •ee tbe) 17th partials. 

11:9 •• 21/72 
ll :8 oa H/?2 
H :9 ac 39/72 

11 :? •• 45/72 1~:7 •• 64/?2 
1}:8 no ~/72 17 :9 •• 6o/?2 
11:6 •• 63 /72 

Exc e~t tor lG:lS, ~d the r atiOJ involving the 

nu=btr 1} , ~here t he d1•crep&nc1•• are a e~vbAt l&r~er , oll 
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ot the iotorvalo cited b,y Novarro are represeute4 v l t hiD 4 

eenta by ?2-tone tomperameot, and =oa t ot thee are realized 

tar oore closely t han that. ? 2-tOQI ttQptra:ent 11 ooo ot 

tbose tavored b7 the a~soritb&ic proceaa ot ViiS~ 8ru.D {to·r 

wbic h s ee Chapter· 13). 

~ briet ana11sis ot the ac&le-degr•• euabtrl CD 

Sc•arro•a chart is reveal lno . ~~e nu:ber ot units iD the 

tntervols 8 :?, ? :6, 9 :?, 11 :?, and 13:? 1a k1v•1• • ~ultipl• 

or two , intorcing ua thot the ?th portia1 is a s !a1th!ull1 

re preaonted in (72 • 2 • ) '6-tona te:pera:ent 45 in 72-tooe 

teope r~nt (an adva~tase about which ~~soc1 &'JS not~, 

althou~h Par t ch cocmenta upon t be accurac1 ot t~ ?th 

pert i• l in the '6- t oae 81S te:) . The intorvala vhose ~ftioa 

icvolve t he nu=ber 11 , 11:9, 11:8. 11:? , and 11:6, are all 

repre • oAt~d by acale degree• vh!cb are cultlplea ot }. TbLI 

abo~• t~~ t the in te ~vola involvlns tht !lth partial ~• a e 

vel l repr~aected b702 • ~ • ) 2~ -t one temper~ent &I by 72-

t one ttcper~ct . I t ~111 bt ~•called hov excel l ent t he 

rtpreJ ec t otion or ~be 11th partial 11 lc 2~-tone te~pe ra:ent. 

A ct:ilar perusal ot t he ainplt intervol t tnvolvlng 

the perC.ct ~Hth (":3 owl 9 :8) ohowa t ta t the ocale degree• 

are ~ul t i~ leo ot 6 . ~io indicate & t ha t t bt !1!tha or ?2-

ton~ tO!!lJ>HCent are still the !i!t;bo o! (?2 • 6 • ) 12-tou 

tt:per~~~t , A ! aet vhich need cot be discour aging , e~nce 

tbe ! l !th 1e we ll represented 1n t~e ti:plar 171te: . lt 

lhou ld be noted that vbe~e t he error ot tbt f tJth ln 12-toae 
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te~porament io leas tban 4 ptrce ut of ttA p05s1blt error , 

it ia nearly 24 percent 10 72-ton e te:per~ent. !his a:oUDt 

ia etill • oderatt , bowo~er , by tbe at~ard• ot the thirds 

in 12-too. tecperamtct. 

The t d•antas•• wbich acc rue rroa the comb1oing ot 12- , 

24-, and 36- tor..e tt~~ra::tota art twuca.r1:·ec1 above. But ?2-

to~e te:pera:e~t baa an i~port&Dt acouat1cal adYantase 

wbic~ none ot tbt other &J8te~a considered Go tar ha• . 

~s conce~s the repr.sentatioo of tbe 5 th perti al . It 

v1l l be eot~ on Sovarro'o chart {above, pa ge 16}) that 

t o r the 1nterva.la 21:20 , 16 :15 , 10:9 , 6 :5, 6.nd 5:4, tho 

nu.:bers o! the scale degr ee a are a~l prime . ·rhJ.a 1.o41catea 

t u t t ho (modoratel.J') c l os e spproxi:atio n ot tllo 5tb part1a l 

••e i lsbl• in 72-ton~ te~per~ent !a aot available in ·~ ot 

ttA a~ple r a1ste=s baaed on Caetora ot ?2. 

In or~er to apprdciate co:,le:el~ the acouatical 

poaitlon of ?2-tone te:pera:.n~ , it is adYisable to con

a ider a.n 6ddit1ve prlnc1ple in 'be cree.ticn ot compound 

te:pe:a:en t 1 out ot ai~plor te:per&meDt&. ~is principle 

ia ~plied b7 • nu=btr or autbo:• ~ appl ied b1 others, 

eve :a ~•o cot at-a:ec1 direet.l-7 . ~n en e~ual tempera~ent 

cocta~a •a pl ua b• tones to the oc tAve , vbere "a" And "b~ 

40 ~t contai~ co~on f•ctor• , then tbe te~ptr&a!nt will 

:-epreaec.t a weighted cea.c bo: ween tbe ch.orecteristics ot t b.e 

equal te::;>er&:.e:at poaae1alng "•" t onea e..od tbe t ~ual. te..:opera

~nt possessing •b • tooea. !be te:p.rasent •a • or •b• 
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ccnta1n1~ the larg~r nu=ber or toce& ~11 have tbe sreater 

1nth.te..cce, 1..o proportio.D to ita greate r size , on tbt 

c.ha:actor1.s:1ea ot tb~ te:pera;:e:.c.t eonta.ini:l.g •a plue b • 

tooea. 

~-i a principle it to be observed in the aelect1on , 

b.1 such ~eoriata aa !&aaer ~ Kornerup 1 ot a ?ibonacci 

aerlea of "good" tecpera.meots. ln obtaining 31 b3 the 

&4di tioD. ot 12 a..nd 19, it ta i:.plici t that '1-tcne t e•pera.

&eQ t vill reyreaent a ~tiD betve en tbe fe atures of 12- and 

19-tone tecpera:dnta, aocewba t veigbttd in favor ot the 
:> ---

ch&roetoriatica or 19-. rho flat Ci!:ha (1/} co~a) or 19-

to~e tec~e:a:ent &ed :he ver1 ali&htl1 flat ti!tbs of 12-

tone tt:pern...;ent co~bine t o p roduce a fifth tlat b7 )4 com=a . 

~. lar0a ; ajor thirds ot 12- &Ad tbo •=all cajor tb1rdo ot 

19-tone te~pera:en t co:bict to product an a l=ost perfec t 

:ojor third in 31-toce t•~per~en t (366.1 c onta). 

•1th th11 to ~' 1t is rtYealing to cote that ?2-

tor:.e te:.,t-era:te::J,t, oo:-e tbtUl a simple product ot 12-too e 

te~ra.:.e.::.t i:J aix-!'cld. aubdiYision, is &lao a ; .eu: betvee!l 

tvo hiohl~ regarded ~~~al te~pera:ents or opposite 

ehBraeteristi ca , j l- acd ~1-to~e te~pera~~ots {whose tine 

~ual1t1oa vil1 be d1scua• o4 at le&s:h 1n Cba,ter 5). 31-

r.cne te:pera=eot poasessea excellent representations ot the 

5th and ?t.t partials, .. ·bile 41-to.ct te:.peru~nt is eapec iall7 

not.d tor ita exc elle:t jrd • ~d lltb partials . ?2- tone 

te:pera:ent alto repreaentl a 4eperturt troa 5~-tone 

l 
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tempera:ent, con31Cer~4 t~e•l b1 z~ ~~sic tbeoriata, 1D 

the dtre~tion or 1~-tc:e te=~ra:ent, itlelt vidtlJ resa.-de4 

vttb tavor • 

.Utbo"'O> pro'ba'blJ' t.:=uliaUc tor ;:ractlc&l purposes 

bee•~• • or tbe cuaberao&e nua~er or tonea reqUired , ?2-tone 

ttQptrAGent to &a excelle~t ~heoretical entit7, worth 

bearing in aind aa a ¥OSsiCle meetin, place be t ween tboae 

vho vould ba_at :;ulttple di Tisioo on 12-tooe tet:lperament 

and tboae wbo ~~ld look fer otber te:;pere=enta with 

superior a cow; ti~o-1 pro~e:-tie a. 

A eo:ceivable disadY~t•s• ot ?2-tone te:perament , 

as witb all tt::l;tra;:.!nts i....-rolv-i.DO si:.ple mul t1plea or 12, 

is tb6t ~e C7Cle ot ti:tC$ does ~t t:brace the e:tirt 

s;rstp, •lieeller thh co::stit:>tes & dis t ibet lhblli t7 or 

~ot would depend on :he ~x;~ctations ot the Euatcian taplo7-

1Ag the 11ate:. Hoveve~ , it s toul4 be ~oted that acme 

~uoicie.na ba vt postulate-d. u..at the ti!th sbould be a e1c:l ic: 

interval 1D ~ l¥8te= , and bosan~uet t l1m1natel 111te=a 

baaed oc •ult ip les or 12 trc: his eons1derat1oo tor that 

rea aon . ar So•anquet's detinitioc ot re5ular 813te:e (aee 

below, c:ha, ttr 5, pas e J7C ) ~either 24-, 36- , cor ?2-tone 

to~pera:ont ta applicable. 

The 96-tol4 d1vi s1on ot the octave ro:a1na to &11 

1nttlltl aM J)\lrpoaea \UI.tx;lored . Julian Ct..rillo, 1n h1a 

Prelu~to ! Cr! : tobal ~~ elai:s to have vr1ttec • tte 

t1rat c:o:;osition 1o the world • ic 16th tocee. The 96-

r 
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41v1: 1oc 4tala c olt with tho unort ho4ox notat i oa. In 

actual1t1 the cuaic ia al:oat entire~ 11&1ted i n complexi t 7 

t o quarter-ten••• vitb a tew brief p.asa~ea on one 1Dstru

ltetlt in e1ghtlll or a to:e. 'l'he 'WOrk. 1• ! or soprano (•oc&l-

1z1ng) , flut e, Yioltn, harp, quarttr'-tO~ tr.tte4 guitar. 

and oetavina , 8 stri nged inetrument vhic~ . t• alvaya plll&d 

pi:zieato and vbich , alone &mOQS t he inat~•nto, ia brtetl7 

aasit;ntd eighths of a t ·ou. 

J..bove t~e tisur·• 96 no further avW1rtstora or 12-tont 

temperament has been propoae4. 

:ass 

*' 
1P a 91 WE $!Z! 
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Cl'..u>fS!I 5 

lt'OAL T::I1P!R.L"!E!!TS USED 011 PIP!'l!S A!ID !'!!IRD8 

fbia chapter introduce• a doa&in ot rathar coaplex 

tbtoriea &nd counter-theoriea. Boeanquet'a Gener al ~or, 

ot the Octave , 1 ottera a .,.-aluable pr~cedurt tor relati.a.s 

and Ql&aur1ng tbe v&rlo~a ayete~~ eocounttrtd 1A thie phaae 

ot the atu47• Bla theory poaeeaaea bot h the adY&.D.t&gel and 

detect• illhoreot in the ue e or auch tamilia.r la.cd.•a.rka • • 

our l2•toDt te&J)4Jred 171t1~ a_nd. t!le d.taton.lc aealt aa a 

ba11a tor co=parieon. 

Soaaaque t 'l contribution to the t ield ot aultiple 

divieioo ot the octave 1a almoat too immtDII to evaluate . 

Ria vr1t1Age have 1nllutnced .. diver•• • sroup .. lokker. 

Kornerup . and Partch, &ad h11 own ettorte at inatruaent

cocstruction prOTided a a&jor break through acd au t%Ctlleut 

exa=ple ! or t hose who !ollowe4 b1m.2 Hie General Thoor.r ot 

the Octavo oupplies a preeioe lan&U&se t or dealing vitb 

1 ..t..n Ele:~ent e rz Trea t lae oo Mua~.cal Ioter-.al• &D4 
-:~:.?!rc.=~ct , I o7o , p. 60 . - --

2Tbe ins trument tor vhich Boeanquet ia justly t&aoua 
ia a bar:~On.1Ull t1or:all7 tuned to 5} ... t one e qual tt8ptr .... tnt, 
&nd posstaatns a •oenorali~ed k~ybo&rd~ vbt~tb1 tor ~ 
acoua tic groupiog or re la t.iccobip o! ao\lllda , the a pa tia.l 
rtlat1ocab1p b-et-wten the ke:Jt to ·be d. epr.a ae 4 re:aln..e euetl7 
conat~t, reg&rdleaa ot tranapo11t1on. 
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• ultlple 41T111ona baaed on t1ftbl &D4 thirde. Ble iuterettl 

COTtre4 tbt whol, broa4 range, &eouatlcal , bia torlcal , ao4 

..,thropologi cd, or oubJecto :related to tbo aultiplo 

dh1o1oc or tho octan. 

!OiU."iQUST'S G~ TliEQ3I Ol' t'8:l OC'l'A'B 

80ean.quet•a thoor,. begi.D.a rlth •••eral ueetul. 

de!ici tioco wbicb will be cited end tbec o~oor.od through• 

out tbb tuld lu.hatquent cbaptera . 

Rt~ular Sfstecs are such 
can be trranoedo a cont inuous 
!it tho.> 

that all tboir cotea 
aeriea ot equal 

are not Ocl.J rtaulu, 
bu t "'"""""'"• ··- a ce rtain nuaber 
o( ttha. ~or7 t ee 41v1dt a the octave 
l.nto a c artaia nw:~~r or aqu.a.l l.nten-.Ia . 

~ 11 d.tYi&t1on (rom. a perfect concord.. 4 

D8parture i s devia tion ! rom an equal-ttmper~ 
i nterval. UCl ea e tbc e ~ua l-tempera:ent it otber
viee ap6cit1ed , departure 16 ~easured troa tbl iD
tervale ot 12-tont equal tet:lpt ruaeat. 

Interv~ll t&ken upwards are celled f011t1•• • 
taken downwards , cegative. 

Yi!tho are ca lled poe1tive it tbe7 haTe 

'Nothing io ae14 , under regular a,s teae , abou t tbt 
ceceaa1t7 ot tto !i!tha aeet1Dg. Both PYtbaeortLD intona
t ion a.::.d. mea.ntoct tu..c.i.n.g &.re r!oular 578t·t:.a b7 Boea.nquet'• 
det1Dit1on. Jqual-~ecpered a7atema are not ocl7 r egular , 
but C7Cl1cal •• vell. 

•Perfect eoccord ceaQing a coDcord baaed oa a .-.11-
nuaMr ratio. 



poi1U YO clopartw-oa.S 

Svste ma ar. aLid to b• poa1t1Ye or n.ga t1Ye 
aeeor41~ aa their !i!tba are pos1t1•• or ~oa~1Ye.6 

3egular C7Cl1eal 171t•~• are laid to be ot the 
rtb oN!er , poa1t1Yt or Dtgat1ve , vh t _ll tve l va ot the 
i~;ro~ate li!tha ot tbt syat•= exee~7or tall abort 
o! tht octave b7 £ ~ ot tbt 171tea. 
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tho abon Uat ot 4o!l.D1 ttone giYU Boa*"'!uet a 7&1"<1-

atic:k, 12-tOnt a qua.l t e::peruent. whicb u.7 iAt'luence hie 

Ju4s-•~t, but which 4oe a not cooet1tute a co&aitaeAt to t hat 

t!! ect . St now p=oceeda t o tor=ulate theoreal perta~ t o 

t he c.atu:e ot rtgulu ayateaa.8 

!b. I. 
lt:r.!tOCtl &lld 
exact oc tava, 

In ~ regular a7stea, !ivo ?-!i ! Cha 
ltYtn 5-ti!tha ••attonoa m&kt up &D 

;Note that departure ratMr tban error ie t.he baaia 
tor cl~s~!icatioo ot tbe !ittbJ. roil 1a • ao&t 1aport&Dt 
aap•c t o! SOs&nquet •a t~or7, &a it eatabl1ehel 12-tooe 
te~~era.ent &I tbe nor~ !or co~parisoo. The »•rteot tittb 
A••, o t courte, a poeit1ve departure. 

6:-b .t s e atabliataa 12-tone t:e::porament •• the .. an 
be cvee~ •positive" ~ "negativew eystema . 

?ne eon:: ~~tpt of an order, r, :.a7 re~uire explanatot7 
1llu atra tt o~ . Hoto ctat .-unrr or a ., . t.~ 11 ltD aaalle • t 
1nt.trYal. L!t u.s take 19-t~te~:J)&ra.:.ent a a a.n • x.a.::pl• • 
.u •;: ~ r-ox..!.=a:t !'l!th L: 1'?-tone te:pera..c.ont 11 11 uci t.a or 
•~• •ys:o~. Tvelve aueh !i(ths tot•~ (12 x 11 • ) 1'2 UAito. 
Sever. oc t aves ·~ual (19 x ? •) 1}~ ~ta. T~retore, 1n 
19 -tone ttzperuont, •twelve of the ap~roU.Ute t11'th.a ot 
~ 17stea ••• r.tl ahort ot the octave~ b7 l unit ot the 
•11te:. I.n 19-t one te&pe.ra.:aen t 9 £ • -1. 

8 22· ill• • P• 61. 
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!'bt Or·ea I A.l l t r ta thac tor UJ.7 re s.ala.r 17a t .ta t h t pr•c tlct 

ot deterasc'ng two k1Dda ot se:it o~•• !roc ~~~er1apoae4 

t1!tha h nl1d. 't'hl.a thoorea 1a oaa11J' pron d9 1>7 the 

1dont 1 t7 1 s 5 • 5 s 1. 

Tb. !I. l.D. &rJ.:f regula.r 81'8tem tb.e cUtte re n.et 
bet ·ve en the 7 - !iftha aecitoue IUld the 5-tit'tba leal
t one 11 the 4t parture ot 12 ti~th., baYing res&rd to 
a1gn. 

Tbia 1a atlt-eYident, a.M la ba at4 oo the eiaple 

~r1thaet1ca l tac t that 5 t1ttha pl ua 7 t1ttha oqua1a 12 

!itt~ &Dc:l tbe uawapt1on tb.at tbe ditterccce 1c tbe aui

tonea vil l be cre at ed b7 the departure in the ti!tha ainct 

vbere t!M' re ll: tio departure in ~ ! i ttha ( i n 12-tou 

t eop. r&:4ct ) t ha two ki~a ot ••~toea are identical. 

'tlM oart CiTe tbeore» c:ooc ern Boea.uqutt • a tbeoq 

ot ~· and ar. prtatat td here vittout icd1Y1dual co ... ct&r,J. 

The concept ot £ Curtbe r relatea • ul tipl t 41v1aton to 12· 

t one te•pt ra»tnt, a1nc:t t or each Ta.lue or r tbert 11 a ll t l14· 

leso aer1ta oC regular C:1Clieal syatema , aeparatt4 Ire• one 

$ OOther b7 tbt •ddition or deletion ot 12 t onea to tbe 

9 In 12- tone tt=pera:ent 1 12 s e=itonet t qu&la &ll 
o c:ta Ye. ln &nJ o tht r sys~em ~e ~~~itonea are eltt r e4 
according t o a aul t 1,l t o! th~ 4e?&rt ure o t the !t!th. Aa 
the a ize c r tbe ! i:th 1s eons:~t. ~o dt~rturtl ot ltYtD 
5-! l ! cb e ea1t4~•• &n4 ot f ive ? -!! r th ae:1tonea will t ech 
e:;,ua l 35 ti.:ea t~e 4• partu_-e o r a sicol e t t ftb. SUt be c.a.u.ae 
t~e 5-flftb • • :1to:e 1 • ~ecreaa•~ a s tbe ti ! t b la tucrea.aed , 
~-ile ~he ?-!1!~ ae:ito~e l s t~~reased vitb t~e !1Ith, the 
t"'o ' 5-ftl t tl c1epe.rt".u"tl vi l l ca.c.cel cut. ooe -o..not her, l tarto.a 
onl7 tbt 12 e~ual-texpere4 ••~tones ~ich continue to aake 
an oetaye . · 
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oet&Ye.10 The te~peramt cta vbicb ha~• been cona14t r t4 1D 

the prectd14g chapter wou ld all be coca1dere4 b7 Boaanqutt 

to have ~ equal to o . ttaper~nta of a g1Ttu or4er o t I 

CaD d.it!or trc• o"" o.nothtr quito oxtoua1nl1 a1thoueh tbt7 

vill posee11 aome C02AOD char~cter~aticl aa oppoatd to 12-

ton.. t e:peruent. \iithi.A a giTe.n o~tr of !• the a or. tonea 

ther-e =IQ" be to the oct••• • the greater ia the iD.!luecee of 

12-tont teaper.ament on the interv&la or tba &eriea (12-tone 

t ·t&peru.ent ia the 11:.1ti.AS cast of ~ order ot £ vher-e ! 

• pproach.o a eo ) • 

Tb . III . In • regular eycl1cal system ot 
order pluu or o.!::n:.s r, th.t 41f!'et"tDCt be tween t bt 
? -fifths ae=.itooe a.n..i the 5 -!i! tha aemitone 11 plu 
or cittua ! units ot the 171te~. 

Tb. IV. In ""7 regular C7Cl1cal •1•t••• 1t 
t~ octavo be divided int4 n egu&l interval• , and r 
be the ordor of the •1ate~ ,-tbe dep¥rture ot etch 
!i!th ot tho sys te~ 11 r/n ••~itonea ot 12-tona 
te=.pera.=eot. 

~. v. I! iD a •1••e~ o t tbo rth order tba 
octave be d.iTid~d i.Dto n equ.al i..Dtervils, r • ?c 11 
a :ultiplt ot 12, ~ r-. Zn ia the nu=btr ot UAita 

12 
1n tha !11th ot tbo •1•t••· 

n. Vl . It a 171 te:~ divide tb t oc t ave 1nto 
D eQU&l inta:vals, Lbe tOtal dep~rtur• O! all thl 
!i fi!"tb& O! the sy.stta t qu.i.lS r 5t::litOCel O! l2-tona 
ft=pera=tDt, v here £ 11 tbe oraar Of the 171tta. 

Tb . VII. If o bt t.be llWIIb tr ot d.iviliona in 
the octave ic a systim ot the rtb order, t btil A • ? r 
will be 41v1alblt b1 12, ~ n-. ?r will be tba 

12 
ouaber or unite 1D tht 7-ti!t~ atait oot. 

lO,Jlltn r • -1, tor ex~ple, we b aTt tb.e tnd.leea eeriel t 
z- . 19-, ~1-. •3-, 55-. &?-. ?9-. •••· 
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Ea'fin.g explored. the propertlea ot t he !1!"~ . oct-an., 

&D1 ae~tooea, ot the a1steia or tlle T&ri oua orden , Boeu.~uet 

proc:etd.l to tb.eoreu r elating to other iDterT&l.l. 

Th. VIII. Nega.t1Ye 17 a·teo.s ton their •aJar 
t birdo by tour !ittt.s up . Corollary: Tba dtp&rtlln 
ot a th1r4 ot a negative C1 Cl 1cal 811tta o ot order 
-£ 11 -4r. -

7 

B&rbou.r l.Jlo1at o11 tba t tb.io t onllla 1o not n l 14 

-where !! 11 greater th~ 12. ~t k.rbour 1a corNet . all 

negati ve ayetema including auch ettraetive an4 popular onea 

aa 19- aM 31- tone telnpera.:ent:~ =uat be tl1m1nattd on ~~ apo~. 

Si:ace tb.t t bird.t ot 12-tone t e&pe:utnt are ,prod.u.cK 1o tb.1a 

:u.noer a.DI1 are aubatant1all7 larger than S:•, the oe gat1Ye 

111t e=• vh1cb ha .. been eer1oual7 propoaed. uclailiD&l7 

impro•• t ho qua lity ot tba thirda. 

Tb. IX. Positive s1ste:A ! ora 
portoct tbirdo b;r tight !ittb.o dow . 
d.e;arture ot auob third 1a -8r. 

""A 

approxia&ttl;r 
CorollU7: t ba 

Tbt e.pp l1ce.t1oo ot thi s t :heorea, which u kea u.ae ot 

tbe echilat tic relationship, baa • ve&kn•••· S1Dce t he 

third 11 produce d b~ eight !1!tb~, relat1•t l7 ali&bt d tY1a

t1on• 1.D tbe tilth are aasnttled 8 tla e1 1D their ettec.t OD 

t he thirda. 29-toue t~:perament &!to~• a u.etul 1lluatrat1on, 

beiug a poe1t1Yt 171te~ ot tbe order r • 1. 1D t hi a :.~ra-
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~•nt, tbe error or t~ ti!tb ia oA11 1~ centa. The error 

ot the third, however, cona1ata or the achi&&& plu. eight 

tiaea the er~or ot the tilth , a total or 14 centa, enough 

to render 29-toce teaperagent U6tleaa &a a 171t .. with 

t1tth aD4 th1r4 . 

'!b. x. l!el=hol t:t' Tbeor·eJt:. The third thua 
tor:ed with pertect !1!tba hae an error ne~rl1 equal 
in amount to the error or the equ&l-te2per•d 5th. 

Thie · theorem involve• onl~ approximation and ther efore 

c.am;ot be preTed.. 11:1 tvo ratio• vbic:b are aesU-tQU.e.ted. 

arise fro• di fferent eerie&, t be oae involving onl7 3 aod 2 . 

tho otbor involving 5 as voll , &D4 tho1r near-1dont1t7 1o 

tort\11 tiOIIIo 

Tb. ll . lD positive •T•t•~• an appro~ate 
ba.r:.oo.ie seventh ca.c be obtained b7 fourteen ti!tha 
dow . 

Th . Xli. In nesative ·~•to~• an approXiaa t e 
hli.~on1c et'ftntb. ca.o. be ob t&1n•c1 l)1 t ell titths up. 

oWing to t~ number of !ittha involved in eecb seventh, 

s:.a.ll va.rlatio:. in t.be fi!tho c&D effect hug• displacea.enta 

in the sevenths. Applied to 31- and 41-tone tezpe~a:.ota, 

thocre:a XII &&d II, respective 11. prod~ce exc ellent resulta. 

36-tone tecper~ent, wherein r • 0, poiaessea an e~ctllent 

h&raoQic aeventh which cannot be obtained by &a7 co=b1oat1on. 

ot tit t.ba at ell. It 11 recalled. !roc the prtvioua chapter 

t~at tbl !ittbJ in 36-tone te~p•r~nt are not C1Cl1c over 

tht whole 171t1a 1 &Dd the t vo aeabera of ~ interTal 7:4 
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belong to dltte~ent e7clea ot ti ft~• 1n ~-toDe teapera.eot 

which 1a, vben all ia a aid, an irr.gula.r s7atea b7 tbe 

G• ceral Tbtor~ or Boaanquet. 

!oaanquet' a claaa1t1cat1on ot regular C7Cl1c&l 111te&a 

accor4ing ~ a •~uo or~· positive or Degat1va 1 a!torda a 

particu.la.rl7 uao.tul. pora.,.ct11'e tor ex.a.:a.ini~:.g the Yar10u& 

poaalble tecpera.oenta. Tbe mioim.al varia t1on !rom 12-tone 

t omperam&ot ia provided b7 t~pertmtntl in vb1cb ~ 11 equal 

to plu1 or a1nun 1. In Yitv of tbt general concern with 

pure t1ttba end thirds in general, and the preservation or 

the acoustic al advantasea ot 12-tont temper~ot in particu

lar, it abould co:e as no lurprl a t that the Yaat maJ or1t7 or 

autbora who beYe reco~nded cultiple d1Y1sion haYe a4.ocate4 

ayate:u in t.ihicb ~ is no s:reattr tban plu.a or ainu• 1. 

fbe order , ~ e qua ls 1 , includes the te:pera:dntl ot 5-. 
l?-, 29- , 41-, 5}- , and 65 t onta per octo•• · In thia order , 

tho !1!tho are always l orger tban ?00 centa, vith ?00 centa 

repree enting the limiti~ c••• •• : approacb•s inf init7. 

Tbe o~ratton or this principle 1a obaerve4 1D the tit~ 

o! the ai x IJSteza l1stt4 abov~whicb are, respect1velJ, 

?20 ceota, ?05e9 cents , ?03.~ ceota, ?02.4 centt, 701. 9 

ce~tt, &n4 ?01. 5 cents. 1be S~tat •4•~tage ot t he 171te .. 

ot tl:.i a order 11 their t ittlul, wiob oro partioulorl7 
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excellent 1D the laat tour ot the cita4 t eaper&:tota . The 

tht.rd.a, how•••r, &_re ottan veat:. Shice tbe tlttha ara 

larger tbaa. lD 12-to.ne tt:apera.:ect, tht t hi r4e t or .. cl b7 

4 t1ttha art ••to larger tb&n the large tbjrda ot pre atDt 

use, eJl4 art con.equ.ntl7 1apract1cablt. Pollovlng t.ht pro

cedure Bosaoquet recoomeoda (in Tb. II.), tbe thirds tormod 

by 8 tittbl vary considerably trom oystec to oystt•. In 5-
and 17-tont te:peramenta t he ~ajor third 11 , to all 1nttnta 

an~ pur;ose1 , a non-exi atent int e rval. lo 29-tone tampera

.=.ent it ia atill 14 cents too ·call, an error proepttns eYen 

Sovarro , ~o e xper1:ent ed vith the te~per~nt at l ength , 

to discard lt,12 

In 41- &D4 5}-tooe tupe~=ts, tba third aatea rapid 

t.cpro•e~nt, bti.n& 6 cents too a=all in the to~•r, &114 

alightl 7 aort tb&A 1 cent t oo a.=.-1 1 1D U1e latter. tJbe.D. the 

te~:~pera.:.eot ia lncreaaec1 to 65- per octave, tbt tb1r4 be

C0£41 ~•rl7 tv~ ctcta too large . Several tbeortata , aaong 

the.a .lritl and 'Jdracb.::idt , but ea.rlier SOaa.cqutt,1' hoYt 

noted tbe oppoa1 te doviatlono ot tbe tb!rdo in 5}- and 65-

tone t t =ptra:ectl . Since both have excelltot !1ttb•, t be 

te~pera&eAt 1DY01Y1ng tbeir aua of tonee, 118-, •utt be 

nearly perfect fro: Ule •,tandpo!nt ot tittbo Lad tbl..rdo. 

l2 NOY&.rro , .22.• c 1 t. 1 pp • 162 ...... 
1

3aoaaoquet :ent!o:. ehe per!or:&b111t1 ot 118-tone 
tt~?tr&:e~t (co~ quit• all o! t~e t cces) oo ble b~r=onlua 1D 
Ma •.:ticle, Te::pe ra.::..c:. , or :.be OiT!Sion or the Oe taYe, t ·roa 
tl::,e· Proc·et41.Afia o! the- Musical. .A.s&oc1et1on ot London, 18?4-5• 
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All ot the temperaaenta or the order £ • 1, betv••D 

~·~d 5'-to!l.ea per oet&1't , he•• 'been u ae4 or baTe bttll 

:-.::=ca ecded. 5- tone t ·tc;>erueot is the approz::S.aate tu.:ll1J:ac 

o r tbe Incloceait.D aalec.dro aeale. 1?- t ooe t taperaaeot baa 

g~erated. i.ntereat !ro2 t i u to time, am 11 otten contidere-4 

ttr: D e tbe properly constructed u-a'bia.n acale . 14 There haTI 

ttt~ at leaat tliO 20th e e.ntur)" &dToeates ot 1?-ton.e t .. pera

a cn:::t , Ed.&ocd. Kalherbe &ad n&d.i:aJr lca;:et,.-u. Y.:al.herbe• e 

vb~a are publ1ahed,15 and he ia aeen to be interested 1A a 

1';·-ton.e ays tem !or "third-tonea • Wieh he coro.sid e ra to haTe 

c ::r- va l id.i-ey bere tha.n in &D 18- or '6-too.e 17stea. Be a&7 

a ::z: •••n belon.s properlJ' witb. the &4Yoeate a ot 1?- tou 

tt..--;::>erameAt , tor l1e a.a•erta a l ea.c.ia.g tova.rcl tbe PTth~or.a.a. 

i_:r;C)nation ot hia 1?-tona 111tea. 16 Perhapa .bia aoat 

tJr ... reaticg contribution ia hia •ugges t ion Cor the ootatioA 

ot"•1.aultt.Deout tha.rpa , !lata, ard/or oetura.le OD tb.e I UM 

1 ~~ ot t be atatt . This perpltx!Do problea ot eonte%por ar.J 

•~L-c. assravattd b7 multiple 41•1a1o~ . ht aol••• vitb tbe 

(O :I.....O~<Lnc; , aolt-erplo.n&t017 o~l;oola , l? tb ~if tp 

p. :._14 . 
14&t'bou.r to.kea thla vitv in Tuni.op;: ~ t e :cpera.aent, 

15Le Y.on(atrel, 19 Jul7, 1929 , P• ~. 
16

Ib14., P• '30· 
l?~., P• H?· 
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VlacU .. cJ.r l a.rapetf&.Ot a proteaaor ot 1%181AetrU.Ct 

arguta fOr tbe USt OC 17-t OM t •aper&&IU:I.t OC tbt sro\.I..Dd.e 

tbat it 11 a eimpltr txp&.llaion rro2 12-t oot te.•per&atAt 

tl:::u 19- &::l.d tb.at it poase aatl better !Uth.a thu 19 -toa.t 

t eaperuea.t •18 Ba.:rbour iz.ag1.cea that tbt l a r ger-tb&D- ' 

P7thagorun thi .rda arul the aall aellli ton .. aiglit •k• 17- ~~ 
t one tecptr aaeut exc el lent tor aelodic, t bougb not Cor ~ 
~onic, pu.~ooea . 19 

29-tone teQptracent is the tirst ot the au1t1p1o 

divisiona vith bHter t ittho th..., 12-tone teJ:peroMnt . 

NoTarro cre41ts ita tirst &.d.Yoc&c7 to Cb.eYe . Eo•arro 

fre tted a guitar to 29- tone te:perament and conducted a 

serieo ot experimenta but diocar4t¢ 1,, .a be4 Ton Jank6 

~4 ot htra. becau.t ot i t a weak ~bir4• . 

Von Jank6, tamous primar1l7 !or hia attempt to 

populari t t • keyboard baaed. on Boea.tlquet • a •ult1ple-cU.ta1o2 

ke7bo&rd. tor general uae in tbt 1.2-to·n.e 17ate2, wrote ou 

.rticlt oo aultiplt 4tv1aion20 in. which 41-t one teaper..ene 

1• a1ngle4 out for lavorable attention. A nuaber ot .. Jor 

tbeoriata. 1D~lud1Ds lokker. baYt g1••~ • 1-tone tespe r&&ent 

re apeetful atteatioo • • vet l. Li ke 17- ~c4 29-tone tempera-

18l.Atter !rom v. X.ar&.Pte,"ac to J . TaaSer • .lug. 22, 
19}5, unpubl . 

19 Qi• ~·• P• 114. 

-

20•Uber Qehr alo &voltstui1 ge gle1chschvebea4e Te•per
aturea.. • S.!. tr! ;se ~ i..lcuatik ~ .r.u.si~iaaen.scb.a.tt , 1901, 
P• 6 . 
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aeuta, it cout&.i.n.a a ~Jor th.lrd. w"!Uch 11 too a~;all , but the 

error ia, in •l•toue te:perazent, reduced to aix centa. 

S.aidea auperb !1ttha (leas tb&n bal! a cent t oo l&r&e ) , 41-

t ,ont tt•P*r&&ent CODtaina a nature.l ltventh wbicb 11 1tae 

tba.n 3 centa too ec.all, e.n exeell eot 9tb ,pa.rt1a1, ot courat, 

&Dd AD 11th partial wbicb ia about •• 1a.xact •• tbe aaJor 

thlrda. It ia tbe t1rat ot the tqual-tt~Pit'td 171teaa vbert 

tba arroro or o.11 partialo tbrougb 11 are aurflchntlJ' """11 

to r ender tht ayatem dJacuteable aa a realiza tion ot all ot 

these partiala. Prot. Viggo Brun ahova, b7 a proceea ot 

elgor1t~a.21 bov 41-tone tempera=ent belong• properlJ t o tht 

sa~he.atic al aerie• or tet:pera.:ents vbicb repr-ettat opt1.aa1l7 

tba parUala thro"6b 11. 

Pokker contiders 41-tone te=per~ent quite l t r.loutl7 

08 & runetiOA or tht part1a1a }, 5 , and ?, vitbout 1Dc1u41ng 

11. He goea to con&iderable effort to 1lluetrate th1 e 

e78tem vith ~ diagr~ ot the three-d1:ena1onal ~ct-lattice 

ae he conce1••• 1t . 22 He also chart• tbe de•tat1ona ot the 

various 1ntervola based on s~ll-number ratio• in 41-tone 

te:,perneot, aea sure4 1.D. teaa o.t unit a ot the 17ate•. 

E:u.c.ple 26 • u. •~c erpt tree Fotker • a eba.rt , abo we the aiz.e 

ot eaea o! the intervale inv~lving nu=berl 11 and •=~ller 

21uopubl1tbed letter to tbe author, but note hie 
pu~11eatloa. in ~~~1losra~. 

22RekenkuDd1se &espie~el!cs der Y.utitk, ae ctioD 
begi~ng p. lo}. s·-!Iar c~axts t~ ta~• oook oo 5}
&Dd '1-tooe ttcp•ra=.ot• a:• repr oduced, below. 
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&.:l4 the errora ot tbtir epproxi.cattoc.a U 41-ton. ttApera

..,.,t. 1.000 OQUUI 1/41. 

2 ~ • 5 6 ? 8 9 10 11 

0 2~.98 

.02 0 17.02 }0.22 

-.02 0 1}, 20 }-},10 

.22 - . 20 0 10 .78 19.90 2? .80 ~.?? 

. 22 0 9.12 }5.85 

- . 10 .10 -.12 0 ? .90 14,8? 21.10 2&.?4 

. 20 .10 0 &. 9? 18.84 

. 2} .1} .0) 0 &.2} 11.8? 

-.10 - . 2} 0 5. &4 

.15 . 26 .16 .1) ,)6 0 

7okktr•a final conclusion on 41-tone te=~rament 11 

t hat it o!Ctra no acousti cal Uprovecent oYer ~l-tone 

temperament to just1!7 the eo~plieations 1o•olved 1n ueing 

10 additional t ones. Be bases this conclue1on on tbe 

!i~ea ot Ligtenberg , vho used the aum ot tbe aquaree ot 

the dev1at1ona or tilth, third end seventh in arr1v1Ag at 

hie reeoueDdat1ona. 
I 

That 41-tont te2per~e~t otter• ~o general improYe • 

=~t over ~1-tone te=per&Etnt ie eaaect iall7 true, eince 

the 6-cent 4.1acrep&.a.C7 of tbt t birda ill "·1-toat t eaptr&&ent 
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replace• the 6-cent discrepenc7 o! the !itt~ 1D 31- toAt 

ta2pera:ent. Neverthelese , to theorieta such aa Yon J•nk6, 

who poatulate a near-pe~tect tilth at tbe ~qua ~tor 

a te~per~nt, 41-tone ta=perament does represent a diatinct 

gain oYer 31-. 

'Jith 5'-cone temp•ra=eo.t we arriYe a t vbat aJJq 

t beoriate including Bosaoquet h a•e regarded •• alaoot tbo 

utopi&n condition tor :uaic . Ddaco~er.r ot ~'-tone teap4ra

~•nt 11 generelly credited to Merc&tor, the scientist t&&oua 

tor tbe cep proJection 1.D vb.icb & at 11 alwtJ& F.& at , u.d 

Weat il 

eh.e ot 

l.'eat, althoueh GroonliiJld ~ecomea mOZJ1 ti.Jilu the 

!uatruia. (f) 
Taaaer, ho"•evar, citea tbe Cbineae King Pane u the 

41eeo•oro r or tbe 5)-tono oyatea.2) It io unlikely that 

tither King Pang or r.ercat or thought ot hia diacovariet 1D 

practical =uaical teres. The~ a r e both r e sponsible tor the 

4iecovtr7 ot tbo re:arkablt ne&r-co1cc1denca between 53 

t1!tbs ADd ~l octavea. Tbo actual r•t1o tor the 1Dter.a l 

aeparatin& tbo t~o i a )5),284 orr 

Parteb a44o : 
•no 

(/) / J11 J..J 4 1~" ~,-? ,_,.,.*.,... A;uJt _./,.,.,/t-/,...14.._.;.~ 
~n""" c;..,,.,t,,,/f,;,-4/,,_.,., l..,;,...c."*' -1~-..,J//,-,.,_._4 
r.k eM' I~ . 
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lD ~cent 1•&ra, Esther Tipple hat a tteapte4 to 

reTiTt 1Dttreat 1.D 5,_tont te::;:.era.:tut vith a cua:btr of 

table•• ebArte, a al14e-rule 1 ~ an inat~tct. rht caae 

or ~trcator 11 agtJ..n uaoe1at.e4 vith tbt Yt.nturt • aa e h t 

haa e acab l 1abt4 tbe Mtrc•tor 7oUD4a t1on in C.ora1a, UDder 

vbo &t au•picta btr v ork h.a.a bee.n clone. 24 .U tbouah eht hu 

11J66tltt4 t calta Yith •a.rloua nuabera ot tone a troa v1 thiA 

the ~atea ot 53-t one te~pera=~ot, no known co=poe1t1ona 

have c.o::.e trom. the Y.ercator !ol.Uld.atlon. 11111 11.pplt '• 19-

t one scale !rom vi thin 5~-tone te:;>or~nt 1o noted. l>llov 

ill o±apter 12. !? 7.11 

Since the tl~e ot its ;ention by ~ereator , 53-tone 

te:pera:ent h&a be~ eo~s14ered b7 c.~ theoriata , usuall7 

t•Yorab~. AI'iol ~lll<ln 1t 1.r:l hia acriu or •good" 

171teu , co:U.r:tg atttr }4-to~e te:.peruent. Wdracha14 t 

eone.14t rs 5~-tont ce;perace.r:1t a.::.or.g the ti.Dtat ot the 

rationa l t one 871 te:s, devotiao considerable apace ot ita 

anal111a. 25 ~11o had. eorlier called. 53-tona temparaaent 

~ns the threo boat26 (toge ther vith 1 2- And 31-. 1okker 

v aa t o teloct t b.t aa.mo three tecper&l:Mnta) . In 1912, the 

ad•ocacy ot 53-tone to:poraaellt appea.ra ln ita • oat 

2• t 1pple , Husie 
••• b1bl io0raph:.~ 
gi•en aa Black '& Blu.!C 

to s ari t~e Spiral and other wrU • 
aaa re&& of the fl•rcator 70~&t10D 11 
Road, Ro~e • Georgia. 

251. 'C.raehmid.t , R!!. r atio.cellen ~ODazat.e~e ••• .22• ill•• 
p. 550 tt. 

26.lp;>on41x to Beaho1t~, ~· ill• , P• ~}5. 
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&U$pensetul and ~ste~iou. tor:: aa ~o~oua iAterTiev 

srante4 to G. Oer.:!er by a cU aciple o! • rvturiaa• ill Le Gu1ch 

~ Concert , vbo stre•••• that 1D ;}-tone tecper&a&nt Pxx 

(qu•druple oh&rp) • Dbbbb. ~~ 1• true. 

It ia to Bosuq,uet, however, that th e greatest cred.it 

tor tba :ao~ern illtereat 1n ; 3-t-ooe tezpera.s.nt belongs: Be 

pointa out that not onl1 1a tne rirtb exc ellent in 5}-tono 

te&peraaent (i t a d.iccrepane1 1a lel a than . 1 cent) but the 

third ia lese tba.n 2 cents t ·OO ea:.all, an error a:.&ller the.n 

t b.at o! the ti!tb in 12-tone t oe:peruut. '!he single W11.t 

or 53-tone tecpor~ent 1o only ali&btly l a rger than tbo 

&1lltoa.ic c o::.=.a. Soea:quet point• out tha t the I)'Jltonie 

comma oqualo 1/55.8 octaYa.27 Tba d1acropancy between 1/5} 

ud 8l t80 1a al1gb':l1 larger t b.an oo.e ce11t:. The P7th&gorea.n 

tbir4 1o nearly 0.} eonto rltt , an4 tbe error or tho ~uo t 

••Jor t b 1r4 11 tbe aua ot t he two tisur.• • 1 . • ceota • 

.801LD(lUtt a;.te::z~pte4 to lll!ait praet1c&l realit7 out 

or 53·- toce te:per a:e.nt v1 t b a.n 1Mtru&ent which &IJ well 

prov e t o be tbt direct ance1tor ot &Q1 ault1pla d1Y1a1on 

iAat~~tDt in ge:er&l ua e 1D the tuture.28 that the 5,- ., 
t ooe eyatem ia cloi:tl7 l i nked b:r Bo ea.o..quet to t b.t • • r1oua 

&ul t1pla j ust 17 Sta:1 b a aed. on perfect !itt:t..a 1a trtda11t 

27&le:a nt&r7 Treat1oo ••• 22• ~·• P• 1}. 

28 &ota.tlQ\:et' a general i zed keyboard ia es:plo7ed with 
alight ~od i!1ca:1oos b7 Pokker ror hi e }1-tcne organ vhicb 
haa Cad con&1d t ~able iD! lutnce Ln recent years. 4 diagraa 
or tbe gace:&.U•ed koyboa.r.lo 1o inc luded in <ha appandi>: or 
t hia •W41• 

• 

\ 

¥ 
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not onl7 !ron bie ovn text but also troa the ·~~oap~~ 

a4vert1eement ot the Q&nu!acturer o! hi& 1netrument. ~he 

bUJer who wisbee a.n orga.n wit!: aultiple d1Ti:e1on but cannot 

~!ord. the 5; tonea or 84 ke7s dorw>ded b7 BoaanqWi t ~ 

bU7 an organ with 24 , ;6, or 48 ko.rs t o tho octaYo. ~ho 

dlscrep.ncy between the t ones ot the 11steca wi th 24, ~. 

and 48 per!oct !ittha on the one baed and 53-tone tupera

ment on the other is all but negligible. 5;-tone toapera

~=t provides &A approxi~atioc that vill be in error b7 

about l cent tor eve1.7 12 t1!th.8 traversed in the PTtba'gorea.o. 

eya teme. The diacrep.nc1 te larger, or couree, it th• 

ti!tba of tbo jUit 81StiD • r e te:pered bJ 1/8 ot I I Chi&a& 

to produce j uo t tbirda. It probably =a¥ be eur~1sed that 

the orgo~ in Mr. JeDClagl' edvort1aecent were deelgoed 

vltb perfect, r •tber tbaa oeta-echi•=•t1ee11¥ alte re4 tlitha 

ln al.od. 

Th o trodi tional dhton1c ocalo co.o be ph.rod 1J> two 

dit!erent vaya in 5~-tone t e=pera&ent, •• Stei~er baa 

pointed out. 29 V1tb Pythagorean intonat io n, tbe wbole-tooee 

are produced by lnhrYall o! 9/53 ond the ouJ.toau b7 11>

tervalo or 4/5; . 'Ih• diacrep&llc;r 11 neglig ible . A nro1oa 

of juat intonation vith an av~rase deTiat l oa o! l••• thaD a 

cent 1a ol>tai.oal>lo vith 9/53 tor cbe li4Jor totle, 8/5; !or 

the aicor tODe, and 5/5} for the diatonic temitone . Por 

• ij\ 
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:uaic:al r-equirexuata c:losel7 relate4 t o tb.e ~uaton ic: ac&le
9 

5}-toce t ·eaper&;e..a.t ia little abort ot perfect. It .. .,. . 

bowe•er, be auc:b too co=plex tor ao simple a uaa. 

A=ono the theoriats vrici:::.o o.a. 5}-totae temperaaent
9 

Veale¥ Woolbouaa , 1D l 83S, ao:a 40 1•~• ba tora Boeanquat. 

co~plaina about tbe inaccurac1 or t he t hirds. woolhouaa . 

the initial proponen t ot 19-tone temper~ont, woul4 h&rdl7 

•••• t o be c:ba aan to be disturbed b7 e.a t rror ot onl.7 l)i 

centa. He doe• not atata the ai:e ot thl third• or their 

error an4 it 1a pota1ble t hat be ca lculat ed thea Lncorra ct l 7 . 

Partch, boveTer , obj ects a trongl7, ted vitb eou.ider

&ble Juat1t1cat1oo , to tbe re~rea~ntatlou. ot tbe ?tb &ad 

lltb partlale lo 5}-tone te;per&£e.a.t. ~. torcer 1a aLaoat 

5 e.eat t t oo ah.a..rp , a::d the latter clo•e to 1 ceota coo tlat
9 

the disc:r•panCiaa bet as quite &ub acantial 1A Tiaw ot tba 

tineneaa ot the t ·t.m;.eruent. 

The 5-ctnt •rror in t he ?~h partial not withtt&ndi ng, 

?o kker accepta th.ls interval as an essenc-tal te•t'\U"e ot 5}

tcne t~:per~nt, building B three-di:ensional tooe-lattice 

es ie his cuetom vith othe r multiple teQper&eente. Hia 

diagraa ie reproduc ed several pag~s hence 1n ~ple 28 • 
• Nei ther Pokier, Ottingen nor ~drsch=idt • &l l ot Who• 

otte r 1pec1rtc •Ju.t• 1Jltonatiooa: !or .53 coaea ,peer oct•••, 

pre a•oc &Q3 co:p&riaon betveen ~e1r propoaed •7• t eaa &D4 

5'-tooe t Q\1&1. ca:.,era.:eoc. !:x.a.:ple 2? ab.ow• ~ a pproxiaata 

tu.n.i.a.ga, ill cute, ot tbe 53-tona •c&.lea ot ttaeae three • • 
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deduced troa their 4iagra:s, ~ eo:pares the: to P)tbagore&A 

&::~ t qu&l-tt:pered 53-tone apteu. The inttna.la are ••

lured troa tt. Cl.lddlt-z.ost tone 1n each 41agraa &Ad. the cUa.

crepanc1ea like wi ae. The • • er-se dtY1et1on abown at tbe 

bott oa in•ol• •• a~l ot tb t i~t•r•~l• •• zeaaured tro• a 

ee.otral tone, t.Dc1 11 not the eaae thins; •• B&rbour•a aeu 

dt~l atioD,vbich ia concerned with tbt CODitrueting inttrTala 

(uni t e ot tho eyotoa), 

lxoap1e 27: Co=parison ot 53-Tone Syotoao 

53-t Ottlng•a ~aehmidt Pokker PTtbagorean te:.pera-
aent 

0 00.00 oo.oo 00.00 oo.oo 00.00 1 22.62 21. 51 1}.8 23. 46 2 -5.28 41.06 43.11 46.92 ~ 67.92 70. 68 70.68 66.77 • 90-57 92.18 84,4 90.2} 5 11}.21 111. 7• 111.74 113.69 6 135. 85 1}}.24 13},24 137.15 7 159.49 162.85 155.1 156.99 8 181. 1} 182. 40 182.40 180.45 9 20}.77 20}.91 203. 91 203.91 10 226.42 22}.46 231.2 227.}7 ll 249.06 244,97 239. 55 250.82 12 2?1. 70 2?4.58 26&. 85 270.68 13 294.}4 294.14 268,4 294.14 14 }16.98 315.&4 315.&4 H7.60 15 3}9. &2 335.20 34 5. 25 33?. 55 }41.06 16 3&2. 26 3&4 . 81 376.70 359.05 360.90 17 384.91 386.31 356.}1 384.56 18 407. 55 407. 82 400,1 407.112 19 4}0,19 427.47 42?.4? 4}1.28 20 452.83 456.99 45?.0 451.13 21 475.4r '78. 50 470.?5 4?0.59 22 • 28 .1 • 98.05 498,05 498,05 23 5.:0. 75 519.56 519.56 521.51 <• 54},40 539.11 541.} 504.97 ~; 566.04 568.72 555.2 5&4 .81 26 588.68 590. 22 582·5 588.27 
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~ple 27 (ContLDuo4) 

~}-t 
ttapera-

Ottingen Wdroohai4t Pol<kor PTth860reaA 
u nt 

27 611.}2 609.?8 61?.~ 611.?3 28 6}}.96 6}1.28 6}1 .28 6}~.19 29 !>:;6.60 660.89 65}. 2 6~~.0} }0 6?9.25 680.44 &?4,65 678.49 31 ?01.89 ?01. 95 ?01.95 601.95 701. 95 32 ?24.5} 721.50 ?29.25 725.41 H ?4?.17 ?4,,01 ?n.6 ?48.8? }4 ?69.81 ?72.53 ?77·53 768.?2 }5 ?92.45 792.18 766.4 ?92. 18 36 815.09 81}.69 81}.69 615.64 
37 8}7.?4 8}5.19 843.}0 (Six tigurea 8}9. 10 

see be1ov) 
}8 860.}8 864.80 854.?5 85?.1 &;B.95 39 88}.02 684.}6 884 . }6 882,41 40 905.66 905.86 895.1 905.8? 41 928.}0 925.42 933.15 929.}:} 42 950.94 955.03 941. 5 949.17 

"' 97}.58 9?6.54 968.8 972.63 
"" 996.23 996.09 996.09 996.09 "5 1018.87 101?. 60 1017. 60 1019.55 06 1041.51 10}7.15 10}9.5 104}.01 47 1064.15 1066.?6 all otbera 105}.2 1064.86 48 10€6.?9 1088 . 26 ·~· ... 1088.26 loe6 . 32 49 1109,43 1107.82 Ottingec.. 1115.6 1109.?8 50 11}2.08 1129. }2 1129. }2 11,,2 .. 51 1154. ?2 1158.94 1H1.2 1153.08 52 11??.36 11?8,49 11?2.? 11?6.54 5} 1200.00 1200.00 1200.00 1200.00 
Averase 4tv1at1on: 2.395 }.044 5·629 0.91 
Average uu.mbtl• ot 

inttrY&la ueec1: 3·5?? 3.462 2.941 1}.5 

rht aiz dt!!trent pitebea tor Pokker'a ~?tb tone •r•a 
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!:xuple 2? re•ea.ls a nuaber ot ehar!.cteristica or 53-

tone te:per~ont vorth nottng. At with 12-tone t e: pe r a

unt it 11 the perfect !U'tb. which i1 the 4oainati.ng iD.ter-

1'&1 .~ Tbt Yt:J exiatence or more than one interpre tation 

or juat intonation abovs that with 53 tonea to the oct&Ya• 

•• with 12, Barbour'• 1tate::.ent 11 appl1cab1es "There 1a 

no 1ueh tbina as Just 1ntonat10Di but, r1ther , ~ 41tter

e~t Juat 1ntonationa; .~1 BarbOur'• atate:ent contiDuea, 

•. • • or tbeae, tbt beat 11 tbn t v h1cb co:tea cloaeat to tbt 

P7thagore&n tuD..i.ng. • 1'b.ia i a even ~ore true or 53-toJM 

te:pt rt.:ent tbe.z~: or 12-, &.S tbl low tisure UDder .lver•s:• 

Leviation above. 

In general, $3-toae te=p•r~ent would •••~ to ~ aa 

good a s:ystec u ::.ost theorists :hAve regarded it . The 

average devia t i ons rano• t roa less than a cent, vben coa 

pced to P7t!ago:ean tuning, to aroWld 2)1 to ~ eenta tor the 

aya t tae using !Utb.s and thirds , to over 5~ ceDta t or 

Pok.ker'a syate• ezp1o1~ t -b.e n.et ura.l lel'"enth 11 vall. B7 

co:par1aon t he ave r&ge deViations tor varioua a7a te~ 1n 12-

to ce tempera:.ot are: ~ol•=J'• juet intonation, 12 ceDta; 

.lrou • 1 aeutcnt t~;ttr-=ent, 13 cea.t1; .P)--tbi,60rte..D tUD.ing , 

}0~1e1 , w~o likes to co~~1Cer each ot the ~good• 
ayatl:ll l •• t"tlated. to t .::.e itu.erv•l vbicb 1a b.eat re,reaent·e4 
b:: it I te:.;:ter&::l~'t t ack::ovle4ges t he bege:o~ or the tl!th 
in 12- t..D4 5}-tooe t ·e=pe:-a.::enta but not, ot cou.rae, 1ft 19-
or ~1-. 
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6 eenta . The extent of iaproTe~nt in 5~-tone teaperaaeot 

11 abou.t proportional t.o tbe l.Dcreue in the nuaber or tonea. 

The i~;r~ement is even better in tbe eaae or the P.Tthagore&D 

eyete2 and in t he ease o! aystess inYol,~ng aeptizal 14ter

• ala. Sept1call1 der1Ted 1nterTala 1A 12-tone t e:pera:ent 

art all but wot~blo. 

Ot tho tou.r ayete:u ah.owu. 1oltker1 a 11 the moat in

teresting. E:u=ple 28 is a dia.gru ot the s.1atez. upon wbich 

tbt t1guree 1.:> J::X&mplt 2? are baae<l. I b&Ye trAOspoae4 tile 

nu.&'bera ehown below b;r adding 10 to each or the: , in order 

to ~•ke the t one abovu b:r f otker a. 43 the generating toea 

ot the ayatem, oince it ic tbo cost c ect ral l1 locat ed of ~· 

tonea in b11 diagro.m. 

E>c=ple 28: Pokl<er• a 53-Tone s,-etoa 
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IA huple 2.?., there !s at.ovn t or eac:h 111tea tbe 

•••r~e nu.'ber o! atepa w!tich z:ust be tUe c to r. aeh • ach 

ae.cber ot tbt •1 atem tro: the central or gtnerat1.rag tone. 

I t CAD be preeumed that ao~e advantage would accrue to 

tboae 171te=a w~ieh re~u1re4 !ewer aeparatt etepa 1n r el at

ing oaa tone to another. It 1a here that l okker•a tri

dimenaioo•l ayat em ehowa to ita gre at aat edv~taga., tor it 

1nvolva a a.n 4veroga o! !ewer tbt.n three eeperatt ettpa t·o 

re&ch • •ch tone tro~ the generating tone even tbougb i t ia 

not precioely st the center, Wb ereaa the b1-d1 mena1oual 

17ete::.e raqu1rt ~:ore tb.IJl 3. I t ia alao htr.t that tbt wt&k

neaa ot tbe uni-di:ecaional ?7tbagorean 111tea ia • oat 

app•~ent, vitb 1}. 5 step• separating tbt ••• rase ctaber 

t ro• the centrAl tone . liuscb.aidt'• 17otn, olightl7 iD-
• t erior to Otttnoan's in iDtonation, ie tt t aore C02P&Ct ot 

tba t wo , &I can be seen by EXa=pl a 2?. 

Pokker •a 17ste~ is suspended beeween 11 ~ d itterent 

r eproseot ationa or the 27th tone or his r.rote~ (the '7th on 

our chart). It 1a a~pto=atic or t be weakneaa or his a7atea 

f ro m t he atan~po1nt ot intonation, that the oix reproaeota

t1••• or thia one tone v4r1 1n pitcb by 26 ~? centa, :ore tbao 

tbe as&llest unit ot 5~-tone te~pera:entl ~ aaalleet in-

ter.6l between cooaecut1ve tone~ 1n 'okker' e 111te: 11 o~ 

o!1ghtl1 lorgor than 8 eeoto, ¥bile tho l~oot 1o obOut }5 

ceota. It &&3 vell b,e juati!iable to conclude tbat a t r1-

4i=eoa1ooal t one-lattice 4oea not work vell tor a 111tta in 
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wtueb. or.e basic intena.l ie Ta"r7 ~ucb bitter r ·epr·e lented. 

than another. Tbe we&k.a.eaaee or Fokktr•a a71te m retlect 

tbe we&knoe sos o! tbe ?tb. partial in 5~-tone te:ptr&meat. 

In conelud.i.ng ou.r eoA&J.derat1oa ot S3-tone tempe ra

ment, it would aee: reasonable to auggeat tbat it 11 a 

t\lperb te=pera::ent tor ti!t~, a good. tec:peru.ent tor ti,ttha 

and third• , and A questionable tempe rament ooce higher prime 

parttal.a •r• brou,sht 1nto cona1derat1on. S3-tone being the 

mos t ~ompl1cato4 tqual te=;er~ent to be cooe1dere4 1n &AT 

detail 1n tbeae pages, tbia would appe ar tbe coat eu1table 

U ere to poiJlt out , tha t no •a.tte r hov mi cute t he aubc11rta1on 

of tbe octave , J U4t intonation alw"a remains a atep ahead 

ot equa.l teopora.=ont. and t bt1 n ever can be brought toge ther. (, 

5~-toae tempera=ent alao demon&tratoa that •• long •• t~re 

are two or core theor1ata conaidering a gi~ea cua1cal 

t;yateQ, there vi.l l a.lva,.e be eo.ntent1on over ttA JG.It ic.-

tODAtiOa. 

'o'F.Z?.E J! ~UALS 2 

Jour 11Ctema in which ! • plut 2 Are ot suttieieot 

valu.e to =-e t'l t aoae attect1oc . Tb.ree Of tlloae ha~• beeo 

propoaed, 22-. 34- 1 aDd 118-tone te~peracent•• ot which the 

l&.t'ter will be eo-u~e:-.d 1n Chapter 6 1A coapt..r1eon w:1 th 

other t~pera:eota LDTolTin& a ~•r7 gre•t nuaber ot toate . 

I.n ed.cU tieD to tbe other te:.pera.stntl ._lre847 De-e4 , 4-6-tone 
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te~per&aent haa acouatteal tea~~• posa1bl7 vortbT or coD

eideratlo.c . Sxa:plt 29 aMwa the •iu ot tl::. t i.ota rva_le &ost 

clou~ a, proxi:ati"<! 3:2, 5 :4, an<! ?:4 in e acb ot tile Uu-ee 

aboYe-naa.d ayate=• , togetber wi th tbe 41serepaneita iDYolY~ 

in tach cu• . 

Eua~lt 29 : 22- ~- aJ>d 46- Tont S7otemo Coaparo<l 

I.nter••l 22-Toce ~-Tone 46-'I'ODO 

PI7'1'H ?09.08 ?05.88 ?04 . ~ 

ERROR 0 1' 1II"''R ?.1} ,.9} 2.39 
'I'RIRD ~81.8 388. 24 391.3 
l:R . .'iOll 0 P T"dl lUl 4 . 4 1.93 5.0 
SEVl;!;'l'B 981.8 952. 9 965.2 
!:!1:.0~ 0 1 Si:VMTJI u.o 15. 9 ,.6 

the se aya tems eo:pare AOt altogether untaYorabl7 with 

those te2pt~a:eota pre vious!~ exeotned. The doublt o~er ia 

re flected tn the h! sb degree ot sharpneea ot the !tttha, 

t s pectall7 ln 22-tooe te=ptramant. 

Slnct t h e erro r• o! th e .th.ird. and !itth ill 22-tone 

tet;:pera.:ent a.re U <U t'ttrent d trerc t l oz:.• , tht error ot the 

~ir.or t U rd la a~u.al to their sum, al:oa t 12 cant•. Tb.ia la 

p~babl7 •~•••t•e, but the 171t eE 1• o tbervtae wtthio tbe 

reeh ot e:oeaidt ratioc , with ita: ! l ewa a~ut co::eAWr&t,t 

with t~ae oC 19-tou. te.~ragent . It 11 poeelblt that the 

pca1t1'1't n.t'thl , Wlt"rled. histor1.call.T , aight be a or. 



bo~ertos~ t b&n tbe aes ati • e ! 1$t bs ot 19-tone temperament , 

v!Uch are also about ? e~ts 1t1 e rror. 1be :a.Jor t h ird 1D. 

22-tone tt"pero.:.eat i s be tter t ba.o. the u jor third. 1n 19-

( b-7 a rather au..U -.....rgi.D), but cbl c.i.nor third i a auch wor•• · 

Seither •tempera.Aeat ott e r a a c l011 J.pproxiaat ion to the 

n. tural ?tb , alt.hoUC)l that ot 22-tone te~pere.m.e.Dt, •rri.D.& 

on t be aa.:.e a.14e or the ••• •nth 1.D 12-toa.e t-e=pera.:.ent: but 

leaa than balt •• aueh, would aound relativel7 pure t o our 

·~~. 22-tone te=~era:.nt poa•• ••• • a !&&111&r landa&rk, 

the tr1 tone or 1~--:o:.a tecpere.:ent. Opel t and lldraeha.id t 

re;ort With ao~ !&~roo thla •7•tec, ., doea Kovarro , vho 

a~ributea ita ~troduetton to tbe Ea•t Indiana. Tbt 22 

s rutia ot todia o su.i~ are co t s • ot rall1 cooa14tre4 to ..... 
r tpre1eot an ·~ual-;~pe:ed 171t ea, bovtver. 

~-tone tc1'4~nt can be co=pa.rod protitel>l.J' vitb 

~ta eeoat1•e e~Ui~le~t, ~1-tone temper~tnt. the !1!tha 

aro alight l7 bet <• ~ And tho ~aJor third• a11&htl 7 lo• • good. 

~ :.i.c.o:- thirds c t ~t:ter Ovi..D.s to U:.e t•c:t t bat both 

!i!;h and third a_-e posi tive in error. Vh4re }4-tont 

t ! :p.e r a.:e.c.t l;a; ve &.kest 1.:1 CO:l:pariaon to }1- ls 1.:1 its repre-

s eot&tion o! the ~--_o~c seventh. It la tor t bie eleceot 

t~&t 31-toot t er::?er&J:_~t :ust b.! p referred to ~ tor 

,oaaL ble gec.ral a.t. 

46-ton. te:per.-ent !=pr ovea the ?th pa~ti&l ot 34-

to:::.e t e:p.ra.aent t.o a po~t Were it :..!gb.t be u.ae tu.l , but 

t t-.e t hird 11 wea.ke.ntd coneiderab.L7 1Jl tht proctll. "rbe 

! 
J 

/} 
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great iaproveoent ot t he !itths .nd tblrda ln ~'-tone 

t e:peraaent (oYer 46-~eehieved at on17 a ltght coat 1D the 

7tha , reD4era the al1gbt17 :o~e eozpltx tea,.r~eot the &ore 

likel7 co be uoetul . 

Theoria t e baYt been rolue~~t to abandoo the practice 

ot build i o5 thir4a by tbe auperpoo1t1oo ot t our titeho. JA 

the maJor th ird lo 12-tone te:pera:ont ie mora t han 13 centa 

t oo lorge, ·~ thoori&ta be•• built cusieel ayatt&4 b1 re

ducing tbt 1 1 ~• or the ·~ual-t~P4rtd tilth. 

10' te.r the &:oat CO:l:O.D. order o! these 171ttm1 it that 

1n which tvt lYt titthl !all sho~ o! seven oct&Ytl b7 one 

unit. 'l'ht Uait ot tbe !itt h in thia order , &I 1.n all 

ordera bititt d. on 12- tone te~epera.:~ct, 11 ?00 centa . Tb.ia 

limit 11 epp roochtd !rom be lov, ao that the tilth 11 &1Y'71 

too amall . Tnia 11 a conganit~ weaknete in tbt nogat1Ye 

ordera 1 one vbicb hoe cau1o~ Drobiaeb to leave tbt m out ot 

hie eerieo ot ideal ttmp~ra:ee;s32 and Jank6 to r eject t bea 

out or b&Dd. ZVtn Bc1anq~e t gi••• the negati ve 171t.=a a 

IUbO:'di.CAt·t rolt . ' ' 

}2Droblocb, 22· £!!. , P• 88. 

~)H11 ba.raoniu: 1a constr .:cte4 pri.aar1l.7 tor pOI1t1Ye 
&J"St e ::2.8 1 altbou,oh it C&D. b e ad.ap:ed t or use vi t llnegatift 
178tt=·· 
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The oeries 1n lfhieh !: • -1 l>tgi"" vith ?-:, 1')-, ~1- , 

43-, and 55-tone te:~r~ents. All five or thea• ay•t• .a 

h.ave pla7ed a role 1D 11 ther =\l.Sical practice or KU.Sieal 

theo~. Tbe ti!tha 1A each ot the tive s,ratems, 1n •scend-

1"11 order ot ~a.re 685.? cants, 694.? cents, 696.8 eenta, 

697. ? eente, ~ 693.2 eoAta. 1'bt g radual tapro•e• .a:t 1D 

tittha co=pent~tes 1D large ~eaaurt tor the a44td eoaplica

tione aa B incroauea, but the icprovemont 11 too gradual to 

Juati!y ~ une~~1~ous preterenct !or tho•e 111teaa 1n tbia 

or4er Were !!. 1• largeat. Tbe JUjor t h.irda 1D t b t order 

approacb a 11::tit ot 400 centa t r o:a btlov, croatlrig the 

deoired }86.} about vhe r o B • }l. Tho ~do tor tbo !iTo 

178te~ l1attd abOve are, 1.n a.seec41c.s; ord e r of ~· 342.9, 

Tbt harmonic seventh , aa tor~ed b7 ttn a actDding 

tttths according to Boi&D.Quet•s theorea (no . n., ••• abo'Yt) 1 

varies tro::> 85?.1~ cento (a or<o tb&n 100 ee.Dta too oull) 1n 

?~to~e te&per~ent, t~ a l1~1t ot 1000 cent~, v1r.7 cuch too 

large. It 11 21 eent e too small in 19-to~t temperament and 

8 cents too large in 4}-t·on& tell.peruent. In 51-toce t egpera

ce:.t, hove•er, the t.&.r:.ocic St'f't.Dth 15 ep;::::ox:i.£ated w1th1D 2 

cents . It is tbe cocbination ot excellent =•jor third• an4 

Dbtural sevenths wbicb baa cade 31-tone te:peraaent a 

Pert1cular ta•orite ot :&Q1 theoriat e. 

T'Ae t1Ye pri.nc1pe.l te:=-peraseota ot the order £. • - 1 

will be taken up ooe b7 o~, vitb }1-tooa te~~rament 
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reserved t or the concl usion ot t h is chapter, and 19-tone 

te~per~nt reaerved t o r a ~or.e detai led tXuiDAtion in aub

lt,uent ehaptera . 

?- tone tt~ra:ent is ot sig~leanee ~r• because or 

practice th&n theor,r . Siames e cusie 1a baaed on the approxi

.. tion ot thia tegper&ment. ie vill be noted au~aequentlz , 

Joee;h !aeat r , one o! the chie r exponent• ot ~ult1ple 

4 1T1a1on, 1111 in the Sia:te t cuaical ayatt:= a direet a.neeator 

or diatonic cuaica.l practic e, f'ro~en f rom further d.e1'tlop.•ent 

b7 tbt arrival ot equal to~ptr~ont. Siamoat au31cal 

pract ice 11 pt.ototoni e, but the closed a.od co~tplete qatea 

ia • ••entlally equal-teapertd bt.>tatonic. 

II , at ?ritz Kuttner bea atated.34 tht tift~ 1D 

Chinese cusic &rt conslatentl7 Ttr7 flat , it 11 ccoct 11'1ble 

tha t aooe kinship =ay exiat between Chi neat mu• 1cal practice 

aod an approximation of 7-to~~o~ I Q\la l te::~pe ruect . Such • 

kin$b1p is : erelf speculative and 1s contradicted b7 othe r 

1.ntonot1onal pre.ct1ces 1.n Cb.1.Deae :::usic; ne•erthelesa . it 

would see= e. better ex;:lanat1on tor. the phenomenon ot the 

flat !i!tba t~ the dodeeapbo~e concept o! the ld or tho 

PTthegorea.n expl&D•tio:o. usu.al}J g1 ve:1 tor the ~ent:-ato.nie 

aca.le. 

?- tone te:cpere.J~~.e.nt i a ot little •a.lue in 'Western 

aua ic tod'7, except: tor expe rimental purpoaea , a1nce it 

v:ul4 repreaent a retrogreaai on t ;r oa curre nt: practice 'botll 
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ill co:oplozit7 -..d. ill oco~t1ca.l relu1ouoh1pa. It 1a ill

tereeti.ng t o b ea.r cUatanic ::elO<Uea pl•J'•d in ?-tone t e.::pera

unt, &Del ver, cU.1!1cult n ot :o coc.elude t :ll;l'bat1call7 that 

tba 41atonic unequal acale 1a &n ae• the tic i mpro•eaent, It 

11 Taaaer•a content1o.a that the aboli tion ot 12-tone equa.l 

temperament in taYor ot a core complex IJ'It ta voul4 proTide 

sort appropriate contoura tor 12-totte a elo41tl much &I 12· 

tone teaperamont providoe a &ore au1toblt •ebiclt tban ?
t one t emperament t or heptatonic calodie a . 

4~-tont tt~;tr&Qent 1& ment ioned in moat etu41ta aa 

tbe IJ'Ittm propote4 b7 Seuveur, It aee&e =ore 11ktl7t bow

ever, that Sauveur used equal t e:peramenta onl7 a a a aeana 

ot s1~pl1!71cg a e&Dtone 571tt:& ror tbeoratlc&l purpoaea &D4 

that ha tDYita&ed no ~us1c using 4} t ouea t o the oct•••· 

Nevertbeltll 1 S&uTeur' s advocacy repre s enta an tndoraeaaot 

ot the aeouat.ieal att ribute& ot 43-toce equal temperaunt 

.since tbe7 a.re no different !rom those ot the 1/5-eoaa.a 

te~perameot 17atez Sauveur w~ aetuall7 recommeoding. It 

11 in t h11 tt:per&J:OD t that the !ittbs ODd tblrda ;r1elcl 

equall3 t o tbe demaa4a ot tbe other , rendering tbe te~pera

cent 1dael tor t boa e who wish to pre8erve the r elat i onehip 

whereb7 the tb1r4 ia produc ed by tour !ittba without t avor

i!lg t ither 1a.ttnal at the e ~ez::.ae ot the other • 

.Utbo~b cited 1A the at,a.J:.da.rd vorks on :au.ltlpla 

dh1a1on , 43-t o.n.e u:.per uect u a &luica.l. re•lt t7 b.•~ 1tt 

to be advocated ~ ~one, unleaa S•uvaur 11 conaidt rtd to 
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baTe advocated it. ~11 mar well be ~cau11 ot tho coa

pro:ises ~ich cbarDeterize tb. •:r•tea. ?be tlne tbir4a and 

sevenths or ~1-to:e te:pe ra:ent Lre g1Ten up. aa well •• ita 

re lative simplicit7, tor .aat 11 1m ro&l itT onl7 a ollgbt 

1;;:.p..""''Ye:ent in tbe !itthl. '!bie haa h&rdl7 aee::ed. worth

while t o moet theorists 1n view o~ tbe almo1t perfect tlttbe 

in 5}-tcne te=;eracent at the expense ot onl7 alight turtber 

compl ication. A 4'-tone ayste::n vi Clout eG,ual te:perament baa 

been adTocate4 and used exte~1•el7 b7 Harr,r Part~b (see 

be low, Chapter ?). 
55-tone te:pera=ent is the complete erateQ, part ot 

vhic h 1a represente4 in Silberm&nn'a 1/6-cosca te:perament, 

:ucb tavored b7 z~ ioAt~eot ~&kera .nd tuners around 

1700 And, eccor<ling to Sauvour, •t_n universal U81 b7 

cuaici&na•~S at tbat tt=e. Accord~g to No••rro , $5-toce 

tt:DptraQnt ae aucb h•• tlocl u od.Yocate i.n &lteve. It a 

f1ftba r.prtaent • Jlisbt i~prove=ent over t beae to •3-tone 

teQpera:eot. provided a t tbb expense ot the tbirda AD4 ot 

vh~ t ~ig~t otill re:ain ot s1:~11c1ty. It aeece tar aore 

use!ul aa tbe baaiD lor • 12-tono ceantone ttmper~ent tb&n 

as a 17ste2 to be uted in ita totaL1t7• Aa a aeantooe 

te:peramect it poseeesea the great advantage o t thirda which 

ar~ Fro4uee~ by !our tittba. ~ a &71~•~ used in lta totalit7 

1t poetes s es no sueh •dvant~ge,ainc~ hov the thirda &a7 bt 

dertve4 in &A equal-te=,tred s1ate~ is purel7 aea4e21e; tb• 
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oD17 ce~notul queation ccneerca their qualit7. The cbiet 

interTala 1c 55-toce te:pera:eot co:pare aoat ~a•orabl7 

v1 tb thoae tn the posi th·e S7at=e: vb.icb ia 1 ta a oat obyioua 

riYal, 53-t one teaper~nt. ?ittha, third•• a..ad. aevectba 

a.re Ill d1at1.nctl~ pu....-.r in tbe latter, render~ tb.e 

acoustical deteDae ot ;5-toce t~perament an extreaelr 

dittieult &&tter. 

IIHE!!E J! E:(UJ..LS -2: 50-TONE TFliPElUI!EET 

Before proceedtns to 31-tone te:Dperuent, I aa coa.

aidering SO-tone te:;er~eot, tbe ocl7 te~ptr&:4nt ot order 

! • · 2 to ha•e be ea 1erioua11 pro~oaed, becauee ita preble .. 

••rr cloae l7 re••~ble tboae ot 55-toe. aod other tirat-order 

cesau ... '1''""' · tor;o<l 1>7 the 5clcll.cg tosothor or the 

n\l:bera 19 And 31, the nuaO.r 50 deaig:catea an equal teepera

~eat poas eaa iAg the bas i c atre~~hs ~d ve akc••••• o t tho•• 

t vo t~peruento vhicb a.re ret to be consid ered, with tb• 

ai gni!icut added vee.k.oes!: ereat~d by tbe i c.creao e\1 co=plexity 

ot t he s1atec . !ta fi!t.bs are el=.os t 6 cente !lat; thia 

repreaent1 a deviation o! over 4 8 percent ot tb.e possible 

error vber-e tbo 1.c.tervals are .so s:.all. The tbirda are oD17 

2 . } e oAta too a:r..&ll, but t!::..is is a gr·eate.r error th&D that 

ot tba thJ.rd.a 1c 53-tone te:perSJ:r:t, a te: p.r&l::eot vboae 

principa l Yirtue 11•• oct in 1ts t hirds but 1~ ita ti!tha . 

50-tooe t eaperaa.ct rep~aenta tt. co:;let1on ot tarlino•a 
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2/?-coa:a te:per~nt &n4 Ro~ert ~tb'a 5/18-coaaa 

te~pera:.ent. Ite ad.vocacy a...s o. $1St~: ot zu.lt1;le 4.1T1a1on 

ia general1.7 a ttribut ed. to £e.n!lino, a COAteafOr&r7 ot 

S.u•eu.r, probab}J' . u erro~oual7 u 1A the case or S&uYe\Lr 

eJld 4j-toco to=~ruent. It 110 probable tbu l!tn!ll..a;!;, like 

Sauveur, ae a.nt bJ.a aystea to be a buil tor UU\I..Naent (50 

!a • coa•enieat number !or that purpoae) an4 the •uper

•tructure Cor a aimple •eanto~ ·•1atem. Robert CRith 

odYocatod it in th1o ~n1 aa lat•r did Voolhouae. 

Like.,_ an~ 55-tone te=~razenta, SO-tone tec pera

=ent •••~•· moa t uaetul tor the •~;le :&deer 1~ whlcb ita 

th1rda a re de ri•ed f' roa i t .e !i!"tl:..l , • Ule!ulceaa wtUcb 1• 

e oaeotlal t o the conatruct1on o~ • auitatle &e~tone t ecpere

~ect us lc.g • •zall number ot t o c.e•• tut o r " a cot.utlca l 

value l o the co=ple te crcllc al &7&te:. It la S3-toae 

tec pe ra.mel:lt, wh i c h tor~ 1 ta thirds and ti!U:.e in.:1 t~ndentl.7 

ot one another , &ad vbicb caneo~ be u•e4 t h erefore a.a tbe 

basis or • twe lve-toce :e&nto~e t~yere:ent, wtich o t berYi&e 

co~ple tel 7 dvart a its n eer rivals i n acoustic al povera. 

I t 11 t.t.e c e ga tive 57&t.e:.a which doail:i.&te t.b.- Ciel4 

ot &q\lal te:pe :-c ent1 betweec. 12' ~c1 41.. 1'"wo 171 t eas wl.tb 

Order £. • -1 lie vi th.i.c thiS L~a, 19- a.:d n -tOAe te~pera

:ents. 1beae t wo spte&a b.i.Ye- l>ell!ll &4Tocat.ed Jcl..ntl,- bc7 
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Xornerup; Iaaeer baa advocated tbe ror•r tor the preaent 

and tht latter tor the tuturt. 1/drach:idt, Opdt an4 &&DJ' 

or the other writer• vho have spoken with great tavor or the 

one b&Yt done ao e~uall7 ot the otber. Otber ~ritera , how

eYer, h&Yt s ade a :ore posltiYe eholee be~een tbe tvo 

srateaa. ~ will be demonstrated , a oat or tbe aeouat1cal 

advant aoea lie vi t b 31-tone tecperaaent, vbilt 19-toa. 

t ·t:peruent posaessee those advG ta.gee wbieb aeel"Ue troa 

graa tor a a p l1c1 t7 . 

Holland and }1-toce te:per~ect have ~1nta1ne4 an 

att1n1ty which a t retches troa tbe tiae ot its discover,r to 

tbl preoent. It waa tbe Dut ch mathe&l t1c1aa , Chris ti~ 

R~oena, wbo demooatrate4 iD 1?'2 tbat }1-tone ~ompcr&&eot 

La • cloaed •1ate: representing the eo~pletloo ot Aron'e 

mo u ton• tempertu:ent. It wea a.noth.er Dutch aciectiat, 

Adrla kD Pokker , ret1re4 proreeaor and eurttor or the Teyler 

tcatltute 10 Eaarle~, vno built there a pi pe organ euned to 

31-toae te:perazo~t vbich bat btCOEt the central point lc a 

re cent surge of i nto re&t in tb~t tuoiDg 17s tea. 

During tbe Rene i saance, .Den lroo•a ~-eo~• teap•~•

=ent vaa in videaprea4 uae , a number or lcatr~anta were 

built ua1ng 31 tonea to the octave. !est tnovo ot the ae 

vas Vi cent ino •a arcbicembalo, wh1oeb. eppes.:a t o bave ba4 a 

compani on 1netruaent, an &rcbiors ano. There is 1om• con

t us1ca o•er Vieentino' a exact iutent10AB ! or the 1nto~t1on 

at hie Ustrw:.ent or !..c..strwants , a contusion wbic.h peralata 

-



in the Ieee or ~rave ~w a~te:~ts to pinpotnt the pltchea 

on the ~uia ot Vicentino'a Olll%2 a.:biiiUOU 1natructloa.a.}6 

It is ta.1rl.7 vell establiahed , howe.,.er, that at l eaat the 

tirat ortera ot ke7a, &JJd possiblJ' the entire l.natrusent, 

were tuned to ~-to~• teopora=eDt, re~dering the arclorgano 

tll.aoet u equal-te:pered inati'UII-e.nt . 

Se"er&l other ~1-tone 1D£t~eota vert built ahortl7 

alter Vlcentino'e . The pattern. ot tlat and sharp tone a on 

these 1D4t~onte vere complex and showed no res&rd tor 

tac111t1 ot codulatlon or tranapos1t1on, a cost UDderatan4-

able cirtWIIIt&.Dce cona14er1n3 'Wbeo they vert bu.ilt . One 

~~t~nt. however, Pablo ColoDDe'a ftS.:buca Lincea,• l a 

aa.id~? to baYa had. the .tirst Pg·e n.era.li:td" ketboA.rd. , wherein 

each order reatcbled the oa. ba~ore i t . Accor41Dg to 

Barbour , ColonDa'a or4era era a eparate4 b7 1/5 ot a ton.e, 

and eacb order cooteJ.oa ? tones to tbt octa••. It vould. 

·~pear tb&t Colonna'• ka7board v a& ocly partl7 geDer&llze4, 

ainct ~1 d1Yided b7 7 doea not l eave ~ interval that would 

bt tbe ba111 tor aQ1 musical a7stem or the Rena1aa~c• or 

earl7 Baroque . 

31-tODI ttaP4raweot &bares vitb other Dtgat1"• 

te~~e~~Dtl tbe qualit~ or bevi ng exceaa1vel7 1mall tittba. 

) 6ror the ~oa t recent and detailed ek&&inatlo.a. ot tbe 
~~no o! Vicentloo•s ins t ru:ents se~ K•~!~, HtQr7 v •• 
"•' !c e::.tt. n o •a J..:-cio:-.:aeo ; ~ J..::~otated ':racelatio.a. , Jo\&.t'nal ot 
P.::-11c . ·oeor)', J.p:1.I i%l'~p. ,.2. 

3?!1 .s&rbour in ~ e..c.d Te:-eeraaeot, P• 119. 



The deficiency is nearl7 5 . 2 cents, repreaenti og 2? p•rceot 

ot the la.roe5t. error possibl•• .l.g·ai::sat tUa detect aua t be 

bala.oca4 a &ajor third ~ a Ik&tural seTent h of exceptional 

qualit7. ThAI tb.i:"<ia are 0.8 cent abarp wb.ilo tbo anontba 

are 1.05 cents too small . ~~eoriste have sener&ll7 written 

ta't'orabl.7 about t~a te:ap•r&&ect, 38 but often w1 th reserva

tions about ita !1!tba .39 So&e wr1tera have !ound a ore 

cauao tor objection 1D tl:e ..Uor tb.ir4s (cajor ail<tba) than 

in tho !ittba. 40 rho d i scropanc1 t or tbio interval ill }1 -

tone ttaP'r~nt ia 6 ceota, t~ auz ot the discrepancies ot 

the tilth aJl4 the &ajor t birc1. \triters w.bo b.aye aoat 

e:pbaticallJ' ez:dorat4 }1-to.:. 1:e:.peruent while r ,ajecting 

19-·, sucb as Fokker, h4ve ten4e·d not to conaider the a iDor 

third aa &D iDttrYal of tbe aue rank ot 1&portuce •• t he 

JUjor tb.ird. 

Vcolhouae • on the otbtr b &Dd , 1.a concerned vi tb the 

~inor t bird , ea vere S:itb and Harr1Gon bt !ore him. Since · 

}8Probabl7 tbe =ost ent~us1aatic atate3ent about 31-
t one te.mpera.:ent was b7 B. s . 1 • .'~:iell, a Copenhagen actu1.r1 
~ho occ-a1o~al l1 wrote orticles on ~ua1c tor Dan 1ah-language 
p:er1od1cals .. i.o:":le:-up quotes ~.-~cell es vr1tin.g or 31-t.one 
tt:~er~ent tbat it 11 ~&L Zleora~o tor :ue1c tbtor1ata.• 
.Kornerup. J.cousti"C Vo.lua t i o.:l. ~ Intervals , p . ?. 

39sovarro, 22· cit., p .. 16;-6, su~sests ~-ton& 
te; per&:t.:l.t ! or tbost t~s ot instru:entG only, where beata , 
sucb as vill he created t:y ou:-o.!- tu.ce t 1tths, are not heard 
too pronouncedl1• 

40Bobt'rt S=itb in the 16tb ctntur,:r and ·.;oolbouaa 111 
tbe 19th •dept this viev. See ~1th, 22· cit., pret&ee, 6nd 
&lao pao• 12li and • oolhoU5e , Cj . cit., p.~, where in apite 
ot ~& rtatrYatione be aa~& o!-;1-iOEe te:peracent: • •• 
a 'ftX7 good scale .. • • h-..s beu :ucb 6pp·roved. or b7 a&D7 
m.u.a1c1a.n.a. • 
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tho rUDOr third 11 ereatod b7 deducting tbe aajor third troa 

tho per!oct !1!th, the error 1.o the :.i.nor t=..ird ot &DJ' given 

e cp.aal-tempered 'Yitea will be • !unction ot the errors ot t bo 

por!oct !ittb and major third. \lbere the error ot ozu ot 

Uteae t wo dete~141ns inter.ala il pooi t i Te am the otbor 

c.sative, ae in '1-tone te:per.:ent, the error tor the ainor 

tb1r4 rill be equal to the aua of the errors t o r tb perfect 

t lttb t.Dd major third. '.bere 1 boweTer, the errore ot both 

ot the 4etend,ll,i.D.a i.ntenal.a ce.rr7 tt. &ace a1p (u 1D. 

19-tone to=pera.:eDt 1 vbe r t botb tbe perfect t1tth &n4 u3or 

third are nes;ative) 1 t!1e error t or the &1nor third vill be 

e .;ua l to the d.it!erence be tveen the errora ct tbo aa.Jor 

tb1_rd and per!eet t1ttb. In 19-tone te:perceot the errora 

tor the u jor t hird me por!eet titth , altbcosh .. eb <;'Ji t1 

substantial, cancel one another alcost co:pletel7 1 leaYing 

t he c.i.Dor t hird ext1'et:el7 close to per!tet1cn. Tbla uear

pe ~teetiOD is of eign1t1e&nee to ~oolbou.e , but 1a ot no 

l t:.port.&.nee t o Pokker , s:iDee the :1nor thi:-4 is to hiD no t & 

generating 1nterT&l. 

It 12- and 5~-tone te~per&&ents are essentiall7 

Pythagorean,, in tbat the7 teetur·e pe.rt.i e"Jla.rl7 aatistecto%7 

tlttbe, 31- tone tt~pe r&&ent is ~ot. rhe aajor third 11 the 

a oat aattataeto17 inttnal, am ot tbe ju.at 1nton.at1on.a 

o!ttrt4 tor 31-tone t]'atema, t hose tha t otter the eloaeat 

approx1ut1on t o }1-to.n.e e~ual t e mpe ra.aut are tbt Olltl 

~bleb uae tbt groattat nuaber ot thir4a ADd the tawtat 



!1!tha. AmoQg the proponents ot 31-to~e t eaperaaeat, a t 

l eaet th.!"ee , VtJ.rac:h:.idt, .Lriel ., and ?okker • ha•e propoeed 

·~ate:• ot Juet 1otocat1on in•ol•ing 31 tooe1 to the oc:t&Ye , 

•• well •• &tthoda tor detinins or 4tr1• 1cg the t e:pe: a:ent. 

~·e.rochaldt one! J.rlel clerho the •7•tu th.rouah thl rclo anc1 

t i ttb.l alo.ae , 'liherea.a 1okker inel\Jd ea aeventha in a three-· 

dtaendoaal tone-lattice . \la.racb&idt a.nd Pokll:tt' both ctet l.Jle 

the te~:~ptre.=ent b7 t'be intervale lltbieh are eede to e Qual 

zero. Por VUrochmidt, uaiog t vo deter~1nac ta, there are tvo 

such 1ntervah . For Pok.ker, usi ;c,g three, ther-e are three • 

.tccord1ng to '.'draebaidt , ono ot t be t vo i.Dten&la 

wbieb ere :.de equal to ~ero to eatabliab 31-tone te:;er~nt 

1o tho •1Dton1c co=a, 81 :80. & t hird. 11 tharob7 u cl o equal 

to !OIU' tittbs :lnus two oetaves. Siace tbio io oleo tNo 

i.n 12-tone a.cd. o:her te.i:ip.eraceots, it doe a oot b7 1tae lt 

de!ine the 111te~ . ~·flrscbidt• a other 1dent1t7 in 31-tone 

te~~erament i a between eight t hixds, aad t vo octavea ~ • 

!itth. The l.atorval which is :ado t hereb7 to becoao uro 

!s }9}216:390625 , Gbout 6 cents in ol&o, 

·."draeb.=.id t malce.s two d.iegraws tor 31- tone te=peruent. 

~he tirtt, •s-~etrieal, requ ires t our di!terent eonatrueting 

i.nterva.la. TheD e are 128:125, the di!!e r enee b-e tween t.hrtt 

thi~a ACd an octave ( t his oceu:a 18 ti~•• 1A the 11atta) ; 

}125:)072, throo tbirclo zinua an octaYo &Del a !l!th (10 

t!Qto ); 16875:16}84 , throe tittha ancl t our tbirdo &lnue thro e 

OC:taYea (2 ti&tl); &c4 the I0=4vhet larger inttr.al 648:625, 



re;reeeoting tour tittha ainua ~our thi~a and an oQtave or 

elae four Qinor thirdl minus an OQteve (1 tiae). 

lo'drschmid~ aclcnovledgos that b7 upootting the 

.,--&etry through the alte=ation or a aicsle toue ( t oAe 

ouo.bor 16 iJl ::U:.ple ~) the !our~h a.>d largut coootl'\lct

i og iDterroJ. is eliJlioated , reDderiJlg t ho oyste:: preouaabl7 

s tronger. Example }0 shove Wdrschmidt 'l original, ayacetri

cal diagram., Yi tb e.n arrov abovi.ng tbe alternate location ot 

tone 16. The to~• are nu=bered in aec endiog scalewiee 

orde r, and. are placed 'b,. litths 6.1:d thJ.rda . 'l'he tour con

atructic.g intervale a.r ·e ahown by the acco:-p~i.ng t1gur••· 

~be alteration abovn by tbe arroY eliA1natea the single 648: 

625 trom the ayGte~ and removeu on. ot the 10 appearance s ot 

tho omal1oot wnit, ~12 5:}072 , rep1ac1og tbeeo vith a nine

teenth 1natance or t~ d1oa1a, 128 t l 25, &ed a third ica t&Dee 

or 168?5tl6}84. 

Bxa:p1e }0: •~achmidt'a }1-Tooo SJatea 

'1 
ll' ll J • " . 
I-'" J: ,. 7 

a.• u , , .. ' ' i S" J 

~ :. :: ~ "!) 
tl'ffll~ 

c!!J -,.,&. 
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iriol , in con~ra1 t t o Wdr&ehm1dt, a&kea ~o uae or tbA 

in torval 16875:16~84 , but rather uae G Vdrechaidt'• three 

other 1Dtervalo as ! ollovo: 128:125 olxteon tl1:eo, 3125:~ 

tveln t11110 s , and 648:625 tbr .. tlaea. Boviaing lo'Grochal.dt 'o 

41e.gra.a tbe o.1A.12ua :1u::aNr ot tiaes nec.ea&&.r7 to prodUC-e 

Ariel ' • ayate= ot interTala , it r•nda • • tollowa in BXaAple 

}l. 

~ork border • add ed by 
J.r 1 e 1 t o \I drs ehA1d. t 'G 

IJGt·e• . 

completely dark 
b7 J.riel Crcm 
syat••• 

• deleted 
'ltOrdch.aid t' 1 

rq ., 
1J It JD 11 ~m 

" l U 7 
n ~~ u 

ll' J 0 I! Sl 
) 

' ' a 
r2 

1111 n ·~ ' I I ,, ' 
'~ !.! 

lln-'•Plt }2 ahovo tbo proptrti .. o! the pr1Dc1pa.l }1-

t one 171tems v hicb haYt b eeo proposed. Ae the aYor~~ 

dt~ietiona o C the three Corego1~6 •7tttal ar~ witbiD 0 . 1 or 
a ce~t o! being td.ntlcal , only one o( tbea WGrachD14t'a 

Ci~st e7atea. 11 inc l uded in Exa:pl e , 2 . Uolag B&rbour ' a 

ay$tea or calcal~ting the ~ean deviatio n or tbe cons~rlAg 

toterYall , hovevor, tho d ifterea.co betvlttl tt.e three utb.od..a 

proposed above ie co re au~staa.tial . V~r•ehaidt'a ••coDd 

&1$t .ea 1.D'I01Yift0 'the ..... llest ae&tl d~Yi&tioa. , s.2 Centa , 

dU4 J...riel' e tho sreaceet, 6 . 4 eenta.. 't'be s e !igurea eom;are 
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E:u.lop1o }2: Cllar~ o! Inter,.. la 1.n }1- Toae Jwo~ S,Oateu 

UJ>.i t O! Equal '•'tlr•cb.aid. t Pokier Alternate Septiaal 
S1atea Tecper- i'w11nao 

uent 

0 oo.oo 00.00 oo.oo 
1 }8.?1 41.06 2?.~ 48.? ~5.65 
2 ??.42 ?0.68 92.1? ?0.68 84,44 

' 116.1} 111 .?4 119. 5 
4 154.84 162.85 155.1 
5 193 -55 20}. 91 203.91 
6 232.26 244. 9? 2}1 .2 
? 2?0. 9? 2?4. 58 266.85 
8 309. 68 }15.64 :li2}.4 301.9 315.64 
9 }48. 39 }45.25 ~59.0 

10 38?.10 }86. }1 }86 .~1 
ll '125.81 42?.37 4-35.1 
12 464 .52 456.99 4?0.?5 
1} 503.23 '098.05 't98 .05 
14 541.94 5}9.11 (otx ttsuru 

ooo below) 
15 580.65 568.?2 590.22 
16 619. 35 609.78 ' 61?.5 va..rachmi<l t' 
17 656.06 660.89 6,5}.2 •or 631.28 
18 696.7? ?01.95 701.95 
19 ?.;5 .48 74}.01 ?29.25 
20 ??~ . 19 ??2. 63 764.9 786.4 772.63 
21 812. 90 81}.69 821.4 
22 851. 61 854.75 85?.1 
2} 890. 32 884. }6 884. 36 
24 929.03 925.42 9}}.15 
25 967.74 955.03 968.8 
26 1006.45 996. 09 996.09 101?. 60 1003.8 
<? 1045. 16 1037.15 1061.0 1039. 5 1052.6 
28 108}.8? 1088.26 1088.28 
29 1122. 58 1129. }2 1115.6 
jO 1161.29 1158 .94 1172.? ell other& tbe aaa• 
H 1200.00 1200.00 1200.0 • • Pokkar•a 

4Y&r•g• d•v1et1on: 5.18 6 .?5 6.05 5.17 CODtl 

4vereo• nuabor ot 
.s tepa 2.9 2.55 2.55 2.4 

r.oa.a deYiatiou 
acalerlet 5.2 10.4 9·7 ?·9 



~he aix di fferent pitehe a t or Fokker'a 14th t one ar.1 

525. 25 
5H·? 
541.4 
545-85 
554.6 
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LDd ;6}. 95 cents . lor ce1culat1QS t~ 

&Terage derl ation , the be s t, 541.4 ia uatd. tor all three 

se~ti:al systems abown. 

t aTorably w1th the ce&n 4eY1 at1o~ tor J~•t int onation .nd. 

~eantoce tempera:ent i n a 12-tone eya tea, ••en al lovi DS tor 

the di!!erence in aitt ot the ba•le Lct er.Lla ot t ba two 

T:.be d1 a,sru ot Pokier ' a t oce-lettict 11 abovn 

bolov in ku=pi.o H • 

Eoa£pl o }}: Pokkor 'o }1 -fono toco-Latt1c• 

I 'I 

It 

1'bt nw:bera Pokke r actuall7 used a r t altered. b otb. 
t er e aDd in Exa:ple }2 by tbe dtd~ction ot the e cnat&nt , 2 , 
troa •••r1 t one . 
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JA in 5}-tone te~;trn:ent, Pokker P•7• a price tor 

tbe addition o! a t .bJ.r4 d imens ion . ~. i nttrTala ot b.l a 

jUit .,-c:e: e.re lese eceuratel7 portr17ed b7 the equal 

ttcper~nt than art t boae ot ~chaidt ' a aDd 1r1el 'a 

17at eu. In the Pokter diagraa the t ·itt.ba ar e horiz.ontal. 

the ttlrds Tertlcal, Led the ae~entha d1agocal in order to 

pruent an illusio!' or depth. ~. ooe aight u k, doeo 

Pokker use the !ittll t&r C>Ore t han eltber ot t be oth&r l..D• 

terYall when it ie tte tilth ehat 11 tbt veakest ot thl three 

'bea1c interval& in Ult 31-to.ne &1Stu? ne reason 4oea n.ot 

lit in 1 Py-"..Ugor·ee. eesthetie, &!nee !okier neTer. ill hi a 

theoretical vr1t1ns a , single s out the tilth t or special 

a:pha.aia uong the btt.o1c interTala. tho t xplanat ion appte..ra• 

rather , to lie within tha dyn~cs ot tt. i~terrelationabipa 

ot tht three baaie interYals i~ the 31-tODt ayate.e. ~ 

diagoeal 11 li=ittd to two spaee a 1D tbl diagra:, becauat 

t h:"tt aaTenth.s vould 1nttr!ere v 1t.h tbe toru.t1on ot tittba 

and c~ thtratore never bt uaed. Since tbt ee venth 11 1t

ltlt cre•te4 by tvo thirds plua two t 1ttha , one ot thtae 

l atter 1ntervala muat be uaed onl7 o~ce . Since the third 

11 tbt better Of tbt tWO 1Dter?&ls 1D ~1-tone tecptr&:•nt . 

oce :i&ht ex;.ect ?okker to use oA1.7 oc.e tUtb. lndte4, 1 t 

1a al:oat possible to rev~rse ~he !ittha and tbirda iD 

Pokker•s diagram and atill have a co~plete e71te=. But 

again Pokker would have been c o~ronttd vith a li:it cauae4 

b7 a.r.othor 1do.o.t1t7 l..D the ~1 -to..e 87stu;: three thJ.rda plll.l 

v 
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tvo seventh• t oraa a tittll.. A syat.e:. baaed o::a oce t i tth, 

t'VO ae"Yenthe, &..:ld two th1.rda would. produc e oD1.7 3 x ~ :z: 2 • 

18 toua, not .aear!.7 &.::.ough to co:~plet e tl:.e a,atea.. !he 

rec&ining tone a cu be a4-.!ed by tu.rther uae or thi.rcta &D4 

aeve::at~, 1t deaired. but onl7 1c a =oat un- cocpact ~r .. 

Such a 811tem ia aho vn, belov , aa Ex&Qple 34. Ita average 

and aea.n derlat1ona are urkedl7 smaller than tb.oae ot 

Pokier•• ayetea,4 1 but the abse nce ot compe~t.a,aa and 

aymmetry art atr1oua counterbalaacing llabll1t1ea. 

tuz,ple }4: 

,. 

" , •·· 

... .. 
' 

II•• ,, 

.A. Three- Dimensional ~1-'l"o.ae S1a te: !u.i.lt 
Pri~:~ar1l7 on TlUrd.o 

t . 
)0 

,. 
.. 
~ 

~ 

~ 

.. ...... •1 
. .. · · 1 
'"'"I} 

•• •• • I ·•• IU ···u ·> 
...... ~~ .... ,, ... 
·-· . .. , 
•• 
n ,, 

I.a the acco&p&.DrJ'-1.D& 
s,rstea 1 the large•~ 
c1ev1at1on troQ tone 
zero to &Qy other tor» 1 
•• oppoee4 t o ·~ual 
t·e::t~peru.ent. 11 approx.i
catel7 ? ctnte to tone 
n !ce. kn alternete tone 
9, throug~ vcic h thio 
d!screfa»Cy 11 s reatl7 
reduced. ia abova b,r the 
dottod Uno • 

Pokker ' • baaic c,.-ste:n ia bu.ilt on three t1ttha ( a 

r ou.rtb t1tt b cannot be used. resular~ •• t ow- !1!\!J.a tora 

~ 14e.at1t7 vith oae tb1r4). t vo ae•tntba. and ODI third. 

41'7tle :ea.n 4eviat1o::a or the &Jata:. ahovn in Bxuple 
}4 ia 4.3S c enta aa co~pa.~4 to 10.~ c e~ta 1D Fokkar'a 
•7•tea. 



21, 

I.n t !:t cliagru, ~c:ple H , ;::is t o n:• a baalc paralla lopipacl 

contai.nin.g 4 x ~ x 2 • 24 to:.ea. n.e two 171teu 11at.ed. u 

•aJ.teruate aeptimaJ. • &1tte:a 1D E:u---ple 32 , abo••• u t 

Pokker•a baa1c porallelop1ped t o account t or vhat a1gbt be 

cona i dtre4 their 24 ce~tral tones. Tbe two alternate 

•:ate:aa propoee alterna.ti•e ut:bods to Pokker'a P;rt.bagorean 

e~te na ion in order to obtain the re~ining eeveD tone• {a1x, 

not countin.g the 14th tone wbic h FoXier ott era in aix d.itter

ent ve:e) in a e~er which will ~inimi&e the di acrep&neiea 

• • againtt equal te=peracent . 

Tht tirat alternative 11stem a~tera each ot t~ 1ix 

!!xed outer toc.a or Yokke: •a ·~•t•= b7 a •1ntoD1c co .. a, 

rtaulting 1D tbe replace~eQt ot 1okker•a two at t l ot three 

extra tittba ( tach place4 a se•entb apart troa one another 

in each Itt) with two Geta ot extrA t birda (a1~1la rl.7 ,placed 

with raapect to one ~other). ~n• extra ton, a 1D all 

B7ete:e are n~berad l, 2, 8, 20, 26, and 2? . The aacond 

alternate 111tea drava eaeh ot tbe eix outer tone a t'roa 

w:c.ateYtr eource it ee.n in order to produce a eerica ot in

tervale ~tb the lowest possible deviatio ns t roa a~ual 

te~perameat . ~be figures at the bottom ot Sxa:ple 32, 

above, abow how greet an et!eet the change ot these 11% 

tone• hea oc the at&t1st1ca o! dtTiatlon. !xa:pla }5, 

belov , ehowa tba tone- lattice oC eecb ot tba t wo &lteruat• 

·~• tesa wh1e h appear iD SX&mpla ~2. 

j 
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In tbe 171te:. with ~ ~or chir da, the 41ta~a, 

128:125, toru the backbone oL the acale ttructure . 42 1'll11 

interval 11 cocp1tt t l7 absent tro: Pokker•a 171tec &Dd the 

ayateaa t bowo 1~ !xa:p1e 35. Because t h i l dietil 41/tera 

1n 11~1 !rom the unit l / 31 by onl: tbre e centa, tboat 

11SttC%11 wh1eh u..8o it ebov up pa.r~icula-rl: well vitb rtapect 

to ~~~ deviation which io calcul ated on tbt baaia o! the 

conttruc tl ng i ntervale. 

Tb t mt&n de viat ion ot t he a1oglt U41t t ot tbe a:atea 

ia • ques tionable baala tor meaauring tDt appropriattnetl 

ot a :ultlple-d1Yia1on sy&tea 5ucb •• 31-toce te:perazent ; 

4 2'-'drtcb.aidt uses t~e c!1ea1a 18 ti.cet l.o hia 
•Y":.=::etrical ays:.t:. and 1<1 ti.:le.s 1.::. hia l~proYed 171t·••• 
~ht l)'ttta in EX&:ple }A us ea thl s ditt1t ll t1Dt t . 
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it ia bighl7 unlikely tbot tbt ainsl• unit v1ll bt uatd 

ba..r~o:Ut:al_lJ" 1 or eveo vi tb. much trequ.tn.c e &tlod1eall.7, e;, 

t~t ~tbo4 o! averaging the deYi atloc from e~ual temperaaent 

ot all ot t be intervAle ot the eya t t= !rom one central or 

ge:Ar&ting to~e, a &et ot figure• a ore reprtetctative ot 

tbe b&r:onie and melodic aceurae7 ot the te;por ed 171te• 

e=.ergea . By this :»thod ot calculation the di t'Ceruu:e 1D 

QU&li t7 betwe en !Ol:ktr'.s &nd '."dr&chm.idt 1 8 l tateU be COW' I 

~ucb less, and with tbe second o t the euggeated moditi eationa , 

Fokkor'a aystt= att~s an average deviation •• &:all as 

'.'Clr.seb.:lid t • • . 

Despite the c loee eppro~tloo to 31-tone teapera

~eot b7 t~ eyateoe baaed on lar~e nu=bera ot •upcr1apoao4 

tbird• • Fokker' ~ system, ospeeiall.7 w1 th the aeeond ot the 

: odi t1eat1ona he:e proposed, aeecs auptrior t o &Q1 other 

Juat '1-tone erntem. The additional tittha re4de r & aervice 

proport1ooat e to the 1ntonat1oo.al proble:s t ho )' e reat.e. The 

ti!tb 1 aa the mos t perfect conaon&nce alter t~ oct&Yit 

would appear t o be an interval r• ~u1~4 plent1tull7 in &47 

61 &tt& ot : ulttple 4ivla1o n baaed o4 an acoua tical eocce p~ 

or cocao ne.nce. 'l't>.a PNJeoce ot eu!'t1c1ent tittb.l ia ab•red 

by ? okker • s a..Dd lidracbmicl: •a 171te:.a, blJ.t DOt b7 ~ eyatea 

lihovn 111 Exuple ~. Tbe ltTtnth.J vhich d11UCI>"U.1ah tok'ler•a 

17Ste~ !roo Wdr&Cn=idt's of!tr a nev dimension and direc tion 

tor conaonanct 1.n the }1-tore ays-te: at a.l.J:.os t no coa t 1o 
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1Dtonat1onal accuracy. With the reeo~nded .od1t1cat1oca.4} 

?okke r'a a;rstem woul d appear to poeaeee au/ticient r••••

bla.nc:e t o tU tcpered e 7atem ( which he act\J.e._ll,. uaea in 

practice ) to bo ot thorouSh aorvicoabilit7. 44 

Since the constructioo in tbe ~ddle 1940'• ot &A 

o rgan JD }1-tone equal te=P4r&:e~t a t Te7lera St1cht1Q5 1D 

H1arl e= under Profes sor Pokker'a l t t4erab1p. a grow1QS 

litera ture o f tric esimoprima l mus ic bea devtloped. Begin

c1og • • a atrletly local concern, =uaic t or the }1-tone 

or gan bae 1oe:eaein&l7 a tt r•cted composer• troa other 

•~pean eountri ts.45 Other ins trumento hO•e boon designed 

receat l 7 tor 31-tone te:.pe r a:.ent . A:ocg t hea is a }1-tooe 

4}Tbe ~od1C1cotionu glght be Objected to oo tbt 
gro unda t ba t Fokker •s original 57 Stem mee ta at 6 of i tl ecda 
~hilt the : od1Cied •1~te:1 ~•e t only at 4 . Cce' a vto vpoint 
dep.~ds, o! course , on w:Ucb t ea t ur·es ot a tc::.~-s7ate= he 
dee~• lcport&Qt. to :e the :od1flcat1oo 11 t~oroughl7 juetl• 
C1ed l or the core equal i nte rvals. vh.lch res ult . 

44
one ~sht ASk ~bt . s i nce al l t~e atove road s l ead 

to equa l t e:peras eot, it e tould make &n]' 41!' t'e r e.cc:e how t b t 
'YStt~ 11 deri~e4 . ~act1cal ;uestions involv~ 1n~onet1on 
•~e i&vo l ved, atnc:e it can be a&eu.ed t hat a!~era and 
p h .;re ra ot va.ria'ble - pitc b i ns t l"\...::cnt.£1 s-uch as violin tuld 
tro~Ooce w; uld atte~pt to co~e aa clO$e •• pOid i blc t? t he 
;us; !.otoo.etioc . Al so , in .,.u.dg:i n~ the t e=;e :-ed S'J'&te= 1t 
18 ~eeaSA=J t o ~ov !'or Yhat yur;o• e• i t ls aup~osed t o be 
aui t able . .?1x:..a l l7 , lt 1a reaso~a ble to a aau.c.e tt.at chord
a.::.d scale-bu.1 1C.1n; within a t ecye :r·ed srste:::~ v.ill de pend on 
the co=poaer' t Yi t wa , c on.cious or unconaeioua, .. to the 
the oretic al baaio ot the 171tea. 

•5Le;:t.ar t ro::I F:'ot . FoLker,. Karch c;, 1960. ~· 
~11•b co~poae r Alan Ridout 1a c1te4 •• en •~pl•• 

I 
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truapet. an a4a~tat1on b7 Y.&rtin Vogel 1 tbt a~tbor ot the 

4ef~it1va work on tbt &aTentb partial. Prot. fokker, 1D 

repo:~tns oc t~a inatr~~t in hia l e tter doaa cot 4aacr1be 

tta ae cha.D.iu. Preau.:.abl.7 a co::plete ra-orderiq ot Yal'Yt& 

i o req\liro4, poooibl7 U.•olTi.oa l, 2 , "• 0<14 8 Wl!to ot tho 

• 1•t·tm reapect1Yal.T. 

Tba first cocpositiona !or the 31-toce organ reflect 

Fokl:er'a pNoccupatioc. with Euler ' s genera even vbeD tht7 

aro not b7 Pokker. A co:petitio~ vas held in 19"7 t or which 

it vas specified that tbe e ooposers use a set ot theae 

g~nera. f b.t vinning vork, Y.a.rt. J. tursen' a ~ Antichi 

r.usiehe ~. bas been ~ubl is hed. Lu:sen'a work retleeta 

:~e conaer.atiY& approach to Qultiple 41Y1sio~ ot tbe Pokktr 

IChool. lA eacb ot tte p1eces 1 onl7 !roc 4 t o 8 or the 

avatl•bla pitchea are used per oe t aYe. The teD aener a 

employed represent all o! the threetol4 co:~inot10nl o t the 

}r¢, 5th, &nd ?th partia ls : }5, ~2 X 5 , } X 52, 55, 32 X 7, 

} X 5 X 7 o 52 X 7, ~ X ~, 5 X 72 , &nd ?' • ~ J..a tichi 

~ua1c ho ~ cooaiata ot 20 vory ahort pieeoa , .cong vbicb 

are 1neludt d aao.ll da.oc e• eucb ae a gavotte and a tara'bande , 

toveral pitcto t i tle4 att•r the tee~J.ical ceane eapl071d, 

I'Uch 01 "' Cimodal Perpetual Inverted. c..r.on , • aM a tev a1a

cell~eou.l7 titled piecea sucb •• "' t~elu~e,• •Roodl~o· &D4 

•tn.•ectioaerta.• ieaetuz::o out te~oc.d the li~ttd tl.::.br.a 

ottered. b7 the 31-tooe or5a.n, turse.: spec1:1ea • aried 1natra.

:.ntal Sf'OU'pl 11 14 tal tor • ach of the aaa.ll p1tet1 9 abould 
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tht7 ever de•elop tbe c•pac1t7 to il•r thea • 

.l re cor41Q.& ot tr1c:esao,pr1a.a.l :ua1c baa 'btitn releaa.d. 

co:::.:er<: iallT ir: Ev.ropt (.Pbill1pa ooooc;o , 45 r/p/•) , while 

a~d1t1onal rtcord1co• exis t 1D Uo1?tra1t7 11br ar1eo.46 It 

ia hoped that aoc.a ot theae record iLgs rill become aore 

available in th1a countr7. 

Y1th senerall~ favorable acoustical credenttala an4 

witb a d1et1ngu1abed precursor i n ce~ntone te mpera:ant, }1-

tone t emperutnt otters one ot the zoe t prodaing realaa 

rl tb1n tbe t ield or multiple division. Under Proreasor 

Fokker•s nur turi..o.J the 'beg1nc"' ""'SS ot a literature or .11uaic 

h&ve ecors,ed. . \t.o.ile it could ba-~7 be coJl$!dere d llkel ,-, 

it 11 wi tbi.A the acope ot the po.ss.lble that a auddeo. great 

i~r•••• 1.D. the usa o! this te.:peruent :aiS~t occ\ar i c the 

46.4 record..icg or t r ieesU.op:i.&:al works b7 Ju 'Y&n 
D1Jt , Rtnk Bad ln;a , and A.r!e Ct OtiJI 1a 1a t he li'bra r r or 
tl~ llnl•ersity o: E.&.sel, Srlt:.erlcd. -U:ner trca Prot . 
Peller. 
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~6 

liS'USU.U. SU:;;ES?!C!S POi ~U.U 'l"~!SAJ'!!NtS 

In tbJa atort chapter a~pe&r brietl 7 teaptraaent e 

v ith a&Jl.3 t oce• lD the OC t ·&Ve vbicb hive Mtn resa.rd.t4 •• 

14eal but impractical. and t ecpera2enta v1th relet1Ytl7 taw 

tonea 'belonging to u.nwrual order• or !:. and conta io1ns aer1oua 

do!ecto in their th1rda or !ittO.. 

"~· Szsteu 

Ex&:ple 36 abowa tbt beaie acouetlcal teaturta ot 

aeven ot the leed1ag 875~e~s ot :ult!ple 41vle1on involvicg 

core tonea to tbt octave tban even tteir tlr: eat aupportera 

bove deemed practical . 

It it obviOu3 tro: a quick ex&£t nat1on ot t h1a cbart 

that no trul;r 1c1• al tegpera::.ent in which the portiala 

through 13 u ·e accurate ly repres-ented. bas been tou..od . I t 

1s pe.tentl3 a'baurcl t o use the sa=.e k.i!ld ot at8JldU'da aa 

•~• used i n 12-tone te=per~nt when meesuriAg the 41acro

ponc1es or ayste:s having ove r a bundr~d tonee per octa?e. 

'.'ith 100 tooea t o the oct&ve , the l.n41v1 dual p1tcbea a.re 

on~ 12 cents opa.r t, brillgJ..ns any l.Jos,P.U~ble pitch vi thin 

6 eenta ot a c tmber or tl:.e ayatem. Oct would expect "ideal • 

te~perut.Dta aucb aa tb.eee to he.ve a particulai")J higb 

4tgret ot correap.oDdenc e between te:pered &ll4 Juat rat1o a 

t o co=peoaa t e , at leeet 1D aoae c.e a•u.r·e , t or tbe1r 



:O::.U:1PLK 36 I "ID&lL" SIS1'l-11S 

Nuaber or Tone a r 7'+ 87 113 118 171 ,_7 612 
Ce nt a per u.nt t 1 16. 22 1}.79 10.62 10.17 7.02 }.46 1.96 
Stze or t he rttth 697.}0 70, •• 5 ?00.88 701 . 69 701.75 702.01 701 . 96 £rror O( the t t!th 4.64 1.50 1.07 0.26 0 .20 0 .06 0 .005 • o t ~oa•ible error 5? 22 20 05 06 04 00 
81•• or tbe tb1~ 389.2 386. 2 382. 3 386.4 386.0 38? .3 386. 3 Error ot the third }.1 0 .1 • • o 0 .1 0 . 3 1.0 o.o ~ ot poaetble error 36 01 ?5 02 08 59 00 
Size ot the eeventh 9?3.0 . 965· 5 966.4 966.1 968. 4 968.} 968.6 &l"rOr O( thO II'YOD.th 4 . 2 '·' 2 .4 2 .? 0.4 0 .5 0,2 ~ ot poeatble error 52 48 45 53 11 29 20 
Sh• ot llo8 551.35 551.? 552.2 549. 2 554·• 549,8 55lo0 Error or 1118 oo.o 0,4 0.9 2.1 }.1 1. } 0 . } ~ ot po8elble error 00 06 1? 41 88 ?5 31 
61&• ot 13 o8 84},2 841.4 8 }8. 9 844.1 842.1 840. } 841. 2 Error ot 13 o8 2 .? 0 .9 1.6 }. 6 1. 6 0 . 2 0 .? • ot poaalble e rror '' l3 30 ?0 46 12 ?1 

"' ~ 



-
221 

tmproct1cabil1e,r. Otbtrvise, ¥h7 propoat tbem 1D the !!rat 

pllco? 

?4-tone t~rament can be .41apos ed ot quicklJ. 

eiDCt it va.a pro;oae4 not aa an ideal teaperacent but 

ratber •• part ot a aathea.tical ! orcul& tor obtaLoing 

aati ttacto~ temper&&anta . 1 It repreaenta tbe approxiaat• 

rullill&ent ot a ..ratea or 2/9-com:a tomper~nt, a teapera

cont. wbich did tie.-ure in sou lat.o Renoieao.nce theor;r. It 

co~blnea the asseta and liabiliti~ a ot 31- and 4}-tone 

te:per~ota , ~cb are too cucb altke to be worth coab1A-

1QO, aloc e the reaalt tng te:per~~4t ia too a1:1lar to botb 

t o be vor t b the ::a.c.,y ad.dl t i o:1al tocea 1two1Ved. It cu ~ell 

be diami c.ced t roa tUl' thtr conaiderotion , wi.tb onl7 t he t'tC,rtt 

ovor loatng eo t int a rtpreaentatl on ot the lltb partial. 

87-tone te~ra:ent la the onl7 te:ptrk~ect between 

23 ( I) and 559 obtai:acl b7 Bubo11r uoiog or<liD&rT tern&r)' 

ton~ 1 nut4 !rac tlons . 2 &lace ter~ar1 coat1o~e4 !ractlona 

r.lata oa.Q- to the octa ve, tl!t b , and &a.Jor third, it 1• 

.co t aurpr1a1.ng to Und the error in tbo 7tb. par t ia l rather 

larg o . Tho 5th aod lltb partials aro excel lent , and tbo l }tb 

~a.r-t1al 11 quite ac!.e~uatel)' a~proxi;ated. However , 1D 

&dcl !t1oD to t!le ?tb puti&l tbe }N part.iol is not as woll 

repr t lented a.s one voulc1 wi s h in a _s eoc.plex a 87&tell a.a 

127 Droblsch aa reported in Tuniog ~ Te=pera=eat, 
p. 129. 

2 Ibicl. • P • 1}0. 
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c;bia oa.e. 

113-tone te:per~e:t is •uoaeated ~7 Partcb •• tbe 

ai%pleat te:p:era:ent in v!l.lcb all of the part:1Ue tb.roue:b 

11 are a4equatt11 repreaen:ed . 3 7bere appeare to b&Ye been 

.a error in hie calculations, becaus e ttere are t h1r4a that 

be would never tolerate 1D a : usical 17steo, even one iD• 

volving tar fever tones thGn 113-tone te:perament. It i a 

true tbat m4A1 seale uni t& ot Partch's 11etez (ate chapter 

?, below) are ~uite close to intervals ~epresontiog 

multiples ot 10.62 cents (<he unit in 11}-tono te:per~nt ) , 

llS-tone te~pe:a:ent has ~njo~ed tte 20at widespread 

approval of all the ftideal• te:per~nta a:on& Cheorlete • 

.Bosa.nque t, IJ~ach=.id t, Ariel cx1 S&rbour are " ODi the 

vritera vho bave reported !5vora~11 on tbis te2ptr&aent . 

Both <ho !ittb &nc1 tbe tb.ircl L-. ob t i.l.ne<! vitllln .. all 

!ractiooe ot a cent , renderiAg the dlacrep&ne iea tor thea e 

t 'WO 1otena1e a=a11, eveo !or a ayate~ 1nvo1v1na auch 

minute UDita. Yar lous tort unate in ll8·tone temperasent 

uo t ho upper prima pu.rtlo.la , eo..c h mtaa1DfS ita aa.rk b7 

~ore thbn the cocporablt interva l in Pertcb'a 11}-tone 

syatec. Tho ideal te~~r~eat 1$ 1adttd ~o eluaiYt satter. 

1?1-tono teaper&:ent is ?errett•a cho1ce aaong tbl 

3GeAoi1S ot ! ~' P• }0?. 



equal t ·e:pera:enta. 
4 

2e is coecerned with the pe.rUala 

tl:.roug,h ? , e.Dd, indeed., tor tU 3rd, 5th. and. 7 th pa.rtl&la, 

tWs tupera:ent U t!:.e first to aps:roaeb. • tcl eal • atancla.rdl . 

o.• cectl ia tbe ca..x:1.s.ua <leviati on tor ar.y ot the part1.a.la 

belov 11, an im~reas1Te attai~ent •••n t or a tempera:ent 

wi th •• &AA¥ tones •• t~io . ~ith the 11th part i al tba 

ayat•• becoceo aa usel eao a s 12-tone to=perement tor tba 

anme p.rtia l; the deal~d tone liea almost aidw'7 between 

tyo membera ot tho te~pered $,7atea. 

547-tone temp•ra=ent beara the eea l ot appro• a l ot 

Von J..ruto aM von Bornboatel. '•1"1 th t .:Ua &An7 t.on.a 1D the 

•Y•~•=• a elcolc cent'a cliacrepLnC1 :uet be conatder.d 

aerioua, t..ad. tbe 3rd pertia.l !a out or tuDe b7 t hat auc.b. 

It 1a b ard to UDC!e ra:&.c4 vb,t theae rue. • e lected ~? 1.D 

prererecct to, ,.,. , 1?1. It ie ~lktl7 tbet the 4iacOYtE7 

ot ~? vaa b7 cb&.a~: t a.nd that be t ore P•rNtt cobocl.7 had 

explored tho advantao ea ot 1?1-tcae t emperament. 

The laat or t~e cha.r-ted te:.;>er~ente, 612 , l a en

do rsed b7 1uch dl• erse v~iters a s Barbour , Bou6nque t, and 

von Jo..nkO' . 'T'he ! 1!tc..a a.od thir:is a re obtliotd v-l t b • 

• Pe rrett, ~- cit. , p . 149. Perrett admi t• t.be v eak-
ees~ ot tL6 11th ~ !!tb yartiala in lil - tone ttaptra:ent , 
tu t reoarde tbt= •• ~:;ortant, us1~ 1&~t•a4 tbt l?th 
;&rt!.aJ. ~It t.C.e ll :.::. o.:A l}th M~:..ics c:&:l t e d.!apeca•d 
Yi t t , l?l &a¥ claiz t o be tb• perfect •c• le , • he co~lu4ea. 

SOp. Cit., tro: p. 6 . YOD Jat:.k0 CC:llidera 41- &A4 
~5-wne ti':.pe-::a:.e::.ta t o be the test. U!lt.il }4?. e. t.ben 
•l~o : enti on1 400 , 4)}, 5V6 , 5$S, ~d 012-toce t1:pe ~.-eot1, 
t~ nu.:bera e acb re;:;.oTed. tro: oDe a.r.ot't:.er b7 )) lotes er a. 
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precis ion ttat voul4 be r~~kable in aQ1 e,ual te=peraaect . 

EYe~ t bt aev~~th partial is closer 1: t~e ~ore Etani~tul 

cat•gor1 (~ o! posa1ble error) tta: in~ ot the •ideal • 

syste" except tor 1?1-tone te.:pe.r &:etlt. It IUJ' bt ot eo .. 

eocaolation in a.n i=per!ect world to cona.td.er that it aoae 

kiDd ot livtaa creature in a distant aolar •1at•• ahould 

deve lop e&.ra a.cd a :ind ot i.neo=prebensi ble powera t D&tUN 

Me, in &12-tone tooperuent. a.n almost perfect 111tem tor 

him. Al moat perfect, that 1a. t :r be ta cont ent to forego 

tho 11th, t.Dd ••P"ciall:r the l }th, partl.alA, 

STST~S VlTF.OUT Pl?l'ES 0 ?. Tf'lRDS 0!1 OOTB 

o ! con.aonu.t thirds a.nd t i!tb.s h&ve 'teen pr opoaed, uau.all1 

tor an holat.ed , apeeitic u.se . 'J! th the e ve.U ab111t1 ot 

e lec tro!l.icall1 produced :1.U3ic, not depea.der.t 01:1 a tU.e4 

tuning eyatem, the prActice or ado;ting unique tuning 11ate~s 

t or 1ndlv1dual pi eces ma1 vell iocreaae. In bta recent 

vork , Spiritu~ intell i senti ae aa~etus, &roat Krtnek a eke• 

U#e o r 13- tone equal te~per~eLt in an electronic 1cter

lude . 6 I o th1t interlude he ~~ea uae ot c cnJuce c btpta

c~orda La a ae~1•1 aanner. I t ~oul4 be co leta logie~l to 

construc t &A t lectr onic 1oterlgde out ot 11-toca te:pera

z:.ect , 2~-toce tez p•ra:ent or &.::~ otMr G1'1tea. .1..11 l oA& a_a 

6xul1cal Quartorl;t, .lprll 1960, P • 248 . 
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conaonanee i a &ct an obj ective, &Ych irr~6ular 11ettKI 

couetld tbe:aelves as ''rer'l poaaibl.Jr euperior to 171teu 

rlth go~ !'i!'th.s or thircla • 
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.l~to J\oT&.rro hu lret'ted gu1ta.ra in 15-tone 

te~perament, tbereb7 obtaic1Ag c onsiderable improve&ent in 

the ainor t hird a e.nd ne. tural aevectb.a e.a aga1n3 t those ot 

12-tone teape r&&ent . Be usea t beae guitara in conjunetion 

vlth other 1::11trw:ents , tr.a41t1oD.a.lly tu..a.ed, i ,ll order tb&t 

bt ma,. also bave aeceaa to vell- tu.ned. tittba. To close the 

co:bined aysteo vou ld require 60-tone tecper&ment, but 

~ovarro enviaas es no s uch cl oai ng or the 171tea; rather the 

ai:ple coe:d.s tenct o r 12- aM 15-to r:e te:per&.~:~ents. O!le 

would 1ses1~• t~t :he three p1tchee co::oc to both 

17Ste=a ~uld h••• s pecial importance to Novarro , ~ that 

the 400-cent interval between tb.a:; woul d be or po.rtic1.alar · 

a i gni tic&net ic &u sic ao co nc t 1Ye4. 

~oni'l 11.apposed 18-tone ayste~ hel been di&CUIIId 

above . It 11 1n reali t7 e }6-to~ &7ste~. It can, however , 

be thought of 11 co=bining wi th 12-tone ttmperecent in an 

t ncottple te ~6-tcae 57stec z.u.cb 1 ike !\ovarro ' 1 inco::~:pltt·• 

60-tone S1Stt.: above . 3uson.1 :1g~t have t-ried to :a.i.Jlta.in 

t he 18-to::e scale as a distinct e n t i cy, 1tl vbich case be 

would have had a t1!th- less acala . 

The lia t ot proposed e qual t e:pera:enta without 

t hird. or tlt t.h 11, !Meed, quite a::all. It would seem tbat 

on~• the ba.!c co~so~&neae ot the har:onic a erie• are 

t l 1..21nated , oct 17ste~ would do Q.Uite 11 well aa another. 
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CEAP1'32 ? 

=IPU DI'IlSIOY 'JUEO<l'i' EQU.:.L !rll'.P!JUY.t!i! 

Koat or tbt w-ritera advocati.ng ault1plt 41rta1oc 

have been 1ntereatt4 1n equal te=peraa~nt. tht7 h&Yt 

aougbt out multiple 41T111on as a me.ne or attain1AS 

acouat1cal nicetiea lost through 12-to~e equal temper .. eut 

while retotoin.g tl:la ad1'&nta()t& o! eQ.ual-temperament 1D 

general . But, •• tbe previous chapters have ahovn, there 

ia oo euch thing as a pe:teet equal t~per~ent . Ro~•••r 

much t.U acoua tical eo:::.sonsoce o~ the intenala •IJ be in

creased b1 tbe jud icio~ eho!ce o! ~ equal te~~er&&ent 

involving ~ultiple division, it is possible, obYioualJ, to 

raise b.ic)b.er ata.o.c!a...""ds ot accurac.7 1 or to 1ns1at on tbt 1J:l

c lua ioA ot b1g.ber antS. hlsher ;a.rtiala, or bot .b . T~t't have 

been I n~btr ot vrite~a who h5ve preferred the ~erteet10D 

ot ao:M 1.ctervCLl coc:b1net1ou in tb.eir a.yateu to th• 

tr~opooab1l1ty ot all. Witb in the field ot ault1pl o 

dht aion tbo:r occup:r a position akin to that held b;r tho 

odvocatee ot Juot 1nton•t1on vitbd4 the diat onic ~d 12-

t one a,ra t eae. 

Tbt catesor, ~2ultipl1 d1v 1a1on vitbout equal 

t~:per~nt• can 1nclu4t auch historical eventa •• tbt 

as~ :ea.nt ont 11&tu.s 1c.volv1~ split kt7• • Vithin the 

last centur7 tbtlt bave not b•~ r.vlTed, hovtYtr, &D4 ex

;>er!.atnta 1.J:a cultiple 4_1'ris:ion vit.bout: e~ual te:per ... nt 

jl 

' I 



-
227 

b~vt te.ken one ot tvo direction~ . Tht tirat baa been tbt 

build1JlS ot 171te= ot !i!ttt., e ithu pure or alteud b7 

onl1 l/8 o! a ochi•=• ( loso thaD ~ o! a cent). Th••• 

' f • ., 

sys te1:1.1 ha ve 'bee a .=.tntioned, abo·u· , ill. Chapter 1, and again 

iD Chapter 5 in the cUacu..ssion ot ;;;-cone t~:aptra=eot , vbicb., 

because or its t:ear-per!ect t1tth.s:, repr·tsente a ~ ot 

eo:plttion or !ultillment ot all ot these S7St t~a . ~ 

nu:ber or autbora vho bave proposed &1stecs ot tb1a kind , 

es~c1all1 iD the 19th century, is groat, and ma.n,y 1natru

Qeota tmbo471Ag perfect or caar-~rtect !1!tba 1n 24- or 36-

told pror·ua1on have been bu.ilt. Debate over the ir relati•e 

~er1ta baa tilled tbe p&ees or cany t 19th century Geraan 

.,erlo41ca.l. 't'Dt go&l Of ltOit O! tl:!.e tXpOD.CIDt l O! 1'11ttU 

euch •• theat ote~a to ha ve been t he perfect intonation or 
all !i!ttt. (Led !requontl1 or ·~· third& •• vell) that 

might be called tor in tbe : uaic 1n general uao. Por eueh 

purpoaea, a baaie 1 2-tona Pytbagore&e eyate~, with on• or 

~vo alt•r-natt to.aea tor e ac:h atc.ber, a eoz.:a big.her or 

lover. vould. be au.tt1c1tnt. 

Uor;,g the expotaentl ot 2.C.- tene a,.ateu ot tbia ld.Dd. 

ara Bel:holt& and ~ore recentl1 ~lark J ones, both ot wboa 

ue aware ot ttle advantaaes of tor:J..Do. pure third& b7 eipt 

sub- ach1o=at1call1 eltored !i!t l>o . 

~6-tone aysteca ot t hia kind nuaber .. o.ag their 

aupport·er-a at lea.st 0:11 hpoor-ta.nt coote:.por&.r7 t1gu.re , 

~v1n4 Groven ot Norway , who baa made some tape recordings 
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troa an org~ buil t to contain )6 sub-ech1~t1call¥ altere4 

t 1ttbe. ~o=a •~lier uae:a ot >6-tont 171te~ or titthe 

Puhl=.a.nn , vhoa Cr!"'f• .: .;:~a_1 ta •• tbe -·-···· 
wl>o a lGi propoao4 a a1c!lar &7stez w1tb, 

the oc ta•• • 

tirtt, &.D4 Mts. 

od411, 52 t onu to 

Other. 1i=ilar stste:s have been propo1ed •• t ollova: 

b1 Brenda"• • 48 tones ; b7 •'Uscb.midt ( beto,.. hie iato..-at 

i n 19-tollO t upe rac ent developed.), 50 tonu; b1 Etaleben, 55 

t onea . ~be liet 1a undoubtedly mucb longer, but the 

sy&te~a do not ditter =arkedl7 rrog o~ 5nOtber. A greater 

range o! ditterence is tound in the 1n8tru&enta dea1gged to 

rea l i : e the •• 17ate2.1. 

The aeeond ba11c catego~ o! :ultiple dlY1a1on wi th

out equa l t oc;4ra=ent 1Dcludea thole &7ate:1 baaed in part 

on inur• ale c.ot 1.nel uded 1.n a e erie& ot ti!tha. ~o lta4-

1ca, exponente or aueh ayato~ in thia c ent u..."7 b.a•• be t A 

\lil!rid Perren in .>nglen4 end B.e.rry Pertob. ia tb.e Ullitt4 

Statoa, botb ot who~ have built ioat~cto to bring their 

syatema i nto prac t icel reali t1 and have publlsbt d thtlr 

t heoretical 4oc tr1n••• 

V1 ltr1d hrrt t t beo;a.:1 publieMng hi t ~ Q?e1tlOA1 

~ !':us1eal Tbeorz 1D 1926. ~ ae:iea ot thlD "fOluae e 

t ollovtd oae &DOther at Ya.ryi.c.g icteM'&,l a ot t ist. The 

volu.aea ltea 1nYa.r1ably to b& Te beeo bou.n4 aepa.ra t el.7, I.Jl4 
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• • there ver·t onl,. 150 copies p rinte4 • copltl ot I O&e ot 

t!:.e YOlu.aea &.re> quite ra..re . Perrett appear • to ha•• b•eo 

a highl7 learn~ man; he also publ ished vort a on phocetica. 

s pelli.O() rttor'.c , aM t.te a.nt·ecedents ot Shake apea.rt •a King 

~.1 Hie eru~ition i a apparent in a vaat nuaber ot 

learned c itations , including a quotation from Plutarch 1D 

Greek. It i a, 1.11 tact, the illcerpretation ot Plutarch 

which 11 at the heart ot Perrect• a btPotbeaia: that tbe 

Grttk t nharaonic genus ~as termed trom tbo cocbination ot 

two dia tonic acalea related b7 a aeptical ratio . 

Perret t quotee Plutarch as tollove: 

I II 

¢a.iY{.Tq.L ~ 0Avf""1Tvs 
'lt ' I , a.. !I!> h <Ttl S ft 0 lt <1 c.M] Y, Tfi- h. y 1. VII To v 

\ I • • \ ~ 

T, /fo.., o.yvoo vt'~vov viTo r wv f.JA"fo11f)£v 

ii<Ta.yalelv , s: a( at:xnyos {Evt<fea( Ins 
<[ )~nvt/1i\S /fQ i /-fQ ~ iiJ /1ov11 tx its 

Adaitting tha t t hia yaasage can be lnttrpr.te4 1D 

dirter.ot v"•• Perrett atates ~~ Yiev tb~t Plut•zch &1&48 

tbat OlJRPU. created a acale noc e o! w~o•e tecta were tbt 



•~• 11 tbo•• ot the oa~ional aee~e, but who•• coatoura vert 

tbe aa.:.e • that Ia to •a.r Dorian iD code , aince Ol,.ap\11 ta:e4 

ttA new acal e to cocpoae in ehat code . S~ace the tera 

eCa r::ollic me ans •citte-d in,• Pe-rrett concludea t.hat the 

enhBrcoaic gecua repreaente4 th& ·~itting t ogether• ot tbe 

~o Dori u acalea . Bart..o.g proceeded thia tar oo an 1nt.er

pretat1on o t a atate~ent by an ~~~orian and an etymological 

deduction, Perrett approaches the moet di!ticult part 

aeoust1co-Aeatbet1call7• He notea that 1L tho paraaeae 

used by Olympus had be ~o tuned ? eente lover than noraal 

( by •normal ~ Perrett ia re!err1ng to ~tole~ • • 4iatonic 

oenua) , 1t would baYe co:pleted an 1nterT&l ot ?:5 with 

a nother ceaber ot the 170t.:. ~hia 1nterY.t Ferre tt coa

ai~era t~re~ely ~oeutitul aod notes tba~ Tart1A1 cooalder.d 

7:5 to bo t bt boa t aug:«Atod 4cb . 

HeY1Q6 Cound the alightly lowe r par••••• b7 accideot. 

postu lat e& Perrutt, Oly:pua used it t o generate oe?orel ot 

t~o principal toctv ot t ho docond acalo ot vn1cb , boweYer, 

it was cot a =ember . Porhap& t hi s can be ~de clearer b1 

reconat?Uctin~ Olympus' ayst em as ~uggeated b~ Porrett. 

The original ayot.em. based on tbe Doria.o 1ca.le ot I 

( bu: calcul&ted in cent» by Per=ett !rom the generating tone 

4) is: E ?20: P 810; G 1018; ~ 000 ; B 204 ; c ~16 ; d 520. 

!n t~e ori5ic.al. ayete::. the note a is acc1dec.tallT tu.Ae4 

se yen centa tlat, ! . e •• lowere4 to 19?. !hie create• the 

Pl • a•i"6 tntoro&l ?:5 betveeD 7 and B (?:5 • 58~ coDt a) . 
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rro= the gecerating tone ! 19?, • , . r tect f"1!tb upward 11 

=• .. =•d, Tiolc !ng a .. ~ti.ul Gb (to be coJ.led ?cb) 89'3. 

fr()a eia ?Gb a jU£t aaj or third &Jl.d then another perfect 

t1!tb •r• ••••ured, !1noJ.ly yielding 71 ?5?. rhio oeptLool 

V 1.a U:e atll.r tlng toot tor the Dorian OctaYe o! tbe new 

ac&l • ( it 11 interestlc,o t ·O see b.ov l'errett'a ttMo17 

p•r&llel a the traditional tbeory ot alternate ~.inga on J 

8nd P) . At thin tone 11 85 cent~ higher than E, tba t wo 

acalea •~• tt aentiallt ident ical 1c t or• &Ad eep&rated rroa 

one ~other 'b7 85 c e nt.• (re;re~ect1..Jlo the r atio 21:20) . lt 

tho tvo scaltt vere eo=plettl1 identical 1o tor=, Perrett•a 

14~ tone 171 tec woql4 bo aa rollowas 

I ?02; ., 814; c 1018; J. 00; 8 204; C }l&; D 520; B ?02. 

9:8 10:9 9:8 16:15 9:8 10:9 

rtr:-.tt :.a.kes one &lurat1on i n the new ecale, how

e.,er. · .. ~ere t wo vholt! - t.onec are placed cOtl5eCutivel,. , 

betve~~ ?Db and ?p , P~rr•et re•ers~• the order ot major 

I.Cd. .c:..i.Lor tooea 'by l ower ino the pitch ot ?E'b e eynt onic 

co::. ~roa 60S t o SS3 c eeta . ~$ s1•es b~: a 14-~one 

• r ntem co~a1 o t tng o: the t ollov1~ pi tches (Ln eenta): 



0 
85 
~ 
289 
318 
401 
520 
58} 
?02 
?87 
814 
899 

1018 
110} 
1200 

2}2 

Baa1c to Perrett's approaeb is tte de1ire to avoid 

uniior~t7. The alterati on or ?~ adds t o the nuaber ot 

eo:binations available but lioits the n~ber ot exact ~ans

poa1t1ona which are possible. ~· Pe::ett polnta out, oAl7 

t vo c &Jor acalea, (C a..o4 ?I!b) u e &Ta..ilable in h11 171tea, 

&ad their torza are aot 14ent1ca~ . Perrett ia 4el 1gbte4 

to t 1c4 preatnt in hi e 1yate~ euch Ptole:iea: tetrachorda 

•• 28:27 , 15:14 , 6:5 , aJld 21 :20 , 10:9, 8:? , u well ao a 

nu:ber or e nhar~onic t etracborde . Uatcg rus1et-brown ke11 

tor hie t wo nt w ton••• And a special 111tta ot aotat 10Dt2 

P~rr~ tt nottl IO Ytral prog-r•saloo a 1n• olv-1ns Ptoleai eu 

tetrecho r4a. 

In hil lQ-tone oy1te~, Perr. tt h&s ! iTt gape which 

a.re vic! er tbktl 85 c~t•. Four are • -• le.rgt aa 119 c ent1 

vbi l t the otbtr 11 a.:.a.ller, 9? centa, the reeult ot t.be 

2Tr1angular Aote-he• d• s1gn1r1 block ke71 b1sber 1A 
;"~itch t he.:: tbt: etan4a...-d "·hite o:::.es, vti l e x- abaJ)414 ZI.Ote
h• •~• are pl'Jt 4 on ~· rusatt-brovn kt11 bt low r &D4 C in 
Pitch, 
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rearr&ngemant ot the modes. Fe~tt adds t ive additional 

tones to bia S7Ste::. to !'ill these ~e.ps. Thtae tonea are 

&d~ed at t di~tance ot ?0 een~s (25 :C4, tbe di!!e r.nee 

between the major and =!nor ~~) above or below one ot 

tu alrtody •Jd.•tl.no tocea. '!'te ,.. tocao uo a" 6}2 1 70 

cects below J, Ab and Bb, s1&1l&rl7 located with reape ct 

to A &ad B and a aepti=al D a:d a sept1a a1 C, each l ocated 

?0 cecto above the ceishbori~ aeptiaal !lotted tocao. Aa 

• r•ault ot these a4d1tiona , a&llJ ot Perrtt t•a cont1g'ur&

t.1ooa art tr&nnpoaable to =fln.1 a.ddi tlooal ke,.a. 

Perrett calla hia enlarge d acale • tierce-tooe aclle; 

it ~oaat•••• 19 tonte to the oeta•e, and ita 1nter.ale 

r 
. t 

r ange in a1tt !rom 2? to 85 cen t s . ·.·ttb t b1 a acale, Perrett 

1a del isht td t o diaco•er tbat ~e can ha~oDi~t the tnhar=onic 

tetracbord or Arc~t ... 2• 

' so:e 'ueaticcs ~ Hus!cal !heorz, PP• 20-21. 
4 Ibid. , append1x to Cbaptor 4 . 

-
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!lthougb aoce transposition 11 poaaible 1D Perre~c•a 

s1etea, it ia not b1& goal to =ake tr&n$pOa1~1on eaa7. Be 

eonsidere 1~ to bave been a ~e•t virtue or the Greet. tb&t 

t he7 •••oe i ated apeei!ie intervals wi~h epec1J1c pitehea. 

6\leb .e.o aaaoe i atio.a. obvi ously C6JUJ.Ot be m.ede 1:l a tr&n.~

poeable ayatem. In ordo: to eaJoy tree ha~onitatioA ot 

all ot the tones i .o hia system am to use the• all aa 

tonica, Perre tt claims to r e quire 62 tones, uaing occa

aional achio=ttic compensatioo. 5 Thie would still not 

achieve a cloaed ayate~; tor tbda an equal te=p•r azent ot 

1 ?1 tone a to the oe ta.ve vould. be neceaaa.ry. · 

':be creator ot an instn.:.::eat, tl:.t Ol7JDpio.a., .a.ued 

atter tbl auppo1td inventor o: tbe enhar2oDic secus , &D4 

t~• autbor ot a bi~thl,. i .m.asinative 1t occaaionall1 txtrt

vagant treat iae, Perrett belongs a~ong tbe btlt or tbt 

aptculativt t hooricta ot our dQ. Ria i.nquirit t v tr·e 

mot i?&tt d b} a conce~tlon ot the beautiful vhlcb be alv -ra 

ke pt toremoat in mi.nd, am a reverence tor bia eubJtct . 

Perrett'• obacure book d id not go ent1rtl7 ~ot1ce4. 

~ong itt moat ev14 reader • vas Ea.rry Plrtcb, v bo had a~rtadl 

•~ba.rkod. on the clt•elop~o.a.t ot a :usical ,,.atea vbJ.cb re

ae::bltcl Perrett 'a 1A z.&A7 respects but vbicb vaa tu aor• 
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Part ch ' • attainaenta as composer &Dd ioatruaent 

builder have dvarted hil wo:k ae a theor1at. Nevert be l esa. 

1D Gentsis ~ ! ~. Partch puta forth aa toreetull7 u 

ever baa been done tbe ess e tor just intonation i n principle, 

oultipl• division in ge~eral, aDd bis own 111te~ ot ·~ 

tone a to the octave in particular. 

The basis tor Partch' s mua ical s rstea i s a concept 

which be calla :ooopho;y. This concept allows the deriva

tion b7 ai~plo ratios or all tones !rom a tingle source. 

Yrom one central tone 11 built what Partch calls an otonality, 

welch to the :o4uc tioo vithtn tbe oeta~e or the tirlt 11 

me~bera or the b$rQon1c aeries whoao fundamental 11 the 

central tone. P'ro::n tb.11 l&.:le toct 1a also lr..a ! .lt a utoca.lit7, 

cona1at1Ag o: tbe exact inversioD or the otoealit7; tbt 

utonal1t7 ie given a atand1ns wi thin the total ayetem 

exactlr t ~ual to that ot the otonality. Di•counting octa?t 

re~l1caa there art 6 tone• 1n eacb oton&l1t7 or utontl it7• 

re~resenting evary odd c~ber tro• 1 to 11. Arranged 1~ 

ascending order, the tonea oC ~ atonality, reduced to 

vi~b1n • sioole oc~ave , proceed b7 tbe se queDce 6:7:8:9:10t 

11:12, with 8 representing the generating t one . Tbt utonal-

1t;y co::.aists ot these sa.::e tie;ure.a as deno::U.n.ato:-s with a 

!1xed nUIIerator. 

the entire syste~ ot 43 tonea 1e built troa the 

at~plt pheno:ena ot otonalit7 ~4 utonal1t7 in tvo at-sea. 



~· tirat atage 11 tht eo:plat1on or a 17et ec ot c ocophoDie 

ratioa ~heroio tech ot tbe aix baaic value• rela t ea ~ each 

ot the o~er t i Yt botb •• au:eretor &Ad aa dtno21Aator. lD 

the proceaa, each tone ot the initial otonal1~7 eer.ea •• 

UA1t1 tor • u.tonalit)', while each t one 1.ta the orts;i.nal. 

u~nal it7 eer.ee aa unity !or an otonalit7. E%&aplt '8 

abov e the co2plete r epert oirt o~ a ono.boDie r.ttoa arranged 

in what Partch calls the tooal i t7 ~1emond . The ratioa art 

shovn 1n t heir =oe t baate Cora. lD actual practice oct••• 

diaplace~tnts are used to narrov the range. 

t n:plt }8: Partch • • Tono.l1 t7 D1acoD4 

Otonalit l t s •• •• r ead down 
Uto&el1t1os ••.• rea4 aeroaa . 

1 1 1 1 
""1""3""'5""'7 

1 1 
<J rr 

-t-1~-1~rt 

-t-i-i~4rt 

-t~~~~rt 

-f-i~..;~rt 
11 11 11 11 11 11 
> "3 ""'5 -, <J rr 

It v1ll bo obs trTt4 t hat tbere are '& r ot1oo (& x &) 

in the abo•t d1uocd. oc. t b. ae, tht ai x eo•pr1alll6 th.t 

d.i&gon&.l troa tht t op lttt turn out to ~ tbt aa.. , 1:1. 
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Two othera prove equal to >:1 and two to 1:3. All or the 

re:ai::Uno: iotena.la intervals are diati,nct , hova•er, ao 

that tt:e ~au..ber or cUstine't :z.onopbon!e r at1oa pro••• to be 

29. ?heae ratios, v~en arranged within the octave, s1•e 

Partch bJa ba11c scale or 29 ;ones. ~heae tocea are •&rkad 

vith an aateriok ( ' ) in Example }9, ~lov. 

So::ewho.t concerned .over tU di screpucy hL f11ze 

betveeA the ••rious i ntervals ~ich aeparato the monophonic 

ratiot wbe.o they are a.rr8.llg;ed as a scale, Partcb add a 14 

additio..-1 tones to qn in t he larger gapo. In the p:-oeeoo 

he •dda t o the number ot a•a.i la'b}.e trau~oa1 tiona Cor hi a 

boa!c otocal!t7 and uton.~it7 aa well •• to tbe auaber or 
1Ya1lable acale pattern.. ~he range ot 1oter.ala 1D F&rtcb'a 

or totoal 17ateo ot ~ono;bonlc r atios ta cecveec 14.4 c.nta 

( 121 :120) an:S 1 5() .6 cent a. 1A. 4 cent a t"e:aict t.be •••lleat 

icttrYal ln tbe eo:~~plett t1•t·t2, vhlh tNt larsest lG.ttrva.l 

le }8 .9 cento (45: 44) , 

It v1ll be ooen rrom EX&z~le 39 tbot tbe 41oe ropADc1oo 

betvee o Pa_rt ch 'a inte rvals a.rx1 tboae o.r 43-toce e queJ. 

te::>e:u:.eot &r·e cooaiderable . Fro: tbe 9tb to the ~th 

t one iD Partch ' e •1etem is ?37 . 6 cects, Dearly 40 centt 

lL"'3er tb.6Jl W te:Jpe:'&d i.nt~tnal tnvolv ing •• &6.03 degreee. 

':':-A:!lir<>sabil1t7 1s a eo=~ t;y av ailable oo.l.7 1n liAi te4 

.:tu~t1 tie a vith..i...:l th~t Pa:tch eyst•• · 

5e•ert~leaa , tbo&e :u&1cal !eaturee s uch •• o- an4 

lltoulitiet, vb.ich Partch dee.:. :ost •seelltia.l to hil aueica.l 
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l:<&::ple 39: .Pa.rtch 'a 51'atea 

Ratio Ceota • tecper e4 bt1o cecte • t t ap• red 
e qu1Ya-
l t nt 

aquin -
ltAt 

0 1:1 • o.o o.o 22 10:7 ' 617.5 614.0 

1 81:80 21 . 5 27.9 2} 16:11 •648 .? 641.9 

2 }3:}2 5}.2 55.8 24 40:27 680. 5 669 .8 

} 21:20 84. 5 8}.? 25 }:2 "?02.0 69?. ? 

" 16:15 111. 7 111.6 26 }2:21 7<9.2 725.6 

5 12:11 ' 150. 6 1}9. 5 27 14:9 ' 764 . 9 753· 5 

6 11:10 ' 165.0 167 . .. 28 11:7 ' 782.5 761 .4 

? 10:9 "16->.4 195. } 29 8:5 ' 813.? 8..."9. } 

8 9:8 ' 20} .9 223. 3 30 18:11 ' 852.6 837. 2 

9 8:7 ' 2}1. 2 251.2 H 5:~ · 884-. 4 865.1 

10 7:6 ' 266.9 279.1 }2 27:16 905.9 693.0 

11 32 :27 2')0 . 1 }07.0 }.3 12 :7 ' 9}} . 1 920.9 

12 6:5 ' 315.6 3~·9 }4 7 :4 •%8.8 9->8 .8 

13 11:9 · ~?.4 ~2.8 35 16:9 •99£,.1 9?6. ? 

14 11:4 " 386 . ~ }SQ.? }6 9:5 ' 101? .6 1004.? 

15 14:11 '417.5 418.6 n 20:11 ' 1035.0 10}2.6 

16 9:7 ' "35.1 440 . 5 38 11:6 ' 1049,4 10E0.5 

17 21: 16 470. 8 4?~ .4 39 15:8 1088.} l0o8 .4 

18 4:} ' 498.0 502. } 40 ""': 21 1115.5 

19 27:20 519.5 530. 2 41 64:H 1116 .8 

20 11:8 ' 551.} 553.1 42 160:81 1178. 5 

21 ?:5 ' 582.5 586.0 .. , 2:1 •1200. 0 
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demand a , are t ra.n.sposable i nto e nu ber or kt7a . Tte t ou.r

t.ee n tocea vbieh Pa.rteh edda 'o t~ose repreatDti.:D6 tbe 

ori ginal 29 a onopbonie r6ti oa p rovide tor 4 considerable 

in=reaee in the nu.m'ber ot =~ical pbenomeua wbich u. 

t.rUl.lpoaable &nd in the numbe r ot ke7e i..Dto whic h &l.read.7 

trLnapOa&ble pheno:ena can be ~laced. !n example ot the 

to:..ar ia tbt hole:.e i&A 41atonie ac.a.la, pertoraable 1..D one 

ktt only uaing the origtnel monophonic rati oa ( t hat ka7 

wh!cb uaaa 4:' •• tbo tonic). I t 11, in tbt coapl t t t 

arat ea. available ic at loatt t 1 ve k171. Tbe tonica of 

tte major !ora ot tbia acalt include 41} , 1 1 16:9, 8:5 , &D4 

6:5. 

Partch tackle5 directl7 on e ot the moat Otten ed• accad 

u oaent5 a.;&i.Ds; S7ste&a ot Just intonation: t hat. baaed 

on doubl e employc~ent. To tboae vbo eoaplai n that the 

1Uk'frt oo1c of tbe d.iatonic seal• NpNat nts • tone a eoua 

h16ker ~b.eD 1 t is e~loy•d in doDina.a.; h&r:ODJ' tb.aJ:l vben 

t1;lo1ed in cubdoc1nant har:o~, Part ch replioe that ~ere 

i o :.otbing vrong at all 1.D t~1s a1 tu&. t1on. 'l'be sll1tt ot a 

co:.:a, he clai!:ts, is tar lesa diatu.rbi_og thB.D. the poor 1n

tona~1on or o~e or both o! tbe cbords caused b1 &A alttr

cotive, just or t eopered. ?ro& this Yi ew i t 11 apparent 

th4t Partch 11, attar all, a bar~onist, disturbed b7 harmonic 

1*pe~tectioce ot Ainutt proportiona, but UDdiaaa~e4 b7 t he 

necet.oity or col odic adJ u.a t un.ta &&nJ' t1~:~e1 larger. nrla 

1a, c~ courat , a tborou~bly ltg1t~tt Titvpo1nt which can 

4 
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ne•e r be preYed right or wrong . It 11 •o~ewbat paradoxical , 

t.oveYer, t o !"1nd it preaeot.ed ea oce ot the ! OWJdat'lona ot 

a 5Us1cal 1deoloi7 w~ose otter central pointe incl~dt a 

great e=opbaa1a on the solo hu:an Yo i ce, tbe vt llapri_n,g ot 

~elod.7. the tvo polar ele.oenta iD Partch tend to. ' '"' a.a 

ebecka and balancea on one another. 

To ,pe rtorm euaic based on the acoustic 171tea outlined 

above, Partch bao adapted and built instruments . or &&Q1 kin4a 

over a lons period ot tim. . Altbousb bia tirat 1natrument 

vea .n adapted viola, laviahly !~tted and held aa though 

a cello , : oa t or hia atr1nge4 ine trumeota ba•• been plucked 

rather tbkD boved instru:ents . Tvo bU66 kitb~aa , e apeciall7 

deaigcecl tor tbe plA11A& ot he xads (preau:abl7 ~UDed to o

aod UtOnalititO) &D4 Gi:Ult&neOU$ parallel Slillandi; t WO 

e~nocbord-tJP4 inatru:enta , one ot tbea double , eacb con

aistlns ot a largo nu.mber or atri.nse ot eq.ua l ltD&t b.l w1 th 

Qovabl e br14gea; &nd three adapt•d suit•r•• rouD4 out oi the 

string eection or Parteb'a basic orcbeetra . Tht w1o4 1natru

:ents conai1t ot t wo adopted harmoniuma . ODe uoea •&D7 

extra teya to provide the full 4 } tones to t be octave . Tbt 

Otber Ult i ODl3 the ltaodard keyboard, but 8t1ll proYid el 

4~ pitchea to tbe octave, the co=peas ~ti on be1ns aad e b7 

deduettno r~d!:~lJ t~c th~ r ange ot the inatruaent . ~• & 

r-~au.lt• the apece usuall7 essocia.ted wi th the oct••• r ·epre

aents oDJ..7 about a Ai:lor third . 6 ~ s e two 1La tnuttAta u. 

~tcb quite cbaracteriatieall7 per;itl the oct••• 
coupler to re=&in intact. giving bi: parallel a inor thirda 
aa a matter ot ai=pl e courae. 



-
called chro:elodeons b7 Partch btcauat or tht brill iant 

color• ot tht kt7s, colora associated vith the auaical 
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ratios ~vol•e~ in the reapective pitchea. Tbt cbromelo4eone 

are ~~ed by ear on tbe basis or beatt and tbe abeence ot 

beats. They then serve 11 the baa11 tor the tuning ot all 

the o the r 1oatr=anta. J. number ot acores b7 P&r·tch acke 

uae or the clarinet; tbe player ia e%pected to aupplea~t 

the tones available on tbe 1ostrucent by alternation• 1D 

air preaaurt ADd the petition ot hia lipa. 

! he pereus sion ~tru=e~ts art or T&rioua aatt riala, 

with vood tending t o predo=inate. Marimbas, ot all aizea, 

ahapea, and tone-~uelities , •~it perhaps the moa t eharacter-

11t1c timbrel o! the Partch orcbeatra. 

Partcb'a i.c.atru£tnta have gra.duall7 ga.1nd a tub

atential rtputation, but b1a equ&l11 1mpresa1vt oorpua ot 

auatc rt=a ina all but unknown, de apitt the availability of 

r•eo rdioga or cocplete or aubatLDt1al17 excerpted veraioua 

ot four of bia major vorka. The r•cordinga vhtch have been 

released , in order ot their ;ubl i catioo . are Plectra aDd 

Fe~cuss!on Dances, O.d1pua 1 Tbe Bevitcbed, acd ~ F.igbball. 

!te order ot co=~sit1oD 1a al:os t reversed; ~ Hishball 

~t tea !roa tho early 1940 •s ; Otdipua. the Daacea, •~ Tbe 

B&witehed, 1o tbat order , were compos ed in tbe 1950 1
• • 

~ Hi~hball is one ot .a group of five worka entitled 

~ Va,;rwa....""Cl. In it are diaeerna'ble a ost o! the cha.racteria

t tcs ot Pertch'a :usic. The two ~redo~inant ele:en~a are: 



... 

tn~rgetic ~d • o=tvhat &Sya3tt r1c r~~ . and a aoo4 

DOC.~.u-nall7 vi.sttul 1D an al.J:loa-c pictorial aen.ae. !!.:.!.!. 
Hifihball i a a kind ot tone-poem with •UAS vorde, rtpreaent

ioo & ride on frei ght trains !roa Celi!ornie to Chica,o . 

lllita:ioc.a or railroad. .sow:~;ds IJld the aounde ot w1 c4blovn 

• ount &iu nights are blended hormon1oual7 vitb cel1a•at1c, 

distorted calla ot at&tion na:es in a blunting e•ocation. 

TU seor. b.ea a pla!Jltlve cb.&.ract~r whose i~paet ca.n b e veq 

etrong. '!he enh.ar:noni c interv~a or Partch's system tend to 

be used. in t!Us as in his other ~=-kB in very conju.Det 

~lodic patterns or int.ense e:.ociona.l expressioD. the :nore 

relued aeetio.c.a tend to be cUat.onic 1 a a do tbe relat1Ytl1 

( t v dl aJ~c t celodic tigurea. 

Oedipus ia tbt cost eontra~~tal ot Fsrtcb'a otteringa 

to 4ate. The plaintive oott , oo :ight bt 1megined, pre

do:i~tea, and ria ea to an apot he osis in an ant1phOU1 

betveen Ot41pus, a 4eep batt, uc1 tl:e cborus ot WO•tn.. Tbe 

chor uJ c..,.ic is cottly 41aton1c , Wilt Oedipus a1nga a 

mi z-ture ot diatonic an4 c i erotooi c interYalt .. 

~~ Plee~ra ~ P~~eusa1 on Daoe ea include CeltOr ~ 

~' v hlch is pu:el7 1ns:t rwantal. Here the rb7tha1c 

ele~e~t preveile, althoutQ tbo al14 1~ aonoritiea ot the 

k.i;::.C:at vhic:h b esi.c both o! the t tto pe.rallel sectiooe 

•ue.o~st t bet ot:Mr d.oUD6!1t strai.D ot Parteb. .l t,.p1call..7 

direct aalod7 ot a v e r,r simple, t~e!ul character dtTelope 

out or a au.tic in v bich textural &..!:ld. rh.7thmical t lt=.ta.ta 



tad preY1oual1 pre•ailed. la 31ng ~ound tbe ~. the 

!ICC~ ot the d~cea , a core v~sieal aide ot Part~b 11 

rueale4 iD full. 'l'hlo lighter aap"e~ bu pr ... &ilecl iD u e 
work• ottered atnct, especia l ly lo ~ Se vitehed. 1A tht at 

l•teat work.a, a 1•••1 ot t echnical c.aet.ery ot the JlOYtl 111• 

1tru:eotal a e41a 11 eebitYtd vhieb &akea •e~riaental• 

teem an 1napp~opr1ate l abel tor tbt muaic . 

!at Be witch~d baa been partie ularl7 eucceaatul 1A 

broadening tbt baat ot Partcb ' e tollowlog among cua1c1ana.7 

Li ke 0.41pua, a work ot large proportion• , !2! Bevitcbtd 

aee:a t-o bt :)0rt 1.a.tluenctd the.n Pertch'a t&rlitr wo rtt b7 

ex~ero&l d.t•tlop:.ente in ._·est·ern c:~ua1c. The 011 ot tour 

atan4ard inatruaenta (cello, clarinet, beaa clarinet, ea4 

piccolo) undoubtt417 contributes eo tbe aort at&Ddar4 

e!tect. J.a &l vqa t_n Partch ~be idiomatic teaturta ot the 

6pectC1e inat~eota tt~ to det•rmine the eC,lt. IA moat 

cases reo~ebtltrat~ any aectlon o! a Partch score vould 

be eat1rtl1 out ot the question. 

~ tbie ia vritten t he world ~re=ier ot Partcb' a 

l etest vork, Revelation in th~ Courthous e Pe~k, 11 

. ?$U%&nne 3lo~b and Peggy Gl anv1lle-H1cka, tvo :uaic1ano 
o: cons1der•b le rejlu.tatio!l , vrote letters to t~t 1:ev York 
':' ~ t:.o! ;: \olhtn it tailed to publith a :;usic r eviev of~• oe
~ed &!ter ita z;e w Yo:k ptr!o~&Le e i.n 1959. •S...-effi 
~ec~s aoo I reacted to r~. Fa~:eb'a ;usie v!th great &Ata
scn ia~ . ~hia :~~e I t ouDt ~1Stl! ~eeply i~pre•a td ,• 1'7• 
~.iss EJ.och . "311 1ns1&,ht ~ action are •• be•1e to 
co~~ e:porar,r ma.lc'• real crl•ie ea the ectivltle• ot eoat 
or h1• conte:~O!"&r7 '~ovato:s' are irrele•au;,~ •AJ• ~•• 
Cl~Yille-Sieke , a co~;o•tr not ye t cote4 tor the ue e ot 
~erctonea . 

~ I 



be~ ava1tt4. It vill be intere1ttcg to ••• vbtther ~. 

recent preoccupation ot tht co:po•er with aatirt &A4 w~7 

bea batn cootiaued. (ea 11 •uggested b7 tbe title) and 

vbttbtr tbo appa:ent tendeac7 to~a-~ rec onc111at1oa vitb 

otber ~u•icel 171ttca in our 'oc1tt7 baa bteo cont1aut4 . 

In an ago that baa accept ed o. ita own the complex 

atatemtnt in a aimplt tonal &7tte•• Partch bot 1na1att4 

teaactoual 7 on tbe 1imple atatement io a complex tonal 

syateo. Partch bo.a explored the path 1a mul tlplt 41Tia1oa 

tbae liea at ~he opposite end tro: Baba 'a. With hia 4} 

toc.a, auperceded. 1D atrengtb or i.opac t b7 his n01'tl ti.Ja.brea, 

Parech baa atte~pted to ahov ;bet cultiple dtTia1oa c&A b7 

its real eocplex1ty liber ate : uaie !~e tbe DtetaG1ty o! 

con: r1ve4 eocplexi tT. 

It to quite likely that in <he ero or the ••••~bly 

lLcA , vbere the tinisbe4 product is the reault ot the work 

at DdQ3 banda , Partcb 1a individual tege20~ over bla entire 

dO!:.-l.i!li troz theory , trom 1n.&tru.c'Jent ccOlstructioot t o co•

poaLt i on and ptrtor:Aace, may be 4o obstoclt to hia rtcogni

tlo~ . Partch eotca to l e ave hia fellow co~poatra ( &nd 

j~aes) no room to ahare and f ee l i mportant in hi l aovesent. 

It Partch h••• b7 turcinc ovay t roa ~rt41ti onal 1n4tru

~tet• in tavor ot bia ovu, ro~ounc e4 t he practi c al poaal

b1l~t7 ot btlng a leadt ~ or a a,.et rlc cuatcal atyle, bt 

t"e:&ina J.&t rica' a . l t a41.ns tigu~ tn tbe t h14 or aul ttph 

41T1e 10Dt .n4 hia aualc could still atrTt aa a ati:ulaAt 



t o wa.rd. ttt expu.sioo ot &icr-o:oc.al .cwt1c 1D general. ~ hie 

book Pa_rteh argues rtpeatt<ll7 tor a plu.ralietic approach to 

.:..uaical qa:.ec.e,.8 hailing •• ;tioneer-a •••a thoae ad.-ocatea 

ot unusual t heoretical ayetem.s w1 th ldlieh he ia io diaagree

aent. 

Aa a specitic t1Ste=, Partch ' s a onophOQ3 &a7 well be 

too cloael7 tailored to hie 11>41v14ualistic !.apulata to 

outleat the li!etice o! ita creator aa tbe baais t or :uaical 

co~pos1t1on . In a broader aense Partcb'a ch&nces t or success 

dee= : uc.b. sreater. He has tauoht by ex.a.:ple the duty ot the 

student ot ~u.ic to •qu~stion the cor~UA ot koovledge , 

trod1t1ooa, ac.d usa.c;e:s tha t gave us a pi.uo • the a uic 

on ita r ock • and the phlloso;hiea tha t ~re respoQ61blc 

to r t lleae thino;a •• 9 Hie vork ta or g-.:-. at Uport.a.cct to all 

vUo conttmpla tt & reYieioc. in our. t uning proeedurea. 

8 •1n a health3 cul~re d1!t•ring 2uaical 
would be eo~xiate:t. QO~ cut~ll7 exclusiYe. • 
p. 'X l . 

9£2. £11· • pp. lx-x. 

ph.iloao;biea 
£2· ill·· 



The advocac7 ot 19-tone equal te:pera=ent haa betD 

ro~ the 20at part a 20th eeAtury pheno:econ. Three wri t ers 

in t~a century have presented ex~ended treatiaea t&Yoring 

ita adoption--tvo ol then in book t orm aDd one i ,n a aerie• 

ot related pacphleta . Z.cb ot th~ se ~ritera vill be 

ttudt.ed in aome det&il La a s eparate chapter. 

19-toce ttmpera:ent is referred to vitbout advocac7 

by at leaat oce theoris t in the 18tb c entur7. It 1a 

codeatl7 • dvocated ~1 &tYer&l vri tera in t he 19th ceotur.7 

o ! ~ieh tbe tiret ia ev~eAtl7 t b& E:gl1aha&D 1 Veale7 

~oolbou•• • &D4 ia tbt aubj ect ot an enth~1aet1c report b7 

the C.r:AG 1 Mtlcbiorre Sacha, to the 4tb Congr• •• ot the 

~ternation.ltn r.uaikgoaellscha!t in Loa4oo, 1D 1911. 

?inAll7, it 11 vr1tttD or with favor b7 & number ot authors 

in aca tter•d periodicals leading t o ita espouaal in the 

1920 '• and 1930 '~ by Eoroerup 1 !riel, and Yasser. 

ID tvo icportant respec t s 19-tone t ,e.=pe:-e.=eot ba a ita 

r oot, i n the Rcna i aoa.nce, a ltb ou.;b it &ppea r s never to have 

teeo ~i~ct17 &dvoca ted be fo~ t he 19th ce~t~y. Theore ti

cally, 1t reae:bl•a very c:los~l.y one of tt.e te:.pertd tuDinga 

~~~ch gained the quallti .d e~orse:ent o! •••eral ot the 

l.e e~iog Renaiaea.oce theorists. Pract!e.&lly. 19-tou 

t.t~:-a:.ent cu cla.lc. e.n antecedent in the •••eral l..aatru-
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mtntl u.a1.og 19 tonoa to the oc:te.ve w.bicb wre built duria.g 

tbt Rt~&isa&n~t. Vt do not know precletlJ bow tbtlt inatru

meote we re tuned, but the tYidenot eussoat• tho t tbt7 ver t 

tw:.td ui~e:- to 19-tone te=.ptra:DtDt nor to the sea.nt ooe 

te:pe:-a:ent Wbich moat closel y r•semblee it {1/,-coama 

te%peras~t). NeTertheleee, t be existence or tbtll 1nat ru

:~nta bes ~en w14 t l7 kno-u, and tbt poaaibilit7 t bat tht7 

vere tuned. in sue b. a WeJ aa to a.o. t1c1pate 19-tone tempera

~nt haa been reeosnized b7 aever.t or the sdTocatea ot 

19- t one te:peracent.4 As these i~strumeute were eaail7 

re~able ee:bali, it is poaai'ble tbat tbe7 vere exper1-

:eotall1 tunod and retuned t o many possible te=peramenta 

~1\lding 1/}-<:o&ao.. 

~ hia t~ous treatiae R! ~u stc a, the blind Spaniard 

S&ltnaa, 1513-1590, t~es up at so~• l~gtb the subjec t ot 

te::peruent wto.ich he considers a Decesai t7• S:e l11tl 

Cu-ee t ·t=?tru.e::.ts vb.icb he dte~s to be vor tb..7 ot considera

tion; the t irtt alter• the t1ttha b1 1/3 ot a comaa , tbt 

ucond ~,. l2/? ot a eo=:a aJld the tb.ird b1 ,. ot a eoc:.a . 1 lD 

ea~b C&le he caretull7 l i at1 the vor1ous tunings ot the 

t etracborda--d1&tonic 1 ebroa at ie, and ecbarconie--vbich he 

coca1tera reoderable 1n tbe t•=~ra..ct. tD each caee he 

1 De Y.usiea, L1'ber .I ll 



alsO 41ac;ra..s the t•apere..::tnt, :showing tho poa1t1on ot 8t.Cb 

t one v1th relptct t o ita posi t ion in the diatooic s•nua ot 

P:olta;::r 8Dd. vi t~ M apt:et to the othera . Sa11n.aa di aeuaaea 

tb# t hree alterneti"f'll aa thou.sb. tbe7 vere 1~\lall1 know 

(or U3knovu) to ~iei..a.s ot hi a ti&e • 'but vbere aeholara 

ha•o to~ earl1e~ instances o! tho odvocac1 of ~- ac4 2/?

co:.=a t&::peruent ~ the1 lla•e appar-eotlJ' toUD4 no earlie r 

refer ence to 1/>-eo=.a t·e:;.ra:ent. 2 It Sal1naa waa Uw · 

Lnvontor ot l/3-co~a te~pera:en t, he bears h11 achievement 

a~aatl.7. Be tree~ it first uong the three possible 

te:peraaenta 1 at t o.=.twb.a t sborte:r l ength than the other 

tvo, and bt eekncwle4gea the •~per1or1t1 ot tht aajor tbi rda 

~ t b t t 1tthl 1D t!;.e other two te:=peruent a. lieverthelea, , 

Sllinaa d14 not take 1 atand •~a1ns t 1/3-co~a temperament, 

~ •• long •• be appear& t o baYe been th. tirlt maJor 

~1te~ to acknov1edoe it aa 1 reputable tempera:ent 1 hil 

role • • u unvit ting s.ra.a.dt atber ot 19- tone t azpera.::aent 

•;~ara aecure . ~~ t wo te:per~enta tr-e al&oet 14eati~•l 1 

i.lld it ap~ora tlat S•lioas waa 1.nte rea te4 ln a 19-tont 

&~;:l1c•t1on ot U.e te:pera.:aeot to the tbr~• genera. 3 

Sarbour po~ts out tha t Salinas oa •e ~ a treeee4 tbe 

2Ba:bour re:era t o 1/}-cc-~a te:~er~eot as t~e • tn
Ye:.:ioe or :rrccis: o Salinas." 'i'\l!li os ru:.d 'l'e::,er~ent , p . 
3} . I t np;.eG.rl l!Letl1 tha t it ltUl of eur!hruveotlo.a.. 
Z:·~r:::.trup attributes it t o .4r:lol d Schl1clt 1 suba ta.nt1ell7 
t &.:-lt.tr , c:lai&!.Oi; 1/}-co~ tt:;>t r uent t o 'tt 1~lucltd 1A 
~~ ·~~~lex~~t o! ~is Spel~el Cer Crse l =aeher ULd Ornanisten. 
•ttr1but1on ot a :~ttr c1 :eL~ce te•perA:enra-to ~bllei 
is tr•d1tional ~t i s a t rong11 disputed by Barbo~. vbo 
el a!~• SChlick'• ~ns• to have beeu 1rregu1Lr. 

3s..rbour, !Z• ill• • p. "'· 



a4YUJta.gt that 1/3-eo=a tt:.;;era.Mnt poaeeeatd, 1n baing a 

olooed 171tec (th:oueb 19-toot e qual tt:perament). Thia 

11 quitt undtratandablt, elect Salina• predated t~ general 

concurrence that there is &n7 adYantas e ! priori to a eloaed 

811~10 &8 a~eb. 5alinka eauld DOt haYt f&lltd tO DOtlct the 

tend ency ot 1/3-eom:a tem~traxtnt to product approsi aat e l7 

e qual intervale, tor be •eticuloual7 diagr~td t ach C!! bia 

tt~peraments, &Dd 1/,-co~ te=ptr~&Dt produces lnttrTall 

v~cb appear exactl7 &Qual ~n hi• chart.• It 1a unfortunat e 

tbat Salinas did not re~ord his reaction to vbat bt aust 

have noticed. on his d.ia.gru.s . 

~ht ~pression le tt t 7 S&l1naa and otbtr wri t ers ~ho 

included mention ot 1/}- com:a te~pera=ent 14 that 1t waa an 

aceepte4, t bougb ju:Uor, pa:tctr ot >'- uc1 2/?-com:::J& ~~~per

&:eo ta wbieb, because ot their better tbirde and !lttbs, 

b.a4 more preatlge an4 c.ort videapr-ead. uta. 

It vee Z&rllDo who 11 senerally credited vitb order

teo tba construction o r t.bt tiret bow 1n.sti'Wfl;e~t vi tb 19 

tonea to the octave . A::.otber :;ore t cou.a. 19-tcne i..c.atru

~ect vaa tte •el~vicecbalo univerGale ,• =entioned b7 

~aetorius in hi& Oighl7 renovned work Szuta~a Xueicum. 

:?:-aetor1us r ,e;;orts t 4 t the i n.s t ru:eot vas 'built by &laaae 

and vas in the s ervice ot tt.e du,lce ot Preg-.Je. :&11111 baa 

cccordingl 1 been given occaaional credit tor bui l dlcg t bt 

ti~st 19-ton& 1Ds~ent and even rcr originating 19-tona 
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to:pora=ont,5 althouob 1t 1s b1~ unl1kol7 t b&t bia instru

ment woe tuned to e ver7 close approxi••tion ot 19-tone tea-

peraatot . 

~at ~~•ic could be pertor:ed o~ the ela• tce•balua 

uoiveraa,le? According t o Prat toriua , worka in the enb&r:onie 

genUA and vorka in tbt chro=atlc genu. eucb aa Y.arenz1o 1 a 

=adrigtle could be performed OD aucb. t D inatrume.at. Haupt

cann b .. ettectivel7 41apute4 thia aat ertion, pointing out 

that in eueh chro~atic c adr igala •• ~ ~ Antico Stzlo 

Karenzlo ua& a Q# and Db io di!!ereot voices at tbe 1a21 ti&e 

aa apparent !d t nt1t1e s . 6 A 19-~oa~ inatruzent voul4 bt Juat 

whet i a ~ needed t o pert orc aucb wo rk• oC Maren~io, which 

cleJ:or 1nst·ea4 tor l2- tooe te:.pe ra.:e.at . 

Praetor1ua' apparent ~1swoderatan41~ it itsol! re

•ealing. ?hat be could have mad e aucb 1 ~at~t i n tailing 

to s ee ~~ ~e=ieonal 1mplie&t1ona or ~·~•nzio•a notation 

1uggest1 bow t ar 12-tono &QU&l temperacent reaained troa 

U.e coa.~c 1ouanese ol 'tba avera.s:e a u.s1c1u 1D. 1600. lfO euch 

• =us1c1Ln .C,# &ed Db vert d1!!t rect t onea and could Oftlt be 

renl1~e4 together 1! l4atrumenta oth•r th&n t he ccnvtntional 

~yboa~ instru:enta pl13ed thea. 

The increoae i n tbe us o o! chroaatic reeoure ee, and 

t~e r i ce o ! 1nttreat in &odulation Corct4 ~~lei~ gradu

ally to a cho1c t between additiona l ke71 to the oct&YI on 

6HaupCDI.I:lll 1 ~ . 1 
lo'iaso:aehait, I, 166}. 

1e·peratur 1 Jahrt debe r t 4r ~s1k•l1eehl 
'I~e N!trtcce cit•~ 11 t roa P• 40. 



the ooe hand , aDd the sradua l eroa1on o t tbt dit!er ene•• 

in the ae:itone on th e other. It • •• t bt l atter courtt 
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which VI I chosen , at the expens• ot the purl t)' ot tbt t hird. a . 

fhrousbout the 17 th and 18th cen turieo , th• tittho and 

tb.irda grev generally larger as aea.ntooe teDpt~llt ot )l

eo~& vaa euperceded by 1/6-eo~ te~per~Dt &Dd t1nal l7 

by equal tem.peruent. '1'0.11 brought =usie farther &cd. ta,r ther 

a~ay tr~• th~ intonati ons or 19-tone te~~era:ent , and troa 

that acoustic cond1t1oo in vhich tones n~ering core than 

t welve could make a substantial con t r1but1oo t o the mobility 

• n.d coGDoc.a.nce ot the eyetea. As the third• and t U t b.l 

srev l•f'~Str a.n.d. t ,be seoitoz:aes bec&.:.e =ore &cd. core e qual, 

tuot&Octo o r ~aplit keys• beca=e rarer and r&rer. It i a 

coccei~able tbat there vaa • poiot around Salinas ' and 

Zerlioo•a tioe Wen :u.sic might b.IIYt e• ol•e4 •a eaail7 

to wu~ 19-tone teapora.tlutnt •• t owor<l 12-. 'Jitb the enle.rgo 

~nt ot the t i t tb o.I)d. third in th• l?th eectur1• a.n uo

eb&LOeable couree tovard 12-tono te:pora~nt ~•• ea tabl1Dh•d• 

It is hnrdl1 s urprising that iD tbia atmoaphore little or 

~othina about 1/}•co::a or 19-ton• tegper~nt vaa ••ld. 

tt is quite appropriate t hat England, the coUDtr7 

• hich reltDquishod meantono tecpe r a:ent mont bele todly ~ 

&os t reluetantlT , ? produced whatever intereat in 19-tooe 

?According to Sosan~uot . at loaat t vo org&na ln major 
!tolls4 catbedrala ve~e still ~ed to ~eantoce ~eQptra=ente 
1:~~ 18?;. '.'bile t.ach !.n C.r:.&:J val adTocatic.g a."'.t ualng &:l 
•l~•t e~u~l te~peracent ot l2 tooea, Z~el, 1n ~;land , 
~ad b eec u.1no .n organ vith 16 ke71 to realite • bro•d 
raooe in vb&t =ay vell have been • temperament ot • or• than 
l/6 ot a co~:~:~a. 
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te:ptre.:ent exiseed. betor·e tbt ~14c:Ue o t t he 19 th Ce.Dt\1.1'7• 

After t he cont i nent had lo~ aiaee e s tablished ~-co .. a 

t e:i)era.e.ut a.a a.n out e r li.&it tor the reduct10D ot tbe 

!1! t b, And ha4 pasae4 through 1/6-eo:.a tecper&Dent tov&rd 

• qual to:;era.:oot, Robe r t ~1th in England, 1D 1?59, 

publ1abe4 b1a tree t i ae Rar:oniee ~ ~ Pbilo1opbz ~ 

.Mua 1col Sounda, &dvoc ot t ns t be te:perazent ot the titth by 

5/l8~o&::a. OU pa3e 158 , ~lth 1:>e lu4eo 1<)-t oc.o tecpara

me nt in . tsbl o al40 listing 12-. 31-, so-, and meantono 

c:e::.;oera.::.ent a . 19-to oo t e::pe r a.aent 11 c1ie:.1aae4 by S=i ttl 

beeeu1 e o! t he diacr.pnncy be t veen the degree or accuracy 

obto1ne4 by t he :4jor al xth (al~oat exac t ) an4 that or the 

! H th an4 :oajor th!.r<l ( about 1/3- co=• error ) . It 1o 

S=i th ' e tbeai a that inootar ~ • possibl e the err ors involved 

1n a t ecper~eot 5hould be equally a~red by tbe three 

pr1nc i ;.t. l consounces . ~Jhi le t xc l ud.iJl6 ~itb. rroo an1 l i a t 

o ! advocates o! 19- t ono t empe r a=ent. 1t i s ~orthwhi le not ing 

t~a.t hia luclua Lon o! the =.a.j or a trtb ..::oco the basic eon

so nanc: ~s s ho·" s a t:oi.ot o r vi ew t.n co1t::on vitb. a.l~ost a l l o! 

th~ loter su~;orters o r this oc: t 6v e d1 v.1 a1on , one ot vhoae 

~eculiar feature s i s the el:oa t pe: !ec t representation or 

t tlat lnte n al. 

! .noth.er ~llah.&.BJl , VealeJ s . ! . \loolbowse • r:a7 well 

ha v8 been t he ti r a t sdvoeate ot 19 - ton• te~pera=ent aa auch. 

P:oe auz.ably a Nthe~:.at LC l&.!l , b e was E.l!&d Usla~&Dt OD t~ 

Saut 1cal Alaanac . Bia !!!!z ~ r.u s lcal I : ter.ala , Ear aoni ee , 



~ ~ Te:o-~a:eot ~ ~ Xuslcel 2£!!!• 18}5, coctatna a 

4.1Tect espou.a.l ot 19-toct ~e:;>e ~tnt •• a practical. 

auiieal .,.atea . 

In hia over-all Titv ot te:peramect, Voolhouat la 

oosent1All7 a diociple o! S:ith. Regarding tbo portec t 

ti!th, the u Jor t!lird., &J:4 tbe d.nor thL.-d • • the three 

b••1c COD80oant intervala o! music (not coun~1ng the oet•?t), 

\Jcolhcuae seeks to tiod that t~perac:.ent 1n vhlcb the total 

dlaaona.nc:a lnvolved in these t!::.re e iotenals 'Will be a 

:.J :dau:.. il t houg!:. this represent • a ao=ewbat d.itferent 

tc=phasis !rom that o! S:.ith , vboee prJJ:oa.r;y concern vaa in 

t1ua.lit7 o( e rror, it produee4 a similar ~sult, becaua• 

o! . oolhouae•a =et~o4, Which v&s to calculate diesooance b7 

the aq\:.l._re ot the er:or o C e ach i .ot·lr'f'IL. The u.ae ot 

a~ua..res re nd ere pre ferable the t .a:yatem lo which the dia

cre~eltl ttad co bd equal, because • l•rs• diacrep.nc7 

1c aq ata.glt lnterva..l voulc! produce an except1ou.aU$ l.arae 

aquare.8 

lf a co&pliented &lgobraic proceee ~oolhouae relate• 

t h e trr-orc o! each or the three intenala to the al teratioD. 

8conl 14e:, ~or exa=pl• , t vo 111 tl~ 1cvolv1ng ~-o 
l~tervals, tbe errors tor ooo syste= ~eing eech } uni ts in 
l ttt, the er rors tor tho o ther ayDtem being ucoqual . 1 &44 
5 c.nits r&a;>cc t i vel ;r.. Caleulat!ao v1 tbout a qua.r•• the two 
ay ~ :.e:a are ot • ppce ntlT e ,._ual er ror • the au: o.t eacb. be-
1:..o C u.:Uts.. Eut calc-ul ated 'Cy tbl! aq,uares ot t~ e!"'ror a 
~~• aya:e: vi:h u:equal errors 1a :ueb the vorae, coAtaLil-
1:0 a total or 26 s~uar• units o! e rror v~lle tbe ayatea 
or equal errora cont&ina oD17 a total or 18 ~1u•r• ~tl. 
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ot t:ba 9:8 wt.ole-toce 1.::1 each ot the &71ttu. He tbtc 

!indt the ratio ot tone t o ae:.1 t o:1e v~icb. will produce the 

aiDiJ:UJD. IWD ot the aquares ot t.b.e errors, em .tind.a it t o 

bt eloa e to 8 :5, vb t r eupo.D. he a u ggeata that 1D the ideal 

a u.aic&l a,.at•:a the tone w uld hA•e 8 WU.ta ud tbt t eal tou 

5· Tbia would &1Ye ~ unite t o the oct &Tt 1 the Yery temper

amen t tdTOCated b7 Smith. 

\loolbouae, bovever, 11 cocc111ator.J in nature 1 t1.D4-

1no cucb to praiat lo bot b 12- u4 ~1-tooe tempera.:enta, e.ncl 

eapeeiell7 in ;}-toce te~ptra:tnt. Alter giving aerioua 

cor.cern to n ea rly all o r the tt: pera:.ecta vb.icb baTt tinc t 

been advocated , ·.-oolbou.se selects 19-tone te.oporGec t a a t he 

coo t uoetul. "The scale ot 19 10ucds 1n the octave, wbicb 

gi •ts great accurac1 to tl:.e bar.:.o~, thoup not to 1'\lCh 

theore tical =inuttDtll •• the tce le ot 53 aounda, would, on 

aeccunt or ita simpl1c1~ aod e asy edaptatioa t o tbe con

ttr~etioo or the inJt~eut, ~ & useful improve~eat in 

the correctness ot the b.&.r:.o::1.7, vi U.o~t in! r inging on ita 

pr6c ticabilit7 as regLrds t he pe rtor~er. It is to be bopod 

t~&t ao:e P*re:ever!Ag exper1.cent .al sus!ci&n will construc t 

u b.strw:ent on t hi s ae.ale &e.d oive it a !a.ir tr'ial • • 9 

Such i s ~oolhoua e's vi~~, ~nd t he points :.de b7 

l ater advoca tes havt tended to be elaborations &n4 eub

ataat1at10nl or voolhouse'e poa1t1on, vitb onl7 oeeaeional 

a.nd ecatteJ"ed a.r gu=ento o! a rea l l1 dif ferent n.etu.re . 
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Pro2 an Ensl1s b Nautica l ~l:~ae aaa1a:ant, 19• ton. 

te~pera.ment turned next t o a Ger1=1an tina.nce Unister tor 

au~port. In 18 52 Frieclricb O;>~H puHisl!ed !Uo .lll0ezoine 

neoria 4er ~· Seg1.nn1..n.g with a tbeo%7 ot conson&Aee 

baaed on the oi=plic i t7 ot the pol7r~tta oet up b7 tvo or 

a:ort t'u.ndue-nta.l v avea, Opel t proceed• t.o al"&.aure Ta.riou. 

m~a1c•l 11ate~a by the at~~~• ot proxia1t7 ot pitches to 

conaona.ncea. 

An 1ntereat 1n tht ?th partial cauaea ~elt t o con

ait! er terio\Jal:r tbo ceritl or 31-tone tea.peruent, but he 

rtjec t a 31-tone t e;upe ra.:nnt a,s too cl1Ct1cult tor uae.10 

He the refore cbooaea not to UJit t t. 7th partial 1.D cooatruet-

106 h1a mus ical 110te:s, ar.d ••••rta tba.t o~ 12- and. 19 -

t ont ttcpera=enta can proTide repr• at ntation tor the rt-

~&ining DBtural CODIOD&DCtl. 

Aa between 12- and 19-t one t e=pera:ent • • Opelt con

siders 19- in Q&Q1 respect• to be th e better o r the t wo. 

'!t:e ehiet ad"Yantage or 19- wlleh ht •t·ressts is tl:.t ab1ea.ee 

o! &n1 error greater tba a. l/3-co~a in t bt re~resentation 

ot the ba:a;lc con•ona.nces.. Ei s teYori~ or 1':- <rrer 12-ton.e 

te:.~ruaot is auppl~=~nted by a consider atio= o! t~• l1k:·el1-

hood. ot a cbo.n.ge trom t he one t o the other. a~ concede• 

t hat &\tCh a cbaliSt would ~ dlt!ieult , b?t he doe• not con

lifer aucb 4n a lteration 1n kejboard 1nstruaenta to be 

10 
~lt, ~· ill•, P • 66. 



!:possible (unaustdhr~sr) or even i:probable 

(unvahroehe1Dlich) . ll 
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Betveen :he dates o! ';loolhouse•e e.:ta. Cpelt'a ;ubll

eationa. a b&r~OniU2 with 19 tones to the octa•e vaa con

atrueted b7 P. s . ~ek, a p~otesaor at LUA4, Swe4en.12 

Th1a inatruzent •&7 well ba•• been the tiret e!tort at a 

coaae1oual7 equal- t empered instrument witb 19 aounde to the 

oetove. Tho work ot Prot. Munck, vhoao instrument la 

preoentl1 at the Stockhola Muaou=, repreeento tbt beain

nin.s or ••17 tru1t!'Ul labor on multiple d1Y1t1on b7 1n

babitanta of the Se~~inaYia~ eountriea. Sc&D41naYiana 

Cave rtc&ined in t~ toretro~t o! the edvocac7 ot 2ultiplt 

diviaioo to tbia 4&7• 

UD!ortunate l7 we do not have·~ or the cuaic Prot. 

l':u:lck pl~od OD hi& har:oDiua. 7!1e first mo"" ducriptift 

iutor:aation about the perto==-ance ot mus ic written tor a 

19-tone instru=ont cocea troa t .he report or Prot. Melchior 

S&ehe to the ~tb Congress ot the International Ylusic SoeietJ 

tn London iD 1911. The actual music is &&&iD ailli.Dg 

(al tbouob a ca..cuseript •aJ ... ell erl$t somewhere), but ve 

havo enough 4eaer1ptiv& m~ter1&l to obtain a !a1rl7 good 

idea •• t o what it vas like . It pro~ably involved tr&41-

U onal borooQJ vitb an ab~a=:ee ot ?th chord• emplo.Yitla the 

ll~., P• 5~. 
12rornerup, r.~s!eal Aecustics based on a Pure Third 

Sza te:, Munct 11 lllQ 6j ~o~er~p to ~Yrlt ~1~ 
ho..-=o!iiua &bo\lt tha rur 1845. 
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UAiq~e enhar:onic reletionsbipl or 19-t one tempe rament , 

vborein ~~ •co:zon tone • or 12-tone teaper &ment 11 re

placed b7 •r.solution• in 1~-. S.cb$ ' e:phaaia 11 on tbe 

pl~~abilit7 or 12-tone ~USiC OD 19-tone inatrU&eDtl . Thil 

plAyability he oupposedly demonstrote4 at tbe Congress in 

London. It ia easy to disagree vitb his concl~aiona , bov

ever, especially in cbro~atic ausic, vh•~• the dittereat 

aytte~a ca.: UYol•• discrepaJlciea approecb.ing ud. eYeD 

exceeding halt a ae~itone. 

Sachs ' preeeatotion to the congre ss included a tbeor.r 

or the dovelo~=ont or ousical eyate~s whlcO eloael7 anti

cipatea Yaase~•a. s,achs aee1 tbe develo~zeat or music aa 

ba v1ns prooreaae4 !roc 3 to 5 to ? ~o 12 tooea per octavo, 

vitb 19 oa the Ut%t tyatem. That Sacha believe• in tho e.ae 

eddl tlve concept or to nal evolution aa Taattr la evident 

rro:. the t ollovi..cg a tate:ent: "Aa the 12- tone 111tem a .roae 

out ot the coAbining ot the 5- ~4 ? -tone 171te:a• ao , in 

tht turther COUZGI Of devolop~tDt, tbe 19-tont 17atemt vh1Cb 

;ust also Oe tecpered , will cos. out or t ho unioA ot t be ?
acd 12-tone S1SttAa •• l~ 

To Saeb.a tt. edvea.t ot 19·- tooe tec.pera.:ent vill reault 

1o 1 greater degree ct par1t,r i~ t~e triads, but or such 

l3feflrt o! th! 4th Con :oro cs , :nternotional. r.uslc 
; oe!t ty, ~~ , p:-2797 ~ie aua Ze~ oerblod~ des~- UA4 
~ie S.occosJate:a da1 ZvClftona,atc~ e nt~tand, ao enteteht 1a 
Vtiterea. Verlaut 4e~ Sn tviekluns eus de: Verbln4ung ~ea 
Slt~.::.- Zv Olf- u.c4 ::eWl~·ehntoae7ate: , v elches auch elA 
tt:.p• r1ertea ae iA a uss . • 



greater La~ort~ce to hie is the lncrea• e in t h e ric~•• 

of •uc ie&! exprtee1vt cea~ ( Eer~ic~e~~ ~ aua1kal1achen 

Ausd r.:eka:1 ttel ) t hat can be expe c te<l tbro1:~ 19-ton.e 

te~ptr&Rct.. .ll &e. • :o-,le, Sachs. c1 tes the addi tioD, 

throuoh 19-tone te:per a=ent, ot • tbird tor:a ot the 

decept iYt cadence. In the key o! C, be pointe out, one 

cao , in the 12-tone s~te~, resolve tbe do&inant cnorda 

t~ either A minor or Ab ~ajor and »roduee what ie called a 

decept1Ye cadence . In 19-tone ~usie a third decept1•• 

resolution to G# 1a possible. It seems unlikelt tbat an~one 

todq would eon.s ider thl a ot grea t .l.:sportance, but S.cbe' 

argu=~~t• cake aenee tor their ti~e , and poi~t out a 

~oaaiblt use Cor ~ultiple d1T1a1cn whi ch ha. not goce al

t oe,ett.er ua..::iOtlctd by ita lat.er a.c1'YOCatea. I t ais bt be 

poaatblt with 19-tone te~~e ra:eot, o r wt t b acotbtr ault1ple 

41v11ion, to erp4od t unct t on.al hat"Qon.,r, bea1nn103 at the 

point where it tranecended it1 ova limits vtthin 1 12-tone 

!r&mevork and d1 aintegrattd . Such a tbeor7 of tbt diainte

gr •tion ot tunc tionsl hanoo;r is 1JDplied. by Yaeoer, oltbougb 

be does not atatt it directl7. 

P1n8lly, Sacha cbould be noted for ~veral t oecLDat

i~ ~gsestions tor the reto~ ot mu~ica~ notation . Brietl7, 

:ley tnclu:1 e tbe use oC :.ul t!co l ort!d s ta.tt l iua to a1mpl1ty 

P1tct di! te rent iation and otTis~e ~~ ~•d tor accldeotels 

e•en 1D a 19-tcne syate~ , &Dd e ora pnie notation ot p1tehea 

~1 hcritontal atrokes v~ee leno~ glvea exact duration ~ 



-'f'S 

who&t t htekneea Si?ea an exact ~noaic lDdte atton vhicb 

vould . a:ong otber thin~s, a1•pl1!7 the de1tgnation ot 

principal voice• • 

-
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~.:lng t he 7eara 1mcedlattl7 following Sacha ' report 

t o the International Kusle s ocie ty a tlurr, ot aetl~1ty 1Q 

su;:port ot 19-tone t~::;>era.:.ect wu 'be6UJl. Ill Den=uk. p. s. 
Vedell built an instrument •apeblt ot both 19- end ~1-tOQe 

t e:perament, and later publisbe~ , vi t h S.rtelson. a eerl ea 

ot artielea shoving the pu.-ported ad•antagea ot 19- and '1-

to~• te~pera:enta OTe r 12- toDt te=pera:e~t by tbt •~ ot 

t he a~uarea o! tne errors Ln the eonaon~eea.l• ~ 
epp:ox.!.:ate errore ot tbe !i!tb . :.a.jor tbird and •!nor 

tbird in 12-. 19-~ ~d ~1-tone t~p•r•e~nto are. respect1ve17 , 

2 , 14 , 16; ? , ? , 0 ; &Dod 5 1 1 , 6 c:enta. 'The •u.s.a ot tlle 

squaroa or these tnterv&la are 456 , 98 , ac4 62 aquare cent s . 

ta1no t bia methOd , the J ump t roa 12- to 19-tone te~ per&Q4nt 

vou ld be t :apbat1call y just i fied by th e i..c.p.rove:eaaa ot t bt 

CO.O..On&JlCtl • 

In 1919 and 1921 Prot . Vo1tnt1n Io•lltnkov publ1ohed 

articles ( io Ger-_.n 1D t.be 3ua&1Ul publ ication I•ve: tt J • 

Akademitschenkowo} w~1cb went al~ ost unnoticed outoide ot 

~.aa1 a, bu't ll~icb ! or--ed the basis :-or an article 11hleh 

Jac qu&s Handscbio , tht not &d ~usicolo~i$ t , publ i &hod seve~al 

lG.Accorc!ino; t o l orr.e:-..ap \."e t!e ll aod S. rtellon ca lcu
l at ed b7 •callest a;uare a in 1915 aod publi•h•d their ! iQ4-
1~a i n Gott fried Sk j erne 's aoothly O~ia~-langua~e periodic&! , 
~ua 1k , 1n 1917 an! 1919. 
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1•u• at..- ill • book ill bo~or or Dr. o. '· Scbeaerlur.1 5 

ilar..dlchia above Xove lto.kov ' a et.&.rt ot the i.Dten&la ot what 

b• c:oD.81cS.re co be th.t Ju&t •~oDic aeale (21 toue. 

repr,esentiQS tbe ae...-en lett·ered desreea each tbr.e tiNa, 

oo.c: e each vitb D.atural , abarp, ud. f lat). The 1.a.t,erral• 

art g1Ten in decimal ratioa, and are abovn togtther with 

the e qui valent intervale in 12- ADd 19-tone tt:pera:ent. 

The error in each ot thes e te~per~ente ie approxiaated in 

coo::t.a.a &nd h&lt-coli1Caa. Tbe table end. a.pproxiaat1oo• ar• 

aho~~ belov, tn E%a:ple 40. 

Tb6 ecerging pattern shows that 19-tcet tt&P*r&eent 

i8 c.ea.rl1 P4:C'!ect tor ttoae inte ru.l relations built ot 

buil t ot cajcr t blrde, and not &a aatiatactor.r tor tboae 

re lat ion.~ built oo pe r fect ti!t~ . 

Ve4e l l an4 Bertelaon pre!er 19- t o 12-to~ tempera

~ent tor ita coo1ono..ncoa. Xov•l•nkov prefer. it on the 

beUa or a t abl e ot all or the 1.n.terYale.. The ea•• would. 

be ~l l but eloaed v ere it not !or one baa tc v eekD411 tn 

bo th argum.nta. Ne1ther pro•idea for tho poaJib111t7 that 

th& !nterYa ll he eonaid.erl a:e ot une ilua.l L&port&ace. It 

13 the retrop;re1a1on in the qual1 t7 ot the _.,.:-tee t t1!th• 

d•e~d tbe ~oat i:porca..nt o: t!:.e .inte:val• Yitbi_u tU 

o~t&•e, tb&t t:~o1es the &r&Test dou~ta oc tte acouatical 

1SaaA4ecb1n. J acquea, 
Y~bl1&~e4 in the Gedenkboek 
.ichel.:erl•er , p .. 1 .. 3. 



Elt6-.mpl• lfOt Ko~alenkow•• Chart ot 1 ? - and 19-Tone ~emperament• 

Dl•t&.ne • 12- t.ono !~ f!!£! l~t.Olll Dlf't&.nee 
1.000 c 1.000 1.000 ov•r 1 coruaa 1.059 C# 1 . 0<12 1 . 0}7 und er ~ coca" over 1 coc.:ae • Db l.CXl 1.075 under ); -co=a Wlder ~ co::.aa 1.122 D 1.125 1.116 over J; co::a:~a over 1 co::.:u 1.169 Dll 1 . 172 1.157 1 con:a over » cot;.:~:a . 

Eb 1.20!) 1.200 under )S coz.a;o ov•r )S co~:.:~o 1 . 260 E 1-'50 1.244 under )S c:oc:a 2 co:=ae 1.335 ~ 1 .~2 1.291 over ,., eo~fi over 1 co~a 1.260 Fb 1 . 20 • ove r ~ C:olll.lle unoer * coama 1.335 :? 1. 3H 1. 339 under * eoct:~o over l coco 1.414 'P/1 1 . }89 ld88 under )S com.ao over l eo::.: a • Gb 1 . :..4- 1.440 under ~ eom:~o under ~ couo. 1.498 G 1 . 5()0 1.4')4 under » comoo. ovor l cou.o. 1.587 G# 1 . 5625 1.549 over Yl coama over » C01:l.:IO. • J.b 1 . 600 1.607 Wlder ~ comaa ovor » coc.au 1.682 A 1 . 667 lo666 under ll coua Ovor 2 co~~~,;,~ua 1.782 A# 1.?36 1.728 under )S coua ovor )+ coa~~~;a " lib 1 . 8 1.792 under )S co.u:a ove r )S oo;:;u;a. 1.808 B 1 . 8?5 1.859 o•er ~ cocaa ove r l oou.• • Cb 1 . 92 1 .928 \AAd.er )i coua 2 coaaae 2 . 000 IW' 1.95) • 1 ooaaa 

~ 
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c;uUit:y ot the te:.perc~nt. E:and:scb.i..D turna bia a ttention 

cU.rectl,. to t.o.ia prot»lt.:, accepti::g 1a ;ril:ciple tl:.t priortq 

ot tbe t1tth 'but not to the ;-oint vtere it preclude& the 

cona!dtratio~ or other lectors in the aele~tion or rej ection 

ot 19-tone teaperaaant. 

In co:.partng 19- with ~tone teapera=ent, ~ich vaa 

alrea47 quite well known at t~ time ot the publicatiOA ot 

hie article , Hondechin takea a very vell-de!1,nt4 poeitioo: 

24-tont t ·tmptrautent YOUld add on11 to tbe chroaatic element 

in zuaic, ~llt 19- vould &lao reault in .n 1ncre-.e4 

~roxi:1t1 to juet intonation. 

Ca.n4actU.n partf&.ll.r disasaociatee bi&aelt troa the 

vieva txpreaatd in his article in a preface which eatebli sbea 

bis role aa a t raaacrlbe r rather tban a coav1~ct4 pa~it&4. 

Tbt article• of Jose -drsch=idt ebow a sra4ual 4tYel

op: tnt fro~ an interest in ~ultiple division in StDtreJ to 

the advoc&ey ot 19-tone te=per~e~t in particular. Citlag 

3uson1, varachai~t asrees that 12- tone temperament 1• near 

tb~ end o! its u.se tulness . But he disagree• with Bu.aoDi 

about 36-tooe te:peraoent an4 with the a4vocates ot 24-tone 

te:~e rame~t on tbe grounds that t heir proposal• inTOlYe no 

or~~e growth tor music, but rather, pure mechanical srovth. 16 

Be t ollows bia erltieiaa. ot 24- al:l:d }6-tone te:pera.=enu 

1~•crach&1dt , ~Viertel- UDd Sectsteltonauaik,~ Seue 
~us~~-Zeituno, 42: p. 18}. 
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witb an article ertollLn; 19-tone temper.aent.17 lA co&par

icg tbe acoustical values o: 12- ~ 19-tcne tcc~eraaente, 

::e d.ecla.rea t o: the lat~er despite a eha.rt 'Ahicb placea tha 

terser i.e a tar better light tha.a. cUd tl:oee ot \ie4ell or 

Eowalenkov. ~ere Vedell restricted b1cselt to three eon-

30D&nc ea, ~ whore Kowalenkov coaaidere4 all ot the l~tervala 

sa tbe enha.rmoDie seale ot 21 t one-a, ',1tl.racb.m.idt J)reaenta the 

major ecalo •• bio unit , compo.ring t.he 1oterva.la t roa the 

tonic in 12- tL.nd 19-tone tecpera.:e nt. He uaea t he Juat 

acole or PtoltQ¥ ae tbe bae1e t or comparlaon. At three ot 

the 1~tervala, 3:21 4:3, &nd 9:8, •:• de~i•ed troa fittha 

•lone, 19-tone te~pera:tnt does not tare vell 1n thle 

cc:parison. ~arac~~dt'a chart, eho~below aa Ez&cple 41
1 

use• the ordin&17 logari. thms ot 'th.e .i.Dtenal ratloa. 

~ ~ 12-tone deviation 19-tone de"Yi•tioo 
c 0000 0 000 000 0 000 0 
D 5 115 5 017 -98 4 75} -362 
! 9 691 10 0}4 •34} 9 506 - 18.5 
p 12 494 12 543 +49 12 675 •181 
G 17 609 17 .560 -49 17 428 -181 
1 22 185 22 571 •392 22 181 .... 
8 2?)00 2? 594 ·294 26 9}4 -~ 

1 7·~a.racb.:1d •, 
Ze!tu.a.e;, vol. 42: p. 

~. 19-stus!se §!!..!.!, I\et;e l':uai_k·-



I t v~~ld appear t~t with et~ st:pler •~ale pocaesa

inS Cl.e ad-.a.ota.oe • 4 inte=vals ~.o 2, a.!:r:l posaeaaino the 

s:•ller total d1acrep&nc1 v~a co~pared vith the Ju.t 

d1&t 0!11C acal.e, \/U.rach:Udt would r a-.or that •1atea. .But 

·.•~•ch.=..1dt •••• no ad?a.otage in si..cplieit;r i n tbia c.a_ae . 

Ravine &lrea~ atated his eoov1~t1on t hat tbe reaourcea ot 

12-tooe tecper&moot are ~ar exhaust ion, be alao &llerta 

t hat no can aoe no 1mpoa1ible obatscloo to a~raount in the 

ahi!t to t bt ~ore complex temperament. 19-tont temperament 

will be no pr~blom at all t or at:Lnos , ht aaaer ta, While tor 

tte plano it oaed caus• no =•jor ebanoea. The whit t ke7• 

eu be kept a.a tht1 &!'8:; ;he erlst:1:.g black kt 71 can 'bt 

aubC.h·ided. ed two nev onea add~d. 18 \ibert ot hora llight 

rte4 tbt at at1at1ca in b..ia chart &s a.o todora t~oot ot 12-

CYer 19-tone te:pera:ent, \tdnc~id t &eea 1.n 1 t support tor 

19-to~e tt=,eracent , OD tbe srounds ot ita near equalitt to 

12-tooe te~peracent on ao aeoustieal basia. Thia near

equalitJ, combined witb the ass~~t1on ot tbe exbauGtiOA 

ot the: resources ot 12-tooe te:::~per&.IJent (vhicb. ia tUDd.amental 

to Vd.rachm1dt •a v1ewpo1.nt) produce as stro.cg • lea.ning t oward 

1~- to~e cempt ra:ent a& that ot those eutbore vhoat acouatieal 

~Jrve7B ! oun4 19-tont te~,er~nt vell &h•a4. 

'."tl.rschci dt'• caae t or 19-to ne te:.pe:ueDt r eate. then , 

o~ i:a bei.n; tbe :.oat useful te.:pe r:-a=ent ecnta1n1D.g .or. 

thu 12 tonta a.n4 DOt o::a ita bein.s; ictriDa1cell7 btJtte r tbu 

18Ib1d ., P• 216. 
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12-. -."d!"aebmidt • jJ theory ot ratio:::.e..l tone 111t ·OU (cUa

cus! t~ above 1D Chapter 1) e~ovs v~ te eonaidtra t hi a to be 

so ~ alao ·~soata a poasible su~e~ueot courae o t eYOlu

~10D t o 22-tone te~pera:ent, vbich O,.lt had alao 4tclare4 

potalble. but vhlch later &4Yocates ot 19-tone tesperaaant 

were atrongl7 to oppose. 

Th.t relative li't&kc.eaa, in 1 9-tcne teroper•aeat . 'ot the 

representation or tho dietonic •ca.l•• which Vdrachmidt in• 

af!verte..otl :r expoaoa without being part1cubrl1 concerne4• 

a~pt&:l to have couaed c onsiderable concerc t o tbe la t tr 

ad.voc•t-tl O! 19•tOZ:I te.c:.pera.:eot. NOlle O( the thrtt aa.jor 

advocate• ot 19-toce tecper~nt v~ t ollov ua ea cht 

diatc~ic acale oc Ptole~ as a mus~c~l7 baaic pheno14oon 

in t he 19-tone ayate3, Kor cerup &Dd Ariel both replace i t 

vitb the diatonic ot Did.~us , ti:!!'r-eb7 i=;lrovino the reA41t:1on 

o! the &upe rconic 1n 19-to~e t~~~~~a:ent eoaa1derabl7.19 

I~:.~ur goee : uch !art her; be ~ l!J::U.na:es the dia t onic. t cale 

as a point or re ference tor 19-t -oi:.e te:t;ereoent ic tavor or 

• "St:l)ra-diatonie" seale vi t h 12 :.ea~r•. As 1Coval enlco w•e 

cha rt (EXacple 40 ) demonstrates, the core non-d i c tooic tonoa 

usec1 which are related. to the diat-o:.ic. -=.e:Dtter• by t h1rd.a, 

t he better 19-tone tec~ra:enta !area in co=par1aoc t p 12- . 

19Th• au~erton 1c ia 9:8 1~ : k• tetrachord of Ptole=7 • 
l.:l;; 10;9 1a tbe tetrac!lorc! of Dl~y:.us . ':'he rea~cU•• cant 
l'alc.es a.:e ~ aDd 182. i-he- •~f::~=-~c.:..!c ia 12-toce t ·t:pera
=-:lt la 200 cec.ta; i.a. 19-tone te=.~e:-a..=:e:;.t, 189 c ecta . !7 
t::.1~ co:;parieon 1t 1a evident ~b.a-; : :_e $ o1 tt o! t !li1 o.a.e t one 
t~& the tetrachord o r ~ole~ to e~a t o r ~idy:ua 11 autr1c1cat 
t o s~!It the balance o! accuracy tor the vtole 1eale tros 12• 
toc.e to 19-ton. te:peruetlt . 
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Vith the above, our co~Lde:at1on ot t he theor.7 ot 

19-:~n• t a=pe :~ct ~d i ts advoeac7 up t o the t lae ot 

Ior1•rup. Ariel. &D4 Yasse: is co:,lete(.. !l:.e ::au three 

c:b.a;tarl vi ll be concer:ed vitb the wri tic,ga ot t !lia 

trJ~v1rAta 1 Vlth whose vork the eaua a ot 19-t ona ttmpera

m.ent 1a cloeel7 aatoc1 ate4 . 
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Tl!OliV A.Ll) KORr.Zl!UP 

The 20th eeotur,r haa produce¢ tbre e wr iter• vho hoYt 

writte n extee.sfvely in &d.Yoeac7 ot 1<;-tone tesperuent. two 

o! the4t cen have used the modium or booka to pre sent their 

viev D. Kornex-up ' o od.vo,etc71 bove vt r 1 haa t i>k·tD tbt !ora ot 

• aeriea or p~pbleta . Tter. are thirteen , detlag troa 

1922 t o 19~8 , and tbe7 &hov a gre~ual eTolut ion in Korne~p•s 

ecrhasiG and i nteroat, balanced against a consiat~nt Yiev

po1:1t t h.rouobout. !:e is at all ti:es a Ulorouohl.r conv1a.ce4 

advocate or 19- and ~1- tooe tt:perament. Sere is a liet ot 

bis p~~hlets from 1922 t o 19~8 , &ll o ! the~ pub11sh•4 1n 

his cad.ve c1q of. Oop•ohageo . 

1 . 

2 . 
~ -
4 . 

?. 
a. 

"· 10. 
11. 
12. 

1j. 

~uaical Ac ouatica baeod on tbt Pure Third SJatea, 
1922 
Akut tlaehe Ct cet ze !Gr d!e kkkord~1ld1~, 1930 
Daa Tonsyste ~ des Ital1ecers ~~llno 1 19}0 
Die Vor l8u!er der gloi cbaebwoben4td Temperaturen 
( :u 19- <nd ~1 T~oe ) , 19}0 
01t Hocbt·eilun& c!er Cktave, •la J..bl 8su.n.g: del 
s y: to:isehen ~ui:t- :e~:en Syatoma, 19~ 
Die ekustische Atcctbeo~ie a~D6twandt aut dae 
.P1thagc r41sc:he O:ooe,stt.: , 1931 
Von dor t r - Corm 5-tenige~ Skalen zu den goldenen 
"!Oa.en. 1931 
Ir.41sches 'l'On.cysr;e.o auf;e k.lb"t du:ch t ·ortilre 
teuuno, 19~1 
;.cauatie ~et!lod s o! 'Jor.:. , 19.34 
hc:ou-ti~ue t hoo r1quo . 19~4 
C&a go ldene ~oosyste~ . 19~ 
~u1libre entro lea aoaa perCectionnea (4orea} 
et les so~s ~turels . 19)6 
Ac oue tte ~aluat!oo ot Interva la , 19~ 

Kornerup ' e militant writings are no t eontine4 to 
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s.usi:.. The y 1nc.l u:!e proposals !or pol! tical &A4 ca.le D4a.r 
1 

ret~=-=· 1'hro~out !Us vorks, K.orn~rup vr1tea aa tho\.tgh 

bA 11r~re a c:teb&te r, achoh.rl.y e.:d. t.h:oroug.b vitb a ll data 

t endLng co aup;ort bia coaclustons, obli?1oua to all coctr&r,J 

d.ata. 

ln b io ea.rlJ' writiJ:I.oa, Z:ornerup 11 co.octr!1.t4 with 

rotu: lag t~ l')'tb.a.,or..,.na . 'l'he 611>all tittho wb.1eb. eharae

teri: e 19• a.ud. }1-tone t empe ramen ts ttre 4eaira'ole, to 

Iornt t"Up 1 becauae they u.ke posai ble relative l y pure t b1 rda. 

In t~ vrl t1ago ot wb.at : l ght be calle<l b1o =1<1<1lo per1o<l 

!:onurup 1 1 lnt e reated in a.::cient ar.d orienta l 11u.aical 

• 7• tt:a • • zo4ela tor a 19- or ;1 - tone ayattQ. Pinall7, 

1o t!• l eter vorkl , he 11 p~eoccup1ed b7 an alooat &Jitical 

c onc fp tton ot a gua1c&l application tor the so14en a eao. 

~oi• !11 hia aoat orisJ.na.l i.:lC challenstng propoaal • a_D4 it 

le~da ... do bil Ot~er 4octriDea , ~ the &4VOC&C1 or 19-

~ !l-tone te:~r~ents. ~e sbe l l look at repreaentative 

vor4 ot eaeb par1o<l . 

1m tbe ~ol1 t 1cal a pl:.ere. i:o~e rup'a propoaol 11 tor 
a C.O::t;:ro:iM te t\Jt'ttl :vo :.!thods O! C OWlt1 !l.O ballot& lor 
;rQ~~c lonal re;:.aea:& t io~ . Ce p~t•ect s a ~a tho:etical 
::el.!l ::.e t ve t n t vo ~t:e:~o1:1 co:1s1de:~~ pl~a, one o r vh1ch 
is al:.esed e.xe eaa!Tel; t o !&.vor ':=c l o;se ;.ol1t1eal pert·i ea, 
t .:.e .::eber tt-A a:all onea . Xorcerup• s p:-opoa&l a tor cal e nd ar 
re- to~ i.nYolTt ::~ eq-.:.ali~a-:1oo o r ~~ : ontba vitb letto•er 
·~on~eaa • 4•7S• 
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PURl 1'!!IRDS ,IJ/!'::::1 .1. SliOOID 

the baaic propoaal at Xoruerup ' a !!rat pamphle t , 

Hu.aical J.eouatie a !:!.!,!! 2,! ! !!!:!:!:! ~ Siate~ , ia tb.&t t.b.a 

au?trtoaic generall7 attributed to the juat acale, 9:8.1• 

(I.\A4 .... Dtal~ Wt'OJ>O t.A4 Oboul4 ~ roplocod b7 10:'), lA 

a.bowi.a.g hov thia Yitw e•ol••• troa the aor. trt41t1oa.al con• 

cept ot the Just 11ajor actle , (orneru,p tirat reprod.uoee 

41ogr&mo ot t~e tro4itional ocalo booo4 on !!!tho and thirda . 

Rt then c1ttl vh6t he cooa1dtrl to bATt been &A 

l..c;;>ro•ount 1n thil pottorn b7 Shoho T&Aa.lto in 1890. lA 

tbia d1.a.o;r&Ja, Tana.lc.a at&g6tra the thi:rda, g1Ti.D& t o aa.Jor 

a.n4 aioor th.irda equt.l l:mport&Dct. 

iornerup pointe out th•t vith Tanaka'• reT1a1on the 

bort&ontal aapect ot t~ 171te~ i a a,.aetrical. BoveYer , he 

btlLevea tan.Xn ' e 011tta to bt det1c1ent in one reapect1 

the tonic 11 .a.ot at tbe cecter or the a,.a=e tey. In or4t r to 

aait c tb.t ce.nter ot a a,_..tric.al patttru a.1a1lar to 



~.c&k•'• it 1• onl7 necesaar1 to oubat1tute the » 111ns a 

titt.b belov the tooe J. 1.D tht •·1•t•• tor tbt D l71D8 a 

Eittb &boYI tbe tOM Q. 

The D in the aboYe diagraa baa a Yalut ot 10 :9 aa 

c:o2pu.ted tros c. ODce l.ornenap baa r eplaced D 9:8 vitb D 

10:9 , tbt rtat ot b11 argu:ent f or 19-tone t e$pera:eAt 

tallo 1oto pheo ooaU1 tor 1 t 1a wi th tbe •~po rtooie 9:8 

-' that 19-tone te:pera:ent aultera ~oat 1D co~ptr1aon to 12-
• t oct ••peraaent. 

E:xa.llph o2: The ~ust Y.e,jor Scale Co• p•ro.d to 12- a.a4 19-
rone Te~peramentl 

~.,. .ro~ 12-tooo 19-tooo error:l2 error:19 
"1~, 'fJ• 

c 00 00 00 00 00 
D 9 :8 20. 200 189 0. 15 
D 10:9 182 • • 18 ? 
3 5: • }86 400 3?9 1o ? 
1 4 ~) 498 500 .505 2 7 
G }:2 702 ?00 695 2 ? 
A S:3 844 900 680 16 0 
s 1S :8 1088 1100 10?4 12 14 

'total error v1 tb D a a 9:8 .50 .50 
Tott.l error w1 t h D • • 10:9 60 •2 

Ior:JtNP ertt a41 the ,,,tee bt70Dd cU..atonic coDJ'1oea 

b, ed.41..1ls a.not btr gf'OU,P ot tonea 'belov the r ·ov 1-c-G 1A •.he 

4h;;r...-, aal<.1llg C tbo contro.l po1ot ot a a;ya~totq vhida 



aZ!ectl th4 ~•rtlcal a1 vtll ~ the horizontal patteroe. 

'Wl~hi.A the bottoa tvo rova , C 1a the center or a ac&lt 

vll1.ch ][oruer..p ce.llo the doric ai.nor. 

I, •• .,. 
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It ia part ot Iorntrup'a oppoa1t1on to e~tr.J'thin6 

~beoor.an tbat be consider• the a~ove Taluea and t ho ae 

re:ate4 to thea h1 third6 to be the tones a2! comaat1call1 
al:ered. Tonea to tbe right ot t~ose abown abo•• Iornerup 

co~14trl to be raised b7 a co~a (or a ore ), ¥bile tonea to 

tht lett are co=:aticall~ lowered . 

The r-.au.lt o! Xornerup'a tbeor3 ot the Pure Tb.irda 

1• the r elative 4•-•=ph&a1a on tho ~rd partial, &D4 vith it 

tht m1niaizat1on ot tbe i:portanet ot the one aeouatlcal 
.'""" I &rtu 14 vhieh 19-tona tem;era:eDt 1• interior to 12-. 

" 
HISTORICAL JOSTl?ICATIOSS 

&a~lDg eatabliahed an &coust1eal b&ala t or b1a 

l"e:.oaaended reto·ra ot suaical te=pe:-uent • lorD.erup tur1:)a 

bJ. 1 pria&r7 attention to histor~ea.l precedent• tor the 



tlat tittha be 11 reco.:.:tn.di.rag. a·e 4eTotea apeci&l atteo

tion to t bret> ot tbe aea.ot.o.c.e te~ruentl, t boee i.llYOl YiJI.c 

~l>e a.l t orotion o! Ue !Uth b7 JL, 2/7 , aDd 1/3 co ~~a a r oapoc

t1••17• Be attributes tho 2/7 eoaaa u:puuen~ to Z&rlillo 

(&n attribution vhieh 1a gonerall7 oupportod) md tho other 

alld tbAI other tvo to unold Sel:.liclt ('both ot Yhich uo 

ge11erall;r COJ1trac11ct·ed) . 2 . Be cite a the ea.rl7 conatruct1oA 

of 19-tono inatrume nco , Yitbout conceding that tho7 aight 

bsve be en tuned. to e;ratema hard~;r t Ten approx1aat1ns 19-tone 

equ•l temperament. Ria princip~l LD4 mott valid poiAt 

coneerniA& the tuning aysteaa or late i en&ieeanc e the or.y 11 

tbe~ tbe:r counte~anced. a conaiderable reduct i on iD t be ei&e 

ot tho por!oct !i!tb tor eta purpooo ot lcpro•1~ tho thl rdo . 

Bio po~phlo to abound Yith charco oboving bov tbo !l!tbo ot 

bia OVD propoJtd 171t1 EA eo~pare closel :r vitb t hoae 

adTOCtt·ed b7 t be diec ipl ea ot ae a.ntoa.e teaperuecte. 

THE GOLDEli SYS1'EI! 

I A bia e~l7 vritinga lornerup undtrlioea bit Yitv 

t hat the acouatical baaea !or mueic are tbreetol c1, the three 

baste being t be 2n4 . }rd, &Dd 5tb partial a .~ Be 11 avare , 

2Ba.rbcur aser1'bea )t·-cc=a teQpera..uct to Pi•tro uon , 
l/3-co~a teaptr~ent to Franeiaeo Sal 1naa . 

'Eorcerup llkeoa tbes e three veluea t o tbe t hree 
~rt:a.-, colora, doelaring that tbeorittl 1ucb .. the 
P';ttt•gorta::S Vb.O fail tO NC.Osui1e O:ll O( tht l l Y&.luea &re 
tbe t:u.atcal ' "uiTalent or color-b li.cd. Mu.aical .Acouatl c a 
be.s•~ 2 ! ~ ~ Szste::a, coluan 29. 
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o! c~••• that t~ serite created. b7 the povera ot the 

thret ouabera ::u.at p·roeeed tov&.rd. 1At1Ait7 rlthout IYtr 

aeet~. and that ~ relationship betweec T&luea beee4 on 

ou ••riea &Jld valuea ba..eed on a.a.otber cu on17 ba appro%1-

S$te. But tbia troubles h1a becauae ~ ia &AXioue to baTt 

a un1waraal baaia tor aeaeurament that will provide &nawera 

to queetiona ot right a.o.d. wrong 1.n tun.i.ng 111teu. He t1Dda 

•ueb a univeraal beeia 1n the age-old mathematica l concept 

ot tbe golden aean. 

The golden ratio, vbi~b lornerup elao r.tarl to aa 

It;>le:-• a "'Proportio' Di.Yina " 1e that proportion ~tween t wo 

•·aluea , •a• &Ad. '"b• where "b'" i s grett·tr than • a ," wbich lt 

capa'b::..a ot b ata.g r-epeated exactl.7 1.n tbe proportion b ttvttD 

tht la.ritr tt~ , "b, • and. the aua or the t vo t e na , •a • b. • 

tD &e algebraic equation, the precondition tor ttl gol4tn 

ratio 1a •• tollow11 . ~ .. ........, 
1'be Vt'lue • lt• ge110rall7 referred to •• k , ud. tbe 

equat.on can , Alter aevoral a1mple aubJt1tut1one. bt ex

procae d • • tollove s 

~ 2 
+ c. - 1 • o. 

Solvl.cg t or w , vo obtaiJ> t h o valu. 0.6180~. U 1o 

lorne:-up' a baa ic poatul.at e t .o let tbe cb.rout1e and cUato nie 

•e-:Ut:nea cl1tter troa one aa.otb.er b7 t!a ratio w • It 1a 

t'tl& '=!"Ytl7 eu7 • al.l)ebra..1eU1.7 t:o aol1"t tor a &D4 b · 



(~-oa•ttc ~cd diatonic · eeaito~a respect1Ytl7) auch t hat 

S .. 6180}&, while a5 • b? • 2 (!1Ya chroa at1c aeaitOAOa 

plCJ •••e.n ciiaconie aeaitoua ec;.uala AD oct•••)• !he ra

eult.ina; •aluaa, i.Q ce.nta, tor • and b are ?'·5 cent• &D4 

~ese ••luea are tairl7 cloae to 
• 

jUJt Y&luaa tor thea• interY&la ~hieb •r•• ~apect1Ya17, 
25:~ • 70.7 cents, and 16:15 • ~11.7 conta. 

Becaua e ot the epec1al u ·ture ot the golden ratio , 

the ~one, vhich repreaenta the • ua ot tbe t wo kinde ot aeai

tocea, v111 repreaent tbe v&lue •a + b,• wbicb vlll be a 

deDe&inator ln ~ traction equal to~ when the 41aton1c 

••:J~oce 11 tbe au=er.ator. Thia tone. • a + b• • 11 192. 4 

ce.nw, vb.J.cb 11 appron.atel7 tbe zean betwe en 9:8 u4 10:9. 

!he =-atto.UJ , alao r.preaents tbe re lat i onthip between tbe 

u.~c: ••coed &Dd tb.tt ai.oor thirdlt •a • 2b. • Tbie a1cor 

th.i:-i it }11.4 centa in a1u. "f'be ratto,vJ • alao repre

sents tbe relationahlp betYt en tbA minor third ancS tbt 

Ptr!•ct tourth, 2a ~ 3b. The gulden tourth aeaaurea 50~.8 

eeota . The entire hierarchy ot intervale troa the chromatic 

$e:1i.:one to the ~r!eet fourth ca.Jl be expr~tseed aa tollova : 

disto~ic ae~itona ~tTo*o~·--~~ 
tone • :door ;;ra: • 

~cor t~1rd 
6 ,.. r !oet l oiU'tb • 0 • 180}4 

It the • &lu.a• repreaent«4 b7 tlwl t1Ye l..Gtenala az.e 

a4c!•-!. tosether . the lua' '1111~ be •:u.ctl7 ec;ual to u oetaYe . 

If 
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I! j- t U:.o lao t tors (;•~teet t ou.rth) h o&itted, tho 

retU:.- 11 ~~ SOlden !ltth, 6c;6 . 2 ceata. U tbe laat t wo 

t ·t rca a..-. caitttd, the reeult is the gol~ea. aaJor tb.i.rd, 

}64. < ce:Ltl. 'thla i a tow Eor:a.erup bringa the d.iapara t e 

v&lu~ t or tb.1rd. , t itth, 1n:S oc:t•ve into a ai,a,gl e wt.1Ytrt al 

t>•eh tor aeuuro:.fnt. n.- gold.tn third, t Utb , a.p.d octave 

cat'.nCC: rtlttt to one &nOther b;r v./ • but rather &I 1\lAI of 

valu•• ItCh rtl&ttd to one &nother b,. W . 

Ko rntn.~, .::~.rri~• tbe golden ratio throuab io.tenal.t 

sa•l~r th&~ the ehro£Atic aeolton~ (nltbo~sh the •~alltr 

Yalues a:t 1a0 t included V:en it.ecber• or the aeriel are added. 

toc;eraer to t'or11 tht U JOr t hi rd , p e-:tect t1tth , or octaTt) . 

?roe~d!.:o rro:a 1•=-s• to t :.sll, t be !1:-st tvo 'Y&luea a.!t·tr 

t l!t earou tie u::ltor.e , v!:.ie!l KorDe rup ealls soldeo sol.., 

cult ._ •~ •5·• c~t• ( tht solden d1est a) &cd 28.1 centa 

( the ;:olden co:.ca ) . J.t t;be c:o~t1e l e vel the gold to 

inte~&l aeeQS exeeaa1Tely distort~d to be ot •o¥ acouttical 

~!lue ( t he i tDtCDic ecx:a is 21. 5 cents, nearl1 2~~ •=~ller) t 

but e-~ lar~er 1nttrv&ls are approxi~ted aut!icientt¥ well 

to r:-m....der t~ golden t1'Stt : at lee.•t 41acuatablt. 

:torrArup cl&i:.a Co; bis syste:1 o! lntenall at a 

t l xe!. ratio t o .)c t-aAOtber tbat it ia capabl• or ttrv1ng •• 

• b• a.. a (or a c o-.at.ic&l Yaluatioo. ot :uaieal t1'8te:.a. 4 Tb1a 

4~e 1.c:e.:.a1 t7 v! -:!: vUeh Ko:-=.eru~ eQ:-t aaea hi a 
•c?oa...cr o! tl:e sol~en to::.e , a.od the e x:.. c t ot hi t cl&iu 
to:- !::: • Ct.ll onlt be s~w: ldtb a di.: ect quotation: •-:be 
t'·•:.a::. ona o: t he golde.n 4i ri e1oD are like a kic.,dz t ho\l&ht 
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••~ a ao•evhat extravagant aaaertion in view ot the tact 

tbJC natu.re haa aupplled ita ow ba.a11 tor acou.at1cal 

YLt:lation 1n the interrala ot l&a.ll-nu.aber ratio•. Barbour, 

w~ t cona14t rl tbe golden a1att: oo • : s aia Patuua • poiDta to 

t h.J rathtr aub a t ut1al trror 1.n the s:o ld.to !1/tb. &D4 Ut.ird. • .5 

Th.A tltth 1a o.oarl.7 5 .a ctnta 1a. error i u error gre~tu 

tt.c:l tha t ot J!'.- coz.ma atantone tt~;>truent. The tb.ird 1a 

1. • centa in error. but it 1a &O error oo the aide ot tlat

nt~:..a vbicb 1a an aggravatlq' f ac tor to Sarbou a.n4 otbe re 

vt:... pNttr a large third. 

Tho golden ayatu 1a J)Nbab~ aoro rul1at1call$ 

a;o..=ra.iaed 'ltbeo it 11 c.;oaidtrt4 not • • a Wliversal basi s 

r~ meaaurt :ent but •• a1a~l7 anothe r proposed a ualeal 

t 1<1"tu, oharing vi tb e~ual tuper a:oenta till 1m:ptrttct1oo 

o: ell 1nterv&la other tba.o the oe: t eYe. A& do equal. 

t•:per~Dtl, the $0ldtn 8JStiQ otterl C02ptD8&t1D& 

a~""&ntasea t or its acousti cal 1-c.ao::c uraciea . 1'h.eat ad"W'u

ta,- ea : ust be veigbtd. as a i:lst tb.e e:rttnt and laporta.oc t ot 

t CJ inaccure.cies. The &d.Ya.nt•.o•• ot tbt go14en 171te.a are 

l!J....s ta.n.gible t ha.Jl t bos t ot Cl • qu.al-te::.per•d. s,.att:a. l'lot 

e~n Korcerup has advocated the u. e ot purt gold t D iotona

n :.....n , ei.c.e e i t w uld ta.ke a proli rert t i oc ot t ·onea to 

~er Juch a ayateG tr~nepoeab le. i ethtr. it 11 &15trtt4 

~~cb ebovs Beauty and Just ice &I eve f o rma o t the •~• a 
1 t e r. t na tural !ur.dact:lta:r-I'iV 1 at t be aeme time both 
1 45t~et1c and et~c." Acoustic Val~tion ot Intervals , P• 9. 

5'tu..ning ~ Te::pera::ent , page 128. 

, 

I • 

~I 
I , 
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tor t he golden B7&tt2, the use o! a constant ratio between 

U e Ya.rioua alz.ea ot co:pone::.t lnterrala prov14ea u &laost 

qatical ha.rcoD.iouaeeaa. ?he paru a.:e alleged. t o ha.r;.oAi£1 

witb OAt a nother. The COl:.:.a e.a.d. clie aia a.r• no lOJl.&•r Ju.at 

lett-over p~te. They belong to a ••~lea vhicb &lao con

ta.ina t vo kiDda ot eem.itoata, t be 'tODt, tb.t sinor third. &D4 

tho portoe t t ourtb ot the •7atoc. Supplo~onting tho aenao 

ot unity 1n a eyete: where tbe great &nd. tbt aaall are part 

ot • aingle aeriea 11 the ~sti~ue ot the ratio ot the· 

gol4 to meLD 1teelt. Tbe obJect ot great r•apect and ••en 

ave ot brilli• nt men tor can..:r c entur1ea, t be golden a ea.n 

ia aa14 to be e:bo41ed in nature 1o t~t conatruetion ot 

1D :ucb o! the vorl4'a greateat archi-

t tC:\l.re 

\lhether or not tta re&4tr t'iDda the ~at1que ot the 

golden moa.o &Dd or tho s i ngl e hierareb7 or 1ntorvala appeal

ing aa a muaie al elem4ot , be mt3 be 1rpelle4 to &lk vbat uae 

it could posaibl7 have 1! Kor nerup'a initi al eloima tor i t 

ere rejected. Not even Korn~rup has proposed. it1 uae 1A 

Prac: tiee. ',Jbat valut might it have 1! it ia ecoueticall1' 

uos~itecl to be t ht basis tor valuation? 

Tbere io & eloae orge.!lie relationsl:::ip bet.Yeen tbe 

Gxorntrup =ivea a mo~erately e~ten11ve b1bl1ograp~ 
ot n~n-:~aical ~?ttnga about the golt eo ae&n 1c Acou•t1e 
~&lueti on ![ I c tervala, P&&• 21. 

?lornt:vp•• aource is Maeo47 Lund, Eatheclralec 1 
St daroa • C1lo , 1919. -

I 
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golden •11tta AD4 a eertain ser~ta ot related t••p.raaenta • 

tbe l'lbouccl aer1u8 ••• 12, 19, 31, 50 It CLD be 

prone! that tho U.ai t u n ._ D ot ~ 1.D U3 l 1bonocc1 
aeriea ia oone ot her than , 0 . 61803-'. It con 11kew1ao 

bt abovn that tb.e golden i.Dttrvala repraaeut the auct 

tuning ot that •1•••= vbicb 1o tba 11&!t ot tbe aorioo 

12 , 19, 31, 50 . . . . Tbla having boon oatabl1oba4, tbo 

... 
golden 111tem, ea edYoeato4 by Kornerup, becoaea,ttltnt1all7• 

a &t&.U Of &d1"0C&ti.Ds tbe txp&naion of tonal rtiOW"Ctl b7 

mtana ot t bia pkrticular aeriea. The higher one procee4a 

w1 thia tbia atriea, the closer tblt ratioa between tbt 

eo:poaeat parte approech the lt.::Litw • Although tht r·• •roe 

t1acrep1Jlc1ea between the intervals ot UJ.¥ t1Aitt t.eaptrt4 

!fitt• an4 these o! the goldeD s~ste:, ouch dlocrepancloo 

be coae 1ncreaa1.D.g.ly s:.all as the number ot tonea •~ployed 

1nereaaea. Tbe table ~lov a~o~a the d1acrtp&ec1ea batveen 

certain i.ntena.l a 1D 31- tona te:c::peruent &.D4 the equl1"alent 

internla 1.D tl:.e golden a1 otoa. 9 

8
A 11bonacc1 aeries is 1 aeries 

$1•en nuabar 11 tho aua o! tbe t ¥ 0 
(n - 2) • (n - 1). 

ot au.bera in wb1~ 
pr•ced1Dg nuaber•• or 

9Por • a1:1lar co~~arison between soldtn 1DterTala 
~ 19-tone tt~~er&:4ot. see belov, chapter 12. P•a• 31•• tor 
• ch.a..rt, tolloved. b7 a ge!lera.l di.seuaaion. 
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31-ft Gol4n, 

Die at a ~-?1 •s.• Chromatic ae~tone ?7 . .. 2 73-5 
D1•tOD1C &t:itODI 116.13 11&. 9 

Tone 193-55 192 •• 
IUoor Thir4 309.68 311 •• 

··( Hajor Thi_rd ~?.68 384.9 
Pt rtoct 5tll. 696.8 696.2 

Except t or the smallest unit ot tho 171tea , }1-tono 

te~perament repreatnta a rather taithtul ~tnder1ng ot goldeA 

tuni~ · Therefore, in the most practical aenae,the caet tor 

tho golden c~t 1a a part ot t ha case tor 31-tooe (&Ad to a 

leaaer extent tor 19-t one) teQptr~nt. -~atever attractive 

~stlque ••1 r eat 1n .the principle ot the golden aean can , 

v ith "'r7 elight diacr,epanciea . be at tributed to tbe e qual 

ta:ptr&:tDtl O! tbt ~Ortc~t1o~e4 71bocecci l t ritatlO vitb

OQt altering tht acouatlcal a4Yantaoee or d1aa4v&Ates•• ot 

tht t e:pera=eota vlthio the aeriea. 

It ia unnec t iG&r,T t o concern ourae lvee ber t over the 

' c~ otbtr uaea ioraerup aakes ot tbt golden aeritl • • the 

baaia tor mu a1cal :eaaure=ent.11 Whetker or not lt 11 

rega_rded. 11 cltc1ding, the Yalue ot the ·golden cut • • u 

10Aa ebapttr 12 v111 abo v , s o~o v eakatlltl are preaent 
in the appl!e~tion ot the Golden syste~ t o 19-tone te~per~ent 
V~l cb do cot oppl7 to 31- or ~-tone ttcpt r&aent. 

11lornerup t 1n4a Ta luea tor tho bigbtr parti&la on t~ 
basis ot eo~b1.oat1cns: o! gold~!n. 1llt-erval•;. Hia aeveAtb 
~:t1al 11 ao=t 6 cents t oo tlat, ~ 11 t~e •~ ot the 
SOlde!l tent, lli.cor thi.r<l, ani p~r!ect ! Ourtht aitlUI tht 
£Cld t~ 41tl11 . iornerup also U5tl ttA golden t78tta I I I 
itU't!.ng poi.At in ecce soc.1o-:usicoloo;1, 4 t cla.r1.D.tl. !or ex
&.:.ple, 1.D bit lcdi acbes 1'ccsvste:. ••• , page? , thtt tbe 
~•Jor1t1 ot LDd1an Lntervila are ver.7 cloee to selden iDter
~u • • 

, 
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ar~ent 1A taYor oC 19-, 31- or 50-tone t.c;er ... nt, 

1upJ~•~ntl.ng but noc replaeiug aeoustie&l eoa.a14erat1oca , 

d••~•• to bt taken into cona1de rat1oo. Becau.e ot thil, 

l orwrup' 1 thtOl'J of the golden eut aust be resarde4 •• u 

~pcrt&Dt contribution to the theor.r or aultipl• 4iYioion 

evu tllOU&h b.11 bai1c preaise tor 1 ta use ia ert,ra•agant to 

tbt ;>Oint or 1Jlval141t7• 

A !1nal note ahould be added about t he broadneaa ot 

eco;e ot lorne~p'a vork in acouetice and multiple division. 

In U.s pagt o ap~a.rs tbe most detailtd cbronoloQ or tba ad

YOetc:y oC 1q-toc.e te:.pere.ment t o ha•e beell pu.bl1ahad.;
12 

OAt 

ot ~• coat thoro~ treae:enta o! the aubJec t ot tbe 

4.1! ~erect poeai'bl• va.:re or d..irldl a,g • atr1Dg i.Ato au.eical 

1D~«rY&la; 1' &Ad a ~oat aensible propoaal tor tbA UA1Yeraal 

~8 oC t one a •14 R11 puphleta eontt.i,D •t.A.7 cba_rtl, ott·ID 

&I !1hudnat1AO cooee rcing b.11 rtevpot_nt •• •&At P&s•• o t 

te~~ Several IUCb chArt• are appen4e4 be r e .
15 

12sucb cnrooologieo appe ar 10 several ot b1a pampnleta. 
Ot ~e t:aporta.ot ee.rl y vri terB oolJ' '.'oolhou.ae !a omi ttea. 
Tbt!e 18 , bO~ev&r, 4 tendency t O At triQute a4VOC8C7 OC 19-
toe ~ teQpera~e4t vbero oo such 3dvococ1 1a 1apl1ed • • 14 the 
C&5t o ( Eloaaa , t he builder or the earl7 17th cen~ 
Cl 6'1:1Ce2b&lo Uni Yeraa.le. 

l3tornerup ' a treatc:ent oc t.h.11 11 pa.r t 1cularl1 uaetul 
&.r.c. t:horouo,b.. It ic one or tb.e c ::iet aubJeete ot J.coust1e 
~et~s!!!, ~· 

l•torceru~ propole a the use or tt.e v.ru.n e\llts.x .• • 
1& tl:l4 ea to denote ah&r;S a.DC tlats reapect1"ftl7• but tbe 
il~natl'ou ot tbe l e tter h troa t be roater ot ton. dee1gna
Uo~ . md t;!le \l.l t o! ~ c.o-c!enote b A&turel.. 

l 5Proa ~ Vorlauter •• • , page 5· 
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· AiliE:L· 

In 1925 , a u v ;ubllsh!ng house appeo.rad 1A Lelpdc 

call e d t be Z:e u.nt• b.n Stu.Ce%1 v~rles. C1tic.s •• ita Pu.rpGII 

ootbina leta t~&A tht re t ors ot au1ic, tbt houal i~au.d one 

bo ok &011 tho W>.tul.!illo4 prOJr.i5e oC t vo add1t1ono.l vorluo and 

t ban laded ioto 1aae4iata &ad l a•t1ng obl1T1oa. the one 

publ itbad volwme 11 Daa Rel at1T1 t<t apri a &1p ~ Mu•1kal1acben 

Ha raon la by AD &AOQJWOua author .r1t1AK und•r t he patu40Q7S 

•Art~ ! .• A dtt~lod descrip t i on o t a 19 - t on. 1nat~tot with 

thrta r ov e or ke71 v a s t o ! o l lov , aloa.g vith a l)ropoaed 

a,- eec o f not a tion , 1o a seco~ • oluae . Voluae III waa to 

be a har-con.7 tiX't Co r 1<?- toae E"U&ic baaed oa. the to-called. 

principle o / relatirl ty, It l..s t o be pruuaod tha t 

C1nanc1&1 41!!1eult1e• po•~o:ed t~ po~l1cat1on ot thoae 

succeseor TOlwnea &.tid ;ha t poli"t:i cal u.-~aYtJ.I de a t ro,..d 

al l trace1 or t he co:p&n1 and ita be~tactore . 1 

TEE 59 E..I.SI C L'l'r:s!!V.U.S 

Q!! Ra ln t i vl tlt s prln:l p ia, t roa t bt • t art, • 

• i o l entl7 po rtii&D vork. !riel inai1~1 t ha t al l genuine 

1n e real .ca.z..e o~ J.:iel .s;>~a.r.s 1J1 ooc.e o t tM cata.loguea 
~hero tbe book 11 liat ed . ~. e~~r~&ht • •• 111Qt 4 t o the 
~e~%·~ ~tu!•n 7e~:a~ . v! th a r~e. ~&I de Jo~Tenal e 1&Qlna 
ta e cec eea•r.J pe~era . ~-ce~~er ~~ --~ t;e aut bor or 11:?17 &A 
' 5• a. t ia un.k:D.ow, but Ue latt•r would. ap:>e a.: tb.e acre 11Ul.7 
••s:u:a.ptioo. 



:uAie, it it1 ~ooe relatiooshipa are to be loatcal, • uat 

a.rlae out ot certain pure ioterTale . Ariel quite a.rbttra.r117 

aelecta 59 eucb •pure • intervals, &J:d the,- rans• r ·roa auc:h 

1'\Uida=ental iJ>tot'Yalo as ~:2 t<> such co:pln: iJ>tern.lo u 

20n&:l5625. .t.riel then ohovs b7 an appu4ec! chart bow liUch 

more 1og1call7 the 59 intervals sroup together in 19 oeparate 

units than in 12. One can question aeTeral aopocto ot 

Ariel's reuoning. >fh1 ehoulc! .20?}6:15625 bo con.dc!orec! u 

i=pOrt&nt 00 ~:2 in establishing tba T&lidit7 Of & te&per&

me~ t ? >fh1, inc!eec!, should 20736:15625 be conaic!orec! at all? 

Rec!ucec! t o .d.o.plo interT<Olo, 20?~6: 15625 a tbe in

terval created. vb.en tvo c•jor thlt'da ar. dtd.uete4 troa t our 

ll.tnor tbirda. J. proceaa •• co~pl1ca:ed. u t bJ.I volll4 b.a.rdlJ' 

be we.rra.o~e4 1.c tbe queot tor •'baste• i.DterTila. \lba~ 1a 

l>aaic &'bout t our ouper1.cpoaec1 rlnor ~h1r4a7 Tbt ainor tb1r4, 

or couree, poeeeaoea exceptional accurac7 ~o 19-toAe tempera

mo~t . ID tbt abaence ot a meaningful explanation to tht 

cootru7 1 Ariel voul4 aeea to be guilt-y ot circ:ule.r reason

in;;. He Juat1tieo 19-tone te=perueot on tbo beol.a ot a 

group ot interval• which see= tbee£tlvea to have been ehoaen 

bec&uee the7 •r• tbt=aelvea based on coabination• ot thoae 

interTala vh1cb a re known to be e!toct1vel7 c!upl1catec! b7 

19-tone te:apera.:e.nt. Bec:euse Uiel'• S9 i.lltervala appear 

cioubtrul an4 arl>1 tuq, the7 can probabl7 be c!la ll.l.aatd troa 

con.a1dera~.1on aa a eeriou.a buia tor 19-too.• t.eaper a.aent. 



1:1 
128:125 
&43:625 
25:2• 
16:15 
2?:25 

625:5?6 
Y,~:3125 

10:9 
9:8 

1~25: 1 3824 
144:125 
125 :108 
?5:64 
32:2? 

6:5 
3125:2592 
?68:625 
100:81 

5:• 
}2:25 

162:125 
125:96 

20?36 :1~?5 
4:} 

2?:20 
3125:2}04 
864:625 

25 :18 
45:}2 

64:•5 
}6:25 

625:4}2 
4W8:}125 
~:2? 
3:2 

1~25:10.568 
192:125 
125:81 

25:16 
8 :5 

81: 50 
625:384 

5184:3125 
5:3 

2?:16 
128:?5 
216:125 
125:?2 

2?648:1~25 
16:9 
9:5 

3125:1?28 
1152:625 

50:2? 
15:8 
48:25 

625:324 
125:64 

2:1 

T!!l! I'Ctlll RS;;Ilt=!TS OF .1. TON.U. SYSTJ!ft 

Ariel aovea to a core tenable poa1t1oA when he eon

a1d t ra tM buic require2enta ot a •1•t,ea ot t ·t aper ... eAt. 

Be •aictaJ.na that oae aust ceh .tour d ea&.Dde on ~ teaper.4 

•:ratu:2 

1: ~hat the aaallest intervals • bert there 11 
tho poaaib111t7 tor direct progre oaion. (41rektt 
Tonbe wesunoe o} be available . 

Z: That tbo c onaonaneea abould be •• pure aa 
possib le. 

31 Tbot the proportions between tbt aizo e ot 
the boa1c acolor in tervals should rese~ble tboae ot 
the ontural 1Dttrvala tro~ whi ch th17 ar. taken. 

2nsa Relat1v1tst•ori~zip, page 134. •xan kann !dr 41e 
4n!ord e~en &a •~n te=perl~r~es System ?itr ~tltn aute tellen: 
r. ~to kle.nottn I~tervalle, in ~eeen d1rtkte TonbeveguAgtD 
uoeh =ebl1eh aia4, cCcson vorbandec oeio. JJ . D1t Eonao~~•n 
~daa•n :O&llebat r•tn aen. !11 . :ie :ootolgen :aaat n 1A dto 
•'e:oh l l'to.issen ihr-tr net1lrlieher. J..'bstut~en &u.a .u.aad.ruck 
~o~•n. IV . Eoa:ocanteo UDd D!asocaa~eo ~aoaen ale aolc~ 
Se ,gens l tz.lich v1rkan. J1ata.r.l1cbe Dieaona.nz.en dG.rttD n.1c.ht au 
Scte lnkon &onuztn virktn. • 



4. T'b.l.t c onao.oa:u:ea and. cUaaoa.e.nee a alloulcl 
!unction aa a1.1~b az;a!.o.st oue another. lDt·en&la 
w~eh are b7 na't~ d iaecna.nt abould not b• t••pere4 
eo •• to appear eo.c..sonut . 
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OD aU tour co~ta he !1c.da 19-t,ne teapere.aent to be tar 

aupe rior to l2 . 

S:alleat InttrTal: That 19-tone tecperaaent aboul4 

be p~terablo to 12- on the first count, t hot or ouppl71ft8 

t he ualleet possible i:ltonal, 1a eolt-ov1dtot. But Ariel 

ma.kea a rethor i:aporte.nt point a.bout the spec1tl a1gn1t1c&Dce 

of th.tt particular a.:nalles:t 1.aterral. The natural chromat-ic 

ae~i.tone, be aaaerts, is 25 :24.. fila 1ntenal he calls the 

"~e-:-ut.dif!l!'tDt," aa 1: rtprese.nts t-he titterence between 

the IO.OJor tbL.-4, 5:4 , and tbe c.Ulor tb1rd 6:5. It 1a Ariel '• 

co~:er:.ttor. that th.ia Terz.e.c.dit!e:ren& .it ot s;reat iapo.rtuce 

i.e auaic; tb.ia appta.r·a quite aound. !n rttv ot the r olt ot 

• • Jor ud a.iDor ill. ou :us.tcal heri tage . But the aaalleat 

interT&l in 12-tone te:per~ent ia 100 centa, wbilt tbe 

nau:.ral Ter~endifferenr. is ?0 eenta. lor th11 reaeon , 

Ari•l atronglJ rejects 12-tone tecperaaent, even t or the 

por!or&&nce Of tbe cvrrent repert or7. H• turna, 1na tead , to 

19-tont tecperament, whome amalleat 1nterTal, 6} c enta, 11 

• ~cb cloaer •pproxi=otion ot tbe Terzendifteren&. 

!!:..! Puri ty 2f. lli Conacna.ocea : .t.ccord1n& to .&.ri el, 

t be t ollovtag ar. the con•onaot iAterTa!. ot •ualot 10:9, 

6:5, 5:• , 4:3, 25:18, 36:25, 3:2. 8:5, 5:3, ~ 9:5. ot 

these t·tD conaoDancea vithi..D t:b.e oct&Te , aix a.re tra41t1ona.lq 
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rega.rd.e4 u conson&D.cea ('the a inor &r.4 aajor tl:Ur4a &D4 

eU:tha one! tbe perf ect tourth o.D4 !i!th) . In aceopt1.1>4 tho 

aajor second &nd ainor •••enth as conaonancee, Ariel voul4 

op,eor to be jut1!1ocl 1>7 auch 19th aa well as 20th cont=7 

practice , ~•rein the ~or atYe~th and/ or the aajor ninth 

11 otten added to triadic aonorit1ea with little aenee of 

diteonance. Vhat • '1 appear aubJect to queatioA about 

Ariel' a uaa ot the aajor aeconc1 a a a couocac.ce 1a hi a 

oboico ot 10:9 OYor tho &oro tre41t1onal 9:8, In aaking 

tb1e choice be take e t~t aa&e poa1t1on aa lornerup, but tor 

bta ovn •e r7 41tter.nt re&aona. 

Be 11 quite emphatic in hia choice. 9:8 , be tn.iata, 

ia a di aaonanca. It 11 produced b7 the ~t1t1c1al proceaa 

ot supori&pos1.1>4 two ti!tha.3 Tbo I..Dnroion, 16:9 , 1D•ohoo 

rel&t1•el.:t higll ~\UI~ra &ll4 11 &lao a dtaaonmce. OD the 

otb~r bend , 10:9 11 the 1n•era1o n ot the r•tio 915 1 repre

aen;iQo the coabinati on ot the pertect tittb &D4 aiDor third. 

In ?ertoraiDg the con.onant doa inant ae•entb chord, aeaerta 

Ari ~l, a1cger& attempt to &&ke both tbe tilth G-4 end the 

minor tbird, ~-t pw-e . Thia p roduee1 the conaoc.a.nt ainor 

I~Tenth t vhich aust be 9:5. !te conaonant c1o~in&nt le•entb 

c:.bc.rd , u tbe buic g~Mr&tor or conaootu:1t ba.rsOJl1 1 1a a 

}A.r l ol oo o:a 1& t hi& roopeet to bo 1a;;l;r1~ that tho 
co~lination o! like int! rvala ~ents to produce diaaon&nce. 
th.i.e ia Z&rli~o' e baaic rl ev. Ic t!le ca1e or t be tr1tone, 
how~~er, h e appears to conera41ct thia Tiew. Perhapa the 
one consistent vay in which Ariel's Viev ~igbt bt interpreted 
!a t..tLie: the combining ot like aon•onancea in 1taelt doea 
not produce a con.onance. 
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tbeor.tieal pbenOCADO~ with a rather reepectable bia tor,, 

~ 4r1ol 1o in goo4 co=p14J in ••••rt1ns t~t thiA con .. DADt 

••~eoth chord ia coaprtaed or the relationabipa 20:25:~:~. 

I t 11 the tirat and last a eabera, 20:}6 which r e late to one 

another aa 5:9, &D4 inYtrt to 10:9. Since ~1tl la 4eter

ai.r:.ed to reject t'bl n.t.t\lral baraoo.ic et Ytnth aa tbe 'baaia 

t or 1JJJ &ue1c,4 there &a..J 1cdttcS be ac:ouat1cal Yel14it7 to 

bit cboict ot 9:5, the at&plest rt•a1n1Q1 ratio , .. bia 

co~aonant eeventh. 

Ariel'a •conaonact • tritooe 25:18, and it• inYeraion , 

tla eo-called "Doppe ltor<' 36:25, o.n , lib tM ainor 

seTtnth, d..ravu !ro:a the COC$O~t seventh chord 20:25:30:36. 

The Doppelterz i a therefore declared conaooent 1D Spite of 

it& be1ns tt.. sua o! lU. in~enda, It II&J bo a ou vllat 

41!!1cult to accept tbe tritone aa a conaonance. It 1• 

gtne-%'&117 reterMd to &8 a 41810:D.UC t , &:.4 Ri.cdtait.b. 6,1'¥88 

tbt tritont a special eleoa1tication •• the ~o•t 41aaonant 

1nterT&l .5 Hovever, it ahould be re:embtred that the 

t~ltone {like the per!eet fourth •• well 11 the 4iain1ehod 

tlttb) vee treated aa a ••~1 -coU. OGance , 1n tbe Renaiea~ee , 

l:stble bet"vetn the u pper voice• •• a con~ona.nce. It ta oA.lJ' 

4 Ar1el 1s ~o o t •da=ant in re Ject~ the ? tb partial 
O~!~tgbt. He ersuec t &aioat 1te 1cco~;or•t 1oa 1Dto aualc 
!.o tt verel vay5 , ecnellrling vith tbe atate:=ent on pa:;e 51 
tha t ~hen t wo air~trs sing tll interval o! 7 !6, the reeult 1e 
ne 1 t~er a cusical 1nte~·al, n~r the ~e~p•r~ent ot euch &D 
lote:val . It is, '"Ob>erbaupt keilat 11;u.a1k.• 

5ainde&itb 1 !E! £!!!! of Hutical Coapoa1t1on. 
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st..:ce the era or 12-tone e~ual 'te:peru:ent, w1 tll &D. lntern.l 

}1 cent a t"e&ovK trc= Ariel'~ Do~pelterz., that the h&nloJUc 

use ot the tr1tooe baa c o:. to ic:p l.7 the \llti.&at t 1D u
atab111t7 aDd 41aaonance. 

Havtc.g e e t ab11ahe4 the a 'boTe i ntervale •• conaoD.&Dt , 

ArLt l co:parea their representation in 19- and 12- toAe 

~12 a.nd "'~' J.r1el odaita to tho aupor1or1t7 ot tho 

12-tont tittbe . He inste t e , ho~ever, that t~ ?-cent error 

ot tho tilth in 19- tone t eitpera..:n&nt 1a tar troa t.rLD.tsre aa1ug 

t~ limite ot agreeable aound, 6 and varna eoaiDet b•a1Da 

a ~udpect on the ttttha alone . 

S:4 aDd 8:S: J.rlol CO"J)lai.lls or tho bod th1r4a 1A 

12-tone tt:aper-a=eot, and pointe out tha t tbt aajor t.hirdt i.n 

19-tone te=pera:ent art &l:oat ~ce •• pure. Et aakaa no 

d!sticcttoo betve eo the positive error ot tht 12-tone aa3or 

t hird acd tbe Ct&&t1 ve error ( conat<!tred b7 BArbour and. 

Othe rs to bt Car mor e objectionable) ot the 19-tont t hird . 

6:S and 5: ~: ~he error ot this 1nte.val i n l 9- toAO 

te:perament 11 less than 0.1 cents . to Ariel t hia is the 

most tcporta.ot ot 1..nterval&. He retera to i t a.a t .be eb.i ld. 

ot an eter~l lather (the pert~et !i!th) and an eternal 

cothor (the &ajor third) . Aa tbe o!!Jpr~ ot ao p~p1t1ous 

a u:Uo~ . •• the Urk1Dt:S , tbe Cli..D.or thJ:d ia t:he tou..od.atioA 
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t or • b.igher order or cuai e . 7 \o"i tbou.t the kllovledga ot t.h.ia 

t w>l! tuatntal lignit1caoco ot the m.11>or third, a&i.ottJ..,. 

.Arhl, b.antollJ', t.D.d e apeeia.ll7 :.oderD ha.rt~OU3'1 ia not t.o 'be 

W)der atood. The error 1D 12-tone tec:per&aant 1a oTt r 15-

et~ta. 

10:9 and 9:5: It one a a ble to ogret with Uiol 

tb.at tb.eae B.r·t t h e pro~r ratio.a tor tbt a a J or aeeciDd aacl 

ainor aeventh, and t ha t the1 are eou.onancea, then 19-tGAe 

t eaperaaent ha4 • clo&r edge OTer 12- in their repreaent&tion. 

the a ppr ox:i.aate aa rgi.A 1a ? c.ente to 18. 

25:18 &n4 }6:25: ~• in tbe eaet a'boYa, vhattYtr eoa.

tro•e r at sight ex1et ae be t ween tho two 171tea. liea in 

wbttle r or not tbA ee lnterv&la are the correct ratioa tor 

tritont o.Dd d.ia in.ishtcS filth. The erro r 1.4 their rep.t-eatnta

t.ion la a ainut e fC'&C.ttoo o t a eent 1A 19-toc.t toper ,...a.t • 

aM a bout 31 c e o t a 1A 12-t oc.e te&p•ra...Dt . So alt·trAAti'Ye 

r at1c• inTolving •~ller nuabera .re s enerall7 ottere4 tor 

12-t('l\t tecpe ruent , Iince t he 1:1 ter vel 11 generall7 c on

c&ded to be a di oaonanc o i n that 871 tta . rokker, on bth&lt 

or 31-tone te::r;>erQ.Qo.nt • -.rgue a Q.u.itt perauaa!vel-7 thet the 

conac=ant tritooe 1• 7:5 &Dd tha t al l o ther a p;roxi&atlon. 

t or tbi a i ntervol are d iaaonant. 

?or the t e n l nt e rTals whieb Ar1t l hal selected a. 

?Ibid ., page 74 , •Jocer Ausglt i e h , der a ut GtltDbt wegung 
'ton ~1o~und g r osse ';tle:-z hervorgt b. t l et cUe kl~l.att 1·trs. 
~ie~= . aleichta= d&l t!~ T~n Ur-Vr t tr (,ulnt•~tttr 
(sr. ~r•) let Grund1cttrTt ll b~berer Ordoung• 



bi• eo~oDances, tbe aTerage error 1D 19-tone tt•P4r&aent 

1a 4.2 eenta , in 12, 16.2. Granted tbe preaiae ot hie iD

terY&la, Ariel'• ease tor the au~rior1t1 ot the conaonancea 

ot 19-tooa tenperaaeot ia quite •olid 1Ddee4. 

Tho "utual Ro1at1onshipa ~ tho S:all IntorYalo: 

.Aceordi.Ag to Ariel, there are tive eaaent1al aull 1.ntenala 

in oar &u.J1c:e.l a71tea, tbe etLroaat1e alld dtaton.1e Jtaiton.ea• 

cbe wbolo-tone, tbe 41.111Aiohe4 tb.L--4 (to which ht Ia ... 1.., 

deotl7 referring by tho name o! lt1 enhar2on!e equlY&lent in 

19-tone te=perament, the augcento4 second) , and the ainor 

tbi~. lA 12-tone te=pera:ent the t wo tTPel ot ae~tone ~ 

eDhA~~o~e equ.tvalentl , 11 are the aug=ented aoeon4 and the 

ai~o• third. Th1a 11, aeeord1Q8 to Arlol, a aer1ou.e 41a-

t:or-t-~on ot the ~ogle of their baaie relationship to one 

tnott.r. Ariel consider• the mu.tual reletlonahipa 1ingl7 

a..nd in groups . The ehro:atie and d1atoo1o eeai toDtl relat-e 

to ooe another and to the wbo1o- tone8 approxicato17 ao }7: 

63:100. The tvelTe t one seale can do no bttter at reprodue

l .ng t his tormu.la tbe.n 50:50:100. XU:udl7 better it tho 19-

t:one approxiaation, 3}:67:100. Ariel ahowa, aiailarlt, that 

the 3:Q:5 relatioeabip ot 19-to~• teoper~ent ia a ra~er 

cloc e approxi=atio~ tor the series 10:9, 144:125, 6:5 , 

~h l le 12-tone tecpera:ont ia powerless to represent auch 

ttr • ch:1ou . b the tr.4, i t 1J Ar1el'a preference tor t:.vo 

8r~id ., pas• 1•1. Co=paro the•• tisureo with tho 
&Olc!u ritlO ot XorJ>trup which 1a epproxiuttlJ' }8:62: 100. 
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t1n4a or aeat-tont &nd tor a diatinct interTel larger th&A 

tllt whole-tone but aull t r tllu t.be aic.or tbird. which lta.d.e 

b.la etro~l7 again to t n4orae lCJ-t.ont teaperu.ent. 

'l'he Polci tz !f. Coc.aonuee ~ Diaaon.anee : Ariel' • 

fourth 4taao4 on a tea;er.d ayatta 11 that it dt!ttrentlltt 

ele&rb' betveen ita eoUOD&Ileta and. ita dlttoD&.Dcea. In thi.a 

respect, Ariel objects to 12-tone temper~oot on tbt groUD4a 

tt.at it pOII tSStl Onl.7 0111 Itt Of cUitOD.&!lCII (tllt a1Dor 

second and a ajor aeTentb) which isn't ao elearl7 removed 

troa co::.sonact i.D.ttrv&la that it CanDOt be !altel7 aiat&ttn 

tor a att ot conson~cea. In contrast, tbtre art tour aucb 

s~t• ot dissonances in 19-tone teaper~nt. ?here ar., to 

beglo Yith, tvo 1ets (LQatead ot one) or eemitonea and aeTentha. 

no two .. u ..-o l/19 - 16/19, a!ld. 2/19 • 17/19. La. o.dcUtion 

U.re o.re tv0 sou, ?/19 - 12/19, 6Dd 4/19 - 15/19, which 

.l.rle1 oo!l.lldora to be unublguou.~ d1ooon&nt ill 19-to.,. 

te:ptra.aent,9 and which l ·&Clt ~ counterpart 1.:4 12-tone 

te~ptraJu.a.t. 

Arlo1 111uatratet the ad• LOtogo ot uca.b1guoua 41•

ao~&Dce ~7 abovi~ that tbt augmented tr1a4 and 41ainiahed 

ctTe c.th ue 41aaoniJlC 11 1n 19-tont teapera.aent, vb1lt tb17 

a.re 'ub iguoua t h.rouob the lack or •03 co:apletel.7 4.1aaon.e.At 

lt.ter•ala iA 12-tone te:~ptrll..:ltnt . Tbt cU.ai.DJ.ahed ••••.a.tb 

9~ just rep~sentotiona tor 4/19 acd ?/19, Ar1o1 
&!~tl 144:125 acj }2:25 rtlp~cti•tl1• The 4tY1at1oD Ot tbttl 
1~to~••l• tro: their te~pore4 e~u1valents 11 ao:ovhat greater 
t~ ia ttw c1eTiat1on o! tt-A conaon&Ut i.Jlten&la . 
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1J) 19-to.oe tuperuent au.st contain u 1Dtenal ot •119 or 

15/19, wbilo tbo aus:oato4 triad cuat b&Yo oitbor ?/19 or 

12/19. 

1'bt r t appte.r to b t • n uab•r ot vea.k poi.Dta 1.D .&.r1tl • a 

tt.aor, ot coc.aonuct a.n4 41sao:.ance e:plo,.ed •• polu 

oppoaitoa. I t 11 41!!icult to ooo wh7 25:16 abou14 bo r e

gl..l"ded u a diaaonanee while tbe mort eoapltx tonulatlou 

36 :25 ia coaoide:.d consonant. ~t boo t it ie bard to 

~agino wb7 two oucb si:Ular inte:rnla u 25:16 &Dd 25118 

should have ett~cte vhich ! unction aa polar oppoeitta, 

.lriel'e tbeor1 ot eo.:.sona.nc:t e.nd. diaaonat:~ct t&lla 

co:pl etel7 1! bia fUndamental reJe ction o! tho ?tb partial 

1a denied. Ht has tatabl1Ced. e..s couo~a.ot a nuabtr ot 

1Dtenala containing 1nt.0era bipr than 7, ~h 11&1 not 

be et:: doc. b7 tbt trad1 rto.oal supporter& ot tht aeca.rio ( e.od. 

nothing aore ) . ~bA 4ee1a1on to 1Deludt •• conaouaneta 

intervale 1nY01Ying integer& larger thAn 6 eakea toeevhat 

queat i olllablt on lcg1cU grounde tlu rejection ot 7 at a 

bt•it tor CODIOnaDCI• 

Deap1tt tho theorttlc•l veakne•••• ot Ar1tl•e 

hi orarchJ or conaooaoeea and 41aaonane•• • I au.t add that 

~ own IU.bjectlYt appreJ.1al or the· ebaracteriatlc• ot the 

inten-ala tD 19-tont tta;erue~:~t coneu..rs v1tb Ariel'• t~Ol7• 

rtia :.q bt l t ll tht rt:lult Of Ya.lid ICO\IItic:al pr1_DC1pltl 

Cl&A a utter ot ta.=.111a.r1t,". J.r1t l ba.a D&2t4 •• 41a•one.ncea 

~/19 a.n~ ?/19, wh1eb an t he two buic ooundo in 19-tOZ>oO 



te»per~eot tbat poaeea1 no e~u1valent 1o preat ot-4'7 aua1c. 

'l'he7 ae.,r ai:.pl7 ao\IAd •diaeoc.ant• b7 reaaon ot tbe1_r lact ot 

!u.111o.r1C7. 

lD coamoo with the other aaJor 19-tont &4Yoeatea , 

J.riel ! indo '"good" tonal •1st-em..a to be rellte4. \lb.ere 

Kornerup end Yoeaer tind the ultimate relat1ooehip bttwee~ 

desirable 171tega to l ie in a s ingle Pibonacc1 aeriee, 

Ariel ia concerned v1tb other aspecta ot cont1nu1t7 betveen 

tte dittereot arste~s . Bia a~proaeb ia cloae to Opelt' e 

( v·!tb vhoae wrk he 1.5 ta.m.lia.r) &r..od e-ven cloaer to 

'.'11rach:a1dt ••• IJ.k-e ve.rscbidt • .&.riel • ••• the problea •• 

one or !1Dd1tg t~ree suitable constructing 1Dtervala, 

ba8e4 oD. pure tittha a.::d t!arda ., vhicb vi ll not d.itter too 

greatl1 1A a1:e. Ariel ia no~ aa etstec atic aa ~acb&idt,10 

re~iQB core on 1J1st1nct and on trial &J1d error. Bia re

sult s a.re quit o similar to tbose ot "t.'G.rtehmJ.4 t, u.n~ r.:nark

obly aimllar to tboee obtained by Viggo 8ruD uoing a care

t ully vorko4 out matbe:at1cal toraula . 11 

Re4uco4 to ita tundame~tal a , Ariel'a view ot there

loted~aa or 4el1r•ble ~usieal •1•teca 1• •• tollowa. fe=~•red 

lO~~rseh=idt"s Tievs are dealt vith at ~cna14erable 
lt=oth 1o Chapter l , &ed acain br!e~l7 1n chapte r 8. Opelt 
1a cona14ere4 in Chapter 8 . 

11vtggo arun• a c &tt.Qet1eal tor~ula, t1rat preae~te4 
1n l<Jl9. h .:111 r.rtllally =mown. It b tal<oo " ll 1A 
4eta1l 1A Cb•J>tor 1}. 



,,at·e21 a.re c.ecet11..17 to :au.1e , but th17 a r e ot Y&lue oA17 

to t:be extent that the, aueceed. 1n tba approx.i.Jiation ot Ju.et 

ictar.ale. It ouat therefore be poae1bla t o toraulate ~ 

coaplate auatcal (tacpered) 171taa iD tera1 ot tha Ju.t iA

terYala oo which it ia built. ~ baa1e jutt iDt trTall re

main tha aa.mo iD aTe17 •good • •1'• tea . fbt 171te•• w1 tll 

~ tonaa r a eult 11mpl7 tro• t~ aubdiYiaion ot tba later

vall ot the 171tema with !ever tonea. 

Tbe aeTen-tone a7stem, tor example, baa thrae coD

otruct1ng 1ntorv&ls, 9:8, 10:9 , and 16:15. Tboao intervala 

are u.ed three ticea, tv1ca, ar.4 t w1ca 1 raspeetiYalJ' . "l'hi a 

is, &I all vill reeoCJU:;e 1 the just d.ie.tooic ae&le, which 

:..ri el recopi•ea as t .be bas.!s tor ? - tone te2peruut. 2!hia 

sa::e Juat 41ato o.1c scale is present 1Jl all ·,ood. • arate.aa 

i .!lvOl Yia.g &ddltioo&l tonea; the &ccurac7 ot ita repreaent.a

tion iccrea eea i n the te:pera:ents LD•olYing ao~ ton.e . 

The 12-tona 171te: ia tor&ed ~1 retaining the aaa lleet ot 

tbo 1rtorv&lo or tho ?-tone e7ateQ, 16:15 , &D4 oub41T141n& 

(ractor1ng tho rat1oo ot) tho other intornh. Jd t bo r o 

can oul7 ~~ three conttructing intervala (a betic praa111 

ot J..riel '• vhic:h 11igbt be aubjact to aosa cr1t1eiea ) , an 

t!!ort auat be made to uat the held-over 1oterY&l (16:15 1D 

tbia C&81) •• a !actor, and to t~d eoc:oo tactora tor tbe 

l'tq1J:dno 1ntenala. In tbe cou:veralon troa the ?- to tha 

12-tono a7ato: , 9:8 11 ou~1vic ed into 25:2• and 2?:25 , the 

ton:er a taber ot • b1ch i a alto uaed., together v1tb 16:15 , 
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•• taccore ot 10:9. Tbe co=plete 12-toca a,ecea 1a t~r•

b7 foU4d to cont&.in ti • • intena.l1 25:211, tour 1Aten&l.a 

16:15, &DC! th.-.o illter-<alo 2?:25. By oh.ilar procooooo, 

turtbor oubd1Y1o1ooo 7111d 19-, >1- , 34-, 5>- , 65-, 118-, 

171- , 289-, ,2,-, 441-, 612- , ?~0- , ODd 105,-tono t ompo ra

u nta .12 

The tull 4et&ila ot each or the e1•pler • 11teaa ar. 

in Daa Relat1v1 t l tepri ndp.1' E'er. i t voul4 eo em r t ltTU t 

onl1 to note Ariel ' • just 19-tone seale and bov it 11 dar1Tt 4 

!ro~ tho juat 12-tone acalo. I.B ;igbt be u pec tod, tho 

~erze~i!!aren~, 25:24, is the ~05t iDportant intenal in 

the •1•t•=· Tbo tive 1Dtervals, 25:2~, which oppoor 111 tho 

12- eoce 171te:, a_re hel4 over. I..o. &4d.i t ion, 25 : 24 1• used 

3 5 a !ec~or 1n th~ eubd1v1sion o! oacb o! tho otber inter-

••l s. Thia brin;s to t welve t he nuaber ot ictanala ot 

t bet oi>o o=plo7od in the 19-tone scale . Tbo roaa~ 

aeven interval• rep~eent the le ~ t -oTer taetora ot 16:15 

&ad ot 2?:25, &>U1 oro 128:125 and 648:625 reopoct1Yt17 • 

Theae t vo aa v 1ntarva~a represent on tho one b&Dd the 

12xt it t aec ina t i ng t o eo~pare Ari e l '• eaemtngtr 
·~~1rJc •l deductions vi th Brun's ~~lcb develop a pr lor1 troa 
1 t:.&ehe:atiea.l t or=ula . Not o:ly ue t he ay eteie elillar 
vt ~n reaptc t to the nuobe r ot t ocea uaed ( w1tb a tev exe ap
tlo~s) , but &l ao vith r es pec t t o tbe construc ti ng 1DterY&la 
l o a au:bar ot c aeea . Por exa--;le. the 1ynt on1c co:aa ttr• t 
boco~e• • eon&truct1na in~erYal r or A: i el 1D ~• -tone tecpera
: • nt . Nota, 14 ~apter 1~ . tb•t it i a t bt graduation oc the 
l]l!to nie c c ...... e t o &!:: l=.i!Ort-ut posi tion i.e. S.rwl 'a eq_uatioA 
tha t -=akea } li - a ••=be r ot hla • • r1••· 

1's.sit~t~i.tl& peso 160. 
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ditterenct bet-veen the octave a.c.d three u Jor thirda , and 

on U:e other, dle dif!trer:ce betw•u n t.U octaTe aDd. tour 

a.inor third.e. W1tb. the othar cooetructi..Jls 1nterYal r eprt • 

aentiog th~ di!!tr.nce betveen th~ tvo kiDda o t third , it 

ee.n vell bo aeen t'lat tho thirdo pla,r tbo prl.aa17 role 1a 

the con~truct:ion ot tht: 19-too.e acalt . 

~tel'• "17etea ot 171ttme• ia quite 1aprel t1Yt, 

etpeclall7 •• it conta in• al l ot tbe =oat to~ht-att•r ot 

t.he equal tecpet•t4 071teu. Ar1el'a 11 one ot tbt tev 

syat t catlc co:bioa tioce vbich lin~ tbe 53-toct aya t ea with 

t be 19- end ~1-ton. tyotemo. Ariel '• h1trareh7 ot aratema 

~o~•••• •• the coaa1d~:able adYantage oC ba'f'iDo one ~veraal 

Juot intonotion which 11 oquall.r adapted to all ot tbo 

~•b•r 171ttu. 

There are. bovtver, aeve ral grounda on which ~riel'• 

tt que nce ot w.ratema ia aubject t o ~utation. It 11 41tt1eult 

to Itt vbl threo abould have t o be tb.t l1ait to the nuabtr 

ot construc t11l6 int·enala. It i e quite poaaible that a 

:.or·t stablt 87ste::. ~tight be poaaible vitb. tvo or t out' such 

!..:2t erv&.la. .l!'iel •a total r-el i uce on e~:~pi.r1cal aethoda &nd. 

b. ta refus a-l to draw proc1ae liaita cu be q_u.e• t 1o.oe4. Ht 

reJ ee ta Cpelt's pro~aal tor 22-eone te~pe r&z«~t , tor 

exuple • on the g rou.cd.a that tb.e tb.rte coz:uttruct1o.g intenale 

l• :u.c T&r7 exeesaivel~ 1A ai&e, the lerg••t being 25:24 , 

14 ·.;c.raehl:idt disputes .l.riel on this point, otter~ en 
&1:ernat1•• conatrvc t1on which dota DO t uae tbe ITDtonio 
CQ:.a.a, as a constNcti;6 int">erval . Tl:.e ccnstruet!' 88 U.teryala 
are, inatead, (2$:24)~; (250:2•})' an4 (648:625) • 

llj 



a.Dd tht a&t.lle at tl;A 87J1to:Ue eo~, 81:80. But .&.rie l ne•er 

ata t e l p~ci••l1 vb&t the gro~er liaita tor a i ze ~&riatton 

ahoul4 be. f1..Da ll7 , in ~1el' a urie a ot q at-au, ~ 

abaanc e ot tbl ?th gart1al •• a !act or l t&Dda out .. a 

poaai~l• tault • • aucb aa in hia eonetderat ioca ot tbe 

~ct ll &r7 proper·tie a Cor th e 1Dd1Y1dual 17 1t ea. 

= 01 ltl!lliZ!I8 

1n bta a t ta=pt to 1••~• no a t one unturne4 UDde r wh1eh 

aJght b• tou.a.d. &.n Ui)Wilent tor U:.e 19-tont aca.lt • U iel i.D.-

4ulaea tr••l7 tn a kind ot ••~rolo57 ot numbera. Be polDta 

out that tho Arabl &n ah1ok, " u4 aeh1&1 3ddln ibo Arabi ( 1172-

12.00) , co,..ida r..s 19 to be tho =zbor ~bicb oxp1a iAo4 th 

deYt lopaen t ot the vo rld.15 I t 1 4ouble , )8 , 11 a aueh

atnti oced ~~;Ta t l e al au.aber ( :.ehr!'ac.h erwlh.Dte a.11t1 e e.be z.t.l:tl) , 

a ccord ing to Ariel. There ta &lao ao .. a1gn1t1ca_ace to 1 t a 

• qu-.ra , ~1. tuld tbe proxia.it;r or· thia a qu.a r e to 360, the 

n~b~r o! dogr•• • 1A a circl e and tho produc t ot 23, 32 and 

5. ! r i e l rem.i.::ld.e us turtber t hat tht .laiaa Co-board 11 l9xl91 

Uthougb be d locl.WU ~ iJltoru"t in tbo Occult a a a baaia 

t or 19 -tone t-e.::p•r~~.ae.at, hia c1U!tion ot t rad.ttlonal 

~Stic.al e.Dd occult aoure•a t o s-;:a;:r;ort bia nua•rlca.l 

t l:eorleo 1a both iJlterest~ o.z:.t! so:uvbat diaquiot~. It 

1a • =.euure ot b.i a !a.cat1c:1a:a. 



Beh1D4 • uak of tieq poltaica &n4 .-;ratlcal ftrTOI't 

~ie l presenta a nuaber ot ideas ot cona14trablt iapo~ance 

on the 1.nterrelat10.D. ot a:u . .sical •7•teu, the WliYtraal 

Y6l1dit;r or a a~l• j.ut illtcnation, tho ! W>etion &lld 

adequac7 ot con.sona.nce e.nd disaonance 1n d.itterent tem~red 

17atem.e, and. the proper chma.nds a &u.sician CIU1 qk.e upon a 

tnpered a;retu. I1""J' or his ic!e u eee& quito arbi tro.ril.r 

ee tabl1ahe4 , eucb aa his choice ot coueone.ncea and 41aaonancea 

in 19-tone teape~ament . But , ae vith hie choice ot con

aoc.aDcta in 19-tone t empera.:.ent, aan,. or b.1s ideaa at&Dd \:p 

aur,r1e1ngl1' vell unde r aubJe ct1Yt tY&luation. It !!! 
!felat!vitl tapr!.cdp haa not pr·OYe d. the reYolut10DU7 auJ.

!tato ita author 1Dteode4 i t to be, i t 11 a ttll ~ 1ntereat-

1c.g d.ocu.atDt. 



Joaepb Taaaer' a aaJor vork, ! Tbeon 2! E'fol!iy 

To~alitz, ia tbe ottl7 one ot ~be large vr1t1tta• a4•ocat1nc 

19-toD<I toap.ruellt to han been pul>lhhed ill tho lhlittd 

Statea. It 1a 1>7 !ar· the aost aubatant1al work Oil tho aub

ject to baTt been publ1ahed 1n the Bnglioh language. Par 

tbeae reaaone it ia tar bett4r known 1n thie countr,r th&A 

t be other important vriti~s on the aubJect, &nd a&Q1 ot 

itt readere aay be UDder the illua1ott that tbe argu,unte 

Yatser ottera a..re tbe atanea.rd or even the oal7 onea Ultcl 

ic support ot 19-tone t ·t&per aa.e.nt. J.etu.all.7, •••n vithi.D. 

itt b.ighll apteiali:td. area, Ya.s aer•a vork Nprtlelltl a 

big!>.l7 il>dh14Wil Y1twpo1ot " b.1ch 1a indopelldtllt an4 per

hap• ahloo t obl1Y1ouo ot tl:t pr1J>c1pal Unto ot thooroUcal 

4eTtlopcent. ~re Eorneru~ and ~iel approach 19-tone 

te~pe ramettt on ~ &couatic-ba~ocic baaia, Taaoer 1a tar 

c or• concerned vi tb tbt eocio-celodic aaptcta. Where the 

aearch tor a eooaicteot ac oustical ayatem with :odulet1ooal 

posa1b111titt co:bined vith tbe purest poaeible 1otonetioo 

tor eborde lt&dl Koroerup to ~i s •eoldeo S71tea~ an4 !riel 

to Ua WliYtraal just 1Dton.ation., concern abou t tbe • odaliQ 

ot eeale a lta4a Taaser to ~~t he cal ls the Supra Diatonic 

Scale. To Tae1er tbe ear perc:ei vea i:lt enell DOt. through 

t.bacl.ute aeouetie val~ but th...-ough tt.eir poaitioc 1A the 



}()() 

acale.
1 

I t .l.riol, vith hia e:phuia upon h&rco~, &ight be 

lOOitl,7 CO.I1114trec1 a lollover or R&:eau, Y&lltr aipt 11ail&r

l7 b• conalder•d. to be 1n tbe easp ot '-t1.a. 

TOfiJ.LlrY, IIODJ.LlrY , .l.~D TH<: PRDICI:PLI OJ' DI.t.'WN1ct1't 

In Taaaer• a Yiew, the r eal basta tor the perception 

or ton.lit7 in muaic ia iD an abe tract principle vhieh ve 

might call diaton1e1t7. DiatoD1c it7 resulta vboa the actual 

Deale uaod. 1o a piece ot music contains 1nequal1t1tt in ita 

intervale . Thtae inequalities result lrog the abaeoee troa 

the ae alt ot certain tonea which are nonetheleaa present 

1o the c~plttt 171te~ tro: vhicb the aeala ia taken. 

~D1a:oDic,• aa ve kDov it, refers to a ••••n-tona. UDt qual 

sca le vithln a clo#ed t vtl•e-toce 17atea. Tatear holda t bat 

the abatraet principle ot c11atoo~c1t1 1a ••••~t1al t o tht 

spontant it7 cn4 coheraoce of ~ua1cal a~reea1oo , but that 

the apec1!1c c~Iection , the aeveD-toae acale 1D a t welve

tone field, 11 Onl7 ODI ot :&QT ~OSS!ble 171tem1 e=bo¢1ing 

the principle ot d.1atoni e1 t7• 11 the reaourcea ot a optcitied. 

~ietooic eyate3 are exhaus t ed , a nev 17etem C'7 be evolved 

vhich suppli ea .nev tonal r esources. ·Such a .oev 17atea 

ahou.ld, aceordl.zl.g to lesser, eont 1..nu.e t o e:bodJ' tl:.e abatract 

;r1nc1pl• ot diatonic1t7• 

Yaaaer 1.1 pa.rtieular}J' conc.eroed with the eourat the 

l..rheorz !!, !:2 :=.olTirls Tonality, p&a:t 56. 



e•olutioo of aucb a new t7ate2 abo~l4 take. Ieaaer eZ&Ai~t 

cuaical t7S~eu a.ore pric:1t1Ye tban ou.re &Dd trace• the 

probable tTolution ot our cUatooic •1•t·e• troa thea. Bt 

coccludea that aU81cal 171te•• evolve b7 a procedure wbere

in the entire ga:ut ot tones ot the earlier a7atea beco .. e 

tbe tuuctional scale ot tbe more ad.Tt.Dced a7atea. !h.18 

l&~tr a7atem 1D turn acquirea new auziliar7 tonea 1D \he 

nuaber aod approximate pattern ot tbt earlier functional 

scale. 

Tbie evolutionar7 proceaa Taaaer demonstratea co at 

tl1orougbl7 'b7 eu:t1nl.Qg the rola t1onahip 'betveeD the coiOlllon

practice diatonic ayato~ and tbe pentatonic ayatea which 11 

alleged to be ita prodeceaaor. Be poicta out that in aoat 

pt4tatonic 17st•~• there wert senerall7 tvo lddition&l 

to~•• · •pit n-tonea" 1D the uaaae ot tbe Chin•••• wbich 

ltll tr raters to &a "aU%111&r,7 tonea• in the coaplete 

•7•tem, uld.no tbt pentatonic acale par·t or a 7 •11o a.t 

tyctea. 2 Tht tvolut1onAr,7 proce• • develope troa a natural 

tec4ency to u.t t be auxilikr,J t ones ot a auaical 171tea a ore 

and aore t reel7 until tbt7 begin t o !unction aa eclle tonea. 

4t ao~e po1Dt 1n the proceaa the net4 tor cev aux111&r7 

tones and tor a modal abape tor the 1ccre&lt4 scalt (to bt 

<rooted 'b7 •akin& unequol ito interoolo) aakto itat lt telt. 

2 !:tl t tr point& out that just •• \Jeattrn auaic ha.a 
c!n·elop!'d 12-tone equal te:;perce::lt t o tac1l1tat. tta ~ula
t io~ ot 1tl ?-toot ac&le, Si a=eae pentatonic au11c 1a drawn 
!rom a ?-tone t1tl4 ver7 el osel1 approximat1ng tqu&l teapera
aent • . 



In Talle r• 1 rlev tbe 14th Centur;r £.!, ~ v a a tho period. 

10 wbich Wttttrn practice rtacht d thia po1At 1D depart~ 

rroa the pentetoDie acalt .3 Tod.a;r , accordi.o,s to Ya.taer, a 

tiailar proceaa on a :ore adT&DGtd ltTt l 11 callt4 tor. 

Ill tbt diatollic e71tea art !1•• aux111ar;r t oua, 

equal 1A ~;~;uaber aDd epprox:iaate contour to thoe e o t tbe 

o ld.er pe.c.taton.te acale. 1n l ike IJ.Il.D..Q8r, Yuaer poetulatea • 

t he next l)'tteg, wi l l coot&1Jl seTen auxiliary tonea e qual 1D 

approti.:.&tt eontou.r to the d1aton.le ac&le. T'bo twelTe tone• 

oC our pre•tnt ayate:c wi ll beeo:u t he functional acale of 

the otrt a71te~, brin.olng tbe tota.l nuaber ot ton.a 1.D the 

ne w 111tem to 19. ThLs 171te:, wbi c C Yasaor rtfe ra to aa 

•12 plua ?, • he calla tho Supra-Diatonic &7•toa. 

T&IBtr poa tu.latea w:a.1veraal1t7 to the ae t bod of 

gro~h 1ll~trated abOYt . Accor41cg to k11 theor7 ot eTolu

t1on, tone 170ttco auat expand fro• a e mbtr to aember ot the 

PiboGaooi oari .. (2 , 5-. ? , ) 12, 19, }1, SO, o to. l/hlo 

aeritl ta i dentical with tornervp 'e although the pre&iaaa 

oc. which tbt tvc ;a.en 4eri.,e tl:t1r • ~rita art &a.rlte417 

ditte rtnt. 4 

3Tocelttz and At04blit~ 08 SY~tbtSi£td ~ Sspra-
1ocali~Y , 1n H~ern Music , suppri~ent to lsaue ot ov.-Dtc. , 
!';.>J . ~..... :147 . 

4 t ornerup •••• dee1rable aeoU$tic principle• in the 
Pi~nacci ~r tnc iple i tself. St · ~&kea tbe Gol deo CUtt which 
1& ca. li~t o' tl:. e .ratio o! ~ill tbt l'ibonacc.i s eri es, tb. 
baa:. a to r a co1.:.stic • alua.t1on b.o. all i.tl.te:"Ta.lc. KorDt rup 
lee; lD t~• aerie s 12, 19 , )1, 50, • couatlc auper1or1~ on 
the baai s ot cbareettr1 at1ca inherent in the eerie• •• a 



'l'H3 '7Alllll;ILITI 0!' JUS'!' Ili'rOli.t.'l'IOll 

BnLDg .. ubl1obo4 p:'1...:1l.J' that a 19-to,.. 171taa 

will a r r1Te b7 tbt tYolutioo or the •~ale, T••••r 11 ooa.

tbe l t ae concerned abcut the &couat1cal and h&reonlc b&al a 

tor auch a •1atea. 'Et acbcvledgaa tb& t there aboul.4 bt a 

j u.at iDtooatioo tor the supra-<Ua·tc.D.ie ecale, Jut aa it la 

generall7 recos:nit.td. t .bat a JUst iDtonation enate tor the 

diatonic ecalt. Re a.serta, hove~er, thet euch &A intona

t ion will hove har;onic Talue onl~ ; that the ~tiat and not 

the ocientiat vill detor:ine tho :•!odie intonation ot 19-

tone aualc. 

!o Iaea tr, :be proble.: ot deterai.cic.g the pro~r Just 

i.otonatlon tor the l~ton.e a7at.e2 1s ta.r aore dittlcu.lt tba.a. 

it vee tor Ariel vho ai.:plJ" aubd l rtc!ed the la.rger i.Attrvala 

ot the J uet 12-to.oe IT-IU&. tuae r 11 boWlld. b7 au. 'Yitv 

that the origi n o! 111101c h 1A 1u oeale o.o4 1>7 hb 

e0ciol o; tca117 or1&Dtt4 rteaoning &e tbod wbereby C~tur• 

developKent ta poatulat e4 oc the e oc iol ~••ota ot tbe paat. 

He bold• that t here 1• no •b• olut• juat iotonattoo . • • •n 

t hough ht ~•nd1lt ~onc~e• tho t tbe harmonic l t ritl ia lG

YOlved 1.4 all Jua t 1t:otonat1oa•. 5 •ne be.naontc atrl••· · 

F1bou.cc1 aerie a . Ta..aaer, wbo c on side r• ps t chol o.>l cal con
d i tion ing t•r cort i:~ort~t than &eoua tiea , po1 tvlatea tbe 
IJat~~ 0 0 the &r Ounds ot e:pirieLlly demon&trate4 C.odtDC1tl 
1~ aocial • • olutioo. 

5 •Ju.t i.ntcutic ::t 11 subJect to tbt aeouat1eal law• 
or t he oatural h•rLOc!c aeries but 1a no apec1!1ed !ora . • 
!:, T~e~rz 2! t:Yol•!..:.:; ~na.Iltz , page 171. 

I 



•xpl&ia. T••••r• •atteeta tl4 ae al t through tbt co41ua ot 

conao.a.ant chorda . •6 HoweYtr, th e d.ettr"31D.A.Dt ot coa.eoA&nu 

in the chorda ia • once qain, the acale. ~'lui cal 1ntenala 

are p. rce1Yed b7 tbe hua&A tar, cot through tht1r abaolut • 

acoustic Y&lut (or , at leaat, not alva:• ao) but ~U&b 

their r•lat1Tt position 1.D o.a.e acalt or uotber.•? J.D4 eo• 

i.e tbe que st tor the con.aoc.a.o.t chorda wbich will 4tt.era1.De 

t~ j uat i.ntoaatioa ot the 19-ton• a;rat.ea, •• are brouabt 

back to the seale. 

Tl!ll DI SSOIUI;T SSCON D LND ml: COSSOllli'! 'I'EIRD 

!&seer's t or=ul• tor the de ttraioatioo ot consonance 

Led 41eeonance tro= tbt acalt 1• ~ eaatnce ot alapl1c1~. 

lD ~ o! Taa&u't orotu.o, cUuoll.Uco 1o ·~ proportr or 

consecut1.,.• ae:btrs ot tl:a t'unc:ttoul acalt, vhilt con

aOD.&.Il.Ct 1& the property ot alternate ae•btra or tbl acale. 

4a tbe number ot tonea 1o a tuncti o :al ac&l• 1ocrtaata, it 

ea.n bo eeen the.t tbe a.ize o t both ebe ccnco:aJ\t a.D4 the 4i.a

so~n~ 1n~erTalt decreasea, with ~e diaaon&ot interTala 

alv~Ja the ac.a.ller onea . S1 r:.c: t ta..saer ehoosta to c.aae tb.t 

l nu rvala ln •ach syatea ('"aecocd, • • tb..L""'Cl , • •tourtb , • etc:. ) 

accor"CliAg to the nwabtr ot t ·u.netion_al seale dtgreea i.DY01Te4, 

b..ia o•cooda a..re •lva,ya cli asona.ot eel hia th.i.rc11 a r e alvq·a 

6 
~· · page 1?9. 
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conaona.nt though the,. T&-"7 in ai1a t ·roa 171tea to e'Tit• • · 

'!be "Illtra-thirda" ot pentatoc.1c auaie are tbe a11e wa con

aider t o be a perfect t ourth. Tbt •supra-tbirda• ot Taaaer• a 

19-tODt 171te: art }/ 19 and 4/19 , reopect1T017 • All , 

according to Iaeaer, ar. eouaoD&DCea . 8 

The bas ic cc~onant chord ot ~ tonal a7ataa 11 pro

duced b7 aup•r1mpoaLDo aa &&Q1 • thirda • a. vill • t i t • 1Dt o 

u oct••• v·itbout learlng tha i::Lveraion ot a •aecon4• &I a 

reaa1Dder. tD our 41ato=ic QUI1c th1a 11 t~ t r iad , ai cce 

t ht atven th chord lea·~ea a 41aaoa.ut rez.aind.ar. lor t he 

ea=a r.aaon, t he conaonant chor~ in pentatonic aue1c 1e 

t~ ai~ple 41&4. ! t hird t one can not but l e a•• a d1aeonan t 

"In!ra- eacocd• as a re~lndar. But in ~9-tona euaic, empl o7-

1~ 12 tonea lD t~ functional ocalo, it 11 pouiblt t o 

!ora a bexad out ot superi:poaed. ~supra-thirda , • aucb t hat 

no consecut!Te scale ce:bere are p~eent 1D tba t onor1t7• 

T~• bc :x.ad. U, to T.8.85tr 1 the baaic conaon•.nce ot hla Supra-

01aton.ic Syat ea • 

.Ul 1nt~trvals produced by the eupe r poa1 tioD ot aup.ra-

8 r aaser expRt ia tea at eooaide rablt l ength upoo tbe 
c o~con~t a.~d disto~t i oterva,ls in each ot t be th:•• 
sy ate~s te i c eo=.sichri..:I..G . He 1c co.ret ul to a'C.ov , ! or ex
t.:~; l e, :hat ~t.ha.goree.n I.ntonstion i s tbe Just i:ltouation 
ot Feotatouie ~usie ( tbia co~r• s~o~a vitb i!a Llaoat uni
~traal u•ooo prior t o tbd e .rly Renai&saDc• ) bteauae the 
in te rval• 5:4 and 6 : ; &rt oo t the pure 1cira-tb1r4a bvt ar. 
•~&ller i ntervals Lc the syste~ , vhile 4!} 1• the perteet 
1n/ra-tbirc1. The tl:irdc o! tOe d.1ato:Ue 8'71te:J are, ot 
course , precisely vhat ve know toda¥ as tbirda, art eon
&ooan t, ~ re~uire the use ot t be 5 t b partial. Tbe eugra
t lll =co vUl bt uallor IUld wi ll bo baled on b1ghe r po.rtitlo 
· • • •• • be low. 

I 



t!'J.irds Ta.aaa.r labels eouonal);t 1 e.:.d all intana.la cot pro

duce4 b7 t hil proceaa ha calls dieso:lA.Dt. 1'hi-l proceaa 

leads to coat 1ntereat1Dg aod questionable reaulta. ~ 

con.oona:>cu a:. 3/19, 4/19, 6/19, '7/19, 9/19, aDd thdr i.D• 

vera1oOA. Di aaonant, bao14e o the aupra-aocoD4a 1/19 and 2/19 

(a.n4 tl:ul1r 1nnro1ono), oro ~/19 an4 8/19 llll<1 their 1.Dnr

o1ona, 1nolu41ng 11/19, tht pertact .tittbl Tbo t wo tuDdo• 

mental coooo~Ancea ot tbe 1ya:~m accor41og to Ariel ~ thu. 

traete4 •• d1tiOD4neea b1 Taaaer. !D a single etroke Taaaer 

t htrtb7 eliminat es the interval vhieb has »1&114 tba 

grea t ,eat r-ole in the eTolution ot musical 17eteu (Dot 

coun:iAg the octave ) 1 &DIS tbe irot.:rva.l 1n vbich tl» aaa_ll

o~b•~ ratio and i ta equivalent in 19-tooe tempera=ect are 

in eloaeet correapoadeue•. 

Eavin& 4oclo.re4 ll/19 llll<1 5/19 to ba 41sooDancoo, 

Yassar cooclu4eo tbot tbo ~all-number ratioo }:2 aDd 6:~ 

cannot t~et1on aa consonances and therefore ehoul4 be 

ol lainatod !rom oupra-41atcn1c musi c altogotbor. Tbt }rd 

partial, a !actor common to both ot the rejected interTala , 

1a tbaretore elimina ted !rom !aaser•s theoretical baa1e tor 

the aystem. Iaaaer goea eTe~ turtber, euggeettoa tb&t 1D 

c onstructi ng eupra-41aton1c 1nstrwsent• the builder• coD

aider e li.ainatic.S: the }r4 pa.rt.ial aa ta.r •• poaaible troa 

t~• ti=bre ot the t ocea (aa preaent-d'J 1natruaent aakere 



aro aoaotl..aoa aal.d. t o do with the ?th parUoJ.). 9 

taaal'r ' a couon.ant hexad.e con.s1at ot tht au loveat 

pe.rtlala vb.ich are poaaible without arq oct••• replicaa or 

~}rd. pa.rtilllo. 1'hoao are tbe l.at, 5th , ?tb , 9th (1) . 

11th, ocd 1~tb partio1a. CoDdenaed. into tbo octavo 8-16• 

tho hexad cont&1na tho ratioo 8:9:10:11:13:14:(16) . Tho 

t vel•e-tone aupra-41aton1c acale conaiete o t tvo aueb 

bexa4a, the roota ot w~1ch are 11/19 apart . Aaa1n taaaer 

reJocta tho inttrul 3:2, altho1JS)> ht ad11>ito tbot it woW.d 

'be tO. beet interval to use 1n aeparatiD.g the bexa4a it the 

soel were aiaplic it,- ot r atios tor the combined. 171t·••• The 

i cte:Til 1Vl9 .must, aeco:"ding to "!'asser, be tM&te4 aa a 

41a ao~a:ce. ~eretore , tasae~ separates ttA hexed roota b7 

tte ~terv&l 182:121, la.~er than ;:2 by alaost rive centa.10 

'I''!:e ~o he xad. a Mault !.D a t vel Te-tone scale v1 th ••r'7 eoa

ple x :..u..urical rel&tic:ahipe, 8.1ld coll.81d erable diacrepa.nciea 

!roA =he neareat poaaible in~ervala in 19-tone tecpe ra.ent . 11 

922· cit., page 285 . Ti1l.ll>an B. Seho!tr and Jamto 
Pt~Dl, in coEitruct1ng a l9•tooe i nstrucent actuall1 tollow~ 
t hia :o~da tt ot Yeaoer'e , Scha f er reporting iu 4 le tt~r to 
Yass e~ an i~tru:ent vhose sounds did not include the 3rd or 
6tb ~rtiale to &n1 s1gn1t1cant extent. 

10!bat t bla 11 , ta&ser'6 lootc notwithatend1ng, a mo•t 
~1t! 1, ult doc trine t o accept, hs:dl1 needa t o be etate4 bere. 
?7 Tu.eer ' a own freqiJ•ntly sta ted vie .. 'l*oint, the ear doe a not 
~ea i:Ltt t o re~er "corrections~ t or i&tervala vboee devia
t!.cn iTeatl ,. exc eeds 5 ce:1ts . ?'..:.:"t~r.:.ore, Ta!'laer•a Just 
~1aao.2a.::at interval , 102: 121, 1£ ta.r·-:be r tr.o:a tbt te:;e r•d 
1::.te:-rsl 11/1S t ba" e itber is ! r<.:. ~~• perfect U!th , 3:2. 
~~us , t o equa te 11/19 vith 182:121 v~ile 1gcor1Ds the 1oter
med1a:e i.Dt·e:-Ya.l ~:2 represe.;ts .a tl:.eoretic.al J uagliAg act ot 
~o :tLD proportlcna. 



Since taaaer uses his elaborate aod queatl onable 

sch••• tor Juat Utonation aere~ u a ba.a1.a t or rtcoaat~ 

t!:Le pra.ctice ot 19-t one eq~ teapera:ent, it 11 tortunatel.7 

poaaible to co~ider his e~s vitbout accepting h11 aeana. 

raeaer 11 part1cularl7 interested in the phenoaenon ot equal 

temper&aent ~~4 i ta role in the evolution ot aualcel eyateaa. 

Sis concluaiona ara indic&tive ot hie preference tor 

e~p1ric&l &Dd eoc1olog1eal data ae tbe batiA t or aeethat1o 

doctriu.e . 

towe.rd l2•toce te:.peruent Yaaaer ia, ~ike Ariel', 

b&rdl~ an l&placable tnt~· Its wi~espread uae alone &!tor4a 

gro~d• tor ecceptins ita ••lidity. ~. phenoaenon or equal 

te:;4ra:e n~ 1D vide•pre&d &~leal pract1c e above, accor41Da 

t o Talltr, tbet ~Tho ha Ul 11r ad j u.ata 1taelt ..:1 th COIIj)&r&

tiYt t i lt to art1t1c1al intonation. even 1t t~ir dtYiationa 

trom Juat Iot ocat1on art ••rt percept1ble. •12 t&l ltr addl 

that "~ual temper~nt in Do Y'f 1apa1rs the inherent 

quolit1eo o! a ecole ••• pro v1d1no ito (tbe acolo'o) aoet 

charact~ria tlc teatur.--the chain ot spee1t1call7 &lteruat-

1ng, 1! so::.evhat acouatic&ll7 chs.J:l.ged, whole a t epa t.D4 hal t 

step&-11 prese ned.. •1' Ie.sser goea a at ·ep l uther , ~o the 

llTbil 11pt ct ot !esser's tb.eor]' 11 cocl1d t rt4 &D4 
e value ted at a o:t le.o.gtll in Q.apter 12, b eg1ADiD6 with tl:w 
chart on pqe 31 t . 

12£2. ill·. pqt 55. 
13!]!!!., PO&• 5?. 



asser-tion that deYiati o1u t'roa Jua~ 1ntout1oo aiobt 111. 

tac t b e a pos itive &rtiatic ! actor 1D au.1e. 

Bove•er , equal t,eape r~nt ia of ~lati•a rather than 

absolute ad.•anta.ga. It 1a Yaluab.le 1.4 that it tac111tatta 

e~ulatioo. vi t.b.!...D. a &JStea ecnta.i:a.i.J:l& aore tone a t:h.&A are 

used in the tca.le . It 11, bovenr, &.e. UD.tor t'l.I.D&tt h1D4ranct 

in t bat 1t i.Atar!area Yitb t'f'Ol\ltton. !!U;• it 4oes, ~cauat 

the .a.axt .!S.!:!!.t co.a.ta.ini..D.g tl:lt aua .a.uber ot tonet aa t he 

preYioua COQ~1ttt 171tea , will &rrLDOt theae t ooea on aA un

equal b•aia. At 111\I.B t ration, Tatter •usseata that it would 

b e illOtt 41tt1e\l1t t or t" Siaa.ae, with tl:.e1r ? -tone equal 

teaperacent, to 1aog1ne tbt 1ntoCA tlon or our diatonic aeale, 

ao ditte rec t 11 the tu..n.i.Q6• S1&.1 l &.rlJ', ht cooc.lwSt t , i t 11 

d.1!!1c\ll t t or u.s to comprtbtnd tbt a oat deo1r ablt intonation 

tor the 12-tOM aca.lt. Our a t oo.6l a uaic r-e~tatnta oA17 a 

lhadow of tb.e beat pooeible au.e1o U11QS the 1.2 -tont tcala, 

aueh aa Si&:.tlt e x:ptrl.mutl 1DTo1•1c.s tb t u.at ot all ?-tonea 

of the 1r a)'stt;a ecul d bard l7 begin to realize tbe aettbet1c 

~ossibi lit iea or :be Ye&tern ?-ton. diatouic aeale . I D thla 

argument , tasser ~turna to his &Qch-repeated premiat that 

the ~oat i.aportan: in;recUect o! a &.u.sie el ac:a.le ia a aodal 

physi ognoQ1, i. t . , • pattern ot leroer and s:aller LDttrTall 

tbe 41!!er entiat1on or ~eb proTi~·· the atructur&l baaia 

!or the eo:prehension ot the ausie &Dd tor ~. 4tT•lopaent 

or aubtltt7 or expreaa1on. 

!a .. ot1ooc4 &boYt in Chapter } , t .. eer dtTO t tl 



no 

conaidar&blt 4ttaat1on t o what he rtg&rda • • tY'14t ace troa 

~ueie al practice that t bl next stase 1A t he •~olutton of 

tonal ~ate:a• ia nta.r . , IU.Ad. . Be cit·•• oc:t& 'f't cUa pla cuea.ta. 

vbole- tone &\11 1c , t b t ba r:aollic eo-nct pta ot SCr1 ab1.D t• u4 th4l 

pbtnoaan.a ot pol,Ttooal1t7 &rK1 d.Od.ecapboo;r aa ••tchnce ill 

oupport o! hio aootrtioo ( !or dtt.tlo ••• abo••· page• 129-133) . 

Searl7 30 1•ar• later , ••enta b&'f'e not borne out Yaaaar•a 

premitt tbat euch practices aa cit ed above voul4 lt14 to a 

major eM.ngt in our concepts ot intonation. Eowt"Ytr, i t ia 

vorth noting, t hat except t or dodecapbo~ ( vhich vaa leaet 

atr esaed &&ong tht above aa indicative ot a sbi!t t oward a 

19- tone 11atea) the practices !~J&tr eltea h&'f't all but 

proved. uatecable 1D the long run with 12- tone t taperueut . 

THB IJiFIJ.rE!ICB 0 ? Y.LSSE3' S 'I'I!!ORt 

Taaeer•• tbeor7 ot tbe evolution ot tonal C7ateaa 

h.sa intluenc: ed eoveral ! 1el<1a or muai ~al e.n4e&1'or, throu.gb 

bo t b hia own further 6CtiTities &od t hose o t otbere vbo 

have accepted all or part ot h1a doctrine. 

Yaaaor bimsel! bas wnrked at consider able l e n&th on 

the analJ•1• o! whn t be calls intra-di&toaie au11e, 

.e speciell,. ot tbe Gr ·egoria.n e.bant. Hi& Yiowa on t.he Ri t

able har~oni:a:ion to: Gregor i an or Chinese ~u.ie. baae4 

e~tira l7 on hia tbeor,. or IA:ra~.ie.toDJ.e. b.t.r::.~~. corr.apoad. 

..rea.a.rk:abl.J elo••ll to one!• t.:p:-ession. ot aucb Oriental 

pol1:pboQ &I exiata IJ1d t o tl:.e pra ctice o! 0r~J&nua. 



S.Teral ~lters in the t~eld which =i&ht broa417 be 

called !thno-:uaieolOSJ heve beeo att racted to Yaaeer• a 

"¥"ie VI •• a.n l ;llproxi.Aate 'buts to r stud.71Ag t be hiator,- ot 

cii!!trencea between OD4 ~uslcal socle~ aod ~tber. 

!laukopt, 1n part1cular , 14 hea cited Yaaae r •e theor,r •• • 
YAluable breakt hrough toward the u.ade rat&nd.ill6 ot tbt b&aea 

tor the T~ioue ouaical 171teaa or the d1lterent peo9lea ot 

tbo world. 

Within the moro ~ec1( 1e fie ld ot 19Mtooe t eapera 

ze~t , Tasaer' a wor k led directly to the exptr1ct~t• or 

'!1ll.s:an SCha!er and Jru;ee Piehl, uci to the recognition ot 

: ulttple 41v1wlon •• a cajor ehallens• b7 auch l tad iD3 

acouat1c l ace •• Rober t ~. ~ouno. 1 5 Schafer•• t btata16 

:.e~od1 ror cona tructic.g e l ect·ron.lc i..nstru=eo ta teb~iD.g 

19-tone temperament. Schaf er &ad Piehl heve bui l t l eTeral 

19-tone 1natrwutota tos ether , ae'Veral of wh.i ch atill 

surYiTt in Deaver . SCba~er present~d 8 r eport t o the 

l 4 5luukop t J.c tbo outhor ot r.uzi luoztollj~· te , l94? , 
a v~rk o t ao~ considerable p~est!ge In ~o~ t ie!d ot~o
,,ua!.color:y . tUa nc knovlod&:oo : or Y•u:er'• t utluonce 
de~o~at~atoi tbat Ya~ser' a vriti~s h& vo • t tracteci at teotion 
io ~rope as vell sa the United ~~a tea . 

l5"So:.:t Proble=o o t Po&t·wa_r Y.ua1cal .lcouatiea. • 1D 
:h~ .a.ecusl!csl Socie:·.· Jou:-!lal o.! October 1~. 'ColJ.n.lS: l lata 
t~• te~ :G~ t eh~··~lQO prco~e~ tor a uslcal acous tlca and 
lista the t t ,tlno o! Y•sser's t~o~iea aa o'• o t th•• · 

16~~ · ~uo1c o f To~o~~o~ : ?be s~rta-D!a tooic Sca l e , 
A r.ev Cec:ift~1;5re , 4 =~ ~:~~~ro~:c !us i cal f ~:ru:int, 
i.o"'\Epuo.d. acedt:heoi3 .P!"eae:ttea :.o t c• OlYlll[ or.o o t f.atn•
~ti~s and Satu~&l SCience, J~e 1941, Y.il l a Col l ege. 

I 
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~coustlcLl Soc iet}' or .Lmer1.ea 1l1 1947 Ia which reeord ingo 

ot • ueie b7 Sc~1ab1n and ot ht rs vere played. Schafer 

report• in a letter to Xasser the tav~rable i~reasion -.de 

b7 o lkriabin 50o&ta waa pl&Je d 1n 19-tona t""por&£ent,l? 

!user a;:peua to bYe bee.n tbe princi pal !.ntluence 

oa r.eCluro 1D ~lonc1, who built a 19-:ono harsonlua. 

i cco:diAg to Sehater . ~bo a a1nta1De4 a corre apoad eoee with 

XcClurt (nov deceased) , r.cClure wa1 Dot Al together eat1at 1e4 

vltb tho reaulta a:d !lnLll7 docldod thot the !ittho onc1 

th.lrda we re too ~1.18 !ccor41ng to Scb&.ter , KcClure 

p~eta rred ~-co::a &taetone t.sper~nt •• a co2pro=iee. 

c-.... c~ 1,n!er thAt McClure, 1.! he v er:'e ali•• tOdiJ, aight 

be a diaciple ot Fokker 'a ~l-ton~ ecbool . 

laeaer baa &&1nt•1ned a rec ord oC bit corr.apondencea 

v~cb baa e nabled ao~e contact to be retained ~ocg Americac 

t~eortate i .c.tereated ln the posaib1lit1ta ot 19-ton• ttap-tr

a.:.tnt. 't'be group baa b eec. c::.a.ll bu.t 41at1Do""U1Sht4, r.prt

ua.tio.g ~:ost o! the gl'tat region.& or tbe cou..ntr,. , v it.b 

te1ent1ste W music1aaa about evenly d1v1dod. It 19-tont 

te~~r~ent £bould dt~tlop into a substantial musical move

:e:lt tn this c ountry, a ujor share o! t he ere41 t will 

Certai nl.1 be lo:.g to t.be preli.a.lnar7 work O ( tuaer. 

l?Lette:- !rca Schiller to Joseph ruoor . 

18 Letter trca Seb&!e r to the author. 
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C"".:: .. AP'U3 12 

U .&CCUS~IC.U. CCI!P:. .. !USCN CP 19-'l'C~I! SYST!!'.S 

CD t te preTioua paoea ve have •••n 19-tone ttaptra

ae~t adTOC&ttd b7, among others, Opelt, Vdracb&idt, Ariel , 

x:ornerup and t uaer. Each ot the a!'or emeotioc.ed baa a 

di!terent juot oca1o in aiDd v~ch he coneidoro titt1A517 

repreoont ed by 19-tone tecperament . On tho to11ovt ng pogo 

is Example 45 , shoving vbat each or these meo conaidera tbt 

proper just intonation ot the 19- tone aca1e. In addition 

is Parrett •• 19-toce •sa te:, vhicb be never intended to 

~vo r eprtst:ted b7 an equal te~yer&%ent, but vhi ch 1e 

thoro !or cc::p.artaon. Several other poeaible va:ta ot 

obtaiuing 19 toc.ea 1D the octa'f't a.r• also ahovn. 

lA t he ca•e or Taaaer•a 17ate~. oD17 12 p1tchtt art 

t bovn, a icc t bt calibrates hia Juet i~tona tion antirtl7 OD 

the 12-tone t upra-41atonic aeale vh1cb bt 11Ag lta ou t tor 

use Croa witb1o 19- toot teoptraatnt . 

41 Exa:ple 45 de~onatratea. t he •1•t•=a or Opelt , 

~lo l and IIOroclu:lidt ditter only in a tev dotoilo trom ono 

&.ne ther (Xovalenlc:ov' a &7a te=. , 1.nc1d.eo tall.1 , 11 14ent1cal 

~ttb Opelt •a). All are besed on co=b1net1one ot titt~ ao4 

thi rds, a~ it i a oal7 in tbe outer :e:bera ot tbe 171te• 

t ha t tber·• 11 41aa.gl"'eement u ong: the three autbora . loltker, 

:tot a .,ecit1c ad•ocate ot 19-tone te:;t)erH~eot, ott e ra a 

19-tor:e a::ste: rather ai.aila.r to ou ot ;.•erschaidt 'a , • -• 

' 

.. 
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ex~le 45 above. Ex&=~le 46 abova the t1Ye a7at ... 

o!!ered 'b7 those tive eutbo~• 1D diaaraa !ora. 

E:u=plo 46: l'in l~one S,atua 

l" o• A' IE" 
(? 1\f'ltl 

c/ D' !,t• 
" ,. 

lc c D A £1 
t • il• F 

£ 8 F' lc'l ,. v P' .+'! 
I .. 0 A 

E' 11' ;: c 
D' A' t ,. o• A' 

ld 8 ,. ,. (; 

(, p /; I 

•• ~· ~ ' ,, () rl' ~ 

Ariel 'a 11atea uaea tbt a &.De conatructi.Dg i.At ervalt 

11 Op4lt'a (benet tht a&&e =eac 4ev1at1oo} . but ita inter

vAle are better vbtn meaeured rroa • e1nsl t central ton. 

(hence Ari el'• averas e 4ev1at1o~ or intervale 1a aocevhat 

a:aller t~ Opelt'a) . The aean 4eY1et1on ot tbe two 

a:ste::u 1a 9.5 c ente, a tif)\ll'·t vhicC co=parea ta1'0ra'bl1 vttb 

tbe mean deviation tor Just intonation in tbe 12-tone 

e~ste~ (over 20 cents). ~cch:idt'a aecond 11atea 1a 

si.:.ilerl.1 cons::ru.cted. (o! t ve lve i:l.ltancea ot tbe 1Dt·erTal 

2S:24, tour ot 128:12S and thr11 ot 648:62S). !he lattor 

inte.rY&l r.preseuta the dit!er e::::: e between tour 6:5'• m 4 



~16 

an oc t a•e, and 1a particularly close to l/19. VdracbaJ4t' a 

tirat 17ate: involves tour eonatructill.& i.Jlttnala; the 

a4d1tiontJ. one 18 1}5:128, represontlll;! th.-e e tUths and a 

third ( l eeo t vo octaveo) . Tho d1oo1o, 128:125 , tho aoot 

out-,or-tune or t bt inte~&la troa the atLDdpoint ot equal 

t e»pera.aent, ia u.aed. ai x t1mea i:.atead. or tou.r, eauai.J1g the 

meaD dt'f"1&t1oo t o 1ncr• ••• to ll . 7 eent a. 

AI t o tbe &Yo r tge devia tion or tbt dit!erent inter.ala 

of t be &J5t,ea, J..riel'a 1o.,olvet the l eaet due to aa..xiaal utt 

ot eu~ri:poaed :a.S.oor tb.1r4a rro:. tbe e ec.tral tone, D. n. 
mitior t hird. be1DQ a diesot:~al , \ , it 11 c lear ! roa !:U.aplt 

46, that th1a i.ntervel ia ::ost ov1<Lent l .n Ariel• • •1•t••• 

leal in Opelt's, atill leea 1n 'Jtlrac~idt'a aeeond. •1•t••• 

and loaat ~res ent in Vdroch:idt ' a ! ! rat and Pokker' a 

aysteu. 'I'bt averago devh.t i ot:l pa.rallela t~ \l.le ot tbe 

a inor third , aa :igbt be expected. • .lritl'a ia au.lleat , 

6 . 6 eenta, !ollovtd by O?elt ' a, 8 .2 , ~ach3idt'a aecoD4 

and !1rat, 8 . 9 and 9.8, and Fokke r 'a 10.~. Ot tho juat 

19-tone 17ste:a propoaed which are based on tiltha &D4 

t birda, ~lel' a 11 the eloaest to e~ual te:peraaent. 

J.a aentioned. in aevt ral earlie r cb.aptera , 1/Ko..a 

t emp,erament 11 almost exactl7 eqU&l to 19-to~• teaper&&ent . 

!he app~oxLaation is aut!icientlT close •• to require no 

chart ! or l/}-co~~:.& t.e~peru.eut 1.-n Exa,:iple • 5· ..U tl1a , 

alteration ot tht titth ia d.~ertased t roa l/3-coaaa. the 

de~i ation ot t he 17etem troa 19-t~n• equal teaper&meot 1a 
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1ncreaaa4. lD .&.ron•a )C.-coz.D& te:pera.aer=t , •• ahovn 1A 

Exa=ple • S, the :een deYietion ~· 16.} centa, a bigh ~~. 

owing t o tbe 41apari ty ot tbe t wo eoc. t ruettas 1Dter.&la, 

tbe ?6-ca nt chro&& t1e aecJtone ot the &e&ntone 17atea &D4 

the 41-c&nta 41aa1a. The average dev i ation ot the 1nter.ala 

troa a c entr al t one in ~-coama te~pera~ent 11 relattvel7 

•ull , bo~ntr, o lfi"6 to the rtt!Ulo.r1 ty vitb ~h1cb tbt lorgt 

end emall cooe truc ting 1nterY&la alternate ln t orAtng • • 

e qual ae poaa1ble a acale . 

Tbe deviation ot ~-eom=a tecpera:ent within tbe traaa

vork'or 19- tone tomp•ra:ent ta interet ti ng t or t wo raaaoaa . 

In the first place , i t 1a otten pos tulated t hat tba e&rl1eat 

19-tone tn.tru=enta, tboat ~entioned b7 Zarlino &Dd 

friotor1ua, wer t constructed !o~ ~-eeaaa ttzPtr&&tot.l !ht 

ebart <Uocloa .. tbat ~hil e tbe a: aUest 1Dtervalo ~1th1A 

the t vo 171t121 are quite di fferent , the large r onea, 

e~peetall7 t boa e having a~ple, diatonie rolat l onabipa , ar• 

quite a1m1l.ar i n ttle two a~uteoe. The second reaaoo wbr the 

ro l etionthip ot ~-cogme to 19- toco temperament i a 1Dtar e at1Qg 

1
A comparison v-1th £arbour's ttguros t or tbo ••&A 

dtvie.tioo ot A.roo•a te111perc:.ent in the 12-tone 11ate11 1• r.
vea l ing . 1be ~ean deV~atioo or ~-com:a tempera~tnt ia 20.0 
cecta according to S&rbour , a tigure only •l1gbtl1 larger 
tb6.!£ t bat tor the ~8Jl C:.eviation 1:1 19- tone te::pere.:eot . 
Tnese !lgura• auooeut that tbe advantas•• o t a 19-tone 1n
st:u:ent ! or the per!or=~ce o! ~-coz=a te:pera:.nt 1nYol•e 
sre•te r r a.noe v itbt::J tbe c:;cle o~ !1tthl oo1.1, 1A tb1 au• 
~as 18, or 20 pitches ~oul4 . ~ t~e ot~r hand Z&rl1Do'a 
2/?-coc=a te=~tra:ect voul4 involve cucb c=aller diacrapanc iea 
cc • lC:-to~t !natru.::eo t . Y.::.e S;ys:.e~ 1.!l E:u.cple 45 v.a.1..:Q =•t 
clostl7 r e at =blta Z&rl i oo 'a la Zornerup 'a and tba dtYiatioa. 
Lre &bout tbt •~•· 



1• t~t a&A1 &~TOC&tta ot 19-tone te&per~nt h&Tt • uaseate4 

that 19-to:st ~e:~ra:.eo~ 1a but a n.at"Ur&l at·tP 1D a.n tYOlu

~ioc. tcwa.rd '1-tooe teapera:eot. U v a.s a hovo 1.D cbapWr 2 , 

].--co~ and '1-tc.nt t e:pera.:e::rts a.re oea.rl 7 l d tntic.al . 

There 11 au!!1c1e~t di!!er enee however, to h&Yt Jutt1tie4 

the inolllllOil Of both 8J'ItOU ill !:x8.11plo 45. ~1-tOilO - . 

tecper ... nt 11. a bit tartber removed troa 19- than 11 it• 

relat1Tt, ~-eoa=a temper&&ent. 

f ht 41acrepane1ea between the interv•l • or 31 - &nd. 

19-tone teapora:enta are large enough to IUdStlt that eboul4 

19-toc. equal te:porament ever beco~e Aft atand&rd • tuning 

pr•etic t •• 12-~o~e t QU&l tecperacent ia nov. lt aay -saiA 

be 41!!1cult to break through the acouat1cel barrier to tb. 

a ev te: pert.l:4nt. Tet the d1acrepanc.1e a e..re not le.rse 

toouc~ to prtcl~t tbA poasib111ty or org~tc rel&tionabip 

bttllttn tbt two te::z~per~e.nta. 'l'be &Yeragt dtf'1at1on bttvttn 

the varioua 1ntorvala or tbo two sya tema ( aa celculatt4 

f roa a central tonic ) co~parea tavorabl7 vi th coa t or thoee 

o! tbo JUit 171te:a otterod as tbe b•ele ror 19-tone te~pera

c.ent. 

SiDe• the t welTe t one& ot rasser ' a eupra-diatondc 

acale uae 1 u the 1r tollie, ~ avert.ge cleviatioo i a calcu

lated troa that toce . The tlsure vould be •••n la~o•r it D 

vere ueed • • tbe atarting poict, but 16.0 ia high ecough to 

i.ndieate that Ya.aaer ia not c:on.eern.ed. rlUl acouet1ca.l p.re 

c.1aton in t b.e sue Y&:f aa Optlt a.a1 Lr.1e1. tb• Ma.D 



--------------~~------~----~ 

dtYiatiou, calculated in this inatanct b7 comparing each 

or the 12 atepviat i ,ntenale ri th th&tr uaequal equh·aleota 

1A 19-tone temperuect, i a lUevist trtre&el.J' high. Co!l

a~dtr1Dg that Iaeet r e:ph.ui&.es tbt aodal contour• ot 

Mlod.3' a.ud the use, witbcrut oet:.&Yt 41aplactae:t, ot the 12-

tont t c-.le a<J a a c&ll , U.e d.i!t'ere.nce between 'tha t acale 

~\1.1 tl7 rend.ered a.nd. that scale as pa.rt ot t~ te:p-era.ment 

Ia111r adTocates ia large 1n4t•d• 

Ot t he. t wo aeta o~ !1~ea iDvol•ed in Sxazple 45, 

~ tlrst 8L:! higher ae t is ;ratably tht :tere accurate aa 

1t ••~• T••••r '• •t• to be ~e equi• alent ot ~b, an 

Lll~pttou eleorl1 J~t1Ited b7 Yaaltr'l Othe r letttra an4 

tht equ1valeota tht1 tor:. It it #lftO Justified by raeaer'• 

ott:.tr cha..r ta and b7 hie ••••rt1on that the aui111a.rr t one a 

rill tora a 4_1atonic tcale, ~ ••tnt wb.1cb do ee co t occur 

1! •t• 1.• he-ld. to repr•••~t c;, . But eo out-or- tune 1• •t• 

( v1th reepect to the Ab ot 19-to~• equal te~pe~&&ent) thet 

tt 1• such c looer to G th.n t o £ both 1D Tetter ' • 171tea 

t.Ld 1.n tha te.:~~red. tunil'l.g. ~· aecond. Jet ot tiguree 

•••u:•• ~ to be tbe equi•&le ~t to •y• aod tbova a roaultlns 

i:~ro•e~ent in the • • •rao••· 

It is qut: e clear !~a ~• !1guree that !aaaer '• Juet 

au;ra-4i•tonic scale and t~ l~tone teaper&aent be ad•ocatt a lf 

are tvo vecy 4ittertnt 11Jt.e-=.s. \.'by , thea , doea he a.d•ocate 

t hea eoncurre.a.tl.7 •• oJa? It i a possible, ot cours e, tbat 

the t e:pt ation t o build a .usieal ctatea out o! the hitherto 



unexplo1t·td b.igher pa.rtlals p:-o-.ed. t oo auch to r.ea1at aM 

ill:er!ered v1.th b.ia reasolling. Se 15 quite cr·it1tal • 

boveYer. ot ScbO~berg'a use o! the u;pe r ~a:tiala to ex

plaiD the 12-tOne t7ste= btC&USe O! the S~tlt 411Crtp&ne1ea 

betveen the tvo. 2 

~ explanation tor Yaaeer'a tolerance ot euch l arge 

41ecrepanc1tt in bit own 17atem can probablJ be a ore 

aeeurattl1 explained 1n light o! hia doet~1Dt oC .. lod1o 

deter:1nat1on ot • auaical 17atea. It 11 TtiGtr'a baa1o 

conviction that conaocance 1a P87Chologicel end not 

aeouatical, ADd hie con•1ct1on tbat it 11 baee4 oo the 

el ~ultaneoua uoe ot alternate ~eaber1 ot a auttcal acal•• 

that lead hi a 1oto the 411•~• ot the d!apazate 171taae. 

For, vitb the po~toet !ittb and &Lnor third Calling outt1dt 

tba rea.la ot conaocancea, Iaa$tr actuall7 !tell coapelle4 

t o aeek out-ot-~e interv~la LD the Juat repreaentatioa. 

ot 5/19 a.nd 11/19. llb.ile otber vr1tera &!ght regret that 

19-tona tampera:ent does not otre~ a au!!icientl7 pure 

li!th ot• 11ajor tb.lrd , Iasser's greateat concern 11 tbat 

19-tone tecperamant aight otter too pure a t1!tb and too 

pure a :U.nor third . This torc:ee. hia to turn to leaa. auit

able higher pa.rtia.la lidl1eb i.o.vol_ve hi& ill l arge d.1acrepa.nc:1ea 

be tween tbe ju.et a.cd te:.per.d &7 Steu. 

Taaeer•o just •7•t:·e&. ahoul4 be Jud.aed. with tU 

2 .L.:I.s. Journal , 195}: p. 56. S<:llenbtrg'a Titwa are 
aet torth in ~a4ern ~II. P• 1?0. 
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rea.l1~at1o..ll tbat it ia the most u b1t1ou ot ttwl a7attu 

considered, and that it in•olvea a revolut 1onar,r change 1A 

our aspect t ovL.-4 tbe consooe.nc•• an~ cHsaonanc.ea of aua1c. 

It is the !irs~ theorr o! 19-tone t e~perament ¥bich t&keo 

co~ni&~t ot SchODbtrg'a dodecaphon!c theoriea an4 attezpta 

to con.truct a parallel alternat1Ye. Ita • &A1 praAiata are 

r1gorou1l7 applied throughout. I! the deYiationa to 1Ddood 

rtproatAt a detect, the detect i a the result not ot cart• 

looo appl1eat10D but o! a poasibl7 !ault7 pre&isal that 

cooaona.nce within a musico..l &7ate: ie melodicall.,. 4eter&ine4. 

xornerup•s version ot just tuning ia baaed on b11 

Gol4en S11tem. It ahares vith ~-tone and 31-tone tempera• 

menta the cba.r acter1at1e o! having onl7 two coutructing 

1Dttrvall tor tbt 19-to~t IC&lt, &Dd Of htYiag a great 4ia

t1net10D betveeo the mean deviation ot tbe ainglt etepa 

( high) and. tbe •••r•o• deviation ot 1nttr"t'ala aeaaured. troa 

a oinglt central tont (low). lD tbe latter cotegorr it 

cocp&rea vell vith Ar1el•a aa tt. ~oat auitablt 111tea tor 

representetioc by 19-tone temperament. It tbl mean devia

t ion is considt~d, bove•er, it 11 interior to the 171te•• 

ot thirds &nd ti!tbs vhich posseea tbrte and tour conatruct-

1a.g intenals. 

The golden eyate2 b7 its y~ry na~ it designed t or 

tbat aeries o! equal t eepera=enta 12-19-31- etc . &Dd ia 10 

cooatru.cted tb.et ita •ccurac,. '&'ill improve greatb v1th 

each 1.a.creese ~ tbe cumber ot tonea 'bolongi.cg to thia 
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aeries . D7 Xor~rup•a ehoatn atand~a 19-tone teaperam.nt 

11 a <Uatinet i.J:prove;:;ent over 12-'tone te=pera..aent. the 

only questionable aapeet ot hie theor1 ia that lornerup 

aeleeted. hie te:peruent e1.g.bt years before be t TolTed the 

ou.:>dardo OA vb.icb ito c!e!enoc 15 baaec! (1922 vo. 19}0). 

Perrett ' s a1ete= aloDe a=ong the 19- t ona 171teaa 

cited i l intended ae a tuniug in itself, aDd not &I a 

representation tor 19-tona te2per~ent. Perrett elcbeva 

the principle o! equal te:perameot , and hia tuning 171tea 

ia included only aa • basis Cor cc=pariaon. Deapite ita 

h•rtn.g beta conceiTed. troD a Ti•vpoint oppo:ed to equal. 

te~perutnt, 1 t l dev·ifition troa e<(ue.1 te2porueat en bot h 

counta 1a leas than that ot taeuer 'a eyatem, which ia con

ceived with equal te:.per~ent 1A alD4. 

1'E!lE3 .UDITIOlu..L S1STEI'.S PROPOS¥!) 

Io addition to the ou.erou. 81&te:a, derived troa 

~a~ eourcea and viewpoi~ta, which have been prtaentod and 

compared on the preeeding ptgea, I Ghoul4 like to preaent 

t hree new 1ate:pretat1oc$ or 19-cooe tecpera:ent. I 4o not 

con=ider them to bo better than tbe •1•t•=o alread1 abowu, 

but e ach one shove • al1ghtl1 dit!ereat aapect: ot the 

~articular propert1ea ot 19-tone tejpera:ent, and t ogether 

the¥ reinforce tbe conclusion tb•t tor &Q1 &D4 t?tr.J a~ee1,t1c 

purpose a d1Itereot ~uat intonation can be toUDd. 



~le t!? &!lova: d.iagru..s ot tbe three a7ate;a. The 

third ia i.Dte.Ad.ed to be t!:l.ree d.i.:.~ll.6 1ooal aDCl ao usee poiDta 

i.Utt &d ot aqua.rea. ftle fi rst .s7stez. 1a a at:ructur&l 

absurdity. It conaiata aupl7 ot a ayatea o! 19 llil>or 

t bir41. 

ot 

'l'aken toge t her , t.be 19 l::ioor thirda l t &Yt a coa:.aa 

•v 

whi ch 1a amal l enoush (about 3 cento ) but rather complex •• 

e ~Ju.t• ratio . The aystec is th~retore a kind or P)thagorean 

ayste~ without the log1c&l argument ot the PTthagore&na t hat 

U:eir one interval baa an acoustical r ight to pri=.ae7. The 

S11te~ ia prtaented , bovever, be~ause it is the moat 

accurate approxi:ation or 19-tone tecpera:ent a=ooa tht 

•just• ·~•te:. . Just &a Barbour cooclu4t4 that the •beat• 

juat 1ntonatio4 among 12-tone ars t e=s waa that vhich 

ap~~•cho4 PythAgorean ~. a o the coat accurate • juat• 

r epr eeentatio.n ot 19-toce t ·e.m.,.rue.nt 11 that which 

' PPro• chtt a e1nale atring or ~nor thirdt. lD eech ca1e 

t be limiting 171tem 1a beeed on tbo exclua1•• uat or that 

interval ~bich ia lt~st ou~ or tUDe in t bt te~ptra=ent. 

Th e average and aean 4eY1 at1ona ot tbt t1ret 171tea 

ere Yell UAdtr l cent. I otter t bia •• .n art1 t1c1al 

•1•to::. DodeeaphoJlr1 1a. acouat1call.7, an a.rt1f1c1al 171t•a, 

I.Dd it 11 poaaible that: 1D 19-tolle te3peruent a aoani.Agt'ul 

1! art1r1c1al 17a tea or eu&1c could bt conatructe4 baae4 oa 

e7clea ot ~or thirda . 



..... 

H ' o.S 
1D • 0 1 

::.:U:ple 4?: ~ !low 19-rono S7atou 

) Jr/ .-/ ,. ,., J' 
:::::::'\ .(/ d j ""' 

MJ,-/N 1•'1~ ' 
~ 

I" <' (J 
A l b 

( Cr l~ 
l'lf Fl 

(,"I D'1¥1 

E a 
A 

" ~ 6 
F ( 

I " ~~ 
........, 

"' 

,, ... , 

N 

M.D. • 10.> 
A.n'&.'l 

E• 
e• 

The aeeood system ia constructed , ao vas the C1rot, 

witb the pri=ar, purpoee ot liaiting the &Yerage and at&D 

deYi&t1ona from equal te=per&eect to tbA lowest po1aible 

tigurea. It ia a eo:proaise bet~een the all-but-pertect-but

ablurd tirat s71te~ . and the aerioual7 propo aed ayetem vit~ 

the loveat de•lation (Ariel 'a). It I baste tone l atti c e eon

a1ats or tiv• ai.nor tb!rcla, witb. each group or alx tone a eo 

t wo pertoct tltthl. Thia 
/f' 

one tone 1a added. tbe 1y1tta 

c~tated separated b7 one o r 

•ccounte t or 16 tonea , and 

re qutrea tour conatructi~ intarv~la and 11 cot t,m:etrie&l . 

Nevertbele•• , because ot ita heavy re 1 1a~c• on a inor tbirda, 

it p.oaseaaes the great ach'a.:rta.;e or relat1Ye eqtte.l1Q ot 

1ntervala. fba mean daYiation ot ?.9 c• nt• 1• ama1ler than 

that tor AA1 or tbe seriousl7 propoatd. &7ate:U , u 1• the 
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a~aragt dt Ti4 tion o t lta int erv• ls f ro• a cor e -or-ltll 

central tone, S-7 e tn ta. The 11ste~ preaentl the cloaeat 

approxi&4t1on t o 19-t one equal t empera=eot in which J uat 

interv&.la ce bt perctl'Y&d a.a tbe baala ot at leaat t he 

COL.I ODI.DCt 8• 

For a third 170t~, I obould like to propooo a tuniAg 

1nvolv1cg rattoa using the aeventh parti al. .The 4tT1&t1ona 

vill have t o be l arger in ;M.a i.nst~e , t or th1a partial. 

ta approxiQately 21 c e r;·ts ca t-of-tune in 19-ton.e tempera.eot. 

Ne verthtleaa , t h l a dooa repre s ent an t=prove:ent ot 10 cent• 

o ve r 12- tone tu~ra::.ent, aal 1 t 1e po11i ble that 10&1 

mua1c1a.o.• ~ibbt pre fer t -o o &k t c orrec t t one ot this E.OgA1 t ud.1 

when 11ng1Ag or pld¥108 atr1noe4 tnatruatnt• i n ordt r to 

cake uae ot tte ? tb. partial aa a conaooance . Although 

f Alser and Pe r r.tt bavt bui lt 19-tone •rate~s with tht 7th 

Pfl:rtial,_ t bi1 t h l.rd 17 1tem 11 o tterec1 to cl e ~onstt'ate that 

1t 1a poat lble to rt4uct the 4tvlat1o~ ot the ir a,.att&e 

constdt r ably wi t hout re lin~u1ab 1 ng t hil acou. t1cal phenomenon. 

Tbt co~pac t n••• vhieh , at l•as t t o •oce txttot , 

eha=ecter 1: e a ?o£ter •• }1- t one &&4 S}- tont cep t iaal •rate~ 

is : iect na he:e.' ~_. a~vec tb partial , l ike a aot t but 

}I t ! t all but ic,osaible t o co~truc t a ~1~ ! or 19-
to ne te&pt:a.=.e:.t 1nvol vi:.g th e a ev!ntC p.: t1U Wicb 1a 
eo~~aet in t~t ~•r o r EUl• ~ ·• s • ne: a. becauoe t bt 7th 
po~:ta1 11 : ate !ro~ t =e bi s ection o! tb~ pe~:ee t t ourth, and 
::he t vo i :nerval a are the : e! o r t t oo int e N e p eMeot. lD 19-
to r.e te:~;>e :t..=t:lt , l"i ! tb • 2 seven t hs Jt!oua o-ctave , a.Jld. 
ou ve~tb • t vo !ittba plus t vo tb1r4a. No p~ ~alleltpiped 1a 
possible . 
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Sopti:al Jua t Tuning: 19--Tone S)"otoa 

Ratio 

1:1 
25:24 
15:14 
9:8 

l ?:6 
6:5 
5:4 
9:1 
4:} 
7:5 

!S6 :25 
}:2 

' 14:9 
8 :5 
5:} 
7:4 
9 :5 

15:8 
· 2?:14 

2:1 

, 64 . 4 cent• 
10. 1 ceoca 
6.C . 9 ce:.ta :a.g.a c:.er.~• 

Cent I Do 'ria t:1 Oil 

oo.o 
?0.61 ' 

119. 5 ~ 

20}. 9 , 
266.8 
315.6 
}86. } 
'>}5.1 
'>'?8.0 
582.5 
6}1.} 
?02.0 ,... 
?64.9 
81} . 7 
~.4 
968.8 

101?.? 
1088.} . 
11}7.1 f 
1200. 

average 

(uaed 
( used. 
(used 
( used 

o.o 
1·5 
6.8 

14.4 
14.1 
0 . 2 
? . !S 
?.0 
1. 4 

14.1 
o., 
1·• 
?.0 
? . } 
0.2 

21. 5 
?.2 

14.6 
0. } 

"1!:4 

} 26 

Yalu&~lo :etal, ie onl7 once U$ed 14 ita pure state, While 

ai~ tiEea it is use~ as ~ •llo7. Tte otbe: tn~rrala uae4 

vltb it are such •• vill inYariably Llprove the 1Dtonat1on. 

The ayate: is ot~e red ~•rely &I a s srple o! se, tts&l ~ 

tA & 19-tona Jus: ayete: v=ich ia so :aAipulat~ as to haTe 

a rela tively small derleticn tro.m equal tecper&seAt. 
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St£ce, vith the exception ot Perr.tt, a11 of the 

theoriata pro,ose4 equal te:per~ent ~or 19·tone 111teca, 

v~, it ._, be aaked, ~orr7 about the juat baa ia tor these 

•11teas? E"\'en vere the te"pe re4 tu.ning al~.,-a !ixed &Dd 

unalterable , it would be or cona14erablo uae in evaluating 

t be te::.pere4 17ate&. to kno w vbat Un4 of 1At·ervala 1t v a • 

dee!gned to re preaent, and b?w accuratel1 it did eo. ~. 

aa ve knov tro: our 12-t one 1~1tea, a te~perament 11 onl7 

the atarting p~t t or intonation. One'• int erpretation of 

vhot the juat system ma, bo 1c &Q1 gt•en ke1 ot a temper•-

;ant ~11 deter~ine vbether aad bow tar be raises or lover a 

t~booe , fl t ho tempered pitch wbo n oinging, plo~1ng • violin or 

or ••en, in certain iostancea, t~cg a piaAo. Tbat thia 

c;ueation :&7 bsve prac tical i.m.port~ce can 'be seen troa tM 

""biguiey which preoentl:r n!!ecto the intonation ot the 

:aJor thiN. '!be pr·esent tend en¢7 aee:s to be to ex·tend tbe l 

~•jor tb1r4a tovar4 the ideal of Prthsgorean tuning, 

altbougb a ainorit¥ o t wusic1ans conti nue to pr.!er j uat 

t hirds. One c! t he obstacle• which advoeatea ot 19-tone 

tc~per4Qeot cus t overco~e, 1! thelrl ia to be coce a 17Bte2 

ln geceral u.e , ia the direct result or tbi a teo4enC7· Ver• 
,.q 

t he coc:pe.naat i on.s 1.n 1.2 -too.e te~:.per1ment i..o. the direction ot 

I 

Jw. t rather tbe.D P)'"thagorea..o tbi.rdl, tbe aa.rc;:i.:l betveen the 
c1 

pre1ent •1•~•• and 19-ton. or ~ of the neaat1Ye teaper a.eDta 
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vould be •~nller. In such an instance a ~ran.1tion tro• 

one ayatt2 to the other ~ould be :ucb taaier to eonte~plate. 

Siailarly, 1! 19-tone· tecper&:eot 1a not to be re

garded aa tn& ter=ical tuning ayot tm ot •~1c (&04 none ot 

itl adTOCAtea havt bttD GO ra•b &I tO auggelt it ta IUCb) , 

tbeo the Just ayatea tov&rd wtlich tbt ttcptrtd atrueturt i t 

ollowed to lean m1eht well inLluenco the • ••• with wnich 19-

tont te:.perue.nt could 7itld to turtber ••olutiou. It • aa 

manr suosest, 31-tone tecpor~ect 11 the logical aucceeaor 

to l <J- tone te~per~ont, then t:Wl.ins • re ae.:blic.g 31-tone 

tec~ra.::.ent in E:x.a;J.ple 4S vould e..;>~e.r to l:.eYt u adY&ntagt 

over tboa e vbicb do net. Septtcal tuniDgs in 19-toae 

tt:>;>ercent Wl>llld also but spee1al l'elen::¢e vbea con

eidered vith respect to possible evolutions tovard '1-, 

oving to tbe excellent representation of the ?tb p&rtial in 

}1-to a. te2pera:ent. 

T.be 4eteroination ot tbe =oat usetul or the moat ideal 

juc t tyatem tor 19-tone =uaie aay b• ve to vait tor a peri od 

o! txperlcentation in pr•c tlce. It ie aleo poaeible that it 

19-tone ttmpere.::ent deTtlops it vill do 10 vitb aucb aerla.l 

P~•ctlc ea •• art uaed 1D preaeat dodtcapbo~. and thia will 

render Juat intonation & aupertluoua cooc•pt. Further 

ecoust ~eo-pa,chologieal rtee~rch , eap~elall1 on the 5th &n4 

?tb p.rtiala, vould appear varronted, at leaa t 1D ell:ioatlug 

eo:e ot the 878tt2a propoetd. 



Cn11 t wo ot tbt autbora vbose 1yste~ ot 19-toAt 

te:per~nt have been pres ented have made s tudies baYi ng aa 

an t ed a 4 oter:1Ae.t1on o ! tbe eonaon&J:W:: es auc1 41 eaona.neea 

o! the •1•t• • · Tbeee authora are Ariel and Taeaer, &Dd 

tht ir Yiewa cleah on ltYeral ot the intervale. Ex&aple 49 

ahova how Ariel and Taeaer raga~ eeeb ot ~he nine baa1c 

icterYala o! 19-tone te~peramect (each conaidera t bo in-

verai one ot every inttrTal to poaaeaa equivalent conaonant 

valuta ) , togttber .witb tbo t rad i tional concept ot the nearest 

eq_uivele:o.t interval iD 12- tooe te::~peruent (wher e a • v.tt1-

c!ent17 e~uivaleut interval exiata ) . 

AI Exa.=ple 49 lbO'W8 t tbe t hree U0UI'CI8 Ogree OD Onl7 

thre e i.ntenal.e or tbt D.int, t wo ot thee beiAg the two 

s :u..lleat intervals • o n which all. are agreed that tbe7 tor. 

d1taoc•ncee . The otber ag:reea:.en.t 1a on the aa~or · tb.ircl • 

6/19 , vb.ich 11 con.aid e:-·ed a eonao.cance. Ta.saer aDd. Ari el 

further agree on t he consonance qf t be =ajor 1econd and 

tritoc.e, vhich represents e depe.l"turt tro:a traditioD&l 

pr-actice . 'Ibis d e parture aeems warranted, hoveYer, in Yiev 

ot contecporary develop~enta in 12-to:e s usi e (it ia aoce

"llat core debatable 1A the caae ot tbe tr1tone than 1A tbe 

caet ot t he a&j or aecon4) . 4 The t wo author& disagree 1A 

!/ 

4~~~1tb in particular a:ong aod ~rn theor!atl con
t U.ue e to rega...""d the tr1toue •• tt.e d1asona.nce 2!:!" excellence . 
1 b 1ncl i!led to agree .-; t b him and to di&agree--wlto bOth 
~itl an4 Yaoaer 01 rtgarna t~4a interval wbeo ua ed in 19-
t-oAe tez.ptr...ent. ~· 5\:pple:aent, ~low P • }85. 



£X.&:ple 49: Consonance and. DlssoDaoc e in 19-'fone 7\eap•r•
.,.nt 

Internl .&riel Yasaer 12-'l'one 
equi't'alent 

1/19 D D D 
2119 D D D 
~/19 c c J) (a114) 
4/ 19 J) c none 
5/19 c D c 
6/19 . c 0 c 
7/19 D c none 
8119 c D c 
9119 c 0 D 

rega...""d to the perttc.t tourtb am the ~or thlrd, vh.lc.h 

Ariel reg&.~l &S consonant, end the t wo 1nte~ala un

paralleled in 12-tone te:perament, which Teaaer conai4er. 

t o be conaocant. Clearl7 it ia Yaaaer on whoa tba bUa~en ot 

proof :1\l.lt lie . lor tu.rther diacuaaion o! ttL11 J:atter the 

ree4er 1a reter:.4 to the cblpt•r• on ~iel &D4 Yaaaer aD4 

~ tbe tirat aupple .. rat. 

llli C Z!..L.l:;;;oos DA T.l. .&.~ ll CON .TZCTURES J.BOtl'l 
19-TOIIE TS'.PRP • .UUl>T 

~Uo-uato Sovarro ba. publ iahe4 a comple te llat ot 

interval ratios tor 19-tone temperamtot vhich aay pro't'e uae• 

tul to &nJOne •~eking to build & 19-tone seale on a a ono

c:hor4 or on a £llt1-stri.Jl6ed 1.nstru&t.Dt built o::. s onocbord.a.l 

P~lnciplea . Th~ ratios ~rt •• r ollove:5 

5so.,.a.rro, .2.2· ~· , P• 161. 



p 

lr 1 

1.0000 
1.0~72 
1.07.57 
1.1157 
1 . 1571 
1.2001 
1.2447 
1.2<)09 
1.~}89 
1.3887 

s 

Novuro he.a cocpleted. ai11la..r table a tor nearl7 

e¥tr7 other possible eq,ua.l te=perauot , and the reader 1a 

rett rro4 to hia excellent book tor the ratioa or other 

ttm.Pt r-.!»Dtl. 

! rather unu,ual 19-tone ae&lt bat been propoatd b7 

R. ~. ?rye aDd Estber T1pp1e,6 eona1at1~ ot the to1lOwiAS 

4esr••• ot tht 53- tone te:pert4 
i" 

18 , 20 , 23, 26 , 28, }1, 35. )7, 

•:•tt•: ,,. 
40 , 4,, 

H, 15, 

It ia 

not tbe c:lol tlt approxiaatioc. to 19-tone e qual teaperUient 

vhieb 11 po11i'b. t 1D the 5'•tone 111tem, ainct ft cont&ia..e 

lnter•ala ot 2, 3, and ~ unite ~r the latter IJWtta. I t 

lfOuld. b e poaaible t o buil d. a a ort equal 19-toct acalt ualq 

olll;r 2 and }-unit inte rvale. usumi~ tbe tone nua'btrt4 1 

to be the proposed tonic ot the scale, the beat tittb would 

be }2, which i s ~aaing. 

buil t vith1n the 19-tone 
l 

Complete diatonic tcales CaD 'be r' 
truevork beg:inni.ng only on tonea 6 , -18 , 2 3 &ll4 40, UDiortw>4tel;r tbere 11 co detailed expl acatioA 

ot the aeotbetie behind fr7• an~ 11pplo'e eboico or a 19-tont 

61r7e, R. ~. , and 1. v. ~ipple, B!!! Supple&ent ~ L 
~ra?bie Introd uction !2 ~ Barson. 



•c~e drevn troa 53-tont te~pe~Dt. 

J.mong tbe scales occae ionalq ce.ntiOM4 • • a dteira'ble 

••pee' o t Aul~iple diviaion •r•t•:. ia tbe quaa i-tqual 

pentatonic. ~oag tbe aeriou•lr proposed :ultiplt divieiona , 

cc.l7 50-tone tecpera.::.e.c.t hae a Mal tctual-teaperri pentatoAie 

acale vithiD it. But 'Jyachcegrad&k7 aention• with 10 .. 

eDthu•1••• tha quaai-equal 5-tont acale •• one or the unique 

a.o4 a ttract i ve acalte ;oaaible 1D 24-tcJ:I.t t,eB~peraunt. A 

ooaJ.e quite daile.r to that v!l1 oh 'o')'och.lleg:radet:f e1t .. 11 

ovoiloble within 19-tone tempera:ent as ia ohovn b)' BxACpll 

50· 

Exampl e 50: Three Pentatonic Sealoa 

5-tone eq11ol. J.pp rox. i n 24-tt ~,pproll.. in 1'3-tt 

0 0 0 
240 250 25~ 
•eo 500 505 
720 ?00 695 
960 9;<) 947 

1200 1200 1200 

Both 19- and 24- t one te:p4r&aenta otter tbt co•poatr 

• brid6e between the Vettern diatonic scale and pr actlc ea 

oc the. s&-lcpd.ro gcr l en ot lodo.oe 5ia. I t 1• pOal!libl e tb&C 

an • ventual criterion ! or a auitablt cul~iple d1Tia1oD 

~J•tem aigbt be thet it represent a cc~on dtno&ioator 

betv•en tbe ecales ot cUtte rent ausical cultur•• · 
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.A.ooll8 tbe vritera intereated i.n multiple cU:riaiOD , 

1eYtt'&l, i.nclwl lno; Partch, Sarbcu.r, a.r:.d. lokker, ~ quite 

e.rit1e•l of 19-tone tesperaaegt. Partch a tr.aa•• t~ weak

cesa ot the per/oct tittb.8 ( ne a,rl.r ?. 3 e a.a.te 1!1 ttrror). ~ 

tte i nttr.-&1 694.? cent a , P&rtcb •a.t•,? •tt aoubow bo.rd.e.r;a 

on the absurc.l to 'be aaked to eona1der it •• tbe a troaseat 

con.a ooene e in ausie next to 2:1. " Bo•a.rro 11 l1kewi1 e 

hect :a.nt •bou t e odors i cg the ti!tba ot 19-tor.e t f'zpera:ec:t . 

Opelt and Handeehin ad3it to wncertaintioa about the tittha 

but conclude tha t t he e r ror i• cot great enough to dt aturb 

~ aecs e ot c onsocance. 

Ic is t be t hirda, rathe r t~an tht / l/ths, ~blch draw 

the s trongest cr!tic:ia: tro:a .Ba.rbou.r. 8 •'1"o aoder-c eara , 

eccu.at.o:.ed to the sharp JU.jor tblrda ot e q,ual t·lf&;~tra::.ent 9 

tt. t t irde or }79 cents , 1/}-comaa ! lat , would sound tn.1p14 

1c t h e ex.trtu. • 

W'h11e Opel t , Wdrachz.id.t and .a.riel ad.-ocate 19-tone 

te:pe ta=ent baaed entirely on thi rds and t l/ tha , !a.aer~ 

• l c>q,utct a.d.Yoeate or 19-tone t e=Perue.nt that U 1a1 quea-

7Part cb, ~· c1t., ~P · ~-5 · In ap1 te or bla rundo
::.~!ltal <l1taortecea.t 'il tb 1'7- ton.e uc~r-.:ent , co veYtr, Pa.r teh 
ra:..aina sy~~ac~ t ie to ita bei::.g tr·ted .. •.t.sbi~ iou.s eos:poaer e 
haTe. in IaQst r •e book. & pla~ that ~aa bttn v!dt~ approYe4. 
&c! 1 t. c a..r. b e b.ad !or t b e a s king .. ?rom the a t-a.cdpoint ot 
s low e•tolut ioD o f oxiat1ug • ato.l"l t l t , 1d eaa, a.OO. tbO\l,6bt 
hab1tl, Yasser •a Qroposal 1s • • • credib le and adaptable . • 

81'u.n.i.!;5 ~ 'l'empera.:ent, P• 116. 



tiODI t.bt Y&l\lt Ot tht tempero..cent in de&.ling witb tracUtiOAal 

4iatcaie :.uaic. vbieb. ia, atter all, baaed on tbi.rda aA4 

ti!tbs. ·~ttb relarence to tto 41atoo1C a,-tem, an 1•P•-~t1al 

op1A1on would probabl7 dan)' cueb, 1t &A,J, ha.r:aoAie &4T&Dtqe 

in the 19-tone o•er tbe 12-tone temperament , vb.ile tbe 

.,ebaoical disadvantage ot the 1ncreaae4 number ot tre

q_uendes to the octave 11 Wlqu·ettionable, in this 1Datuce.•9 

Pokker, vho treatl 19- tODt te=ptra:ent at aoae lecgtb. 

in b1$ bOok, Reken£und1se Bes~ies~ der Mu%1ek, tatea 

iaeue vi th the rcprase.ntations ot the ba:aoD.ic: seventh , the 

tritoa.e, a.c.d the tvo UD4a ot ee:ito.c.e. '!be seventh partia.l 

11 a vhole comr.~& too ue.ll , be a,aser ta , the tri tone ( vbJ.c:b 

be o v1<1e,.tl7 tb.l.nlta should be b aaed oo 7 :!)) 11 2/~ Of a 

c:o==a too tEall, aqd the two k1n4a ot temitone are too 

d1CCaNnt 1.P ai:.t, t he one be!~ tvice tbe size ot the 

other. 1° FoUer Al.ao a hova hia awa.reDtll ot the inaccurac,. 

ot t ba repraaentot!on or ~7 ot the bighar partiala ( &I 

dot• F•rtcb ) and lnclud.al the tollo'fins cha..rt ot tbe e1s-ea 

&nd a r~r• or var l oua intervale iovolving a:.ll-nu:ber 

r atios . ~· t c tervala ar. c eaaure4 ln hundr•dtbt of a unit 

Of the t e;pera.ment, that b t o ¥¥.:! l / 1900tha of an oct&Yt . 

9Lotter rro: Yasaor to John Redfield, MO¥ l, 19}}. 

10.00 hLr=onieehe zevende 11 een beele komaa adt, 
v~~ee r h! J bierin 6e s pee ld wo~~. te klai» . 0. tritonua 
• •l t 21~ ko::• te kl e t~ uit . ~et ••=• cbil tussan grot e en 
kl e1.ne hal ve tooc: vordt i o d e1-e lte~i..ng overd.reveu, de ene 
~o~t tvee zaal &O groot • l s de •~•=•·- Sekeokund isa 
~@ l?i eseltcs der Muziek , P• 185. 



• 
ExaJ~ple ~1 1 7okker ' • · Cbort or Saall-Nuaber ~atio e 

2 } II 5 6 7 8 9 10 11 12 l~ 14 15 16 20 

2 0 1112 

~ - 12 0 788 1400 

II 12 0 611 15}5 

5 00 -u 0 500 924 1290 1610 

6 00 0 1124 1660 

7 -}5 -24 -24 0 }64 68? 975 12}0 1470 1700 

8 10 36 0 }2} 8?} 1}}0 1?20 

9 -10 l} - 2} Q 288 551 1010 1210 15?5 
10 25 1 2 0 26} 622 

ll +40 -}0 -2? 49 }7 0 2}7 459 661 848 10}0 1640 

12 }0 -}? 0 221 

n 00 -}0 -l.O - 22 Ill 21 0 20} }89 566 llBO 

14 -10 }9 ~} 0 18? 

15 - 20 -48 ll n 0 l?? 

16 1 5 -}0 }4 2} 0 

"' "' "' 
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In the lace ot tbeae T~id cr1t!c1aua it i a 41!11-

cult to claia tor 19- tone te:p4r&Qeot ~bing better than 

tbe coa~r~•• atatua vhicb 1• tra41t1onall7 elaise4 tor 

12- tODt te:per~ent, not that thia 11 not enough. t.igb 

c;ordino, 1Jl vritilljS to r .... r . 1 11 t o tho tollolfi:A6 u 

a.••• t• or 19-tooe t e&per u.ct: it 1.nclu4ee w1tb.1D ita 

tr&&evork t bt ~good• mutic ot the pat ti it allowa tor 1D

de!1o.itt en-.u.aiODi it &!!ln. tbt val 141t)' ot the natural 

ha~ooie .,att:j it ~ak•• poa•1ble a f uture in ~oct l •• well 

aa in•tru:ent al music. It •••aa to me tblt witb a al ight 

reservation OD the tirat ot Gerdint'a t our pointe , th17 

: akt the : oa t t t!ectivt and valid case t or 19-tone te~pera

~ent that can be aedo with worda . ~he writing ot Ln4 

! Uiliarizat1on vi<h 19-tono llli.Oic woulcl hno to bo tho 

next step 1n the dial osu-. 



G~ERAL DISCCZSICN GP Y~BODS POR CEOOS!Bj A SYSTift 
OP Mli'..TlPLE DIVISIC!f >..~D 5013 CC!ic:LUSIO!iS 

4lliott Co.rtor, iJ> apto.ldOO or the problea of 

H? 

di vereity vi thin con t emporut au lie , 1 aa.kea a poi.At which 

io co=plot el7 val id vben applied to • ultiplo diTiaion, 

Carter statea ~bat tbe co2poaer ~1• tree • •• to do what 

be likes • • • but • vh5tever he chooses to do , radical 

or eonservstive, his ~usic will further 41Tide into aaall 

aub-groupo tbo bondtul or peop l e wbo will l i aton to con-

tamporar,r ~uaic at all . Vbile divoroit7 or opinion 

11 :u=b to be veleo=ed, where eo li t tle support exista such 

doc12at1on or intereat, o~ beG1tate' regrettull7 t o con

clude, can lead to cancelling ot et!ort$ ~ ult1aate17 to 

pheir nesation •• 

I.:a what f ield could this be more true c.b.an aul tiple 

41Yia1oo, where, in apite or the ver1 liaited pu~l1c 

atteotlon a:4 eupport which 1a accorded, the tow active 

co=:.poaera e.c4 theor1eta work La aaa:..i.Jl&lJ' eo.o.tra.tUet o%7 

di~oetiona? ~1th sueb 11mitt4 aupport 1a ~ere rooa tor 

~ust t~s an~ equal temperament&, tor ayatoms uaing and 

not using the u~~·r partials, tor ·~•t•~• uaing quarter

to~&& aDd aysttQS not using qu&rter-t onea, tor pol1t1~• 

ayste:s and negative •1att~s, tor ayate:A UsiA& • few aore 

1r.uaical ; uarterlz, •pr11 1960, PP• 200-1. 
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than twel•• tonea and a1atems using many aora than twelYt 

to=• •• t or •1•t•~• e:plo1Lng co41t1cat1ona ot current 1A

atru£enta alld a:-atem• d.emand i .ng nev i.natl'UIIlecte? In auch 

a bro•4 t1tld, 11 there a 171~e~ or group or r e l a ted •1•teaa 

vboae superior mtr ite could. gain general approval lt tbe7 

wer t geoerall7 kDown? Would •ucb a 171tea or group ot 

relltt4 87lteu have &rlJ c:b&nce or bt cOci.Da StDt ral-1.7 

mow? IJb.at ld.nd..a ot ree eo.rcb proJect• or atteapta a t 

co&po&i~on or 1natru:en~ cona~ructioD or =o41!1cat1on 

~igbt h!lp to bring about that atote of attairo vbtreiA 

aua1c1ans o! all kind1 eight knov vbat tbe7 need to know 

in deter:.inins; the next general 175t-e~ or intonation, it 

Ledet~ thoro 1& to be a next system o! 1~tonotion? It 1• 

the purpoat of th1 6 conclud.iJ:lg cbapter to deal (a oat l7 1D-

41rect l7) vitp questions ot tbis kind. Tbe metbo4 to bt 

e:plo7ed vill ba t o t r.r to associate apecit1c acouatical 

&Ad •eethet ic prtaisea vith the 170tema of aultiplt 

div1J1on vh1cb best mdtt tbeea precisel aD4 to a tt i=Pt t o 

identtt:r acc urate procaaaea throua.b which web. •••ociatio.n.a 

ean bt made. I ahall oot tr.r to persuade an7one to a 

a;eci!ic point o t v1ev ai.DC t it ia :;: con•tctioc that 

tbere in not yet enougb e~trlmeccal ev tdenc• to w.rraot 

an a ttempt to cloae r&eka ~tb1nd LQ1 on. a7atea ot ~ultiple 

41 Tia1oa.. 

~ere &.M tour t'u.nd.a.=ental quettiont ot aeetbet1o 

Yaluaa vhich• it ••••• to M, a u.1t be a.nsvere4 'b7 each i.D-
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di~4ual interested in =ult1p1t di•1e1on and concerned 

vi tb t i.n<Uco tha t 17 1 teJL vhicb. v ill coat a ppeal to tua. 

Vitb bis anaver to each ~eation be can al~er the a ubl tLDc t 

ot tach of the s ucceeding queationa. 

;ues t ioa. ~: Is there &r!3 acoustical Yal141t7 t o 

a=all-nuaber ratios aa the baaia t or a ausical ayetea? I t 

ao, vhich a:all-nuaber r atioa are to be i~luded uncondi

t1oD&lly aao~ those with acoustical •alid1t1 tor a ausical 

111t1D t vbieh ones conditional l y , and under vbat eond.itiona? 

th11 ia probabl7 the :ost tund.:~ntal que•tion tae1~ cusie 

toda7 , ~d it is probebly t ortber !rom baTiog a generall7 

accepted &Aaver tod.17 t ba.o. at fArJJ .PNV1ou.a ti .. 1D tbt 

b.ia tor7 or t be e.rt. 1'Ais quea tlon wa a take a. up illt·tr•al 

b7 i nte rval i n the tirot eb&pt~r; • IU&QAr1 ot tbe prteent 

T1t va ot a ajor eo~poaera and tb eorieta ta • • tollova : The 

COlogoe scbool and other s roupa repreaent1Q& atailar Yiewa 

ap~artotl1 bold that no s:all-number r e t to poaaeaaea &A7 

&pec:ial i.D.tri.Datc 111u.aical Yalue ,. The r est ot the au.a1c al 

vorl d see=s to rezain convinced or th e value or at laaat 

oc..e a:.all- auxber ra:!o , tb!!: octa Ye, altbous t ae• er.l pro

posals haTe been :a.ade to :od1f1 ita atz.e altgbt l7. 

The aerial dod ecapboniate reject .r1 a:all-ouaber 

=-•ttoa except the oeta"fe. .ll aerial dodecapbODJ' Po••••••• 

• •ubat~ti al tolloving among c omposers and musiciana, their 

Yitwa on szall-n~ter ratioa C44 not be rejected outrisbt. 

BovtYer, since serial dodecapboni~te , o! all groupe ot 

--



knowl edgeable QUS1ci~a , t eed t o be t t e l eaat 1oe lice4 

to~ tOe al ter1~ o f ~e pre~eot tuo1 ag 1y1t tm , 2 t btir 

Yiewa can be di sa 1S$ed ! o r the pur~ose ot tbt s tud~ ot 

aulti pl e d.1•1s1on 6S .aot gersane t o tllt aub.jt c t . b c:ap·t: 

tor the s erial dodecapbonicts . all mualciana appear to 

conside r } :2 a:od 4:} t4 h.u·a Cu.n4a.:ental i&.po r t anca. Tht 

t1!th e ot ·~ 009-•es t er n : usictl cul ture s art c:ODS1d er abl1 

41s t orted , aut tic:i~tl7 a o t o cause debate a a to whe t h er 

t h e t l! th i a o:- 111 not a..::. e l ec~t ot a l l ::ue i c:al ayat.e:. . 

Let 1-:. suttic:t that it is an e .s se n t ial c:o.o.aona.nt ela~nt 

1~ al l ~e att rn cus1cal ays t t:a , paat and prt #t.o.t, •~tpt 

tboao c ited above • 

.lt t~ts p oic.t a .:.Tthln.g a pproac:h1a.g u.n&nilli t 7 c:taaea 

com~le tel~ . The re:a in1Ag tb r e t que~ tioo a vil l bt t raacd 

1; :~ :~ ~ w~ a a t o •••~• ao ~tir:at1•e aaawer to ~ueatioo 

one aa i t inYolYea r atio s ot the uu:btra 1 t hrough 4 • aiAc:e 

the advoc: a t tl or tixe !S ayacemo ot "ultipl e d1v1a1oo appear 

to b t c o: ;-le t e l 1 i:& accord on thie point {Taaaer l a tb.e 

o~y possible except ioo). 

;uea t i on ~: l 1 i t p~Serable t4 hcve equal te:per

&~cta , o: ie i t prefera~le to u.e txa~t acall -nu=btr ra t 1oa 

(besides t he oct 3\'f' )1 U qu ea ti o.a one , abOYt, is the aoat 

l~J.:ld a.:.,-ent•~ Qu.e"S t 1oc. ciioriding ~ici&!:la tota.7, q,uea t ioD 

t~o 11 the cost tunda:eatal questi on di vidiDS advoca t e• o r 

at. t he 
2 _ r .::.tt, or 
begi nnl..ng 

tX&a,le , t h• q~ot•tion Croa S.bbitt, above, 
ot Cc.&pter 3 • 
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culttpl t d1Yia1oo or tbe octave ( vho tend to !lad the•aelvee 

t ,o a zSree=..a.t on • r ·w:u!a.aeo tal l.tve l reg&.rd.lng qu ea tion one) . 

It c:h t a a t"UQ ~aa t ende4 to atreaa the work ot the ad.Yoca.t ea 

ot equal tezperue.ot it 11 beca\Lie it 11 eae ler to ual7zt 

.cd •rpla in tbe1r 171te=a and t o relate the a to ooe another. 

Until now, ·vith the exception ot ael'tral ot the P,'tb.agorea.n 

17titt~a, 17cteaa or aulti ple diTi eion not involving a baaia 

in e qual te~pera:ent bave been a trictl7 1a41v14ual attaira, 

leoding to no toraation or ecbools acd to a.o accumulation 

ot vorke b7 more than one eo=poser. The e:pbaaia in thia 

atw17 should not be eonstrue4 es i.ndiea tin,c:: 1.07 negat-1Ta 

Jud~nt upoc t~ wo~ks ot the advoca t es ot unte:pered 

IJitoQI , Perre~c , Por~b, Grovec, and ~t1r predectaaor• 

bve ~de i.sportattt coctrlbuti ou to :".laical t.b.tOrJ' a.n4 

practict. 

,ueati on tvo can also be put as ! ollova s are 

approzlca t1ons valid aa representot ivea ot amall-nuaber 

ra~ioe? It thil can be ansvered a!!iraa tivelr a e toon4 

qu~ution can ~ao be asked: are t~ advent •a•• ot equal 

ttcpera:en~ auiticltot enough t o warrant the aubeti tutlon 

or appr oxi:utio.aa ot pure i nter'fala t or tb t rtal t bl.D..g? Tht 

tor:.tioo ot ~t l l &t lo41c a.n4 ha:ao.a_ic co•b1oot1ont poaalblt 

Vltblo a tJ'Itt2 o r ·~ &cd all eooea or tbt 171tta 1•• ot 

courae • poat i ble ot&.17 1.n ac e qual t•:pe:rutnt. l'tua i c • 

tonal e..od. atonal a l1U, bu rel!e4 oc tt..J. a r t tO\lrct t or ao 

l ong tba ' tbt r•traction o t aceb • pOIIlb111 t7 •i&bt • • •• 



to &~1 &n intolerable retrogre 11ion. In &n1 ease, 11 

Partch hizatl ! r~eogAi:~s, t~t ~1acontiDuat1on ot the 

p~inciple ot e qual te:'e~acent vouad ~•prtltDt a tar •o~ 

r~volutioaar7 cbaa; e in the fabric ot •~aie t bao tbt change 

! ro:. one te:~r~e.ot t o another.3 The UDt.tapere4 171t.eu 

baaed on PYthagorean tUDingl must .be excepted troa thia 

generalization, because as a ono-1ntervalic 171teas tbe7 

rese:blt equal ee:pered S71t e1a, and because their baaie 

1ctervol, the !i!th, 1s so closely approxi~ted in 12-ton. 

te.:.pera::ent. 

A:ons the unt4cpered aystema ot mul tiple divi1ioa 

whicb bave been ~sed , Perrett' s 19-, Partch ' & 43- , and the 

P,rtbagoreaniata' 24- and ~-tooe systems have been noted 1Q 

parti cular. To tbie =ight be added a 41-tone untemptrtd 

ayates ~-lch Louis ~reecsw&J epyarent l1 ecplo7ed 1D at 

leaat one work performed du.ricg \i'orold Wa.r II . 4 It might 

bt OOtl<i thlt ever1 OIM: Of the .DW:btrl Cit~t4 above hal bttO 

propoaed b¥ other• •• the ba111 t or an equ .I te:peram.ot. 

l t io r;-e.ther c uriou.a that there 11 a nu::ericol aaaoc:1atioo 

betvet~ S7&tt2S baaed on sucb c:o: pletelJ 41tterino concepti 

ot proper iotons.tioo. .1. gl ance at the cba.rt in vbiob 

?a~tcb ' s and Sauveu~ ' • 4}- t one ayate=a ar• c:o~pare4 (SXa:ple 

39) l hovs bow s reat the di !!erecces be tween tbt~ are . 

~Partch , !!!'.. c1 t . , pp. }0!')-6, 

• Tbe onl1 deta I bave on t bla 11 an anoouoc:ement ot 
a co~ing concert ot 41-tone unte~pe rt4 music b7 GreeDI W'7 
1o f b1lade l pb.1a , Ka.reb l~ , with 3ear not givtn. 



Ptrrct tt •a componoot lote rval,s 'f&.r'f troa 2:? to 85 eentl, and 

bia e71te3 oao h&rdl7 be aaid to r e aeable 19-tone teapera

&eAt . 

NeYertbeltl& 1 i t :47 not be t Dt1rt l7 a coinc14t DCI 

that their 871te=• e:plo7 t~e a&&e nuabe r ot tonea per 

octave a a importaot e qual-te:;opere4 •7•t•••· Botb Pa.rt4?b 

~ Perrett "till out" their st•teaa to corr.ct the 

largest varietiona 1n size &mong tbe compo~ent inttrTala. 

It is b7 t bia proc e11 tb• t each reechea hia tical number ot 

to~s . Partch ad41 14 t o vhat ~-. orlgicall7 a 29-toce 

I.YSte:; Perrett adds 5 to vhat vaa 1nit"1all,- a 14-tou 

ayatem. Ic a sense t~se :Dec are, b7 tbis process, attempt-

1ng •tro~ ~t otbtr aide' to rind tbe same equilibrium 

bet~een perfection and approximation vhich t~e ad.,ocatea ot 

equal tec-;era:.ent are seeki.ng . \.'bile the e.d'foeatea of 

equal te: pera:.ect lo.aist on ;.e:!ect equal1t-at1oA vitl:t.1.D 

tCt •1stem &D4 ~eek to approxtmat t pur. 1nte~ala &I 

cl oat l.Y aa poatible , thei r co~terpartt insist on tbe 

Ptrtectloc or tho pure interv&la ~ eeek to approxiaate 

equa l i t1 between the 1nterva1a. But t b••e t va proc e1111 

tec4 na t"..a.:&ll7 to l e ad.. t o t he &~e Cwt;ber ot tone a 1 ~

Ct.u ae depa..rtu.rt Wl4 error are co:ople:..entar1 aapec:ta ot the 

•••• pbeno=eaon. If with a gi~ea aumbt r ot tones aa equal 

temperament can be conatructe4 v1tb rt l at1Yel7 small error 

1n the approxiaation o t the pu~ 1nterY&la deemed iaportant, 

thta t sue pure inte rTall C&Jl b e uaed iJ! an unte~pere4 



syate~ Yith equa111 s~oll depnxturea trom tbe 1DttrTala ot 

the t~uivalent ~e~red s7ste:. It abould t1na ll7 be noted 

that the nl::lbtr o! to!lea pre•ent in Pa.rtch'e &D4 Perr.tt• a 

ayste=s be fore tbe additions or tones needed to equali&e 

~· intervals , repres~nt tar leaa 4ea1rable numbera tor 

1 qual -te:pered systeca than ~e nu:bera or tone• e:ploJe4 

b1 the !1nal 01stoao . 

1o ac:e extent, then, tbe proble~ 1nvolve4 1D 

chooa!og tho ~u:ber ot to~ea tor ~ equal t eopera:ent appl7 

tlao to chooe1cs the beat nucber ot tonee t or &n unte=pered 

sys te:. . Be.7ood this, ver, little ca.:. be sa..id about the 

latter, ae t!lG po::l1b111t1ea e.re ll.coat 1o.t1.o1tt . Thia 1a 

even evident in tho vsot number· ot "juot" eyate:1G abovu 1A 

tht previous cb.a;ter •• basea tor 19-t.one tt.~t~pera.:ent. It 

would see- tar zore difticult to exp•ct large nu=ber• of 

thaor1stl and co~poeera eve r to close r~ beb1D4 a 

ai:gle epee1:1c jus~ syate~ tban· beh1n4 a •1ngle equ•l 

te~pered ay&ttc ~cb ~1sht contiaue to =•~ dittereot 

tbines to different users. It is neceaaar1• owing to tbe 

lol'tgo!Q6~ to coz:ctDtrate on the eQu&l-tez:pered aystema 1A 

atte~r~.pti ns; to tind a.n.svtrs to t l::e re:.aiui..o& queatiooa . 

tveo though the se &llSwe rs m.a.y applJ" i.od.ir·ectl.y to untt;.perecl 

•r•~•=s aa well. 

,;;utstion ~: 'Jh.at degree o: ap;roxi.c..at1on v111 

be accepted. aa tolera.ble tor eacb ot the intervals present 

1a a t"~co: .,.ate;, e.:4 'What methode can bt used to 



•••luau dte:reea ot .._atiatactor1neel" in tbt approx.i&ation 

ot varioua 1ctervala within 1. te:;t r td &11tt:? \11th Wl

te:pered 171tt~s • aimilar ~utation m~st ba posed coneerntog 

tht degree of ditttrenet i n tbt aizt ot tt. cocatruc~ing 

inttrva~a tba~ will be ~olera.te4. 

It ia 1t1th thia quoati Oil that tho Cl'Ull: or tho proble• 

o! <boic e ltitbin tbe !ield o! .ultiple diTioion, n&rro~tod 

4ovn to equal t ewperament, 11 first &et . Anavere baYt 

varied !roc a r efusal t o accept even a.n e rror or t wo eenta 

1D t he pe:!tet t1ttb to Barbour ~ Ku~tner•~ statt~ent 

that co::l.llat1c errors a.re no lo~er d 1sturb1og. 5 It a 

muaiei&n 11 able to~~ wbie h S2&ll-DU2ber rati os ' he 

dee:s es sential to his s1ste: ez4 the £Bximal •rror vhi~~ 

bt will tolerate 1D bi e J7Stem, be can be told t be number 

ot tone a i.e the aimpleat equal-t·e=p•r~ •1• t 12 that will 

=ott h.ia dt :u.nds. I ; howe"¥tr 1, he wiehea to use a gradl.lattd 

aeries or t olerancta , wb.ereb7 aoae 1.nterv&la a.u.at b• •or• 

cloael~ 1D tune tbLD otbtra, the probl em btcoaea a ora 

d1!ticult. 

Anotber eo~pl1cat1D& !actor ia tht rol• or d1Yt rgeoee 

in the aize a or tbe errora . A aingl e 87stem cay contain 

Part1cularl7 good approxicat1ons or ao:e 1nttrvaLI to 

co~tpenGate tor barely tolerable approxiaatiooa ot ot btra . 

tht orisia bave debated o~er tbe prope r cetbod tor •••luat1Ag 

51Dtroductory ootra t or ~ Theory LDd Practice 2! 
Just Intonation , col . 31. 



the r el&tiYe error i.D·yol Yi.c.g aore tb&A 

one •pproxt.tJ.ted interYal . J. aethod favored b1' a.&D1 11 

calculation b7 tbe aua ot the aq~area or the 41ecrepane1ea . 

the dit~repaoc1ea •~ calcula~e4 1u logari~c unite auch 

aa ceotl &ad tbe equarta ot each takeD. the 171~em haYiAg 

~e loveat aua ot tbe e~uarea or tbe interY&le ot 41acre

p&nC7 ie then called the beet •1att~. Yokker cleta thie 

:e tbod to support tis adYocec7 ot 31- and 5}-tone te2pera

:enta. According to 7okker, H. P. E. L1gttnbtrg , whoee 

figures be uaes, used the sq\la.rte ot the 1Dtenal1 ot die• 

crepacc7 (calculated in unita o! l/100 octo•• or l2 conto) , 

rathe r tb6Jl the inteM"a_ls tbe::.seh·es, elm..pl7 to oulli!7 the 

:utuo417 C~Cell1Dg O((tCt 0( pO•it ivo and DO£ot1To 01~o.6 

1'b1s could , however, b• done t;.U-ite a.rb!.trt.rll7 alaplJ' b7 

diarebard ing the: eigna. !he use ot equaret ot the loga

ritn.d.c v•lueo or the !.Dterv&.ls call prodcct rea\llt.a: 

draa t ically dltfereot troz tbe resul ta obt&~&4 by the u.e 

o! the log~rithms o! t t• inte rvsl retioe themselves. The 

ue ot Q ~uaree t -enda to ! e•or etta s,.ate:.s 1c•o1Yi.:::tg rela

t1vel7 equal diaer•panciea over those whose average dis• 

cr-epe,nc1 s:.t.7 bt smaller but vh.ic .b coDtt..ill one ao:ewbat 

lare;er 41acrepanc7• 

The utt or equares leads t o a Ju4g=eot 1o vbich the 

l•:s••t •rror a:oco ~· beaic interralt or • 171tea la 

6 ••• aLnee both poaitive aLd neoat1ve nuabere 
POaaeas positive aqu.uea. Pokker, !:!. G!!:.:!,• •• , P• 15(>. 



t.Uen toto grester accoWlt tba.:a the otber errora, but uot 

1ot4 excl~i•t account. Thi e tee:a • logical acd rea.on

abl• eolution to the 41lecaa cauae4 b7 inter.a la in.alTinl 

errore o! di!!trtct a1:.e. But 1t l e ave s ~ol•e4 proble .. 

aria ina troa ditterencea 1.o t.be iaportuce ot the i.otena la 

cont14ered . ~bot it the lareea t dlecrepanc1 i..D• ol•e• the 

least 1aportaot ot tbe inter• ala coca14 t r-ed? TM 1cten&l 

hav-ing tbe large e t error a1.1 indeed b t ju.a t1!1a'bly con

sidered or special importo.nc• bec a\Uit ot that error, but 

there &&7 be other tecto~• ttadiQo to •=~hasilt tbt i=~or

tanct ot Other interTala. 

It is posoi ble t o o=pba•i ze the perfec t tit t b, aa 

""141 U>eorht5 nave done . Fou1b]J because of the e oJI· 

ditton~g ettecta ot the l ong use o! 12-to~ t eapera:eot , 

:aQ1 surve7s b4 vt abovn aua1cians to ~ tar aore aenai tivt 

to slight deviations 1n the 1at:~t1on Jt t h e perfect 

!l!tb ttan to a1~1lar de1'iat1on& in t hirds or other tc

terTals not aa Yell represented in 12-toce te:per&:eo t . 

Y1th tbt eore d i utant partials, one encounter• coctlictiog 

tbeor i tl •• to wbeth~r it 11 :ore or l et a i=;ortant t hat 

t~e1 bt repret tnttd aa accurate~ •• tbt love r par titla. 

Pa rtch 1n$1ata, tor exacple , t .hat the ? tb a.c.d. 11th pa,rthla 

create conao:l.a.tot ettec-t1 tu!!1c!entl.1 aubtl e ;.o bt apo1le4 

b7 •Yeo a:all error• 1.D. ia.toa.ation, whUe othe r theortata 

<lob to, ••• t h.e oevent b parti•l (and o•en t he lltb porttol) 

&a preaent 1D the 12-tont t e;p.ered •tetea. 



~ht tuc ot aq~ar•• =•t bod, ae it b&a ~en a pplied to 

date, t.ae ehovn co allova.ne:eo t o r lnequal.itlea 111 the 

importanc e ot the accurac7 ot the vario~• 1Atervale in

yolvtd.. Voolhou..ae . 1D 1835, \Lied the aetbo4 vith three 

interval• , tbe por!ect !ittb, tbe cajor tb.ird, aJld tbt 

:inor t hird . Po~r applied -the 1a:e .. t bo4 t o thli per.rect 

fifth , the GGjor t hird , and the natural aeveQt b. Wedell 

and Bert·elaon applied the • am• aetbod, al tl'4ouoh lorue rup 

does not tel l ua ~at intervals the1 u••'·? El 3t vbere the7 

a~plied the su:s or s imple d.erictenc1•• without aquarea to 

}S i~te=vals within eacb &yste:, 1cvol•ing one to r etch 

le tter naco with natural, !lat 1 allarp , double-flat , and 

4oubh- aha.rp, 8 

8e!o~ a re the results ot L16toobers•s Lnd Yede11-

&trtelao c •a co~putatiodd , as reported b7 ?okker and t orc.rup , 

rt spec tivel,.. 

Lis tecbero- ?okker 
( in 1/100 octav e• s quared) 

10-to ne te:per~tnt 
12-to ne ~e:;er~ent 
15- tooe ~e=per~•ot 
17-tooa to:~era~ent 
22 - tone tl)::.pe r &ce nt 
jl-~cce t e:,e=a:ent 
~1- t~ne '•cper~•ct 
~-tone te~pera:ent 
~'- to no t oc pe r&.CI.c o t 
56-tc~ ttQ~eracent 

7 . 466!1 
8 .153} 
4 , 1802 
; .8901 
1.6447 
0 . 2044 
0 . 2<>82 
O. Hl8 
0 .1~6 
O. j }OI< 

?iornerup, Acou , tic Val uation Of [ote=vala, P• 7• H11 
Ci ta t t.on i.o of a t•tic l es by .'eaell EJld.Mrt!'lton a t1as1k • 
Coptnha6on, 1917 an4 1919. 

8 rornerup , Acoustic He thoda ot ~. p. 27. 



.. 

~•dell & Bertels~n-lorue~ 
(in ce::te, cot aq\ltH4) 

12-tone tP~pera=ont 
19-tone t e~:peru•za 
}1-tont t~;er&:ent 
5(\ ... toce te=;era:ent 
P, ~bagorean (12-l>one) 

11?4 conta 
4S8 cent• 
1?4 conU 
6? C OD.U 

1?80 conta . 

It ia quito oYident tnat Ligten~erg an4 Wed ell are 

looking Cor tlfo ~uitt dl!tertnt t b iaga. Except tor 12- &n4 

~1-, t he temperament• deeQed vortbl ot ex&mioetion ao4 

l i atiag are completel7 ditter•nt. Agrtt=ent 11 reached 

onl1 on (1 ) the excelleoce ot 31-tont te:pera~eot vbieb 11 

bel4 in b16b oateea by ~edt ll acd Otrtelaon, L1steabers , 

and Kornor.p and POLker alikt; and on (2) the particular 

we akness ot 12-to~ te~pera:ent, w~lch Ligtenb•rs showa to 

ha•e an even greeter def1c1enct than 10-t ona te=pera:ettt, 

o wilJi to the relot ivel;y good 7th partial in the lartor 

syste:n. \/ere L1.;te.n'terg to e Ye.lua.t.e 19-tone teca~ruent 

by hlo aetho4 , tho 4 e!ici e e<:7 would b e approxiutol 7 ~.? 

•qu~e cectioot&Tea. 

;ue s t 1ora ~: J.ssuai..rks tb.a t a m.e an.s eac be toUAIS. 

t o e•&luat e the ..,ari cus chC1c1ec.e1ea oC a t·ec.~ru:.ant , 

vhst rtla t1Ye i~portanee 11 to be g1vec t o the d1!C1culty 

tntatlcd b1 the nu=b4r ot t oraee ~=ployed? Xu.1c1~ haYe 

o:tered aoawora ra41call1 at Y&riance vith one &nother. 

:nt. eleaent. whieb m16ht be c e l led the d1tt1cult'7 !actor, 

1• ha rdoot ot ell t o tYaluoto. Ia tbo 41!!1cult7 or 12-

t oce teaperagent close t o the liAit ot the abilit7 ot hua&D 



II&JI'!• to pla7 &.114 huu eara t o abaorb7 Dou doul>lil>8 tho 

nu.btr ot tonea in a 17stem double ita 41tt1eult,, or doea 

it eoao co&rer to quactruplil>8 tho clirticult77 Or, oc tho 

contr&rJ, vould it require a qua4,rupl1ng ot tht nuabtr ot 

tOCII to ortoet • doubl111g or the dirricult77 Thole quoo

t !ODI aro ••rt d1tt1eult even to attoapt to au wer without 

aocumuloted oxperiaental data •· aod their docu.aenttd a.oawe re 

would r.preoont a gajor contribution to the etud1 ot the 

toooibilit7 or m&117 17etecs o~ ~ultiplo diYi aioc. It 11 

onlr ~hen reliable 1ntor--ation oo tt.ia aubjoct ia IYailable 

thot it rlll be po .. lble to uke a reaaoc ab17 Yalld doohior. 

on •hov bi&h to so• iD the n~ber ot tonea P4r oct&Tt to 

iasure tee caxi~uc posaiblt aeeuraey of iDterwala ~thtut 

OTertaxing hU&&n artistic capacititl. 

IA order to sizpl1.!7 tb.is problem tor the ~r esent, 

it will be use!ul to divide the !ield o! ~ultiple diYioioc 

into disticet are as o! eo:plexit7 . It is ot little Yalue 

t o comport the acoustical mer! ta o! 19- and ;}-ton.e te:apera

=~nu , tor exa.:ple, bece~se the di!ticu.lty !actor 11 • o 

di!tereot in t h e two cases . The boundaries between the 

a.rtsa ot co~pltx1t1 .~:.u.at be a.rbitr&r3" , or courae, bu.t I 

have tried to aelect thee •• log1call1' •• poaaible. Since 

~ are uaed to tbink~ 1D a 12-tone pattern, l bave 

• elected t vlct 12, or 24, aa tha upper 11ait ot tbt tirat 

area oC coa;le:z:it7. B•aic!ea bei.cg a aultiplt ot 12. ~ 

co:=eada 1 taelt a a a.n u-p~er limit btcautt above 1 t there 11 



& ~oid ot advocated 17Stems, nona being a entioned until 29-

&Dd none being widt l7 advocated until 31-tone te=perament. 

rb t tirat e.nd. aecond areaa ot co~pltxit;, are there.tore 

cl t&rl7 eeparated. 

?or -.n upper liait to tbt aecod area ot co~ltx1t:7 

1 have aalectod. 36 tor prec!a• l;, the ••~e r eaaona. 31-, ~-. 

&ad ~6-tona t e=pera=cnta ar. the principal •1ato=e 1D thia 

group . Because ot the specia~ credential• ot 5~-tone 

u~ptrameo.t, I bave extecd.ed the l l=i t 1 ot tbe tb.ird u ea 

of oo"~lexit}' to t oolude ti:.is •7•tn. ~1111• ad&itt1og tbo 

poas ible inj"U5t1ct t o such systei::ls &I 41 - e.nd 4}-toz:~;e 

te:peraoents by tbe extension ot t b1a categor.7 to 53, I 

!eel Justified aa 1t represents lees than a 50 ~reont in

crease over 36 to:. a whe~eas every otbtr categor7 represent& 

&:l 1.cerease o! 50 percent or a ore • 

.Ul &18t e:lS 1:volrlll6 more tb&A 5~ t ones to the 

oc tave will, tor pract1ce.l purposes , be dt.s counted. b7 bei.J1& 

cona idered ae lying witbin a r ourtb area ot comploxit7. 

'.11 t hin each of tbe area a tbe dematlda upon a 17ate• 

or te~pera:ent are prOP4rly q~1tl differ ent. WithiD the 

! irat area one Qight reaaonably expect aome acouatlcal 

1eprova:ent over 12-tona te:pera=eot 1o addition t o t~ 

Obvioua inc~eaae in bar%onic 41verli~7 rendered poaaiblt . 

'J1tb1n the t ecoad area a cons iderable 1ocreaae l n the 

ac:eu.r-ec,. ot repre ae.ated l.ntervala mel in the Du.abe r ot 

P&rthla in'rolvecl a .ight reaaon.abl7 be erpec:te4 . \lithiA 



,h• tbtr4 area exce llent accuracy and/or aultiple partial• 

wo \114 a ee~ All altogether reaaouable expeetat1on_. 

M.!."""'llOilS OP C'HOIC.!:• TRIAL A.~D XllllOII 

Owi.r:g to the tinitt limi ta on tbt uu.mber ot equal 

te.:pera.:e nta vi tb.i.D. the t1 rst srou;a • and to the e::.."'te nt of 

tbt t~loratiOn8 Of theat te£per&ment& vbieb baTt alre&4J 

been coaplt ted, it 11 quite possible to Gelect one•a 

dta1rtd te~ptr&%ent through el~nat1o~ b1 trial and error. 

Pollo• 1"<1 tbJ.a procedure, it 1• ;>robabl:;r but to b eg in bp 

eliminating all equa l te~pera=entl in wbich the perfect 

t1tth 1a not obtained wi th a autticient desree ot acc~ae1 1 

ttec to repeat the proeeaa tor each of tbt other essential 

icterval.a in tht ordtr o! their i=porta.nc:e. Owing to the 

d1rtereot dtmand a on the teaptra:ente in each art& of 

eo:.plexity., the7 a....-.. conelde:-t d. ae;.erattl.7• 

!!:!,! !: The trrort tor tbe t itt.ba 1A each ot the 

equal te=.peramenta in thla erea ar t abowu 1A Ez.aaple 52 

ic ce~ts and in percentage or possible error. 

To !1a4 tbe beat QIIJJB o r ••alu t ti.Dg the r t lat1Tt 

di! t~recces ot the two kind a o: error abovn below qaia. 

r·equ1~s a value j udgment oo the- ro le ot tbt d1tticult7 

!actor . Accept~ng a co=pro;ise vit w iD or der to baTt aome 

baat a tor evaluation, I ab.all tvalu&t·e the 1DttrTala 

• ccordlog to t he aiD;le product ot the tvo tactora vhieh 
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sx~plo 52: Th• ?1 Ctha ill J.Na Oo.o 

lfWib:tr or Si&e ot 3:-ror-- Percent ot 
ton.e a C1Cth cente po uible 

ll"I'Ot' 

12 700 2.0 o-
1} 7}8. 5 }6.5 79 
1'0 685.7 16.} 33 
15 720 18.0 45 
16 675 n.o r~ 17 705.9 }.9 
18 7}3.} }1.} ~ 
19 694. 7 7.} 22 
20 720 18. 0 60 
21 685.? 16.} 57 22 709.1 ? . 1 26 
2} 6?6.} 2}.? 91 
24 700 2.0 08 

I et.-11 c.tl t!:e Co:bitled. Brror Factor. ?he ••••a beat 

te::-f):tri.:'Aot a in a.rea one !ro~ the ata.odpoillt o t tbe1r 

titthl •nlJ' t.rll 

s ,.atea Co=bined. Er-ror he tor 

l2 . 08 
24 .16 
1? .4} 
19 1.61 
22 1.85 
14 6.19 
15 8.10 

CD.e can draw tht ll.ne vbere cue c.hoosea on tbe 

tolerab1lit1 ot tbe Cittb. Probablt the two coot 1opeal 

Plae ea u o e 1t.her ao.c.evbere be c:veen 1?- ar:.4 19-t one t e.:para

~•uta tor a a trlc t li.&.i.t• or betveec 22- &fld l.._Wne te~per

&:ectt t or a l ooe e lialt. 14- and 15-tone teaper .. enta 

•••~ out or tbt queetloA tt the approxiaatlon ot tbt pertect 



tittb la to be ot ~ 1=portanee wbateoever. So are all 

o~bcr te:pera:eot• iA area on.. 

Tbe thir4e tor tbe tive teepera~eota anowu above to 

have d.iacueaable !.1ttba e.re t 

5aaber ot Sho ot Error- Error-
tooee aaror centa pet'Cen.t 

th rdo 

12 400 H·? 27 
2~ 400 H.? 55 
17 352.9 H·• 93 
19 378. 9 ?.4 22 

· 22 }81.8 4.5 16 

The considerat i on o! tbe &aJor thirdl teDdl to 1n

Y&rt the relative values abown tor the fifths~ 17-toDe 

te~;orf~eA' woul4 baYe to be eliminated tro~ •D¥ further 

c.oui.d e:-a Uon 1! tb.i.rds s.re to be t.e ld or ~ U.por·tan.ee 

wb&tloever. The Co~bioe4 Error ?actor tor the major t hirde 

o!' t h e re=a illi...Dr6 !our te:per~e:as in area one 11 abowo 

below. 

S"\l..mber or 
TOil.ll 

22 
19 
12 
24 

Co•btned Error Fac tor 
tor ~ajor Tb1rde 

0 .62 
1.6} 
}.70 
?.5} 

U' ve now e~ns1d.er t he c oab1-ntd error !actor o! the 

perreet tittho &D4 tbe caJor tbJrda, tbt r••ult variea 

•eeo:"Clins to t.he process we eoplo7. Ve . can use tbe product 

or the errors to !aTor the a1~gle ver,r e:all error. Tbia 



t• a vorthleae ••thod , hovever, aicee it 11 thA larser 

r •tMr ChiJl cb.e a:.aller error tha t po••• th4; greater 4 anger 

co a te:pered a,-ate:. We CG use th.e 1t.t2 o t the error.. 

or tb• aua o! t l:l.e a qU&r-!:S o r tb.e errore . 'the l a t-ter pt'Oeesa 

1:pha•1ztt tbe Uportanee o! the lL"""ger error. 

'Je C&.D. 1r1eig.b. tbe t "Wo interve.J.a w:utq,u&ll7 it we ao 

4ea i re. !n the tollow! ug chart~ the e oabined error factor• 

o! the two 1otorvo.la are placed 1.a. Yarioua cocabination.a . 

Example 5': Co;1>1ned <:rroro ot i'l.ttho alld Thir<lo 

~Qlli ....!.2::.... ...!2:.... _ll:_ ~ 
Produc t Q.!l 2 .6 1.2 1.2 - ,.8 , . 2 ~ 1-1 
sua ot aqua rea ( appro:d.llate) 14.0 5-~ .!& 56. 0 

SU.. vtcb !ltth raced 2 t o 1 OYtr 
t hir<l hl 4.8 ....... 7-9 

au:, or •quaru vitb !i!th rated 
< to 1 over t41rd 14.0 ? . 9 Zd 56.0 

suz: lii th rHtb rated ' to 1 OYtr 
t hi ro1 ~ 6.5 6 . 2 8 .0 

Su:a or uq\l6.rel vith !1Ct b ra t .. d ' to 1 over t hird 14.0 10. 5 10. 6 56.0 

A.ccol"d.lo.ti t o tbt method u_sed , 2.2 .. t ode te=pe raaeot i a 

•ho~n to be ~~ belt 1D aoc. ot the ~e&aure:.ota , 12- 1D 
0ttera, and 19- 1n 71t &cotter. 24- t oce te:peraz.o t runa 

laat tc al l bu.: oee :edu~~ct. 

'rb.t • X"tr•:.l7 f AVOrable a.hovi~ O! 22-tOE"A ttDptr&

&ent 1n tba a t at ictica co~piled above 1a d1aa1pa~•4 con-



i 

sider• bl7 1t the :inor third • 6 :5 is also taken 1nto account. 

~e trrors ot the ~or tlli!"d in e6ch o! tbe re:.ai..DiJlg 

te;r or.:enta are es tollov.: 

5wa.b-er ot She ot Error- Percent 
\4Dtl .U.C.or cent a 

tlUM 

12 200 15.6 31 
19 315.8 0.2 1 
22 327. 3 11.7 41 
24 300 15.6 62 

1be co=bined error rector tor tbia interval 11 sa 

!ollova: 

12 
19 
22 
24 

4 , 84 
o.oo 
4.80 
9.68 

Tbe addition ot tt.e cJ...o.or third.• tYtO wi th YtrJ' 

sli&Ot vtight, t~s t he res~to atrono l 7 in t a Yor ot 19-

t cM te~pera=ect. ? or exa;;~li! ,. con.&ideri.ng .a veigbting 

o! 4-2-1 involving the auas ot the square& or tht errora 

or t i !t!l , u J or t hird a.ad :.i.:lor third reap.ct1Yel,., the 

re sul t proves to be: 

1:'he aue we ighti c.g, u.si.Ag tbe &Uaplt auas ot tbt 

c.oab1c td. error tac~r :.ul tlplea prodw:e a tbA tollowic.g 

••lutll 

'* .. 



.J.L 
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Coca1dera~1on o! the ha--:onic aeY.ntb 1D the tirat 

area o! co=.plexit7 1• pro'b•bl:r out ot the queatioo, aa 1• 

de:;ona tra ted b)' the errore o! the intenal ? :4 1n. each ot 

tbe tour au.rYivina, te:~peruenta iD. thia group. 

Numb or ot Size ot Error- Percent of 
tOOl I aevonth cent a pou iblt 

error 

12 1000 }1. 2 62 
19 947·" 21.4 68 
22 931 .8 n.o 48 
24 95().0 18.8 75 

':lie prospecu 9t ~~-;ono te,pe:&:ant o.ro tberob7 

improved ao:evh.at "With r e spect to thoat or t bt other 

tec~eramentl, but an error as great aa 13 CtAta 1D a 

te~pe rA:Ont inYolving intervale aa aiAute a a t tAat ot 22-

tone tt:al)4r&.meot 18 a hig.bl1 <Q.Ut &tionablt one . 

co~cluaiooa 2a !!!! ~: Thor• 1a co equal•tt•pered 

eyat tm ~th 24 or fewer tones v1tb eat1otaetor1 cotxiataot 

1nttrvalo tor tbe 3rd, ~tn , e.od ?tb pHt!ola . It tbe }rd 

p~rt 1tl a lone 11 to be admit t~d , 12-tont te~ptra:eat re

ta1oa t t l tegt=Oil1 · It tbe 5-t b pa.rtial i a to 'be adsitttd 

onl7 in the tor: ot tbo ~jo:- third., 22-t oct Ct2ptra.::.ent 

appear• tte ~at . w1tb 19- tcn• te:~eraaent •• cloat aecond. 

It • t.oweYer, : be Uno:- third 1& a_lso to be cot.t14ere4 . 19-

torat teapere.Dtrat is s·ubata.o:ti.&ll7 the b est ot the tempera-



a eAtl in tbia e.rea. 

~ £: Vitl:U.n &rea t wo, the onl.7 te:peruenta 

wholt ti!tba a.re autt1c:1ent13' ac:c:urat:·e to aerit .turUer 

conlidtratio~ are 29-, }1-, ~-. and }6-tone te:::peramenta. 

29- ADd '1- are pr1ae nuabera and their 11ateca are there

tort tntirtt.,' new. ,.__tone te~per&&ent conta.ina tbt ,...,.. 

1 good tiltba •• 1?-tone te=pera:tnt , alone with a great 

1m;rovect~t iD ita tbirda. ~0-tone te~;ere:ent cont~ 

no 1ap . .. ve;:ont on the ~1rd.s ot 12-tone te=pera:ent despi t e 

the great increase in co:plicat1on in~olvod. Eelov ia a 

co:::parison or the !it'tta in tlle tol:l' &1ate:s ill tbil grovp 

v !:J.ch contain possibl7 a~OQ.\:&t·t tittha. 

llu.='ber ot S11e ot Error- Percent Coabiue<l. 
tone a tilth centa Error 

Pactor 

29 ?0}-5 1. 5 ? .11 
36 ?00 2.0 12 .24 
~ ?05-9 ,.9 22 .85 
}1 696.8 5.2 26 1. }5 

Vith tho pertect tilth t•ken alone •• tbe 'bali& ot 

a te~pera:ent, 29-to~• tecpera=eot replac:tl tbe aultipltl 

ot 12 as beat. ~~ it 1a highl7 doubtful that an 1nerea1e 

in co~plication into the secood area c.n be juat1L1ed on 

'the b&sis ot the per!tct !i.!th llozw . Pollovi.ng are tbe 

t1guree tor tbe major third. 
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Nv.aber or She or Srror- PtNIDt Coabiood 
tonee oar or C:IDt l Error 

t b rd 1'actor 

29 372.4 1}.9 66 9.5 
~ 4()0 1}.? 82 11. 2 
}4 }cl8. 2 1.9 ll 0.2 
}l 38?.1 0.8 4 o.o 

'!:'be error tor tbe u jor tbird& or 29- and. '6-torae 

te~pera~nts ia eo great t hat on:e tb&t interval 11 con

s idered, •v•a i t veisbt td l 1got17 •• eo~pared vith the 

!i!tb, '1- &n4 34-tODe te=pera..eots e~er·gt ae the oa.l7 

aatia t aetory proepeeta in t his area. or the t wo' 34-tone 

t~zpera:~nt appea:s to bl the better on the bas is or ita 

ti!tba. 'Jhen the :d.nor t hird 11 bro;~usht 1~to coui deration, 

tbo auper1orit1 or }o- to 31-~on~ tomperamen; becoaea moro 

prooou.nced . 

Number ot 
t one• 

Sho or 
minor 
third 

Brror-
·CI.D.ta 

5·9 
2 .0 

Percent Combined 
Error 
Pact or 

30 1 . 8 
11 .2 

'.'1 t hin cea of eo:;lexi ~,. t vo, uoca: sy·stus built 

on fifths and thirds onl,.. ;.c.-toc.e telQperuent appea.re a 

cleer winner , 1nvol v1Dg no error l •rger t ban 4 cente . It 

w~ ul4 appear un~er the ei~uastances t o be a ver,r auc~ 

~4errated s11tt2 !or. altb9ugb i t ia aentioned !&vor•bl1 

a:ong otber teapora:enta b1 :&Q1 wr1tera . it appoara to 

b••• obt&ic.4 the apoc1t1c a4TOCAC1 ot nooe. Tb11 a&7 be 



£ w . - . 

due in pe.rt to tht non-c:1el!e character ot .<:he t 1!tb.a. \ 

Boet.Dquet •• rule tor !orc.ing tbird.a troll !Utha does not 

applti the tbird ot ~tone to~per&mtot ia never obtainable 

b7 a aerie s or tittha tro• t he tonic. }4-t one tt•peraaent 

;_Jf 
I I 

ot tbo caJor tb1r4 into vbolt tone• wh011 tizta relate to 

one &DOtber &e 6 to 5. 

\11th the conaideration or tbe b&r=onic ltYt nt.h , tho 

bala~ce awings btavil1 to 'l-eone temptru.ent. Bo lov a.rt 

tbe tis'u.res t or t ho 1Dtorn1 ?:4. 

Jiwa.'btr ot Siz.o ot E:!"ror- Percent Comb1Dod 
tone a aeventb. cents Error 

Pactor 

'1 '!16?. 7 1.1 6 0.1 
:54 952.9 15.9 90 1 ... , 

It is ••pociall7 because or thil last aet ot tigurtl 

that }1-tone te~p,tr&:ent thrives toda1 1D Soll.ad &D4 1A 

:&nJ theoret ical vorkl , vbilt )'-to~• ttmper.:tnt it ignored. 

Tbo ror=er ayste~ poosesses th e 7th par tiel in ~•r.7 clott 

a;proxi:at i on, the l•tter 4011 nat poaeeaa it at al l. CDce 

tt.e ?t h put!al 1a 'br o"U.gb.t under eoc.aideratio:J , all co=t~t1-

tion tor 31-tone teopera:tnt in tbis aree o! complex1t7 

•&!liahta. 

\11 t l> t he add1 t1on ot t!>e St h partial, and oape<:1oll7 

ot the lltb, 31-tone te:pera:eot provea d1stinctl7 1nade

~uate1 lea'f'ing no adequate 17ste~ in the seeood 41ft1eultJ 

&rea.. 
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~ }: The relative :erits ot t.b.e t ec,era.:enta 1D. 

-.rea thr·et et.:l &.leo b e ahovn b7 trial SJl4 e rror. '!!he pro

ceae can bt aimpl1!1e4 tor the reader, however, beeau1e ot 

tbe towering domiD~t o! ;,-ton. ttmp eraaeot at ever,r 

eeage oc conatderetion invol~CS t1ttb (error l e ee tb&A 

0 .1 ctnt), !Hth a:>cl t hi rd (tho a&jor thi..S lo about 1.4 

centl too amall) , ond ! i !tb , third , and eevtnth (altbo~b 

tbe seventh is nearlr 4.8 centa too large and taken aloct 

does not aake an ospeeiall7 good aboving in tbi a te=pera

r.ont). It 11 only vhoo t be Utb partial io added to the 

t ess-th&n-per!ect ?tb that tbe SIWtta appee r1 to have 

passed ita reasonable limite (error or tbe 11th partial , 

6 CIO!ItG or about 70 percent) . 

41 -tone t~perament ia ot eome not e in this group 

beceuse it is the f irst t eoperament t o approximate all or 
tbe tirat 11 parti.Us within ai.X cents. 'i'he thtrda are 

the ve&keat 1Jlterve.la in this te:pera:.ent; the ainor 

third 1a a trit le over a i x cente too large, vb ile the 

~ajor t hi rd i s naarl7 aix ee~t• t oo ••ell. The Cl~tha ar• 

excellent, a~ t he ?th p.rtia~ 11 l e ea th&n three cent• 

d.etic ie~t. Vltb 1a.terva.l d.ls~1nctiODe aa a1nute aa t b.o1e 

or 41-toAe tempera.moct , a 6-eeot error muat be considered. 

uite aut> ata.ntia.l, but •• tbi & lo the onl7 t e mpoerue.nt 1A 

ebe third group odaitt1ng tho pooo1bl11t7 of o11 part1&lo 

through 11, it 11 worth aoae c oaa14erat1on. !n bo th 41-

and 5}- to oe tecperaaeota tho 41atonle aeale can be _proc1uce4 



either Yith equal vbole-tocte a:d Pythagorean =aJor tbirda 

or vitb unequal v~ole-tonao an4 t birda vhich appro~at• 

Jutt tbirdo. 

Conel us ion 2 Tecpere<1 Sratems !.!. Obtained & !!:.!!.!. 
~ ~~ Tbo 7tb puotlal bo1A<S unatta!.u.blo 1A tbe Cirot 

area o! co~plexity with t he lower partial• •l• o repr.•ent•4• 

t be c oat coaplete •1•t•= would repr•••nt all intervale in 

t t t ltDt r1o •• c:losel.7 &a poa •1ble. ':hie la 19-ton. teaper..:. 

a=cc t. In tbe aecor.d &:"ea.. 31-tone te-Rporue.nt clo•1ntlt·•• 

b; i t e inelusion o! the ? tb p&rtial together v.l. tb • reeaon

able opproximatioo o! the i a t•rval e 1n the eenarto . In tbl 

t h ird areo, 53-tone te~per a:Ant to e~ellent iD 1tt rendl

t10D o! the sena.ria b'Jt veai on che uppe r partiala. 41-

t oae te:per~=at is t he !"irat in&tuace vhere ~be 11th 

part i al mig.b.t ;-lay a r o le lD a.n equa l t ·e:pe.rau.nt togetber 

w1 t.h the lo~·er pa:"tials. J. ra tber poor 5th pa.rtlal aar• 

t hia o tbervtae excellent te~peraaent. 

l1..l ':'l!SJU TI C.U. IIETBODS 

Sren while u.sU:o trial end erro r 1Z1 their eelection 

or te:pe~~eots t~oricta bave a tt•:pt&d to !led a cor• 

ac1oat ! t 1c bests tor choosiDs one te~pera:~t o.er anotn.r. 

Si:.e e trie l and error b&a provided all o! tbe intor:atlo n 

~·•~•4 b7 QO$ t ~U£~e1ans 1D t be eelection o! • &Je te~ o! 

equ•l tespera.t:lA!Dt !roa approximations o! the pure JUte~l 



ouaber ratloa , o~:e :.1.gbt be Jua:t1!1ed. i.o aek1oa vb7 aatbe 

aa : 1eal aetboda ued. b4i e:.plo7ed at all. .S.aid.tl the otrr1oua 

ad.YaDt&d• a wor~able cathe:.at1cal !or=ul• voul4 p011111 lD 

aav~ns ca lculating ttce tor a t heoriat wbo d.oea not ba•a 

aYaileble all ot t~ fi~a be aigbt need t or comparlaoo 

&n4 proof, there are , it ••~• to ae , other ad.vaotagaa to 

uaiAg a ~ tbeDatical toraula . .ua. accurate u4 aig'nitieant 

cGtbematica l tor=ula speaks v ith an autborit1 ~bicb A~ 
175te~ aupported onl r by trial and error can achieve. It 

ca7 v ell be tbe lack o! this Ye ry author1 ty vbicb bu pre

Tented. cult iple division C:o~ occupyiAg a proainent place 

1.Jl that part or the ~oc!ern :usical wor ld wbJ.eb 1a pre 

oceupi~d 1.D cena!n res;ects YHh "M!leQ&~ies . Tho oe&.--oh 

tor u:.b.esatical $.1.lthortq be hJ.rd ereteu ot aultiple 

41v1aion ba.a ut, in !:O!:t eas.es, ho"ever, vitb Yl r'J lit-tle 

aucceaa . !b4 t ormul&S have tended t o Geri ve their asiatence 

tros t •vored 171 t ema rather than the reve rae. And the 

t or;ulae Vbtn app lied iQ serie s otten have led to patentl7 

Nevertheleaa , e t l e eat ono hithe r to - ~ 

unpubl1c1ud atthod b•• hd t o a l arge mee•u.re, ot eucceaa, .. 
and • w rlcablt union betveeo. c.athe::.e.t1eaJ (Or•u.lat a.nd 

auaieal 171t~•• &a7 ve ll at long lat t txitt. 

r.atbe ::~atice.l ::.t.t:.oda !or tbt deter.:Unatloo ot t he 

&oat deairablt te:pera:a~t have been • arie4; aa~ 41tterent 

&athe:Atical tor=uloe h&v. beeo axplore4, eYen b7 at csl• 

•uthora . B&rbour •~-ve7s ae•eral o! !he:e in Tuning !!! 

.. [4 

I 



Te::e:~ent, beginning on page 128. I ahall 41acusa a tew 

yhi~h ~va bean irO~ose4 by t he current 41aciplel of 

llultipla 41vie1on, concentratic.g on tbo aa not .. ct1one4 b)> 

s..rbou.r. 

Yaaeer and Xornerup arrive, b7 41ttarent aethoda , at 

what a:OUDtl to a cathematicol t orcula tor the determination 

ot an equol tempera=ent. The desirable ttaptranenta auet 

all, according to tbeir tbeor,, belong to the 71bonacc1 

oorieo 2-5-7- 12-19-}1-50 •••• To Tooatr tbo roooono oro 

1110rt aociological tban ::athe~r:s.tica.l • vhile l:orntr\ap rtlatea 

hia choice ot a ?1bonacc1 series elo1el7 to hia Golden Tone 

theor7. It 11 true that tl::e oolden ratio,(..) , ·~u&la the 

D • 1 lL:!t. a• ~ ~ ~ ot --n--- wbere n anA n • 1 are cona•cutiYa 

a e:bera or a Fibonscci series. 

The exiat-ence or 5- and 7-tone te:pera:enta &Co.ag 

Eastern mus ical srstems, the current use or 12-tona temper

aoect , and t be !avora'ble prognosis ot 19- a.nd 31-tou 

t~mpe ra_menta place t.htit theory ot a Fibonacci eer1ee aa the 

~athecatica l bQsia tor. desirable temperacent in a aoet 

tavorable li£ht . Pro~ the a~andpoiot ot evolution, the 

Fibonacc i theory is also ateraetive, beeauat it t nablta a 

te~per~ent to de velop, aa i t vere, out ot tbo t wo i&:e41-

ate~ preetd1:& a,ute:. in oocblnation . It 1A t b1a •aptet 

o t the f1bcnace1 tbeor,r ~-icb ia 10 attrt~t1•• to Yaeaer. 

~•••rthelea a , it ia •ery hard to ••• bov the 

P1bon•~~1 aerie a theor7 e~ be bel4 t o ba•• &A1 c athtca tie&l 



validitJ. Tbe golden mean 1& an admirable act ot arti f ice, 

but it does not derive its sanction !rom the baraonic 

aerie s vb.ic:b appears more irregular in 1 ta ia~ora . 9 Bow

ever much Xornerup may insist that tbe ideal fifth ia 696 

cents , the ideal ti!tb in tbe real world ot acousti cs i a 

?02 cents. That ~1-tone tecperament contain.a exactl.7 the 

combined nwc.ber or t ·ones of 12- and 19- tone temperuenta 

does 1D41cate tbat it will possess intervals representing 

a mea.e: ot those interval.s ot the tvo s1.lt.ple r systeu. But 

this does not guarantee that it will be a better system 

t han the t wo s impler ones . This latter event occurs Onlt 
~ 

1! the errors of the t wo simpler s1ste=s tend to cancei one 

another out. Since the major thirds ot 19- tone temperacbnt 

are too small , while the t hirds ot 12-tone te:pera=ent are 

too large , one might expect that the thirds ot }1-tone 

tempera:ent wil l represent an ~=prove~nt over both , an4 

they do. The aucceaa ot tbG me~bere ot t he P1boo•ec1 

aeries up to 31 is t be result ot tbe opposi tion o! poaitive 

and negative int ervale in the s- and ?- ayata:a . ~bil 

opposition c.reates a pandul a.r balancing relation troa 

ayete~ to ayst&m, up to ~1 -tOD$ temperament. vhicb tends to 

~ke each cuccesoi vo synteQ ~oro accurete in ita representa

tion o! tbe pri nc i pal acousti c values than the one preceding. 

A~ t~ic point, bovever, the CharacteristiCI Of tbe limit 

9l'or a detailed d.iecuaa1on ot t his eubj•ct . aee 
Chapter 9 . above. 

I 

I 



yaluea tor 'both tilth aJJ4 t!drd p:ove too •::aall, tapeeiall.7 

1n t~t CLit ot the !i!th. ~either in ito !i!th, ito third, 

nor itl ••~e~tb , 11 ~he next ceober ot tht ltritl, 50-tone 

te:pe~~~t , &n iaprove:en~ over 31-tone tem~ru.ent. ... 
eo~:pe.ra t1 Te eha.rt ot tbe errors o! t hee e thrt e nl ue • 1o 

eb.ovn below 1 

}1-toDt 50-tono 

aiz.e error 11Zt error 

}:2 696.8 5.2 696.0 6.0 
5:4 38?. 1 o.e 384.0 2.} 

?:4 96?.? 1.1 960.0 8 . 8 

hl'U.tr 4tnon.atrat1on ot tht tailu.rt ot tbt 71.booaee1 

atrlee on the 50-level lies i~ the eo:p&riaoc ot t bt t rrore 

ot 50- and 5}-tone te:peramen~s. Through tbt atYtnth 

p~rtial, tht latter interval is be tter tor tYtr.J poea1blt 

intervAl txc.pt tor ?:6• ~er~ the •xet lltl ot SO-tone 

temper~nt'a ~rd and ?tb parti al s tend t o cancel one another 

out . 

Tbe aup~orters ot adducing tempera:oD.tl b7 tbe 

Fibonaec:i aeriea are riob,t i:l t.beir baaie pru1iae tbat the 

'best t.e:;erutnta vi tb large J:.\LI:bere ot tones are 'ba_aed on I 
the addl:lg tOI)ether or the numbers ot tones or a.lreadJ' good 

te:.;ere.:.ent a. But their theoey ueglect4 to i..raur·t that the [' 

17ate~• eo cocbtat4 vill posses& the op»Osite ebarac:teria~ie• 

wb.ic:h c:&Ac: t l o.ae another out 1.D the additive proc: t aa. 19-



to.oe tt=7erutnt , a nt.;a t1Yt te~~r~e.ot, coa pltJU.nta t ar 

'bettt r ~-tone te: p t ru.tnt whic h. ie positive, tba:1 '1- to:oe 

tt:;>era::.e.ot vl:Ucll ia also negat i Ye. Benc e 19 plus 3-4 pr o-

4•••• 5}, an oxcelleDt t e:porameDt, vhilo 19 plus 31 pro-

4~c es 50- , a deei~•dl7 interior t t =pe rament t rom the etand

point ot tbe ua.ll .ouaber r&tioa. 

'.'Urscb.mi<lt ' .s use ot matb e11.atics in tor zculatina b.ia 

t heor,r or rational to~e a1s t e:s 1a described a bove 1D 

Chapter l . 

Pokk&r :akes ~~ uaea o! catbe:atteal roraulat aa 

the7 rela t e to .cusic&l S11teu . Hla article, ~ ~

:&t~~uea !! !! Husioue , explore s aany procedural tor •••

auring a te~p•r~ent, iccluding a mode ot evaluati on i n 

which unit1 ia the •~ ot the aq~&rtl ot octave, t i lth , 
~ _.,. 

t.bircl and. natural aevtntb. Hit chi t ! contri bution to the 

art ot eeiecticg a te=perace.ot b7 a atbe=at1cs 11 in h11 uae 

ot ~•l7tical geoaetr,r to aac e r t ain tbe ~umber ot t onaa i n 

• h:.;tr&ment tro: tht properties or the 4t!iu1Q& int·tr-

':b a Teri ous dt!1::U.ns l~tervals are arr1.110ed accord

ing to t he nWII'ber of !i! tha, t .birda , &nd aeventbl' , a o that 

the~ wi ll e q~al either :ero o~ ~ exact oc tave or ~ultiple 

or an oe tave . Tbe srnton.ie e o c.:u;, , tor e%&D.pl e , Wie-b lokker 

'Ues u a d.et'1 ::U z:g i::.te~al 1D a nu:.ber ot 1nstancea , U 

expreuod. ae tollova : ! our !1ttha :D.iDIIA oce th.ir4 (oqualo 

t'wo oc t aves) , o r 4 1 -1 , 0 aa a tuJsction ot it a l U thi, 

/ 



tb1r41, and ••••ntha, raapect1••l7• 

7okktr proceed• to der1Ye t hat tt~ptr .. .nt ~cb 

u.atl t~ tollov iJ:.a th.ret dt!1.D1.Ag i.DttrYa.ll t t~ l)'llto.DJ.e 

co:.a; 22S:224 (two !i.!tha plua tvo tb.ird.a, atnua a ltYtntb); 

o.o4 10~:1024 (threo lnanths. plua a !1Cth). .l a;rHoa 

baatd on thtct three deCin.Uig 1ntenala 11 tXPr••••4 ill 

ano.l;rticol geomttr," aa tollova t 

Interval P11"tlul Thirdl StYtntha 

61:80 4 -1 0 

225:22• 2 .2 -1 

1029: 102• l 0 } 

In ana~t1cal geozetry tbe Jolu;1on 11 Couod bJ 

a441ag all products of grou;s o! thrtt nu=btrl that would 

be tor::e4 b,. the descending 4ia.gona.la i.t tbe tor:u.la wut 

continued, and deducting !ro= it all similar pro4ucta or 

tsotnding 41agonele. Thus , the equation Above btooaea 

(24 + l + 0)- (-6 + 0 • 0) equlllo 25• 6 or }1. 

Ot courat, ... t tb. other d&ttl tb.e aa.c:.t IUtheaatlc&.l 

proce•• auos• •ts other te:per~Ata. Subati tuttca tht 

ee~1ama tor the t,nt onic co~, t~e patttru btcoae• 

8 

2 

1 

l 

2 

0 

0 

-1 

} 

which 11 e qual to 41. Ua1cg the firat two 1ottnala aboYt• 



•• in 41-;one to:pora=ent, but auba tituting 6144:6125 (tbe 

di!terence Oet~een three thirds plua ~ aeYentba, aod the 

portoot !ittb) tor 1029:102" 1 5}-tono tu:poruont 1o 

obtained br tbe tor-ula 

8 

2 

-1 

l 

2 

' 

0 

-1 

2 

until tbo d efining intervale be•e been estobliabed. Tbo 

entabliohcent ot detioing intervals 1a an intermediate 

proctaa between the eQtablilbmtnt or acous tical atandarde 

An4 their realization in a t e =peraaent . •ttezpta to 

t l1=1nate this inte~ediate pro~tdure have , however, betA 

8t4t . 

Barbour ~~ aadt auch au t ttt:;t vith teroar,r con

ti cued traction.. a, Yireue ot what Aarbour colla a "Qi~~ 

trp&nMion• he is able to obtaio tb. beat oC tbe eyeteaa 

uatng titths and t hirda 11 a eer1eu.10 Barbour'D pertor

CW'I OC t ie •• in.genioua u it 11 co:plex. He !irat opplita 

t h e tl tt.Dd.a.rd or Jacobi ttrD&r7 eontiz:.ued !rectioa.a , obtain

tao e a e rie a or sup::;osedt,' ideal te;:~era:enta WliAa thll"da 

&:14 ttttha . ?'indi.O.S: !be s t :--1es b£41.7 v&nting, he re•ereea 

tb.e teru:, obtaining uother expac.sion on the aa:e pri.ll-



princ iple: better but still r.ot o~tirel7 sotistactor7.11 

tically he works out a rorcula vhe reb7 t he two proceeeea 

u• alt-ernate d. , t he choice be t vee11 tbea to be d.etera.ined. b7 

vb.ich ot the t wo wuld involve the larger d.eYi eor. Tbit 

r eJu.l t or ttUa co~plicated. procedure 1a almost id.ent.te&l 

v1th !run'• ao:evhat a~lar <&lc~ation based on ttrn&r7 

eoct 1nued. tractions but ua1AS aubt raetiOD tn.taa4 at 

Sarbour'• 41Yis1on. Barbour '• a . thod ie ••ailablt to all 

vh.o • r • lntereeted.; ae -~·· 11 g.ec..erall7 Wlk.D.ovn 1n tb.ia 

count~It it v1ll be exacinod in eonsi~erable detail . - -
FROl'.!lSSCR BllU!l' S I'J:l'l!Ol) 

n e :lOS~ i:pres&i'YI a&eh.e~tical c ett od 71 t propoaed. 

t o r the deriva tion ot sy.te=- ot e~ual te:perament troa a 

I U"ill O! .ju.at interval& (Or t'rc& 8Zq Other i..D.terfl.ll it 

thor should bo desired) vaa t irat presented in 1919 b7 

Vtggo Brun, a Norwegian catbea atica proteaaor. He h~ 

-

•tc.~ e •xpu.nded on b.ta vie w• ia a eeriea ot a.rcielte, t"t c..l q' 
1 
J 

:oot. r ecent and coaplete o.r lllb.ieb vill appear t hie 1ea.r in 

U:.e :.o rdie k ~ate:.a;ia:C Tidakri!t .. 

pro vid eo the ~u.sic theo ri a t v1 tb tt::.e ~t ua ! u.l appua~ 
... -

11Tbe Jacobi exp~aicc. te::.Cs t ·o !&TOr t--t:.:;-era:ecta 
'Wi t b e""c tlle:ot t hirds but qutlt! oc.able C1!'tha: } , 2,. , 28 • 
31 , 8? .. The last two ter~l listed ho?e good fi!tha •• vell . 
'!he oxpan.oion tb.rou;h tbe reve·r ••l o f terra tn·or• the 
r trtha : 1 , 2 , S , 12, 41, 5~ ··· ~te mi1ed expansion al ter
natts on p princ iple ai=ilar to Brun ' a where the l &rgeat ot 
Lhe possible ter:ne 1o uoec1 tor taeb. nev stage o! the erpa.n
t1on. 



1et de~ed. t or p.rob1::l.g t he r eaches or multiple G)'ltt:u ot 

eq~al te~per&&en~. 

Brun•e :etbod tmplo)'a Euclidean algoritbaa . To 

begin vitb, tbo logarith=a o! all jus t intor.ali on vhich 

th t 171te~ 1& to b e b alt4 are computed. 4Q7 number ot in

t erTal a cay be e: plo7ed (ol t bougb SruD cc nct4tl that tbA 

ze thod beg1~ to lose ita accurac7 1! too a.Jll1 r aot or a are 

t nvo1Yt4) and &n7 me:ber l of the har2on1c seriea =-7t tor 

expe ricental purpos es be omitte4. Let us tollov Brun• a 

proc eea , using th~ oc tave , ti~th , end maJor t hird .. 

va lues tor our example. 

' 

Us calls t he logarit~s ot the t hre8 val~• a, b , 

611(! c rup~cc1ve]J 1 Wld. places chea, ~ 

ord er t r o::. t he bi~est ~ !!:! loveat, in PIG. 1 

' the lett band colu:n. 'rho rightlw>4 
• "l 71 

col~ ahova veluea t or " 1 ' 71' 1.1' ~· b "2 7z 
12 • z2 , end x~ , ,., , a.nd :~ , •• abown ill 

0 "' 7' t1gure 1. 't'heae repreaec t tho number of 

tlmea t bt ratto whose loga r ithm io on the 

~ 

• 
&1 

&z ., 
le t t will so e~.,f.S!:r in to the rat ioe or t he ict erval a x, )'1 

and c, vnich 1L t~a caao r epr eaent t he oe t aTe , titth , and 

~•Jor t h i rd . Pig~• 2 abow• t be 

sue t or =ul • vi tb nw:erical Yalu••· ' 110. 2 • 
Brun'a ba s1e p roce•• 1o to "' (2:1 )0.3010 ~ 1 0 0 

eube ti t ut e •a - b • tor '"a• i .o. tht 
(}:2)0 . 1761 I : 1 0 

l t !t hLDd colu:D, producing vith 
(5 :•)0.0969 0 1 



each ltage logarithaa representing oaaller iatervela, 

vhJl t iA the right hand colunns be eubatitutea •x1 plu. 

~ • tor •x1, • vbic:h 11 to aa7 tba t ht i,ncrea.aes th• 

n~er ot tiua the Ut•rvals (now t:aller) ere usecl. 

Tbrougho~ tht pr·ocesa, a , b, and c r epreeent the ai~•• or 

intervals vhll e ~· Z2• and x~, etc., repre sent the nuaber 

ot occuranees vt each o! the respect1•e intervale auch 

tbot u 1 plUA b"2 plus ex? equale exaetl;r &Jl oetno, . .,.1 
p1ua b;r2 plus c;r3 a perfect !itth, ate. _ __,_ -- - -

!be aubst1tut1on abcwn 1A 

Fi~Jr. 3 repreaenta no baeic 

cba.:1ge in the valuoo , 11-Aee 
%1 

no. 3 

11 *1 

li 

( o - b)x1 pluo b(x1 • "2) • 

u 1 - b"l • b"l • b"2 • 

• - b 

b "1 '"2 ,.1.,.2 11 . 12 

"'1 • b"2 • onct~ tbo ,..,.. • • 

in Piguro 1 . 

The amallelt interval, c , 

Jo a kind ~~ carried-over remainder 

which rem.a i.Da outaid t ot tbe ma.in 

calculationa until one ot the other .... 
tisur·ea beco:ea c::aller, WereupoA 

"'3 "3 '3 

FIG. 4 

0.1249 1 0 

0.1?61 1 1 

0.0369 0 0 

it is rena:.ed b, a.nd tbe nev azalltlt tera becoaea t""' 
.:e~taioder.. La. Figure 4, the DU::bera 1A Figure 2 are 

: odi!ie¢ a ccording to the procesa ahoWD i n Pigure 3. In 

place ot t be oete?o, log (a- b) reproaont~ tbe pertoct 

t ourth, appea.ra . tb.e x col\mn to the right ot the li.D._t 

0 

0 

1 



~ 

ahovl that Ont !ourt.h pl\1.1 oo.e !i.tt.h co•priatt a..a octa'f't. 

In 71;ur·t 5 , tl:t te~• or ?isure • a.re a1:pl3 rea.rru.ge4 

to phce U.. th..,..e ~ent.la 1A 

po1itio~ a, b, and c accordia& to 

e1t.t. l1l l'igun 6, the bta1c pro

c etl it repeated. !be fourth , b, 

is deducted rroa the tilth , •~ 

lteYing •a- b, • a 9:8 c~r 

eecond . Zbe oe t aTe ia ahovn to 

cona13t ot two t our th.s and a aaj or 

second , t he t1!tb ot one tourth 

a.c.d a aajor aeco!ld . ~e third 

~$ 10\ to pltJ a :-ole 1A tl:c pN-

In 1'1&=• 7, the teru in 

Pigure 6 .re rearranged to place 

t ba 1nt er.al ti~e s iD desctn41ng 

ordar. Io t bie process, tbe 

ma~or tb.ird. ia ad.va.nced. to poai

tioa b. rtoure 8 ahova a rep~t1-

t1on or tht baaic procedure, with 

tbe cUatonlc ae:itooe lG:lS N:lult-
:Z'l. - 7':"!"' 

1og troa the aubtrac tion or 5: 4 

PIG. 5 

(}:2)0.1?61 

(4:})0.1249 

(5:4)0.0969 

) 

~I 
I'IG. 6 

0 .0512 1 1 0 

0.1249 2 1 0 

0.0969 0 0 1 

PIG. 7 

(4:})0.1249 2 1 0 

(5:4)0.0969 0 0 1 • 

(9:8)0.0512 l 1 0 

PIG. 8 

0.0280 2 l 0 

0.0969 2 l l 

troa 4 :}. At this ia the aa.Ileat tnte~al eo tar produced, 

it eaauaea posltlo~ c 1D tbe rearrange•eut vhtch la 4ep1cted 

/ 



3?4 

nG. 9 

(5:4 ) 0.0969 2 1 

(9:8) 0.0512 1 1 
I 

lD 11gure 9 , th e oetawe 11 

a bovn aa cocpr1ae4 o t two j ust 

••Jor t birc!a, a aajor tone, llD4 

two diatonic aecitonea . Thia c&D 

be ate t ed a a t ollova : 7¥ ,..,.,. ., • ,. , 4 

(16: 15)0.0280 2} 1 
{3 

~xt~xi-N~ • ~ . In l"1sure 10, nG. 10 

1 t ia turtber broken dowu i.Dto 
(10:9) 0.045? 2 

trod! tlonal un.ita or the just 
(9:8) 0.0512 3 

diatonic IC&le 1 three 9:8 tonea, 
(16:15)0.0280 2 

two 10:9 tone a, aDd t v o 16:15 ~ 

•~cUtonea. 1'h.e other risht nG. u 
haad colu:u~a ahov t he tradi-

0.0512 3 
Uoul breudowa or tll1."'4 ~ 

0.045? 2 
!itth aaono tho&o 1ntorT&la. 

0.0280 2 
l"1SIU'O ll ahova tho 

1:.8CIUI&r,7 rearrangement to ro- • nG. 12 

atore tbe va.luea on the lett band 
(81:80)0.0055 3 

aide to nucerical order, ODd 
(10:9) 0.045? 5 

figure 12 obowa tbe next atep 
(16 :15)0. 0280 2 

in the 1Ubdlv1tloa. with a nov 

am8ll value, the erntonic co~•, ecerglAg t o ••r~•• the 

role ot "c• tor qu.1te eo .. tiDe. 

l 

2 

1 

2 

1 

1 

2 

3 

1 

\It are now at tb.e poi.D.t \lbere recogc.l~abh te=perec! 

&J'S uma are abo• at to eaer«)e, R.D1 1 t 11 tiae to a at. our

eel vee how one 1a to interpret the tigu_rea obtaUe4. .t.a 

haa been atrtaatc!, u.1 • bx.z • ex} vill &lV*J'a equal &D 

I 

0 ' ~ 

0 

tilt 
l 

l 

0 

1 

' 
.. 

1 

OJ 

1 

2 

0 



~ 

octave. Do ve, then, edd. the nu:be::- ot ter-....s tn t.bt !!.rat 

col~ to the right ot the l1ne to obtaio tbe number ot 

t onea ill our tt:.pera.cent? No; thia ia not dona, btcauae 

the third val~ 11 txte rn.a.l to the mall?- proeeaa u.d. ia 

11ktl1 to be 10 acall aa to be negligible t o the proce aa aa 

a vb.ole. 

ID Figure 1~ ( vhich ie a .riG. u ~: si;ple rearrange;ent ot Pigure 
(10:9) 0.0415? \5 3 2 

12) tbe octave i c composed ot 
(16:15)0.0280 ;61 oL fj 

t ·en u.nite, tb:ee ot vh icb are 
(8 1 :80)0.0055 ~ 2 1 

:e:-e ayntonic co~••· '1'o pro-

~ pose a 10-tone tenperaoent ~ ith unite re;re&eating ever,r--;~1QO trom ~iaor ;ones (10:~) to &]ntonie eoaoaa (81:80) 

,..,l:ld be absu."<< . ./hat Figure 13 c!ou otter, 1J> .ita t<>p 

rov, (derived !roc ro·., 2 ot Pisure 12} is an in.ata.nee o! 

5-tone tecpera:eot in which tbe ti!tb. &n4 major third baTt 

their proper values . A cocp.artaon ot th1$ rov wi th the 

au: or tbe ter~ in Pigure 9 , a~owa the superiority ot 

t b1a 9rcceaa. Tbt au: ot tbt ter~ ln Pigurt 9 art 5, ~, 

~c1 1 r•apecth·tl.J. It thia vert 1cc1ttd suppoat4 ~o reprt

aeot 5-tont te::para.:unt, the third. vould be &.u.eb too acal l. 

~86 ceota 11 cona1~trabl1 cloa•r to 480 centa tban it 11 

to ~ centa; tb4 rov ;, }, 2 rt;reaentatt!a teaperaaent 

better 'thaD tbe rOUC)bt r, tArli•r eat1aatt, 5t 3 t 1 . 

P1gure 14 carries Brun'a proeeaa a atep tartber, 

wi~h a ne w te:per~tnt ot ? toces to tbt octaTt taerging. 



?igurt 15 repr;-es ento the ebar- PIG . 14 

ac.: eris tlc rear:a..n.oe:e.nt ot ter:a.a, 
0 . 0177 5 ~ 2 

and 1'1gu,.. 16 c arrioa t ho procoaa 
0.0260 7 4 2 

anocher step , a~ov1ao tho e:er-
0 . 0055 ~ 2 1 

genet ot 12-tone tcmperuoct . I:t ~ 
l>igbt be :.entioud at t h.i a poiDt l'l G . 15 

tbat t!:e prosression troa 5-
(16:15)0.0280 7 4 2 

througb 12- ha s begwo t o to11ov 
(25:24 )0. 0177 2 ' 5 } 

!asser's ?1booece1 t e riea. Thia 
(81:80)0. 0055 } 2 1./ 

it will eoct inue to do as long 

•• e ver: U Y interval value ( a - n c. 16 

b) rematna la~ger t han the ayneooie 
trt:••t' 0.010} 7 4 2 

7 ; 7~ 0 . 01?7 ' 12 7 .. 
~ s oon , however, aa tbe new 

• a! ue has been reached vbich 1a 

~aller th an the syntonic eo=ma , t be s1ntonic comma wi ll 

paaa !rom the : ole ot ~de tining* i nterva l to t ha t or •con-

1 

atruc t icg* t nterval wed tho val~• • to tbe right o! it 1n 

the chart will pl OJ a t"ole 1n <.1e ter :tining t be nw=ber ot 

t ooea lo the to::.poro.;eot. It 11 F tsu re 15 -..h1cb be s t t bo-..• 

the 12-tone oyat e= ~nder ar~n ' s approxi~ntton. to tht 

\ 
octave a.rt aovec d!a.t onlc:: t t z.1 ton(ta ( 16:1S) and f i ve 

~~o:atie semi ton• • {25:24). Throe oynto nic eo~a are 

· le tt oTer,• v~~eh a re generelly • dde4 t o ~· or the 

ci!atonic se=.itooes in the t heor:; o r JU$t 1"tonation. 

Fisure l? repreeec.tiil the roa.rrans;ement ot 71gure 16 



in tt.e d e teeod1.ng ord.er ot the !.nt.er-

e t t figure , but the c.e v l.nterval, 

repro aoot1Jl6 the ditterenc e be tveen 

the chro=•t1c ttmitone and the 

41tl11 ot the cajor t b irda , 

11 cea rl,. •• s::ell. 

l'toure 19 oho.,·• tbt re-

"''~ "• '~010, 
i s a~ovu, a~ vbe re a new interv•l , 1 ,~ 

-- / . 00?4 
a::.aller than the ayu.ton.ic: eo--·e t a }J72 

.00~~ 

) 
t ormecl . It is thla atag:e vhich 

11G. 1? 

12 7 

? .. ,. 2 

PIG. 18 

12 ? 
19 11 

' 2 
l.; 

FIG. 19 

19 11 

12 '] 

' 2 

PI G. 20 

'n 

4 

2 

1 

6 

l 

6 

4 

1 

.t: 

~ 

al ters the Fibonacci ser ies, &8 81: 

80 i ss~• ~osition b lD the re-
91Ylp•" 

/ lfl >''~ 
.0029'\ 19 11 6 

errangecent which 14 ahovn in 

Yigure 21. 

Thuo it is no t 19, out 

rather 3 t oneu , repreaent1Ag tbt 

llWiber or s yntonic co~as carried )/U~ 
~71 -00?• tr ~ s~apler 17steaa as a re-

~ go .00~~ 
::a teeS. r, vhtcb C\LI' 'be adde<l • • the 

. 0029 
•rntonic eo..,.. 1a adY&nca4 to the 

'1 
' 

PIG. 21 

}1 

' 

18 

2 

18 

2 

19 11 

10 

1 

10..., 
;; 

1 7 l 

6.) 

r&.."\_lt ot co natnactlcg: 1nte:Ta1 . .Pigu.E"t 22 sbov• the •~:oeac e 



I 
/( CI1114A"" • >7) )6 J I 

3?8 

o! ~ •• the next 17$t·e= tb.roug!:l. 

the coabin~ ot }1- &c4 3-tooo 

te:_pe t•ueota , the latter abown , 

by 5-""UD • a ce tbod. , to haTe the 

,;w/, ., 

best teoturea to bal&:lce the weak-

Figure 2} ohova tbe n-

to l lova; • n.ov 
? ~ 

l"IG . 22 

~ }1 18 -.0055 ~ 20 

.002'3 19 11 

'11 
PIG. 2} 

.0055 "' 20 
arr~t=eot vbiCh 

J• sz,,.-' .oo29 
a~ell~at lntervnl pooi tion ' 

19 11 
aasw:u:s 

) 1<1/1•) .0019 }1 18 
•• In Plgu:-e 24, I t I& 5}-tono 

te:.~:-e.s:ent v :Uell l.o shovn to PIG. 24 

ari se out ot t he coa.b!.nation 
17~t/fz<>l .0026 "' 20 

o! ultrapositivt "'- and nos•-
.002'3 5} H 

tive 19 -tone t egptra.:te:l t s . Vlth 
.0019 }1 18 

the evo lving ot 53-tone temper- ' ~ 
e.::ent, the syntonic co~ haa l"'G. 25 

co~pleted. its rol e &s construct-
71'i'11J·~' .0029 S} }1 

10 

11 

6 

11 

6 ~ 
10 

11 

1? 

10 

" 

.. 

1? ) 
1"<!; 1ntorva.1 and v ! ll ltstlt bo 

fl•l /•h l o0026 } 4 20 11 )~ 
iubdi vt <led. . 

. 0019 }1 18 10 
Plgure 25 representa a 

rearr&Qbement &Ld Piou~ 26 intrc-

thit t7Mttm arc CODA 14tre4 br1t~l7 

1: Cb• pter 6 , abo•• · 

-( 
PIG. 26 

53 }1 1? 

8? 51 28 

31 18 10 



tbe next te~pera:ent to 

}79 

l'IG. 2? 

51 28 

18 10 p 
}1 1? 

PIG. 28 

tiftbl e.nd third a , and 1t 

ttovo Jo Chapter 6. 

1a t.loo 
.Jf'I"/J;-~o; .OOO? 8? 51 28 

.0019 118 69 }8 . ~(I'., • 
• 000} 5} }1 1? 

23--:, 
Tht te~pera:aota agree 

'!'he alsor1 tb.: ca.a bt con-

tinued, tn vhich coso it 7ie1ds 205 , 
c;:.r- J 5 'I 

323 , 441, aod~tone tr~pe:.ctote . 

al~oa t e o:.1=·le t t l 7 \oi.toh t hose d e r1vtc! b; J..ri tl D.nd b1 Barbou.r 

by di((eront method&, ~1th t be latter =•mbere o! tho otrieo 

~:.oYiD~ 'be sreate&t d1ve r 6en::e bttvee:~ tbt~. Tbe error 

o! t b1 r4 and titth alike in 441-tone texpera:e~t 11 1••• 

thau .OS cents a.od con:pares well with tbt errors in IJ'I te.:. 

C! o~ tooea vhic~ a:e a4vocate4 b7 otter t btoriata. 

A proceaa e1,ti.il er 't.O t be one outl ined above can 'be 

follove4 ror a~ co~binatton ot intervala . The tbtoriat 

ca~ cboo&e t o use atd! t ion&l T&l~•• 1D tbe ba r;~aic aer1ea . 

£rue h1uel! haa ce.:r ied. tt.e proceat: through using the 

above v~ues plu• the s eventh part1el, obtaining aa 

te~pe:uenta !or ~te octave, 13-. 15-, 18-, }1-, ~5-, 5,- , 



~ 68-tonea . 12 ~ &gree~ent ot t~:s aer i e a wt th tbe o:a 

studied abo•• a t the }1- ~ S3- le~ela strenstbeca the 

Clll tor thtat teapera:e~ts . BruQ baa &110 Ult4 tht l &at 

prcc u a with all part1a.ls ::hroush ll, 11M o't>ta1De4 tho 

t ol l ow1ng roaulta: 15, 1?, 22 , }? , 41 , 6} , ?2 ••• • or 
t htae, I:Ut ovu preteren_co l iea vitb. 41- a.n4 ?2-to.ue 

tt=pora~tnta. botb o! ~icb hove been touod quit e attrac

tive b1 ot.b.or theoriata , u.aua1l;y tor •or7 d1tterent rea

aona .1' Carrying t his al gorithm tartb.or, I t1n4 tho next 

te:pe ra&enta to bo 69-, 161-, 233-, and ~-toae te:pora

centl a Tht 1nte:-vals o! 2?0- to.ae te:.perc.:.ect tbov t he 

potential •alue or ~·· :et~od tor lo: a ting t~ceptloaal 

te:reruenta . 

Iaterva,l 

Site oc inter vAl 
Site ot error 

}:2 

?02. 22 
0.2? 

?:~ 

968.89 
o.: 551.11 

0.2 

Tht a=ll l ea t unit o r the 11a tec being 4.44 ctnta. 

tbe error novt r excteda 18 p~reent oc tbe poaaible; tbl a 

lo a ver7 good ecbieve~ent t~r o •rate: v 1th ao Z&Ql 41a

;:o:-att !acton. 

It 1Q &lao possible to use Brun ' a aethod wt tb 

12ln =:, ovn calct:la : io ns using !:ruJ) ' a :.etboe1a . l 
a rr1ve at al1.;!1tl1 dit!ere!lt tigu.res: -'9 1.c.atea4 ot ~5 . &.Dd. 
? 1 1nottad or 68. 

1~41-toce te:.~ra:ent !a di aeuaae4 above 1c tbe 
!1rst •ect!on ot Cb6~~c= ?ive. en4 ?2-tone t~:per&Went ia 
4iac\lllt cl c.e a.r t.be ec.cl ot CbaJ>ter Your. 
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1nte~a1a l 71Ag outside of ~he ha.-:onic •er tea . aho~4 !t 

b~ the coc•iction or e.c,yo::.e ae~k:i..ng a more coaplex equ al 

te~pera%ent th~t substitute 1nttrT&la (auch 11 a larger 

~ajor t~r4) are preferable. fbe a ethod can alae be us~ 

with cembera or the bar~onic aeries b~t oaitt1ng oDa or 

!!lOre , •• l'aaaer auggeets -.d t .h regard to t be }rd. partit.l . 

Srun ' a procedure, in abort, providea a meana tor convertiDg 

~1 eet or pretorrod intervale into a eer iea or equal 

toc::ere.centa t ending to i.ncre .aae in accurao1 11 acre tontl 

a.re a44ed. There 1a a abortc o=1ns: , 1D t bat there ta no 

rooc t or dtt rerentiatlng the ~;ortaoce or tbt • arloua LD

tervala 1n-.ol•e4. 'C"'-ia sa:.e wea.k::esa baa been not·t4 1A 

otber :.tboda tor calculating &dv&3tageo~a te:pera=euta. 

J. ! u:-t he r abortco:.in& , it oce v i shea to cal l 1 t that , 11 

tbat it atill does not per!ora a ouaicl&D'• thi~a& tor 

bi =. Ht cua t stil l decide vbieh intervale be ia t o uset 

and ho ous t Jeloct from ~he series which the ae tho4 he 

e~plo1e yields tba t single system vhich 11 the bea t coa 

Pro; tae , t or his purposes, betveen accurac7 and expediency. 

CCSCLOSIOJI 

It one accepts tba acou.tical validit7 ot •~ll

:ll.L:lter ratio• on the oc~ h8.11:! and the pri.:lctple of ·~ual 

~e~per~eDt on the otber, one •~pe~s all but bound to cou

Cl \rit tbat the oost cle& i:able te:p:era:entl belon& to the 
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j 1 t" 
r olloviag aer'iet: 12, !2.· 22, ll· }4, 41, a. ?2.... Tbe --

W)!St:-Uotd te:pe:-ed 111te=• sett: 1 in p&.rtieular, to otter 

cUs;iDCt aeou.atiea.l r ·e!i:.e:.e.nts O'fer all t boat which pNcec!e 

tbt: i» tht aeritt . Tbt a1ste~s not ucderl1ce4 diapla7 

important disadvantaoes as well sa ao:e advantage• o•er 

those ~hicb ~ediately precede tbem. In seneral, accurac7 

.nd scope 1nereeoe with number or tonea, but eo doee ditt1-

cult7• It ie possible to meas ure the degree ot accurec7 ot 

a te::~peruea.t minutel,. , and --~ ~ave attacpted to do eo 111 

the foregoing pagea.. It is onl7 ;osalble to gueaa at the 

di!!ieulties involved in lea-~ing to ;error= and to hear 

~uolc baaed on 19-, ~1-, 5~- , or ?2 ecuoda t o the octave . 

Ctrta .. lnl1 tbt gecere.li:.ed. ke.rboa.rd deserves a geoera.li ted 

tea t.14 S..r-trei!ling e~:-bents vith aoloctt4 eubJect• 

:ay attord 1 ptrtial aosver to another i:portant aspect o! 

the ~ueation. "bov 41tt1cult?~ 

1bt gonorol i:ed keyboard ~1sht urrord • boginniog 

tor • ne w ~~~pored Ayate~ ; tho ear c1sht bo expected 

S.radunlly tO d.it;O&t tho D.O'tt pi tell reletionabipa CO.Jl\llll.7 

produced. . 1Jitb the r:eetery by the ear would come tbt 

• v8 1lib1lit1 of tho v ocsl and atr~ ctd1a ea vell •~ the 

s l ide tro~bonta . Velved brass instru:~ota could bt eaail7 

•dapted by tbe additio~ ot one or t wo : icrotcoal crooke. 

Eeyod v1D4 instru=ent& ~uld present tbe srtattl t problea, 

. fl 

14Stt ,Apptz:.41x 1 . below, tor cUagrue &DIS cltaeriptiona fJ 
or proposed gez:er&.lized keyboa--.1s. ~ ::. 



but m~t19lt t 1trl or ke7a on a wind 1oat~u:tnt are b&rdl7 

o~t ot tbt QUt $t ion . a~ t~eir exploitat ion ~~ only Ju.t 

begun with tbt prtaent voo¢w1D4 iu.truaeote . 

~btrt lttca littl• point 1o a4&pt1cg •any ta.truaent1 

u.ntU tht d1rtet1oo or !urthe r evolut-ion . 1! the N 1• orae , 

becoCee clt arer. The abaenc a ot aut/icieot 1atorcat1oo 

tor &n lmmioent dec1Gion ~us t b~ conceded. Thera appeare , 

therefore , to bo littl e chance that multiple 41•1e1on wi ll 

repl6Ct 12-tooe tecpera::.ent i .n the cea.r ruture. 

But there wo~d appear to be oo reeaon wby :ultipl e 

c!ivie1oo oo e n experi::.ental scale &houldn't co-exist with 

12-ton• tc:;e~nt. ~e~e is acple Just1!1eat1oo tor 

!ur,her e:r,lerl.::enu.l co:;ros~ tioc , cxpc~1::.enul !!.earlog 

testa, &Cd experi:eotel atte~pts at obta1Aing pertorc&nee 

•irtuoaity tn vsrious syste~, cot onlt in the 1aolate4 

5tu41tV Ot 6 P&rtcb, 4 tokker, end a ~~s~hDtb~Od~~y , but 

whe:ever creatlve mua1c1ans are disaat1 ~!1ed with the 

At\tet• l tJ La currontl1 at their d isposal . 
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In tbic section, I pretent what I cooa lder, troa cara

! ul fXuina tion ot tbe proposal. a alr•ad.y mad e -.nd .(roa m:s o wn 

laboratory erpe:-i;enta, to be a p.&.rt1eularl .7 fruit!ul ll.ne 

ot inquiry into tbe poasib111t1~s or 19- tone tem;era:ent. 

It !a, oeedleas t o •13• s~bJtct to diaaoree:ent at ~point, 

c.j it qkel no pret ens e &t. c1h-lultit~.g e.n:t but one br&Dch ot 

the poeaibilit i es inbo~ect within 19 -tone tt=P•~~ent. It 

il boptd thAt the lnclueion or • ucb • theor~ vill fUrther 

tt !mulete tbous~t and exper1meot£t1 on in 19-tone temP*ra&ent. 

Tb.e ga.Qut ia drJ.va !roc aatura.l intervals, vhie~ .are 

t e;pt red to tac111tato transpoa1 t!oo and codul&tion. In it• 

ort~ in the aya te~ 11 bi - intervallc (tr 1- 1~tervalic co~tLng 

t t t oe -:a•• >· n~ cvo basic 1~te.:-T•l• &:-e- ct.e rer!eet !i!t.h 

( }:C) choae1\ b ecauoe o ! i t• '-' o:lna.nt position l.o t.l:.tt over

t oea t tries, &Dd tbe •inor tbJ~ (6 : )) ehoatn becau.e LOOng 

t ht i oter-.all of the lta.&r10 it :11 :Oit auperbl..r •u1tt4 to 

the peculiar ftaturel ot 19-to~e t&:ptr~nt , Calling aho~ 
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ot the iaterval ereattd by five unita o t tbt tt~pera:ent b1 

on.l7 0 .15 e.eut. Sta.rt l:o r ro=. a c:ez:tral t one , the s:a.:aat 11 

created b7 ad~~ single !1!ths • bo•e and b4lov, end b7 

edding t wo superi~poaed ~i nor tbirde ebova and three be low 

escb. t oea t bereb:r obtained . Elsbtten tones, 1Dclud1ng t be 

central tone , are produc~d in thia aa.c:.er. R t uinet,ee.oth 

tone m.1.1 be derived 1.11 UJ:1 ot ae.,.e:·al wqs. The 19- tone 

systeiO darivod in t!>ia mannor i s atc wn, .~~ •• in .E:u=ple '>? , !' 'J~'f 

Ch6p:er 12. I t s interval• are cocpa.red wi th t hoae ot 19-

toce eQual te::.per..,oot i D Exa.:oplo 45. f? 1 

(.- ;-' ? ... '! 

CC:ISONA:;cs AND DISSO!l.L~C.! 

ru t\10 l>aS1C 1lltervals I.N COD.IO!lCeU, oa are tl;eir 

oe teve ioversions . b.la o coosoo e.ct u e • 11 co:b1.o6tiona ot 

th& ba~c interval s us ed eiAgly . and th~ir inversions. All 

otber 1ct t rT&ls are either neut r al or dlssc~~t. 1 The eight 

consonan~•• within tbe 1~-tone 111tes are: 

} ' 2 Pe r (oct (i!tb (ll/19) 
" '~ Perfe ct !o~th (8/19) 

&,5 ~i nor th i rd (5/19) 
; ,} ~aJor aix~h (14/l g) 

1rhere a re sever al reaaon a t or t t e &elec tion ot t bie 
P& ~tie~lar group o! 1~tervals as consoo~t . ~be1 are, 
(l} structura l: &inet tbeae &re tt~ 1ctervala • •4• rroa 
t:;~ slo.rtlAc; p:O !.Dt ot t vo basic i:ltervcls eac b u s ed &! ngl 7; 
(~) ~C.)ua:i e: ~htst i nterva ls re;>rtt t:t u:a:;.utt tion• \)l.J tte 
~1~~~~st r • tlos wbicb can be opprox!=ate4 vitb a~ de;ree 
O! acc:urae1 1o 19- t ooe te~p·era.=e:.t; toLd (>) e volutio:ul: 
t he$t- a_re the intervala whic h QO&t c:losel1 re s e~ble t neir 
count erpar t s i n 12-tone tempera~e~t. c ount~rparto vbicb 
tt.e :.s elv•• a re regerd.ed ae the leaat 4iaso~t 1ntenala in 
l<-to~e ttm~tr~ot . 
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~ :S ~~~or o ove~tb (16/19) (rorfoct t ittb p1uo Atnor t hird) 
10 :9 ~aJ or oocood (}/19) 

5:4 ~a jor tb1~ (6/19 ) (Perfect fi! tb zinue minor tb1rd) 
8 :5 r~nor oixth ( 1~/19) 

5o cHtte r ent1at1oo !a ~•4• between perfect and ia

pertect con.sonaccea 11 coneerna the ai~le 1nterY&ll . 

All chorda containing onl.7 tCOD.eonant intenala are 

eoc...sidered. perfect. Tbia includes the follow!~ six tr1t.ds 1 

vteb their iDveraio~, 

the tollowin,g !our tetreds with their invereiona • 

a:.! a single pe::tad., re;:~resentia.s v bat 1c generall7 con

•~dered to be the pe~tatooic acale . The pe:tect aoaorltlea 

&ll bave c l ose equivalent s in aueie based on 12-t one tempera-

•eat. 

#g. 
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Dt eao~t are tbo tvo aaalleet 1Dttrv~a ot the 171-

te: ~ thtir !n~e ra iona. CD t be ae Taaeer &ed Arltl agr••• 

~ t~o~ a.n agree::.ot to treat them 11 cUaao~a.octa tb.t 

baaic aelOI! ic 1.:14 b.a.r:~on.ic w:ita art made 41at1nct . 2 The 

recainiog aiz intervols , repreeo~ticg 4/19, 7/19, and 9/19 

and tboir ~Ytrsiona , are regarded aa neutral. SOaoritil l 

containing neutral intervals but no disaonant inter.ale ehall 

be ~s~e4 aa ~pertect consonances, vblle t hose containing 

di ssonant ~te~als shall be r e garded as 41saonancea. Tbe 

~perfect conaonances, whi ch include aonoritlea vltb those 

1:1tenale Wli~ue to 19-tone· te::a;.~:a.:en:, a.re t he character-

1et1c ao~s ot this tempera:ent which 41a t 1Ab-uilh it troa 

ot.btr :u.alca.l 11steu. They vill be a.na17~1d l ate r 1.A a o:.e 

dttlll. 

T!!Z PCRI'.A'l'IO!I 07 SC.u.£8 

Scales ca.n bt !ormed, ot course, by U!1 n\.LQber ot 

t ooea w1thiA t he octave, 6t any aeQ~ence or dis tances troa 

o~e anothe r. t he ayete=s co~sidered here will all bavt in 

couon t.Ut tbe)' are beeed on s cale& eoct&i.cicg intervale 

as e c;ual •• 1a possibl e wi thi:l a 19- to.ce •,-att~ . Sin.et 19 \; 

1• a pr1::e nu:a~ tr, 1')-tone te:pe ruent co.nta.in.e no tq\lll.

tnte~al actJ• vicbio it aucb aa : i gbt b. 11k ece4 to tb1 

2 J~-•: as the : ajo r &.D~ .:_i~or &eeond.a 1n 12:-tone tu
P.r&:e!lt u t !J at in~uisbcd by d:.e intendty ot their d.laao
.t:.&.nce~ (~t la t:er cons!de:ed "tbe =.ore severe), 1./19 and 
1ta 1.D.ve :-a1oe art con&idered co bt :ore d.iiiODUt t.hu 2:/19 
&.nd ita 1c.ven1on. 



;as 
vtole- t o~e t CA le i~ l Z-tone te~pe~L,ent. But , a t the d! t 

to~lc seal e 1n 1 2- tone te:per~ent 1a e~posed only of the 

!~ter•als 1/ lZ L~~ 2/12 ( as op,osed to t he b&r3on!c ~!nor 

seale wh! ch a l s o con t~inft an lnter•al )/ 12 ) . 1 0 all or t he 

s cales t o be eoa.!!.1Ct red h ere contai n a range or t wo int er·-

vals or ad~acent s i:e; the t l:t or t ho int er••l • vill 
' -~ 

depend on t he num~er or t ono s in the s ctle . 1bJa i s vbat 

ts ~ean~ by the te~ ~qu a s!-equLl • in the t ! t l e of thla -.supplo"lont . " !:$y:!l..'l'IOtr ica l " =con s t.h 1.t t vhe re t v o di f fe r ent 

thea o!' s cale !n.t.e r vels a_:oe •JaeC the7 v 11l be tpace d •• 

t~Tenl) as poaai'ble t hJ•oushout th-e tcolo . Thls is hov t he 

{. 

standard diatonic t c alo di :" :'ers .rro:c the :zae lodtc cn!!'\Or. ln 

.s t op t , whi lo ln th~ l a t t~ r ~hey are ••p~ rated by 1 and 4 

whole ate~s. The acale~ cona1dered 1~ ~h!s section ~ lll be 

s:,"X't~trieel in t h1:a a~pod a l s ~n• • whe reby t h t ru Jor ee• h 

1a aym_- etr!ca l but the ~•lodtc: a .:nor h not . 
< ' 

:~ 19·lone te~por~~•~t , qu as1-equ a l·interva1- (~E tJ 
s~,~!rtcal a c ale s • ~• ro r mod b7 t he t uperpo•l t lon of t 

lin~le tnter••l . !t t a on~ of t~e btt1c t heoreQI of tht 

3~at:-!cs.l , the t -ones v~~ch at"e n ot u ted, t«tn ! n t heir -totaHtJ , al!;O ereote a sc a le ~!c!l is qua:si.·t 'lu•l - ! nterva-1-

~y~~et rie &l . Su ch a pei r or aca les Y1ll be co~a tdered com-

~!:e~t!.:-,- . The su:: or t he nU::b•r ot tones l:l ant t vo 

co~P!t~e~tary acales ia a lways 19. The t wo co~pl e~enta~7 

I Cales o r v~cb Y&sse r vr! t es, !nvo!ving l~ L~d 7 tooet 



re1pect1 ~e ly , a r e qua~1-eq~al-1nter~al-a~etr1e&l. ~7 

are created by the tuper,poai tioo or pcrrect ttttb.a Wltll a f 

~ua~ i-eq~&l-lnterval- a~etrJcal pattern l e atta 1aed. 

EJ.a:::ple ~ tbOVI the 7- And 12-tone ae&lea of 19-t ·OGe 

uxporu.ent ret ul ting t:r02 th• t u.perpot1 t1on or pert•ct 

tl!tbA And tbe n~ber or unite of the ayatem in each or 

tbeir 1Ater•ala. 

Ex~le $4: Tbe 7- an4 12-Tone Scalee 

!'b Cb Gb Db Ab o1> Bb !' c G 0 A E B F/1 Cl Gl 01 .. , 

G .,r ~ ) 

C O £?G A6C c C#D o; E ? F3 0 GJ A Ai 8 c 
))Z j))2 1 JZ 1 2 2 l 2 l z 1 z 2 

i" -M0" 
Th• hanaort le uni te of v hich Yaaa ~r vritet bel on& not 

to the J)"et ea "'12. 7"' f but. rother t.o th e oyatea . 13 .. o•' 
vbJch t s tho ae eond teal• gro~p of ~he ay st e~ and 1a baaed 

oo thf' au~erpos1t1on or aajor a ecor.da. ::.XMple SS ahova 

t hft seale - t r oup "' l J. 6 • v itb anha.r7.o:::lc pi t ch oa.:u·a !reelr 

Uttd . It ahoul d be rema rked tha t alnce the ~ce le ro~atior.• 

r ut ~o.:oel7 on a t e:-.pc:: r ed baaia , the enha..moni c n•..;r.et ar• 

Pertec•ly auitable. 

.--.. 
)l't 

7 ,I 
j 
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Ct P# !'b Gb J.b Sb C P !!: 'PI/ r;/1 J.! Cb Db Eb I' G A B 

C Db 0 
2 l 

r-
£b !!: l' 

2 l I 2 
!'# 0 

1 2 
Gf J. J.l 8 Cb C 

1 2 1 2 l 1 

;.r~~ J//-t ~ 

C D E Pi C# J.# C 
J)) ) )~> 

ffv'J tt:ji1 
I t vill be nottd tha t the s i x-tone scale abo•• to~ 

1 r.ue:--!l~~ae; this he:x.ad v ould appeu· tc ba a reason&ble 

bas t a ro r har=ony tn•ol vtng the 13-tono acale. The conao-

a&3c•~ are ~p~rt•ct. owing to the p~eseneo or all ot t b e 

•neatral " b u.t none of the "di ssonant " i n t ervals in tbe 

be.u da . 

!bo third sy ttem ia compd eed or the 11· &lld 8-tooe 

• cllu , t.n~ is d erived rrou~o t he aug;ne n ted t h ! rd Cdi-=dnltha4 

t ourth) , s neut ral int erval, t o t a.ll y unta..Ul iar to preaen t

day •a:a . !be charact• r l a tie harn0n1 Of tb11 SC&lO•t7Stt• 

11 ct aa~nL~t t o neulral . Tbe 11 - ~ooe eeal e ahowa a prepon

dt r c:ce o :' · ·'i'hol o-•te po " o ·ur "'bfllf·t ttp:s • not u.nl lke 1.hat 

or ou~ p ~•• •n t d l a tonlc acele . 

Exaspl e S~ : Se al e Gr oup • 11 • 8 • 

D Gb f Eb (j/ C ?b J. Db pi! Eb ~ G Cb E Ab C! F A# 

C Db D 
~ l 

f.'b Fb PI Gb Oli A Bb 8 c 
Z 22 1 Z 2 2 l 2 

l ~ 11 !)?' ,_,. ? l!.t 

Cb Ci 0# E F G Ab AI/ Cb 
2 ) 2 2 ) (2 z J 

'7 )., p/7 "' 

J I 

-; 
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Tht fourth I C&lt I JSlt~ 1• COKpr iaed O( tbt }~- and 

S- toll• t etlea. ':be trt 41t1onal Western pentet.onte acale t a, 

of cour~•. a s•t! ara:tor, acale, L~d i t the baa1t to~ coo-

ton•~t ha~ooy in the l9·tone tJs te~. Hov e ver , it 11 not a 

quas1 -equal-1nt~r•al s cale , s 1nce it potstaaea loter•al a ot 

5- an~ 3- ~~i~s. Vb!l e it la poa s iblt to build auch a 

pentatonic t cale , ~d t he 1~- tone scale which 1a itt com

ple:unt. , b7 J1.i.Xtaposi!lO p erte et. t~f·tha , aucb • group ot 

sc&l•s, although excellent , r~llt out a1l e or the a cope ot 

t hla pa~t tcul~- t~eo~et!cal s t udy . The qua, i-equal-Snterval 

S- tone s cale 1t c~pc~ed or 1nte~ v•ls or 3 an~ 4 units , one 

o~ tbe to~er and to~ o: tht lat~er. !t s ound$ ne&r l y 

equa l -te~pere C Afi J a~sseats the IaCo~o • !an aelendro acale. 

The s u':ttended 1oter·u.l 11 the a\lg:Q.entad second (dh1n1sbed ~; ~ 
thtrd) wh1eh does n~t eA! s t &s L~ i ndep•ndeat interval i~ 

l2·tone ta~per&sen~ , L~d pos! ets ea a ttr1~1 ngl1 no•el sound. 

s Ob E 

c c 
1 

D 
2 

£x&J!!pl t 57: Se al e Group "14 • s· 

Gb A Cl>O :o G AI C o.= '=' " . c• Eb Cj Eb 
,; 

)r ,/,q I <' l 
Fi G :;.f .lb ;,Jj Sb C'!> C 

12 112 1 2 1 
O! Eb :'b f 

1 1 2 1 
I ' I ? ....-:::...~ , ; 

f # .. 

11-'1 

NPS. ~I 
Tho f ift h t c tl e • 11tt tl lJ COr:lprieed of the lQ .. ~ ~ 

9· tone aealea. Tht t vo c~pontnt acelea a re e~ost 1deot1cel . 

the ~aller acale c~~ ~. produced tro~ the l • ro•r b7 tbe 
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02it31oa ot a a iogl e t one. !be !n~erY&la o! tbe t vo t calea 

._rt u,oa t. o:u .1r-el7 e qj.:.&l • • ve l!, su:;sest!n.g a r a tber 

U . .:d ted ; oaa1bt11t7 o! u ae, e .. uept r o:- a e1fl8lo ottee-t o r 

color. !hie s c al e ayat~ 21~t play a role to 19-tone 

• usic aosowhat .Xlo to tht role ot the whole-tone acalt in 

lZ-toAe te~per~ent. It ~gbt also be q~lte t ftectlvt tor 

ur.tal o.aplo1tat1oo alnce the lnter•ah are l arger t.bu 

tho~• of 12-tone te~pcrL~ont and the aeri al pattern t a 

l 1ktl7 to be a t once leta dltaonL~t and eaa1er to t ollov. 

Fb F# G .lb .l# 8 C Db Di ;;: 

v 1 

C Db Di !'b !'! G .lb .lj 8 C 
2 2 17)22 2 222 

A.-J~S 17/1'? 
' 

!' f?b Gf .l Sb Cb Cj D Eb 
0 

/0 7•1(0 1' 1'1 
Cl D ::b E !' Gb G# .l Bb Cb Cl 

2 2 _:.,z z... 2 2 2 2 2 

-r-;;;" 7 (t;; ,_ 
The a1xtb •c•l• •1•teA is c03pr 1ae d or the lS- and 

4- tone acalea . I t 11 p~o~ably l eaa useful than tht preced

lns s:stoa~ btcauae ot the sreater disparit7 between ita co~

Ponent s~alea. I t l a produc~d by a s er ies ot ~lnor tb1rda, 

ln~ tskea oo addltio~al ai&ni!ic~cc froa tho i~portance ot 

t his interval in 19-tone te.:~:perL'!Ient. 

ot the acale 171tt~ which aa1 be co~l~ertd to be Juat, •• 
,

JJ/fv/11 

Wel l &3 te~trtd, in 19-toca t~er~~~t . Vcen aioor t hird• 

~e oubte~ded. t be t~al to~ t~~~s pr oduce a dl.Jn1sbe4 

h••ntb chord (alb•lt Q.ui te t:U!!ere.:lt 1.n oou.n:! t ·rOtt the 
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resultloa so~o~ttr la qu1te errect1ve , proYided that the 

rt ra t and r!ftb t ones art not aounded v!thl~ the aame oc· 

tave. S!~c:e. the &ino:- t b !.rd repr·t.aenta tbt bu!.e W11t. to 

the scale , p~nta,hordal confltur~t1on3 vhose outer tooet 

for~ that !~terval =ight vell bt tht prlne!;al btlodlc 

!:xa:::ple 59 : Seale Cro~p "lS + 4 • 

Of 6 D " Ab Cb Di I'll A C El> Ob Ail Cl E 0 Bb Db Fb 

C C!/ D 1:'1 ~ E F F~ Ob 01/ Ab A AN S. Cb C 
1 1211 1 2 1121112 11 

I f~> I 

Db Fb G Bb Db 
5 4~ . 

, )(&! ' 

""" ..... \. ....... \.. The remAin~ng •~ales aro prob&bl' or tnt ereat onl7 

• • ~url ot!t! es, ln~olvine •• t h•r do t o aa..c,7 or 1 0 tev 

ton~a . ~o le~ a.nd J-tono acalea r esult rroa tht Ju.xta

pos ~t!on o~ ~•:or t t !rda , tho 17· ~~ 2- tr~ e~Otntne 

-t hl!t 1e ... a:. ! 1-tono a caha reeult !''rott a1 r.oh un1La of the 

:t v !.ll be noted from t h e above t b • t 1<;-tont ter1pera-

~e ~~• ~~erent ioterva l a (plua tte1r octave 1nvera1ont ). 

Fe~ ~~t~ 1~t@rval ther e 11 a scale elaaa. For eacb acalt 
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is a priffle nur.ber , any interval tr. tht aya~eQ crtatta a 

co::;>ltt·l C]'ele or 19 ton~a . 'When rtpe&;ecl , be!"ore ret\:rnlns 

to ' replica o! the origina l tone . 

7hl eorriiFOn~ence ot io~er~~l t o acala elaaa ia t lg• 

r.!fic~nt , because the interval •~!ch , Juxtaposed , ~roducea 

a t!•en acale elaaa, h the basic i.::t e-r~al 9t ao~ul a tion tor 

=ua!c eempos ed uti li ~!~£ the scale clA$S in queation.l 

EX~~le 60 thowl the ~is tenet' in n~ber ot stept, 15Cinding, 

rr~ C to each ~o~t er ot the ayste e , gi••n each or the 

·nrS ou.s ;ou!ble !nttr\'il! ftl tt.e bul.t tor scale 1.11c! a oc!u-

l&lion . 

EAL~ple 60 thOWI the "-Ultipl!citf O( f unctioo pes-

a!bte t or each tone v!th re apect to a central tone C. £acb 

O( t ho 18 tonea Other thnn C CL~ ba &nJ or the firtt 16 

3on thiJ ba s !a th& tt!'tb 11 , or ccu r se , tho ~•ttr
~!~~n~ intorv•l for dSaton!c mu51c in both 12· and l9~tone 
4!s te~~. ea ~el l &! t or the 12-tcne s cal e i n 19-tone t t : • 
t•r~~ent and ror eert a tn ~-tone ~c&l •a in the la ~!er t.:
~trL~t~t. It tol lo~s th& t t h• : e are likelJ to be tt.e •o•t 
CO:'l40nA.nt. aeale t)'Ste:nt !n 19-tcne te=;p ert.r.:enlj aore 411 -
a or.Ar.t ! nt.•n·.-als p roduce $C:ale sys~er.s rtquir'ino croo:"* d h
aor~nt 1 41c~atlc har-on1c treat~ent~ 7he one-to one eorre
~t~n~enee ot seal e t o !nterval t o hn~onic t )pe ts one or 
tbe ~C' t challe nging pOIS1b!l1t1et of t~1 1 tbeoretle~l •1s t•m• 



f'.JI:..,.p le oO: O! u ... n C'!e fr~ C of Each of the 7onoa b) Cyc:l• • ot the V"r1 ou a lnt.•r\••1• 

Baal e 
Interval Cl/ Db D [)I l':b E Yb !I P ll Cb 0 Gl .A.b A Af 8b 8 C.b C 

dim. 2nd 1 Z ) 4 S 6 7 8 9 10 11 12 1) 14 15 16 17 18 19 

-/ ·.;- •!nor Zno 10 1 11 2 ) 12 ') 1) 4 14 S 15 , (i) 16 7', 17 -~ 18 9 ) J 1 ) 

; ~ 01ojor 2nd 1) 7 { ) 14 6 ) 2'! 15 9> J 16 10 4 17 1n S 16 1~ f 6) lJ ·. 

C.j -1 aug. 2nd 5 10 15 1 6 11· 11> 2 7 12 17 ) 8 1) 18 ~ 9 14 19 

? ~ ., " !nor ) ro 4 8 12 16 1 5 9 1) 17 ·'2' i: 10 14 18 ) • 7 11 15 19 

""Jor ) rd 16 1) 10 7 4 1 17 llo ll 6 S 2 18 15 12 9 6 ) 19 

-· • "7' 1-# J~.,, 

71'" a ug. )rd ll ) 11. 6")17 9 1) 12 li"'l 1$ , f_n8 10 .2) 1) s- 16 3 .19 72?-:Z:?:>z 

porr. 4th 12 {5 17 10 , ) 15 B 1 1.) 6 111 11 4 11> 9 2 14 7 _1i) 
oJ, aug. 4•h 

fJ /._. diM. Sth 

porr. Stll 

/ "2 OUBo $U \ 

mtn. 6th 

... J: 6 • h 

aug . 6 t h 

!J,.., ;..or 1111nor 7th 

~ 

17 15 13 11 9 ) 7 5 ) 1 18 16 14 12 10. 6 6 4 2 19 

2 4 6 8 10 12 14 16 18 1 ) s 7 9 11 13 15 17 19 

1 14 z 9 16 4 11 w 6 1) 1 8 15 ) 10 17 s 12 19 

8 16 5 l ) 2 10"'1 18 7 15 ~- 12 1 9 17 ,..6 l4 J ' ll i9 '. ~ 
3 6 9 12 15 18 2 s a. n 14 11 1 4 1 10 13 16 19 

15 11 1 ) 18 14 10 ~ 2 17 1 ) 9 5 1 11> 12 8 4 19 

14 9 4 16 1) 8 ) 1 ; 12 1 2 16 ll · 6 1 15 10 s 19 

6 12 16 d) 1 1 11 CD 10 16 ) 9 1s riJ a 14 0 1. 1) 19) 
17; .; ••Jor 7U: <> 18 ~ 11 (!....- 11> I>_ 15 ..£. 14 4 1) ) 12 2 11 1 10 19 

aue . 7t ll 18 17 16 15 14 1 ) 12 11 10 9 6 7 6 S 4 ) 2 1 19 

q. 
J 

... 
.0 
V\ 
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!be n~btr or pos s ible t on• c~Jn&tion• 1n 12-tone 

equal teT.per~ent 13 •utf1c1•ntly l&lbe t o t ill an enti r e 

~ook,4 .nd, need less to s ar, the o~bor or po:tlble eoab1ne· 

t iona ot t ones tn 19-tone tt~per&ment ia tar larser . There 

are, f or txu.ple , t.3 cU t tinet tetrad:.s poas1ble in 12-tone 

t e:p. r &.:r.tlJ\ t.. , wt th 1nvez•e i ona ._nd trt.ne poai tion• excluded. 

In 1~-tone t6~per~ent there are 201 . !o or~er tbat an7 

b• rzont c order bo ~ade ot ~0 =yr1e d • t!eld or posa ibilitiea, 

a dra1tlc redu~t\on muat be .ado in t h o I &XO v&y th•t bar-

: onle usat t cut tho t ie l d or tetrad• i n t ra~itional 12-tooa 

=.1uic t o t he aevtn ••"•nth chor da ~~tnC the F r tJn ch sixth . 

Se c auae or the inc:-eae a 1o Lbe nw:abc r o! &YaJlabla 

tonu &.r.d beca u'• of the s enez-•1 ten~e nc)' t ow•rd 1ncrt~ • eed 

co-ptex1 ty , i t ae~-~ reauonatle t o •••~• t hat the function 

or t~e 31mp1e trl~ ~ wil l b~ tAken o~• r b)' a mort co.plex 

c~ort (Yaaaer h• • SUFF••ted the b ex•d) . The ro~r tr1 ada 

t er.e ra lly t CC fJJ; ted l n t.raC1t1 onal t 2 ... t ont :l'.l&ic poJatc l one 

es~ •~t ial cha~acteristS~ : no tnter •al 11 •~ •l l er th•n ) 

~~err ros~i~le c~binat!oo or ttret 1nt•rv•l• v 1tbln t be 

Ott ~•e s uch t h!l no int•r~a! ia S7.al ler th~ 3 unite. Tb• 

P• ttern 6 ... 3-3 produce5 the d1=1nlahe d t r 1• d , lbt psttern. 

h: a. thlnklng ot Coward P.an• on•e R•~onie Xate~i ala 
~ '.!o~e rn t~u ~!e. , •n~ there :rr.ar vell be other • . 

t 



~·t.-.3 &nd 4·5·) pr oduce maJor and =.lno r t r i a da , while t h e 

pa t tern 4 - l,•i. }hlda the &Uif'l• n ted. trhd. '!bare ia no 

oth•~ t r i ad io t ba 12-toce •ra t es without an iotar~al 

• ••ller t han .3 Wltu.S 

Were ) ~ta ot 19-tone tespe rament t.o be uaed aa 

the •~allt"& l ln!e:"Tal 1n Uta conltMJctlon o! tri a d& in that 

erste~, hoveTar, n o rewer th~ 22 dJat1nct tr1od• would be· 

eoee part ot t.h-e harmonic 'YOC abularJ' , tncl udlng one (l ) · ) ·J) 

~oae le:sea t inte:-Yal wculd axeeed rcu r tt:~~.e1 tho aiz.e or 

lh6 s~a lleat. ~! th t etrae$ the nu=ber 1s i ncre ~ted; t here 

ar~ 30. Cletsit!cat!oa into ctord t) pet , wbertbr all chor da 

e.on~ iati ng o~ a e:! va n r;:-ou.p of i n t er?al a ( .aucb •• 6 . S, 4 , 

~d 4 un1 ~ &) vo~~ be treated togetae~. vculd re duce to o 

aL~I(~~ble ll t~ n~ber of d1tt1oct class1f1cat1oD#. 

Rexade. e: the other ban~ , otter t oo re~ posaib111t~ee; 

there is onl1 o~• aexod (4-3-J-3·3-3) ~rJ ca, with it• inver-

t 1on.s , ls pos.:!!::e v t t heut. t h e use o~ lnt e r\'alt a:tl..ller thu 

l W\lts . f'urtbe~ore , t here 11 no c one on•_nt h ex a d &t cording 

to o~r theo~ o~ c~r.tor.ance, althOU6h the hexad c itet ht re 

la the ~e~•~•t~£ bes1a !or ccn.or..nce according to Ya taer. 

o r ror Jag the b•~t e~~prov.i :e betw~en t oo row &nd too 

aa~7 vo:t1b1 l 1t!e~ l t the psnt •~ ~••old or 1nte r~ •l • scal ler 

Si t ah:~d bt noted thAt 1n ~o~1n& tri ada, I ute 
lhr•o rt lhe r t~ar. t wo Lot er v&lt. the r ebr completing tbe 
OCtaY~ . ! :-! a e.t :!· .. c~ &s C· £•5 A!"e eli :!t'l&te<! t'r~ CO:l!l1dtra
t.t o!l b7 t h e tx.at:~• •• of th•t t h\ r d , oct•••-c~pl etl ng 
lnh;oo:~.l . J. ~!..:..!! a:" ,.r ocedu.. ...... !• ~.:Je4 !'or the h~onic 
~~cor1t~e • o r l C· toc• t~~~•r~ent . c•~ • 1ns the twa or the 
nt~ rval$ tte~:~ ~t;re~ented a l ways to e~ual 19. 
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thtn three units . The r e Lrt r t ve t ype a ot ;ent ads , contain-

tr~ 14 poaa1 ble thorda. 0! theao , &I wi ll be see n, 2 t JPe &, 

co~t•!ntng S chor~e, can to a ll 1ntenta and purpoaea b e 

el~inateC, Here ~~ the ti~• tTP•• ot pe~tada: 

7. )· 3· .l·) 
·-~- ) · )·) 

s-s-J- J-3 

5· 4· 4· 3· ) 

y1el4!1n.g o.:te chord 
1l eldlnr rcur c~ord a (b·4· 3·3·3t 
t>- 3- ) - J-4, 0- ! -4- J - 3. 0-3- )·4- )1 
ylelC! ng two chordt (including the 
conson.nt 5·3·5- 3·)) 
ylelCl~£ sl;~ chorda C;·c.·tt.-3-3, 
>·~- J-~ - 3 . 5.· 4·)· 3•4, 5· 3· 3· 4-4. 
5- 3-4-3·4, S- 3-4- lf·J) 
yieldln£ one ctor d 

repre ~er: t et ter.tl• J. lJ lnce~pl e te hexad s tr-uctur e a vherei o 

the rL~e• o! sitt' ot the l nt erfal~ equala or exceeda t vo 

to one. Such chord• ~•Y b e us e4 as neutral pentedt to aoae 

l n!tanc ee , but eatentlal lJ th•r bel ong oot to the re~ ot 

penteds but rsthor ot be~ad~. The r•~aiotr~ three p entad 

tTP•• yield or.11 .t.~$ d1tfe~tnt cho r da pl us t he i r lo~ersi on3. 

:be~• c •~ be contt ~•~•~ t~• n~eleus o: non·distonAnt ha~ony 

1n \ q•ton• tt~~•r•~tnt. 

'The o•ter .. •~nuton ot the pos.dble r oou or t~eae 

t hor d• ot r~ r• one ot t ho s~o & tes t oba t ac lt e t o t b o develop· 

~tnt ot a t heor7 or hn~ony. Three p oss!b tl1tles e~i at: 

t~t t~eae chor da h•vo no ~oots ; that the7 h ft Yt vor tablt 

~oo t a ~hi~h are 4ete~1~td t 7 the pos1t1on o~ the chord. aa 

i~ Often tht CR30 in n1 ~dt~! th' a t heory; •nc that the7 ~·· 
41st1net. r~ c't • ~. " do the t rhd s in Ra:uau' a Utf.or·7 · For 
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e~;e~iAent• l pur,oaes I have ttntat1Ytl7 • dopte d t he t hi r d 

alte~nati ••• t ee~1ng to &3sisn to a s1~sl• l~n• ln ~ 'cb 

tonor l ty t ho funct ion or tbe r oot , res~r41•• • or the tn••r~ 

1ion. S1oc:• no aueh 1 h1ple aat.ttr a3 tertla.n co:utNctlc:.A 

15 i7a!l•ble •~ • baala , the •election or the root dtptn~a 

on ~i~=•~1!h 's proced~ro up t o 1 point. 

Tbt procedve 11 s s tollovs: (1) Ct t tr::a.l ne vb.leb 

se~~ers ot tbe s cnorltr possess por reet t!fths abo•~ or 

por!'ec t r ou.rths b elow. (2 ) 'lllhort one :.erobtr of t he a onor-

1ty h so t ndoved 1t h the root. ( 3 ) Vh.e:-e t wo or ~o:-e 

above or t ho pe:- !'ect fourth bolow, elim!nttt all other t ones 

rro2 eon s l~era tton; tho root 11 the re~&inino so~orit7 vn!c~ 

also possesses a =• Jor t bl :-d abo•• · (4) Vbcre no perfect 

t tfths or fourths e~1at , the root sh•ll bo th$t ~~~b•r ot 

the sor,ort t.7 wh! ch po:.:.osscs a major t hird aboYe . ( $ ) \ibe ro 

tt 1s still t,~~oss!blt t o dote~n• t he root -~~er cona tee~a-

lion of lho :ttaJor third~ , continue the ; rooc:e u of conald e:-tng 

• h., lesser interv• lo tl.Lta!:H- t.int troc c ensidor a. t1on, bowtur, 

• I03t t c:!i• s vhlch lack the a tore··untlon•d cons on• nctt tb•t 

aroe poueutd b; othor t onc .t . (o) T'lc other Jn-:.ervale ahall 

be cons1der•d in t ho tol l ov in& ordor: :ai nor tht rd abo•o , 

P•~ rtct fourth abo••, ~~ Jor aecond above. 

Tbt nine chords , atsted n~er~call7 ~1 lnttr• al t taken 

up~ .- ds tro~ t he r oot a re: 



• 3- l-5-5-) 
b 3-3-.S-3-.S 
e J-3-S-.--4 

4 4-3-1.- 3-S 
e 4·3·!.1-S- 3 
r 3- S- .3-4-4 

g $- 3-3-4-4 
h 3-J-4-S-4 
1 4-4-J-4-4 

40CO 

The :;.pel!iog or the Jf'~t nine p&nt ads , c onsiterl_n.g C 

~o bo tho r oot , la as rollova: 

• b 
c 

c-o-E-0-Bb 
C- D-E- G-1 
C-D-S- C-A# 

4 

• r 

c ... os .. ,. ... b - 0 ·.1 s 
C-~-Fb·G·Sb h 
C- D- F- C- A,f 1 

C-Eb· l'-o-A# 
C-D-S..Cb-Af 
C- 'f>#-F'-G-A# 

or the above' ponte.d B. i s t h o !!103t eon.soru.: .. t., vhila 

pen~al3 h and 1 art probsblJ the lesst a tabl e, h &lono pos-

30l3 l ng no por tect f i f th wh•t .soevtr. 

The penttds t:-o :DO!.I t. otrooti vo whe n usad i n optn 

~os1t 1on . Saeau=o tho roota Hrt les t pronounced in the i r 

charac tftr \hL~ in tr•~~t1onal t.rl a~ic ba~on1, it 11 ad•l•· 

•Ole t hat any eoQroser w1ahlng to induce a sen• • ot r oot. 

progresal on i n t hczo hAr~on1eo bo carot~l to uao a prepon

CerL~ee or pentada in roQt ~os ition, at lttst tor tho 

prouent. 

t endenc ies tov~·t tot•rvala o~ rea ~lut1on . The t r1tone L~d 

1t3 irw •t'ai on , i n pa r ttcula :-, aro e ald to have a trOtl£ O\lt wa..rd 

~~d tnw~rd tendene le 3 ro apecti vo l y , vhilt aeeond3 and aevuntha 

~reate (in one of the ?O!cea onl7 , •• a rule ) outward an4 

i:i.lfC"d tendencies respect! vtlJ.. ·.rnile lt 1• g• n•rallJ a ssu..·ud , 
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eJpec1•117 ln the caae ot the trilone , tha ~ hsr=onie context 

c~eetea the ~pec1f1e tendenc7 or •~ otherv!ae neutra l inter

val (bJ deter.a!nin£ vheth•r it will be, for tXL~ple , an 

au~entod f ourth o r a d1m1n1 ehed flttb), it it neceaatrJ , in 

19-tone ~us ic, to havo • conc ept or tendenc7 vhlcb exletl 

in~ependont ot total chordal contex t . Th! t 11 becaus e tbt 

trtdit1on&l • nhArmonic rel ationship between tuch inter•• l • 

as the &Ug::leOted fourth and the d i:inhhed f'ifth no lon.ger 

exiata i n 19-tono te~perL~ent . The t ritone and tho di•in

!s~ed t1!th a:e tvo t~rrere~t intervalJ. In order t o provide 

a ~,~ bast a t or the eonaide~atlon of t endency in te~per~~enta 

OthAr thL~ 12•tOD61 1 hi~ e evolved tbe follovln~ theory O( 

t e:;c!enc, , v b..icb I bello\'t to be applie&blo t-o traditional 

practice in 12-tono temper~ont & 3 well & 3 t o • postiblo 

pr~ctlc t 1n 19·tono te~ptrL~ent. 

!his theor y mieht be called tho theory ot r epul s ion. 

Wh•n a consonL~Co 1a per!'•c~ (or very, vtrr elo to to pertoet) 

a 11!:1 10 or r'f'Sl is a eh1 evod . '!then • ('0010nanet 11 .subst.l

tuted r or 'b1 a nea:o ·l)'lng dhsona~co , t.he L~pl1 o d cons onance 

~·~• ll t the clo telr ·~~roxl,atln& d!aaononce, eau a1ng tho 

diuon•nco to po~ sesa • tendenc)' av ar !'ro1~ tho add eonao

a~ee.6 Tvo prtnc~pl•• arrect tht a:ronsth or thll =•snotle 

~e;~a1on. The f1r3t i a th3t the "o:oe porteet. tho consonance 

Q!t 11 t~11 tend•~:, W~Cb ~8J Wtll b$ thO t'O.tOQ VbJ 
rlayeros tend t o tha~yen t~e1r t~Jrds L,t upvard•tend1ng 
••e!n& tones . Tho ne&rby eouaonLDt t h! rd l~p.rt s to tho 
i)tbagore~ t hird an outw• r d ~ endenc1 through ~rtpu1 • 1on. • 
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tbe &r•att~ ita rep• ll1n& force on ae~~1 di11onanee•. !be 

•econd is that •~cept t or lat er~•~• 10 close to ~ conao

nance th~t tbe ear aubetltutes th& eonaonanco ror the actu&l 

d11tonant 1n~er•• l pla7ed, tno cloaer the interval to the 

contonanee, tba greate r tba torca or tbt rep~la1o4 . 

In 12-ton& ~uatc the trltone Je •oro or leta neutr al 

unti l lt 1• h~raonl :a d, t or the to~ard ropulaJon created by 

the tttth la all but cancelled out by tba outward ropul•1on 

ereated bJ t h t f ourth. The disaon&nt interval 1 1 auaponded 

be t~t8n theae two conaonanctl and the t andenclea neutralise, 

r equt r1ng the creat ion or ha~onlc conte~t tor the de•elop

~ent or a t t ndencJ. l n 19 - tone te~pe ra=ont, t he au~en\od 

fourth , being cloaor to tho per fec t rourtb than to the per

teet rttth, hal a D&tural outvard ~end~cey . vblle the d1atn-

11hed fifth ba • • natural tnvard t ondency. The•• tendene1•• 

&ro independen t of tbe hllmoni:~J..tlon which ••1 e ither re1n· 

roree th~ or • •aken thea at the 41eeretloa or the e~oeer. 

rne aeeond# ••~•e! ally the minor second, obtain• !tl 

out.vard t endeney trora 1 t.a neune't to the prime, vbile the 

l eveotb 1~ r e pell• d inv ard by the oe t a•e. With tbese i nt.er

• •1•. 1q-tone te:::per uent.. possesses t-he aa.:~~e t..endenete• •• 

12· •~cept thAt since the majOr aec ond and minor seventh are 

treAt4d as eonton~ees# no tendenc i es ~~e :onsidered to 

t..!t eet t h.d. 

The au~ented s econd in 19-t~ne te~perament aight 

better be cal led t be dtaJ n.lsb.ed t.h..lrd , a.s it dtr-! Yes it1 

...., 
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t e~iency t r oQ 1t• nt.rness t o the =tnor t~i rd. Si nce t he 

~ajor ••eond !s too ve.X t o ot:e~ & <o~~ter- repul alon L~d 

too cl:s• t o se~ve as • t~b~t ~o~ the rescl~ tl oo , t~e di 

~niahtd third (4/ 19) t ends to VL~t t o r eaol•• inva~d t o 

~he prt=e. The dlsaonant inte r val 7/19 i s, like the t r itone 

in 12-tone te illiper a.rnt nt , .suspen<!e d be twe en t ... o rel .~ ti ve l1 

tqua l e~~s onL~cea , t he ~•Jo~ t~r~ ant perf ect f ourt h . It 

eL~ rea~l•e wltb equal e~~~et! ~e~ess ln e1 tbe~ direction. 

so~tvhat d!tfe~or.t, however, is the t endency or thi a inter 

val whe ~ it ia inverted . 14/19 ls r epelled v lth the gre• t

est ttren£th by t he per fec t tJtth an~ to tends t o reaol•• 

outva.rd . 

: t !s po•tullt•d tbet wtt rt ~y or the above dtts o 

:l."n~·· are u3od , their r e.solut1oo a ahould , whore po:ts lb l o, 

(O\lOW the po.tttjrfla a• Itt (o r tb &\)0\1'0• 

CO~CLliSIOl/ 

.:t !s ~:Jpbd thl\ t th6 aboYe IUi;.gested principl es :u y 

of(e~ t t.e ~~perlment a l coaposer & ~••n1 n3 (Ul st&~tln£ point 

:~~ h1s exp!o~•tJon or 19- to~• t&~P·~~e~t . ~ tho tolloving 

~~p~lo~e~t . s~e but not all or t ho p r lneiplea -~· illus

trat.d lo t!".e col'\poa tllont . I~ v111 r •q 1l r e , of' course, a 

fft~ lArLo r bodJ or vor~ • to evolvt a worka~lo l•niUA£0 , le t 

• lnne an • ccurat~ a~ature or tho aoJth ette vealth or 19- tone 

to~ptr~ont . !t te ho~e d t~•t t~oJ t who reel t•pellt 4 to 

~~!te a441ttonal ~ut1 e t n 19 ·tooe tozper~~e~t vtll toro~ 



=•, ~d !r PO#Il b l• ae~d 2cor•• ~d tap.• , 1n o~d•r t h at • 

central aource b• • • • ! t able to wh1 eb thoa• aeekina tntorma· 

tlon about p~oiir• .. l n 19 -t. on• t.•=;era.,•nt. A!gbt con•. 
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t;JIIE PRELl'DES FOR T'oiO PIANOS IN l q ·TONE EQUAL !DU'I:RAY.Uo'T 

Tbe nine ahort p hcea on t h e pa gee ~bSch t ollov a.re 

offe r ed •• tenl a ttve explora t1 cna or ·~· or the poa•1bll l t1•• 

ot thi s tempera."'lent . l ha•e choa . to pr obe aan, poa8!blt 

atrl ea rather t t&n foe~• on or.e. ~he nJ ne prelude• are rt • 

corded on the tape v hlch aceomp~lea thl a d1aa t r tat 1on . 

~rankl in ~~rich : ann iog 11 ~,collaborator i n the per!or.a.nce . 

The notation her ei n e~pl oye d l a as ehovn ln the Preface 

;.o the e nUre d iaae r tat1 on . '!'be t -r aditi onal a tsTea are UJet, 

and tte 19 pitcb n~~& , i n ascend ~nt order from C, art: C, 

C# , DQ , D, D!, Eb• E, fb, F. F#, Gb, V, Ci, Ab, 1 . lf, Bb, 

3, Cb, C. The t wo pi&noa are tunee aa tollova : 

P1rt t Piano: Cl Dl 

c D E P 0 .e c 

S tcond Plono : Ci D# 'f'li Gil AI 

Cb Db Eb l'b Ob .\b l!b Cb 

2rter notea on th• use or th~ 10-to~e a: ate• in ~•cb 

or ~he prelu~ea e ppe ~r on the p~ge a following the aut1c . 
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~~b~r !: !hia Pralu~a -.kea tull uaa of tte 1nterYAl 

ezbody!ne the •gol~en r a t1 o . • 1 the ~ct1~1c iotor•al C-Pb t a 

base~ on Y.orner~p 's a t aert!oo tbe t 7/19 !a a~ost tAaetl7 

. ) 82 or an oct.•"• · The interYal }'b·C h larger thf.l\ ite 

tn• erslon 07 alaoat prac15~l7 the •~• r a tio b1 v~leb t he 

oct•~• 1s larger than Pb·C . !n the er.suing • •••urat C i a 

~•4e the root of a za jor trta~. an~ Pb o r a a!nor trt •d, ln 

vt.1eh slso it prue~t. Cl ·..-t.!eh fe~.a , v!th C, t:.otttr "golden"" 

interval. In :uatt:re 6 , the lowo •sol~ •o!!l t onc.t are pcr:: lttt~ 

to aJ•oe!ate !rttl; , an~ a a1~pl e t or.&l tb•~• in ct ma:or 

evol•••· or tnte re~ t •r~ the notat!onal di rrt cul tl•• !n 

~oe.sure s 7 ~~ 8. :I !or ' ?l.•111 -.rot "C'b" are re• c! '&•111 a..'ld 

"3~~ r eapec tlve lr , th& ~usieal 'ense l s such cle~rer. The 

are aounde~ by vhl te ke:ss of the u .::.e lett~r n~e , l.lld all 

~ ~ha~p•- by t he ~lack kers. ~e:e la :~~refer• no ·~~ · k•J, 

an~ tt• ~rb" vh!ch 1• its enh•~on!c equivalent is aounded 

by th.& Iff•• key oc ono o~ t h~ t vo f" -=. lllo.a .. 

ln ceaeur~ 9 , a a~~~lat! ce !: ~-~~to 'b sl~or, us i ng 

l he C:("'"I'"IOr. third :1> & :~ a pivot.. !t i • A.riel vto SU£.ieat.a 

t~• ••Zld!ty ot t~6 •: er:eLd1 t~ere~· as th~ bae1s tor a 

11neto unit. or the tezperL'ten.t.. Jo:ea!lure 10 cit3lo~ tr•te~ one 

or the cur!oa1 t 1ea o! l~·to~• tt=p•r~eet. ! J ~terna t1ng 



3b v1th B whSl e ~b , Pb , and Cl are re~ e&ted , t wo dit~ore~t 

41M!n1a~ed ae•tCtha tre 10~~-~ ~ •nen tbef are &! ~en tbe 

fol loviag t pe lltncs th~7 bt tome ldentit&l pyrL,ida of •ioor 

tbJ r Ca: Bb- Cb· f b - G# : &n~ Cb -:b- 0#- ! . ~•r• 1s at t olute l y 

no co~p• r~bl~ phen~onon tn 12- t one tt~P•~~~ent. 

:n aeaaure 11, Pb beco.ee & te~porary ton1e; • an~ C 

are the t wo new "solden• tooe•. 

:n ~eatu re 14 a free =i~~lt • ection 1• begun, v lth 

q~aa1 - c aden:s pass&se• best C on crc l1c pJr~ida or aoae of 

the interval ~ . Th e re i s a circle ot l b fir ths to ~u t n 

~~asu~e 1q. Tbt ~solte~* pro~ers1cn ! t then •c~nted bet~teD 

!b ~nd Ci . Measur~ 2) is • ~~ o r 20 co~ecut! vt C~ Ectnd1ng 

te.:ftr~ e:-al"'.ent produces a 19-to~ c]'cle of :.a jor aecond:a . A 

re -lt•li nsition ia provided b )' t.he ne:tt Ccu..r :th.~~••, built 

• ntlrtlJ on superi~posed atno~ tnire.; ~ tctal or 13 frON 

t le low f # to t.M high .5 . l n tb.e proc:•a,, no t one 1s u.se l! 

tvl c•. 

The recap!tul&t!on ts beg~ l / 19 lowtr, 1 0 t~t the 

er ... erg1ng • too:~~o • will b e tn. the •tont c , • c. !n tt-.e rin&.l 

ro~ r l~aea, tr&ttttoncl roa~:ic: cs~''n' !s l~t~rs~eraed 

~ tth 1n3t~coa o~ t he ~£Olde~· pro~oaslon. 

N~,b~~ !1: tn tb1a a1~•t~e, stx~le trad 1 t1o~a1 

tr1ada. mo3t o( ~h~~ •1~r, a;p•~ ~ Ln. un•~pec:tod rolation

•hipa t 1 onft ~not.hor. ~e •eol~en• pro~r•••l on ~ • pr• ~wnt 

ln t~e o!ton rtpoa tod Juxt.apo~!t toc o! Ab • lcor &n4 £ alnor. 



Sott that the "l:eapolita.n s!.x th~'~ !.:'1 rT~ ea. su:-o 1 .. h on the 

rait~d ~on1e ra~btr t~&A t he l owered aupertonlc. Note alto 

t~• Ll l usory etr~ct prod~ced b7 t wo e onsecu t t•e ~ownvard 

pro~ress!.ons ~7 l / 19 as at t ne •e~; begi~OC· ~e interval 

between E and the Dli ot tho t h!rd chord: aeetr.s ~\leb gretlter 

tbL~ lt rtallJ l a. 

i:u:~bel" !11 : !hia 1s' a rAther tree co."Cpo.s1t$.on base d 

,.1,) p'!. .. ;s o• aeale t,r oup ou tlined. l!l Chapter 4 , a')o'fe . 

major • •eonJ ls tho genernt..lng loto~Jrval or ::.uch o r both 

tht a elody a nd ha:-;;son, . Yho!"O further .subd1•!s1ona o: t hlt 

lnt•rva l pl "Y a larse tnel odic role, 1 t is the !nttt•vab pro· 

~; t vo o r Aore ~•Jor aeconds ~hSch ats!•t 1~ the bar• 

lt r UCtUt d. Nueh or the pr olud~ lt 1A t vo•;>al't ttylo , 

c·ent:-aa ting !ull aoc t~o:'\ bos~:u\!.1\£ in a oo., u re S pre· 

~ente, u onc othor thl:tt;t, a l)•tono "cbr orut!c " acale 1n 

1Me:- To!ce. 

A ~1Jdl s s ec t!on beeSns ln ~e•~ure 12 ln z. AI in 

f i r st ~~~lude. t~ genor•ti~g 1nterYal 11 al3o •~plo7ed 

•• lhe ci.h!" !ntorvs l of aodull'tto·n . In ~e•e\l.re 21, a touch 

or c, t~· ... iolb-suptrt.oaic " or 111111 \lb- gene:ra;.c r" ia e.~pl070d. 

Pf'o:, ;neas•.lrt 22 t o :n~s3Ul"t 29 a alr.s;l o chain o f eupu rirnpottd 

leec~ds ! t •~;!4lte~ . Ttt ba~•~~y • • ,~ecially vr.ert lt 

'"'c.( • ens, h ::lUS.t:IS t i ve or Yaa::to:r ts hexads. Tne p!ect endt 
llitb 

an abb:rev !~ted 3!att~ent. or Ube ~• 1n a ub Jtct. 

au~ea t 1v• o! 11\orn!oe bells a.nd perhapa a u.nsb.lot. 
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A a:~cle aelodic l1no , v1th an oceaa1onat t oecn4 con~r•p~tal 

pArt , 1a ra 1nforced in parallel h'r~ons bj a aeries o! ao~or· 

~t ~ es un 1 ~ue to 19- tone t•~·r~~•nt 1 1 thoy m~:a uso ot t ho 

!~ttr•al ~/19. A ••r, ftdar~~ a~no r L~d a very ~bright• =ajor 

~&~~t. Tho clasbts betvoon hL-=onles or1enteJ to C and Cf 

see~ to be highly ausseat!ve of bolla . Otherwi ae t bo gro at

ea t influence on t h' structure ot t his piece ia probabl 7 the 

3&rtok Of the ~1k~o~03SOio 

Sumber y: The tvo ~Choraloa,~ A and B, era purel7 

~n~~ll eetual e~erc !'' ' r ig1dl1 tollovi n& t ho "l8ws• ot chord 

con~ truct!on or the 1)- and 11-tone scales in pieces A and 

B res~ec tivo ly. Unl!~e tht tour pr~ eed!ng preludes , tbe tvo 

•chorales " o!for a coo?lo lc brc~~ Croa t he hA~o~!e pracl\ces 

or the present and paste ~e7 present , !n s i mpl est to~, 

•~• o!' t he protress1onsl poss!bilities inherent in 19-tone 

In pt eee A, t he ~•rt!c tl a onorlt1es are s•nerall7 pro

d~ced b' • ~pe rl~pos td ~Jor seeondJ . A flt th and/ or aixth 

Pt~t • ~ eht well i~~ro•e the to~d, •• Yasser sugeesta. ln 

P!tce s . tho ttnt r attng intorYal 111 '7/19, "golden," but 

di•sonant . •~er~ eon~en ton~ t he pe rfect t l tth has betn 

'dde ~ . et; ee1 all1 a~ the end of prJiaea. The rl nal aocorltJ 

1a t)·p!cal: OYtr the r oot , Gil , art 1 ptr!'ect tlfth, a • bJ.gb.• 

tb!~d (7/19 above t he root) , and • "low" third (4/ 19 aboYe 

tha root) . ~la ~!ov~ third 11 7/19 belov tha t itth, crea t-

1~ • •>~etr7 ot aorta. 
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N~,b•r V! : Thi s re;res enta a rlrst pro~ing ot what 

~~~~~~~ to be a partieularl1 p~~~~=i line or 1nqu1r1• It 

i s en!!~el7 aerial , •~J built on the 12-tone row represented 

b1 the firs t twelve ~elodlc pttc'hes . The aeven •tlat" tone• 

•~• v!thheld and ae rve as a tield tor ~~~ulation. The 19-

to~e reaource a tberebJ pers!t ser1~ t odecapbOD1 v!th aodula

t ! on. 

With the last t one in meaaure ~ begina an 1n¥ers!on 

or the r ov. Cl is t ho onl1 tone v! th which t ba 1nvera1oQ 

coul~ besln v~thout coll 1ni into use pl t chea ou~aldo o! t he 

orteinal r ow. Thus a reature ( Lnd lt •••~s to ~• ~o be an 

edvan!aeeoua ono ) o! aor i• l dodece;hon~ wi thin a 19- tooe 

f1tld 11 t b•t the "b~e • or "toQ!e • pot1t1on O( the 1DT0~-

110n 1s 1nbtr•nt 1n tho row rat~•r t ban a =at tar optu tG 

a~bl trary choice. 

l n • easurt 9 a var1at1on bestns; t he ortg~n•l rov ia 

1n tr.e baaa , the 1~v,ra 1oa 1n the trtbl• . Mo~ulatlon ~eglna 

in ~etsure tvtl~e , v i th the or1sinal row t r anapoaed ~ovnvar4 

bJ 3/19. The new tone~ oro 9b and ~b, t he la tter appearing 

1n t he lover • oice aa it co~ple tes the row, atartlng v l t b 

the 7th toao (D) . A ~o~ulat1ng ~·~~ence p~ettntt the orig1-

n~l ~ov bostnntng on A (2o• sure l .J ) , •~~ 1nvol•1ng one 

~!o~~ ign~ t ono, Fb. 

~ t tcond variatl o~ ot:ers t t a ~t~L~s;osed or1g1cal 

(b•t1n=!na vlth the last to~e 1~ =e ~ture ~) lc tho lover 

•otce , asa tnst vbich t he 1n•ert1on, tran~pose4 do~ • ~jor 



aecond., l a presented. The D6 to r;eaau.re 16 re~:-.aeota a poa

aible alteration ot the row. Tbo actual pitch called tor b7 

the row 11 Eb. The upper vo1ct bere replaces t he calle4 t or 

pitch ~~tb a •tonal &Diver,• the nearest &Tailablt (unused 

elst~Lart 1D tbe row) pitch 1D tbe ·k~1~ ot the a oment. Tbia 

alteration leads to a rather atrong t onal teeling ( B maJor) 

at the ~o:ent in vbich it oecura . 

The ~ in , ... ure 19 is bot!> the tinal tona ot a row 

and tbe t irs t tone or a nev row, a d irect tracapoa ition ot 

the o riginal . 'i'l::.e C in th~ up;er voice at tl:e end of tbe 

taee ce~aurt he;ins a retrosradt inversion ot tte row. ~ 

reader 1Dttrested in co~pl~t1ng a row anclJa1s can, I aa 

aure, do ao Yithout turtbar aid. Note th•t in order to t1D-

1ah on tbe at.rting t ooe, D, a traAapOttd version o t the 

inverted row 11 used at the end with t wo ~rore!gna tonea. 

Tbe :elod1c end rhsth:ic cootouza are th~ •~ aa i n mea~u ~•• 

S-8 vb tre1o tbe 1.nve:a1on waa t1rst aou.n4t d. . P:-t had.t nu:ber 

7I •U£se•t• a pos1ible P•tb toward the acb1 tv~4ent or vhat 

Taastr calla the ayntbeaie or tonality and atooal it1 through 

··u~ra-tona11tr. • 

~ !;!: Several vrltera oo ~ult1ple c11~1a1on have 

1Pokul or the quaai- equ.o l-temptred. pentatonic scale 0.1 a poa • 

&1bly 4ts1rable goal. Pre l u!• a~ber Vll is an Orientale 

t :=:plo71nc; nch a seale. 

The greatest structural pro~lem in this piece 11 aua

tti~ i..ctere.st vi tb auch "' narrov r anoe ot :.at~rlala . I 
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h••• atte~ted to t o this t~o~s~ t~e ~o~ulat1ona. A• the 

1nte:-·ul L./ 19 1t the s e:ura.tor of !hl s s cale, the ::.octu_lat ton 

at :.:euura 29 h rro1a C t o t>j . .A.t mea.aure 43 a n~v and cUt

t~~t ~•1• con~a ~n1ng onl7 t h e eo~on to~• G.l v1th t he prec ed-

s~~ber !!!!= !hl• p r•lude i s ~1tte~ wl t~ t b. 1ns t ru· 

ment al ~@d1A pa rticu l • rly t t r onil r in ~~4 . Itt baste ttruc-

vh!ch ~li!J 0~7 Ntlatt - ani •• h•rp• ,• ~d the other o3ly 

"ns.tural a~ an.d "a"ta.rps . • ':'be ;relud'e :d~t ~e 1tid to b e tn 

a d nd or t on•t1n• f orM v!th co~a . !n th.s reca;>t tuh.tlon, 

t:.e sec~:t! t !'le:e fi r st l~j)t &.:"L> tn a oev :Ce7, G (e"aJ~.re 46] 11 

t~a~ :-evt: !3 bae~ t o its o~ or!glc' t ker, c. In t he quaa i -

develo;~fnt al coca, the t wo :o~.. • • r~;reJented b7 the t wo 

p1~~oa aro br oaeht i nt o cloter a~poj! ~lo~. with tbe pro£r••

ate~ t tlt tv!ce had be~n ~l $d t o rtach d1a\~t keJt (C an~ 0) 

!lnslly rttar~~ to t~ o~1etn• l to~ic . ~. 7ho atcond 

PlL~o ts. bovtvtr, ay:bol!clllr pr•••ft t tn the t1nal aonortt1 

~tb t he 0 natural. 

~ !X: !asser !s of t~e Y1•v t~~t thert 18 eaaeC• 

t!,tt, e, s~ch ph•~~•~on ~ b!-tontJ1~t; ~hst vh~t 1a aup

~led t o b • bt·t~~tllty tJ ~o~• •ccu:at•l1 • ktnd ot preaag t 

•• - • ao:-e e c>~p Hcat.td kind o r Jingle tt..t!al!t;_. :n tbla piece 

'the l(""2!.t.e lce JI c! t he t VO p!a.:lGS tup;: !.; t!'.e ;at~riala • .1r" a 

.... th . ... d' • • .a s o::.a .• •lt cO\l.:lterpol :~t vb.leb i .a D~t altogether 



~npleAaant. Neither C nor Cb t a ever ablt to e• tabl!sh 

!ttelt •• aol t t ontc ; the cont•st o uat end •• a 4rav. 

~Jo te tht r ather odd ept l l 1ng tor tht J.J; =.ajor t r1a4 

1n t he ~r1o. P•r hapa i t would b• a 1apler to call Gb •p 

doubl• 1!\arp. • 

In t he coda, t h• ~&oldtn• Co~ula or r.o~trup l a 

•bt.!J. alluded to. Tho oc:ta vt is bro;c en d ova toto ita "golden" 

coopone nt, , • perfect rou:!h, • =!no~ tbird , • toot , • dla· 

too1e aexl-tont, and A chroma tic •s~ltone . ~. rtpraaenta 

the dt ~ cending to~ or t Fibo~tee! a-rit t (8 : $: 3:2:1) . The 

lJs t aOn)ritT of =e~sure 71 ls co~p rlaed of the t vo ~gol den• 

chor~a or the f1r~ t prtlud~ . Rere the upp~r c~ontnt haa a 

tu~l tunc~lon, ror :b l s slso tb• pl•!~ •ubcoalo&a< ot Cb. 
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StiPPWlli!~"':' : THZ OE..~:>.ALIZED r.l:YJ>OJ.P.D 

Th~ litera ture on mul tiple ~1vl s1 on • bound • in 1ll u. · 

t rat l ont &nd deser1pt1cna o! lns t r uoente pr oduc1ns a ore th~ 

t welve I OU.tldl per oc te. we. ":1\e:-e are tb• !'M'Jous bietorica l 

tx~plea: 'li e ent!no ' ~ Jl - t cne .lr-ch1c~ta lo; t h e 19- t one 

"Cl av! ce;t~ba.lo Un tve:-sele• ·.!,.ser1 J ec! by Praetor !ua; the s pc:-

ci ~l t natrumen t~ built under the !nstr~ct !ena o t Zar-11no anC 

lUer or l~eraenno. 'l'hcr• a re the o.umer ous e!'foru or l <?t b. 

ctr.tury t heo r 1ste t o built tb~ pe r f ec t ins t r umen t tor Juo' 

!nton~t1on. Thl ~ethota o f t~nlng thft&e l~strum~nta Y~ltd . 

11 dld tht :t ~~a o ( tcne pr oduction a nd the des ign ! or tte 

~eyboa rd1 . Tho 20th century ha s • ~dod i ta ovn va# t n~tr 

or \nstrumenta v lth ~01"6 th.n 12 tones to lhe oc ta ve. ~·r• 

the ~1r& t thre~ decade• o r t h13 cen tury. Thore 1• P• r ry 

P•rtc~ ' • ~ra en~ l or •tr i n&ed a nd pe~cuaal~n S natr~~enta . 

ML~} or t~ose in~t rumtnl• c~ be ~ound ln ·~- t o~ 

lt>.J.U~.s around t ho vor l d. Do taJ led' at.udlva or thtl r ope r a.t -

1tt ~~1nc iples and t he a tA te or tho1r p r faorvh tton would be 

U." l"•,-ely u se f'uL :t. t .a 'bt!r ond: the a cope or thiA p Aper t o 

-.~. auch a ~etail e~ et~d7 or the inat ~enta or mul ti ple 

d1"'1a 1c!l'. Howe\Ter, beeauS6 o ! i t a dir ec t. be8rtno on the 

te:u.ral pro'ble:n or r educing: t he d1r!'1cu1t) or perf'oral.ns, 

~~1 c lnvcl vtng =enr tone• to tho octave, a brief c onaidera

ttc.n o~ a •~1\.11 group of 1n" t.rt....~nt3 baaed on a a1 nglt pr l n · 

~t~lt or kejboa..r4 de aie,n i s be re • ;pende d. 

J 
I 
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The prlne!plo ot the gent r ell:ed keyboa ~d !s eaeent!all : 

a!~ple. ~e keya •~•t bd •~r•nsed tn s uch L~ or~or t hat tor 

Al\1 e!von aonor1tr, reg•rdle.aa o'£ l<ey, a ains,le b a s!c. position 

(or t he hL~da !a cnrloyad . A1ternpta h~ve b~en aede . most 

notably by Ptul won :L~ around 1900, t o incorporate tbia 

r r 1ne1ple into p1Anoo t or everyda, uae . The wide,pread t ech

r.tf'al ~~'~c.T7 ot the reeular pia no icerbot _r4 hat ren~crfid. auch 

en ina t 1•u,ent un.nCiee:a a r ,. . Howev er , tho COI"lpleJ.!titl 0 !" m.ul• 

t!ple d! Vhd on ,_·cr.:lt p r obfol'l)' tn'k e tho lu.1\H0)' Of I k•ybo•rd 

fiB lnefric!ent 85 tt~t o r t ho plano h.po::s1blc . 

In ord~r t~ rr~c•~ & cone~•ltted ko)bo, r d t~seo r undb 

:tr.ta l pr1nci~les ~uat b• obae rvrd. none or wh1ch lc applied 

to o u_;o p 1•es:cnt- Cf.i)' ir.a trUM(I'nta . U) ':'ht kO)' I muet bt arrentfH! 

!e &n abaolut ely ~eGU!~r pett•rn rron bank t o bAnk ( th~y wo~l d 

pr otflt }J' be3t be O( un!tor :t:. ahl\pe 13 ~o~ell ) . (2) Th• IUCC:tl• 

t!on or ~e:s alon& &nJ b~nk or in &ny El ven direct i on mu3t 

iMclve e l '""eys t!:.e I L~e l nte:-val. ()) 'rhf're r.ua l b .- a .aub· 

•tenthl nu::;ber or ex t ra j(&y 3 i n o r dtn · thAt &.ny pi tch tn the 

a;e!~~ eao be ~~~•~ t y •~Y part o~ • band e~~ri£Ur~ tlon . 

- ru·ee ke}'toa.rd~ Qf act1Jo.l ina t r u..-.en t c v ! 11 b& • r. -.nined. 

ln • •ch . the f nt e!'VIl betveen ed:&cen t ~en'bers or a bank Of 

let)·• ia a whoJe: -tc:;.t o!' the ~y:Ht::. i r. use . £xa..."'!.ple· 61 is a 

t!ac;r flll"' or t ho keybot~~rc! o! e. 19·tonc elf ctr!.c o r £,&.."1 built.. b7 

7tt~an ~cha~er sr.! J~ea Piehl Cur!r~ t~• l~~e ~ ~~O 'a. ~o 

•rr•nso~e nt ot key• ia r~31ni,cont or the type~rlter ke,coar6, 
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r•:-•llel r ov : o~ k~,-a, a opa:-ated ~:-o.., or.a anoU~er b7 a d r.£10 

~!t ot the t t nte rar.ent , 1/ 19. ConatcutSve ~•1• in a g!ven 

r ov C'e s cpar .. ted b;r a vhole-tonoe or l/19. ':"he arra.ngezent 

of black an4 vh1te ke11 11 baseC cr. the bexada or l • •••r'a 

aupr a-'l!!ato:\1t J t .ale, 1~ or t h e l C: t.onts !:1 each oct-ave betna 

vh! to . the 7 bl&ck ~ey3 f or= a scale eQu!v~lent t o our prea-

ent diatonic Jt~!~. The btsi e ~and con tisur2tion t or the 

b'lfl • !_t v i ll be furt\16r ObSt :r"Tt: d that th.!.S baSiC patter n 

:"t:-o • .a!:.s esacnt ie!.ly U.."'lehanged on t~ ).1- and: 53-tone 1nstru

~er.ts to be ex~ined la t tr. 

As•~~!~g tte blac~ ~ert !o ~L~ple 61 t o r epresent the 

te~l• o! ! ~~!or ( for purpo:es or 1lluttr~t1on-- 1n actuallt, 

th~)' ~o not} , the key Q t the. up;:e r lett -hand corner h D. 

~h• seale 1o !"o~ed b7 p ~oet6d1ns to~i :ontally t~r v hole

t cne• •~4 ~1 asonall' ror te~l t cr.es . : t a~oul~ ~. po!n~ed 
cut t~a.t t ht t v o d i fferent. dt toson a l d!rrtctiona invol \'e differ• 

t nt. l n :ervall . Cons eeut.: v• t.onea along t he 4l acona.l rrom the 

t ·r l~!"t arfl 4! a t c :"t1c ,,-ltc~u (C/19 ) !'ro:a ooe lt<Ot her, vh!l e 

to;.sec~t1ve t cnea &)¢ng t he Oi egocal fr~l the botton left art 

" !'\: 11 4/19 tro:q one another. 

1 Parte~ h &! t~~pora~ !l1 ab~~ona d eAp~rlmeetl !nvol~-
1~ tte ~~· Of t~ inat~ent v!:~ t kC1bOS ~~ ~ta e~bl!n& tb&t 
ot 1. tne\orlter. ln f'lr." a!s o:- a '·' ... s!c , ~0\o"t:"t:f', ht coa• 
., ....... s ~l!. .. orabt ,. tt.e e~r!ct~r.cYo? ~eyboe :-d or t.he type
\l:ost~:- (the t n1 t.J""'J,.'nent "Which •nJ' ate:netN~opher c AD lea.rn to 
Plly i n s ix v e~~s) vith that ot the piano. 
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~~rle Ol l hOWI the f ull depth or t t e kayboar d (five 

rowa ) b~t o~J a cross- aoetion o! i t a f ull loo&th, ~leb 1a 

about tour OC"tn•e l . Al l o r t.hu t onea eeuld be rt.prot eoted 

by t~ee b~s ( r ova ) ot ke~ a , bu\ tte •~t~• two r ovt are 

u sent lal t o the gen6r11 l izat!on of t he ic.t)•board, •• theJ 

pe~it &nJ -~&:.d~d e~~b lnat1on or t oundt to be p r oduced in 

a.ny luy b! a s! nglo eon!!surat lc.o of the ba..Dd. 

£x.up!e 62 ahowa fl sl!!-..il t~.r cr oaa-aeetion o t one ot 

t~e t vo ide~t i c&l ~nuela of Fokker' a )l•ton• orean i n Raar· 

) e~, built d~rl ng t he ~idClo 19~0 1 t. Th1• inet~~•nt haa 

ree~i • •C t !:e .:~.est videtpr~ad us e· uong t t e t~~odero :.u l tiple 

d! vtsi on !n a t r~ents . A special eontele v l th tr~dlt l ~nal 

lZ- t one ke1bQt:'. 1• alao a• tached t o t b• plptt ot the inatru· 

•ent !or t he rEcdering ln e eent one te:perAOent or ancleat 

~u s 1e . Tho ~•in console , shown i n ex~~ple 62, conta1ne 11 

b~~· or ~·1• 0~ • •eh ~•nual . !be vh!t e keys to~ the dla

t on1e acal t or C ~Aj or, Jus t &3 t hey ~o on t he pl~o. It 

vlll be no· e t t b4t fok~er '3 ke:rboG~~ C1fftr~ tr~ Scbater 1 t 

in th•t tna a!centtng d!ato~c se~1L~~e us~~ tbe ~pvart in

l"tad o r ~t.e c!o· .. nwcrt •Shgont~~ l . Tht re sul t 11 3 Kind ot 

~1~~or tnwtraloo or the pattern Scbate~ ueea. 

Unl 1ke Scha rer'• ~eybo•r~ , i n whJcb the keJa era 

l>hc ed on par allel pl an a• p ar per.cHC"u.la: t o the r owa or :.ce, a , 

l-'oit.to r ' a ke7bctrt! plact~ the k• l'• in al ternate r cva dhgona.l l:r 

1n .such a va7 t hat a ••rt1eal l, lne or K•J'I (that 1a t o a&J a 

tt~e of keT• pr~C'tad!ni perpendicular t o the r ewa or b t nka) 

.• J 

l 



Ex~~p le 61 : Scharer L~d Pl ~nl 1 a 19- fone K•yboard-
Crosa-Soctioo 

Ex&Mple 62: Fok~e r • • )l· Tone Ktyboard··Cr oi i•Seetlon 

0. ~hi I~ 
Q. blue 

~· blatk 

437 



Utto a1 t ern•tt r ows onl7. Suet a vo~tical lice gi•~• the 

a~•lltlt 1nt ervs l , 1/ )l. Tht ri ~ in£ dia~onal y1elda tba 

d1•tonl e ··~! tone, ) / )1, whl lt t~ rall1A& d1asonal yield• 

the (hrocalJe ae~itooe , 2/)1 . the 1nterTal batv ten cooaecu

tJve tcn~s on a o1•en bank ta a whole·tone , S/31. 

t h e b lack ke71 represent e e(b shar·p a.r.d nat currentl7 

obta!nabl e on the black ke7s of tbt piano ktfboard. Tbtrt 

•~~ ten black ke)a in e&ch octave , atnce there are aeparate 

keys tor ?I L"'ld Gb , etc. 'r-ne t eu_rteeo lu7a in e• ch octave 

whi(h are neithor bl&c~ nor vh1te •~• blue; tbtr r epreaent 

th~ t~nee ~hich l ie be tween the t cnta o r the pre Jent piarto. 

~he l l b~~2 o! keys orrer &:ple a ltero,t1ve rt neerin£ poaa1-

bil1t1u. r or co!l'~plcte ge:ltrf.l1u.t1cn. Plve ba.d:a woul.d be 

u!e~uat~ t or t ht tingl~ renc5er1~ or e ac:n ton•. 

Eoaanquet•s ko;board , ahown i n ~~~ple 6), aome 70 

re•:a e&rl1e~ tb~~ the other t wo. 1• the ~~st (~~~ lex or the 

tt~ee , but the pr1nclple i e ~uch t he s~e. WhP- re the o ther 

tvo con~a1n l evel banks or kera to ~hich the ton~• • re • 

whole-atop • par t , Eoaanquet 1 s vtole • t O~el ! OM'i a all..!lt1ng 

r ow. Th11 1e the reaul t o! recea~iAg each tltth a l i ghtly 

' the Whole•tone hi~ ~~i ce the rett~l ot tho tJ !th). Af ter 

t.o:;e te~.;>o r••~•nt , the next h1th o:- ta .. ~ fi OUr.da one corn:rza 
\ h!;her t nLn the Cir:t bank or, • ore prec1selr 1 1/S) higher. 

!he result it rather like the Po~k•r 17ate: tli&htlJ tilted 
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and 1:n•trte4 (a.t t.n Scha!'or'a ltatr ument, t he diat.cnte .s6zuJ .. 

t.ooo Ss a ch1e'lod b7 a dov r.va..r4 diagon•l). The d o\o'tlVa.rd 

~1atona\ y!elda the diatonic ••~ i tonc (4/S) in Boa anqu~t 'a 

?ftha e;o re&n • Jat-e::i) , vh!le the \lpv&.rd dlagor.a l 7ie l'h the 

lar ge r chro~atic ae•ltont ()/$J) . The r ov or whole-ton• • 

(0/ $3) Is itsel f o &•r.tl7 olop!nc d!oeonol. 

Count1 no e ,·ery a l op ine, r ow o f aet~~1 t one a •• a a epe..rate 

bar.k , there are about 16 b &..n'iu ot keya a t Illes t p&rta ot th• 

!. nJ t:"l:!'Sent (9 v ou.ld aut'tic:e tor e\·ery pitch ) , pro¥ 141ft£ tor 

A. h 1gh l e vel or g.~ne ra.11 ::a tior'l. 'The alo;:: lng chuae hr ot 

the vhclt•tooe revs i s pa rtic~l.:l7 er~ic! e nt (or di atonic 

teale • product!on , ( o r in eo~~l~tlnc such a scal e the hand 

re:t.a ina •t. a constant d is lftnce t'r~ t l-.6 t~oe o ( the ko )•boa r d 

~e a~e:t the pl a7e:.2 

E.La:~plo .63- :ahows 1 cres t-section or Bos e..nquet•a lce.r

~o~d . ~~ •••en• to- ~1ve rtt! o or ~h!te k~y3 to black 1• 

r e t A1 ned; eo~ • al t~rat to~s do no ~ c~Jnse th~ colo~ o f the 

~I f' · BOSL~qu o t a pear$ to have S ~YtO seta of tve lve keytJ 

\o l "te oc tave , aa.. ln all. a,. &.."\ e!'!'ec t.!ve a.r:-a.ng6.:en t. . how .. 

t fer . 8ot &n~u~ t hea an even g ro1t er n~ber o f kef• per octo•e 

~n h~ s ~lddlo r~gla ters. 

l t tJhO\I}d be l l!d od tha t Or. E!Oi tt.r.~ltft t. 1 S inst!"t.l!t.t Ct ( and 

O!\ rc·,..~er 'a • • v e l l) •• the ~e)& a.re r eceaaed trt'm th• player 

2:~ ecnt~&s t . t be a 3ee~~ lng d! atcnic sca le on Pok~er •• 
1 ~tt~~ent br1ni4 thft h•n~ ~ •~-Y from the p l a~·~ (and even• 
t ·•l h o" ( t h o l£eybo~tr-d ur.les t t h e p layer l e aps to a a ev 
r o:! t! on). Vh1le a a~;-,1 leJ• f.c a l l o:~ .-cht.!'er ' .s 1n•t~ent 
~~!~i$ tbe hands tova~d th~ ?lt7er. 



441 

thc7 a~e e!~•• t•~. In the c••• of bos•n4uet't Lnttr~ent 

t:J a ~•ana t h tt no t~o ke)t v1th1n ar. oc t . ve •~• at p~te 13tlJ 

tte SAM& t l t?&:1on . 

7h~ t~-ee ex~~pl e~ ehown Jn l hit aho~t supp le~ent o~ter, 

1t seu:a to !"'A , !.be beat b uh !'or a t ta:t!r.c; pclnt ln the 

pe :-t'on.\Anc e o ( t e:rpered :.u• tc us!lne. more t h an 12 t one a per 

octave. lt ~~lC bt q~ito poa•ible to uae t he =ore c~plt~ 

1n5 tr\!.Zer.t~ , s ue!:l a s Soe &.:t";".Jt t 1 a o :- Po~lcer1 t, to:- the .the:?ltr 

QUS1C81 syst«~ ·~ch a s Scha(ftr' • · although the :-ever••· or 
eoa~3e , v ou!! ~e iopo:s!~le . A keybo3 rd o r ab o~t the c~pl •~· 

i ts ot ro~~e:•s coul d b~ tuC$d to yield • ~or. c0%plex tt~· 

per~~&nt, tuc~ ~ 5J· tone # to t~ oct8Yt, v~thout ·~ tl ttn

t tal ch~nses t~ t~~ bL~C ~os ~t~ona !o~ the a;~roximat l ona or 

61 ven J laSt ~ou:dt . !!o--.tOY'!r, t te \Ue Of a ice7b0ard f'OO a :110%". 

CO:-lplt:~ .&. S )'Jte--. t~ C.h.lt ~Or 'lll!l!.Cb it V IJS de:S,£n&d wt l l 

~&.sutt tn th~ ~ s~ ~tt!ce o~ ~~o o~ all of t~~ tt:~ner-Mli:•tion . 

:~rt • l , c~~~~· ~·~ th~n ~o lo~ter b e trtn3~o:od to e o.-t•tn 

~•:• v! tbo~t • ~·J~e •! c~~~a 1~ th~ po:lt1:n of the hand . 

~. :e~"Ol or "-!.u !e 0~ Indiana tJn!V"' :"!!!ty h~.s juet pu..- 

c:.as4!J t~• • ".: .; ·u:1•4 t o b".:!l~ a..o 1natru..,ent w!th up to 60 

d~~r~ •• n~ (T,:-t abl• ) p1tchta to th~ octavo . l s t r onclr re co~

· "!·us t'ut • i•~•:-lll hed ~ .. ybG,!"d be 'bullt f or thJ.a 1nstrUZl~nt 

a: ~n& t~• l~•s o~ jcs~qu•t'J or p os s!~ly Po~~er 1 a . ~he 

~ ~! t•saful c~?lttion or •u~~ an tna ~~¢ent v outd r epra3 en t 

• •~l~a~le c~~::1but1on to th• ~aatery o f t h e COQplex !1eld 

ot a'.ll, t1~lt t!i'f'!sion b7 o f :e:o1ng t ho opporLU...«t1t1 to lll..:lJ 

• 'C = 



= s t ' 3 • d • c 

a tud•~t• t o •x~~ri«ent v !th all o~ t he ~ec~e~~td tunlnt 

~J•te~a. Such an 1n1t~~en t , tor ~AAl~~' t!!ectlvenosa , 

ahoul: p ~a ses~ •t leaat 90 ~•1• to t b• oct•••· 

Sd 
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GLOSSARY 

Ar ea or co~pl tA,i lJ' ••• • Ultd in Cha,te~ 1) to c r oup together 

tenpor t d ~,ate~ poaaoat1ng approx1~a tel7 tht •~~• 

n~~ber Of tones. Tbtrt ~re f our IUCh art&l CODiidtrtd, 

v1th ~. )b, and SJ tones ~•prtstnt1ng the a&Xi.~ 

n~ber or t onea in each of the tirat three areaa. 

Autochthonous ••• • a tor= u1od by Fok4tr and o thor• in refer

r~ng to al ready tx1tt1ns Fol~ aua1 c. 

AYtrage Dev1at1on •••• a atatt a t~eal aeaaureAt~t ot the d1!· 

terence• betveen t wo =utieal t uning ayate~s eoaputod 

b7 meaaur1ng ~he ir.tervala botvten each or tht t onot 

·or e ach IJ'Ite~ and a centr •l tont t ttnd1~6 tbt dlfftf'

oncea betveen eac~ interval or one 11•~•~ $nd the 

eo~p~rable inter•al ot tho othJr ayate=, and taking 

the a · .. e rago o ~ theat int ervals. 'rho :~.e tbod 11 

ap~l 1cable ooly wher• the ~= 17ste~s hsve th• IL2t 

n~ber ot ton~ s to the octavo , and la ~e&ningtal 

-

onl1 where one ayste~ ia i n tended aa a representative 

of the Other , a~ when a tez~ere~ IJSt~ is pro~oaed 

aa the r•presentat1ve o~ a ~uat 171tt1. 

intervalt . Cents are co~puted b7 aultlplylng the 

logarithR o t t he interval-ratio b' a constant appro~i

:aLelJ equal t o 3986. ) , in or~er t hat ~ octa•• eon

tUn ... ac t.ly 1200 centa; eeeb ••~it-one in 12-tono 

equal ttmpe ra.:aer, t tbua conta.io.a 100 cents. Ctn te a.r.e 



r 

~sed thro~ghoJt thla pa~ar & 3 a meana ot &~ •3 ur1 og 

1nter~al3 1 a! ~c• t ht7 ena~la t he reader to ~lata 

mO$t t &8ily the rela ttontb1~ between the SnterwJl 

diseuJsed and the l nte~v&la or 12- t one te~orament 

wh!eb &re th e moat tao111 ar to b1a. 

C~b l nod error taetor •••• a concep t used 1n Chapter 1) ln 

which tho •~~or1 of ln~ervals are 2tt su red both ln 

te:u.e ot abs olu te s lt.e and ! n tt!TU o: ~ov la.r&t 

the} are in r elation to the Silt of ~ach uni t O( the 

I J .tt en . The co~b!~ed e~ror rec t or la obta ined b7 

.multiplying t he size o! an error (:.ea .tured in eentt) 

by tho fr1e tion w~ose n~erator i s this J L~e error 

and whose de no~in~tor ia hAlt t~e s l:e O( O~t ~t 

or tbo aystem. Whe re ! represents the error or an 

lnterval w.oa.s \!rtd ln ecn:.s . A.."ld a 1a th.e n .. ._b er o.( 

tonta ln a teopor e6 ey :te~. the eo~bined •rro~ fac

tor et n be repro••~tod bt the ror~ul• 

Co:u:rue ti ng inter•al. ••• a ~·us : !nter•a.l v!liieh i a I'Ui d• 

thtor•t l eally equal to one unit or a te~pered ayste~. 

Such ~n ln~e~• &l, t n 12- t one te~?er&3en~, 1• 2) :24. 

(tro~t ~lr.se~-ddt) ' 

O. rtnlna lnt tr•al .••• a jua t lnt•rval or e~all t it• vhieh i a 

a a de t o ·~ual 1• ro tn t he es tab:ta~eot o! a t•~per•4 

IJU .• :a . v Ors eh.-.J.dt ute.s t b.l.a ter:l b•eause he ~•tinea 

•' ' Z 
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•~c~ te:p~~ed 173te~ b7 t he lar tt tt Jutt 1nterYalt 

vhlch auat be cOn21dereQ t~ual t o xero. la 12-tont 

te3p•r~ent i t 1a the varinus d!eaes wbJcb art tht 

l arge$: detini ns inter •ala. 

Depart~-•·· · · 3oaanquet 'a te~ tor the di fterenoe betveea a 

gl•eo Just interval and • apeeitted te~pered interval 

used as a point ot ro terenc e. !he Cep&rture ot the 

J~t fifth i t about t vo etnta (in the 12-tone 

te~~ere d I:Jttoa ) . 

'ttttcult7 factor ••• . in the aelect1on L~d evaluat ion or 
te;oapere4 J:Jst eaa , the role pl a.y e d 'b7 the dU'tLcultJ 

1~ recosnt:tng and porfor= t ns all ot the t onea, honee 

~ttt~lntd bJ tbt number or t one • 1n the sya te~. 

'! t oni c co~, ••••• ~ht P)thagorean ~OX%& , the dlt rerence be· 

t veen 12 rtttht L~d 7 o~t~•ea ; ebout 2) . 5 eentt 1 or 

2 cents larger t han t he a1ntontc c~'~• · The ttra 

• con:u "' vhon u aod alono rot !tr~ not t o t he dU:onic 

t~t t~ t he • rntonic co~~. 

Dods esphon1 ... .. the t era ~ppUed t..o a er-1•1 l 2- t one COt"POt 1· 

t ion b7 tbe Sch&~be ~g t chool L~d 1t3 sueceltort. 

Error •• •• Zos~nqu~t's ter~ ror the dif~e~e nct betveen a 

g~ven te~pereC interT~l and a spoclfied Juat i nter• 

TSl uted •• a p oint or re t ereoee . Tht error or tbt 

titth 1n 12-tone teaVtrL~~nt ia about t wo cente . 

~ibonaeei s eries ••• • • aer l ea or n~~bera ao .rrange4 tha t 

~~1 tera represents the sua ot the t wo preceding 

te~ .. AA OAL,ple ia l ,l , 2,J , 5,8,1) , 21 , J4 •• •• 



Ooldtn ratio •••• the n~,erieal ra t io between two to~ auch 

&nd the .~, or tbe tv~ ttrftt. a • b 
b ......-b 

au.lttpl!c at!. on , b2 • a 2 • ab. Div id ing both a ldol • , 

b2 , b2 - . 2 a b, Sl.:;>l1t:J1ng, l • . 2 
+ .!.· Dedu.cttna ;:'2- ;;z• ;;z bZ b 

1 fr«~~ both a ide a , a 2 a 
- +-
b2 b 

(th$ r8tlo) to be equal to 

Colden t one 171tem • ••. !orner up 1 s 

b 

- l • o. Con.sldertns 

.. , ," 2 +w- 1 ~ o. w : .618. 
b 
"idee l" mu~i cal aya t em la 

w!'\leh t he 1nte:-vala o r d t~r&r~l-'lt· siZ@9, dltt is, chro

••ttc ~~~to~e, d1a~•m1~on~ , to~e , minor third , 

a.nd ptrrec t t our;."l"', relate t.o tht noxt ls.rgtr 1ntll!!'9&l 

b7 tho gold,.. .-;:a tlo .618 .• , 

In:"rA•d.iatont ~ . ~'~ Yaruer 1 s na.~o to r vha.t be alleg•• to be 

the mu~lcat syote~ froM which ours 1~ oasontlall1 

ewolvod . l t cor.aista ot a f1 Yt•tono scale with t wo 

a ddi t ional a~ll!•rJ tono a. 

"{u;t de vi ation •••• • concep t uted bJ Barbour i n •• • lvat!ng 

VIH'ioua tu,ltng •111 te:us a ccord.i ng t o ho-w cloa e lhtJ 

are to equa l t•mperLSent . 7h~ dt:"re r e nce b•tve en 

e~ch con$tructtnc 1nter~al or a •1• ~•~ and • unit ot 

tht eq~t•alent te~p• r•d .,, :.~ i a taken, an4 the 

avtr•i• f ound . 

~&~'ltone h.nptra.r.tn t • •• • 1n it a narrovtat ••nat tbat pa.rtlc.· 

ular t•~~erL~ent !n ~~teh the t i rth 1a ~•de •~ller 

bJ oxactl7 l/4 o~ a STnton1c comma ao that the lone 
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represent• tho mean be t ween 9 :8 •nd 10:9. Jn the 

general tense that tht tor. 11 used J n thia paper , 

~eantone te•;•r~oot ls anr rebUlar b~t non·crclic al 

111tem wherein the fifths Aro ~•d• tmaller b7 fro. 

1/J to 1/6 or a arntoulc •~• · 

Nosat1•• tJ3te~s ..•• Bo•an~uet't term tor rogul&r.AJ•t•~• 

whote !itth' are amaller than 700 ~tnta (tho ti:o of 

tbe fifth 1n 12- tone texP4r~ent) . 

0rruL~e4tal acalea •••• ae&l$1 baaed on the arithmetical dlvi~ 

sloo o~ a a trln& or pipe. Such a aeale al&h~ ba•• •• 

eontecutive to~es, _! _l _! ! 
12 11 10 9 

! ! ! · 
8 7 6 

Potltf yo tJit~t •••• eosanquet•a tor= for rogul.r IJtte .. 

whoso rltthl 1:0 lareer than 700 cent• (the 11%0 or 

tho ti!th in 12- t one te~p•r~ent). 

PythiQOrOin tuntn&•••• .n7 I) S ttS CO~p010d tntiro}J Of jUit 

perfect. tittha . 

~···· Boa&nquet'a ay:bol t or t bt order of a regular CJcll · 

cal •ystt•, rtprtstnt t ng tht n~,ber ot unitt or the 

171t•no ~1 ~tch 12 perfect flfth.a '(•• roprtatnt.ed to 

the •rstt~) tAceed or tall 1bort or 1 octa•••· 

Regular C1Clical 17tte~ •••• an equal·tt2p"rt4 111tt~ . (tr~ 

Boaanquet) 

R~gul&r ayt te~ • • •• a ayatt~ vholt perfect f1 fthA ·~• alw•r• 

or the l&:t ai:e. lt , •• 1o ~•antont 0~ ptthagor•an 

~~lng, the ton&a a t. the twO tndJ Of IUC~ & Chain Of 

equal fittha t.o net tbe~r:aeh·•· tonn • .t:. ftb o r tha 
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•ac.• size, t r:e I )'Stt:a , al t bOUfl.h rei,"U!•r, ts ovt 

C:Jcl icd. (rro.~ Eot anquo ·t ) 

a 6ne r 1o •••• the r.~-he~s (r~ 1 t brOU&h 6 . Ac~o~di~ t o 

thecrl t ta re; res ent1r.t cuc b of the bett vri t \ ng on 

~us!c tor •e•e~&l centcrl~s. all t rue conaon&nce tn 

~~:Je ~6t!des in lnter•els fo~~c by ratios between 

n~ber• in t~~ sen~rio. _ 

aene r i•t • ••• a pcrsce ~o be l ieve& all ~us!cal con•cnance 

to ~ertve rr~ t~e r.lation: h1ps or n~b~rs 1a th• 

•er.a.ri o. 

S:~&ll ... t:;W11b6r ratio ••.. .1 rat~ c te twten t vc C'"&t!cC*l J1ut*6 r a . 

~hero ls no ~xaet llx! t to ~~•t can be cons!~ered a 

~small • n~~tcr 1n this s~r.•e - bu t t be t~pl!eat ion in 

the ut e of t t:!_, ttra h t b&t U:c ratio v111 inwol•e 

tH.U.bflrs • u :"n c! t Ltl1 a~e..ll thl\t a ; erceptfblo .tf'la.t e 

or cons on•nce vill ruult iro:oa tte tilf.u ltl.neout use 

or t~o aouata ~oa• ~lbrat ! on !re~~$GC !ta are r elated 

by auch • rat!.o • 

.-:tlperpert .l~u.let- rat! o .••• t. r4'.t.1 0 1n•o lY1C1.b eona~eut1•• 

lnt.et;:-&1 nuale :--a a-:.ach • • lt.. :lS. 3t :eo, J : 2 . 

'lprs-d1•toni c •••• • te~ uu" t r tut•:- to deacr1btt \lh a.t h~ 

conaidera t o te t t.e ne ~ t ~at !e el •yate~ in •~ • •o l • ing 

aeri es. 7be ~~r• -d! e ton1c a c el~ 1a a 12-tor.e acal e 

artd 7 ad41 t! ona1 •~1 1 1~r, t oneJ c~pl4 t e a 19·tone 

• r• t•~· 
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SJc\tonjc oo.-.. "''a .... the lnterval Sl:eo, or 2l ~ S' ecnt!j the 

c~rrerence be t~een t h e J uat tt,~rc ar.d t t l t~1~4 ror=e~ 

b) t our f1Cthn . Who re t ht terM · c~:.t~ ia u'ed with • 

o~t f u rther ez~lan•t 1 cn, 1t = • 7 bt ass~td thtt t t e 

reter•neo ia t o the ayntonic co~A. 

~r1cesi~opr1~a1 •.• • rel&tlng to tbe nu=ttr )1. ?o~er ute s 

t hi s ter. in rereronce to ~~a!c u11ng )1 tonea t o the 

octave . 

12-tcoe ~yat e:n . ••• the twelve-tone equa l•te::::pe-recS t uning . 

!n this paper , t~e ex~reaalon ~12-tone 111te~" do es 

~ refer apeei~1celly to t~c proc~~urea ot tbt 

s erial techni~ue o! Sc hl!nber s • s d1 sc1pleJ. 

t n1t ••. • tbe ~oxM.llt5 t. 1.nterval 1n any &1 u n tt~rtred sratt:=. 



,.---

8I3LIOO!tAPHY 

Apol, WtllL P.a.r\·~:-<t ' !.et!o:upq o!' Y.ua!c: . Ca..-,'o:oi~,ge : 
va:d onl verait1 i r esa, 9447 

Ariel (ps"udony":"A ). :>'~l!. Relat1v1tltsprlnz!p Oer Hudiul11ehen 
H~r~o~to . LeT~•1b: Seunzehn Stu~en Ver!eg, 19l$. 

Aau a:-, Jos~ Vie•nte. •oe loa :t.terotonos y su .Apl1eaci€n 
C0-.":10 S ilaroas te.npO:"&dos , " R~v1sta ~:us1_ eal Ch1\en"• 
XI (Ootober-,ove~ber, 1957);->~ 

Awra~orr, A. X. • Jense!ts von 1e~per 1 e~s und Tonalitlt, • 
)!olos, I (HZO), 131. 

9e.bb1tt , ;.{ilton. "":'wclve-Tone 1'nvar 1ant.a es Coeapo31it1on al 
Oe teN ... t\An.ta, " ''uslC'al Q.l4!'"~ ~ rly, XLV! (April, 1900), 
ZJ;O . 

Sar l.lour , J. :(u rrt.y. " Just IntonRt ion Con!'uted, 11 Music •nd 
Lot tora , XIX (l9J8 ), 48. -- -

-- ":-:u a!c "-""d 7 'tr:u:-1 Continued f'r•ct.!ona, " A~ .. r!C'a.n 
~a:.he-aAtiea.l !~.)'l~hlv, LV (19~6), 545. 

·- "!he Persiate~ee of th~ ?7thaco~e&n Tun!n& SJ3 te:,• 
Script a :·tuhe~"t!ca,, 1 Cl9J)) , 286 .. 

-- 'i'untzn~; an~ '!'11 tperament . E·•• '- Lanlins:: X1eh1sa.n 
Stt~o o.le£6 Pres, , 19$1. 

Belleru:\._',, Htl:'U'"!ch . Die ':'onle!t~:o:. U.!'\c! Zus!k.:'l.ote!'! ~ 
C~e1c~•n . .;.e:-.:.1Q: A. FOrstner-;-T.S"'7 • 

S andor, C. "' L6 Futu..r 1e:'le i-'!us1eal, • Le Ciu ide (!u Conc ~rt, I! I 
(F•~"UI.!'y, 1 912), - ---

91,del , E~n•t . D!~ :rhlen~:-un~la ~en ~er ~usl~. St~ttg•rt: 
Vt;.:-les Frei"e:; o,je! Jtetleben , l9W. ---

3la~o;>t , Curt . '-!u.31kao:tolo;te. St. Ca il en: 2olllko~er, 
19)0. 

·- "'!e~perLbtnt : or the D~ ~! £1on o~ t he Oct•••,• 
Proe e~~ 1n~s ~ ~ Y.us ieal A3 sociat1on, (1874- 7$), 4 . 

• 
·' 



l.Sl 

!rL~Cs~A , Ensbert. ":~~~ ~ 1e ~onverhll tn tas e 1n d•r Al ten 
t....•ui :·•ut-:1 : ' ... !t , , " :.,:-!.eh t \'On 111 Y,e:tn•eS :! l e :- I nter • 
rH!OMill 6=" ::·.a !ic.~t=e\l$ cha?'t," m o9 ), )~7. - - - - -

?r\L~, \1so- ~~lgor!t~~es ~ell~! en1 pour tro! a o t quatre 
n OI!lbrea," S ~trt r ve j( u r ':' ro"" t t onde .Sk and1nsvsA:a !<!ate· 
•~:. ! ~~r;.:.,:v:-~!t!t•~ . • XI:: U957] , t.) . --

..... •Zn s eners lisst1on av kjed obro~en," Vtdenakapa· 
uls':("pe:. a a ..c rif te:-. !-:l (1919- 20) • 

..... "::utic and ':'u •ol\r)' con t.1nued l-.. r•ct1 ons," Oet 
!o:"t=-d !"'e tio=-~;;e \"~c!~n..sic&~!"S Sel s k10b, f orhandlinger 

_ ~c . XX!l: , (1 9$0) , )o . 
._ .. ,,. }> 71/& 

3us o:ll , 'ferruee1o. Ske-:c~ o: • New Fsthetlc or ::u t1c. 
':'r&nsla t ed b; ~l!l:c;r7 -:;ew Yo:-,c : a:-s chl rM.er, 
1911 • 

. Ca_r :-Hlo, Jul~{,, . •:.:1 '"n1do 13 ," ![! !:on tdo lJ, a serle.s 
ot ed!tor !al! a;; ~ ~r!ns 1n e•c~ l:sue . 7r.e quotati on 
0:11 pa,;e 1$~ is f r cM Aflo t , ::'6:11El :"O 2 , (Feb r uary , l9Zc.t ), 
6 . 

"Prel u4to • Cr i stob al Col~n ." ~ ~~ XVII;) 
{April, 19441. 

te t e!", !:lB ot-t . "5hop ':'al i< by •n /ufter1can Co.~tpooer, " 
"tls!col Q:\l art.erl ... , XLV! (Ap:-11, 1960) , 189 . 

CaTallln1 , Ec!oo.:•do . "Br • vt not• sl.ll plur:cr o.;.a t.iaJ•o, • 
?1 -:! ~ts : :us ~c ~lt :\ n!la n'\ , (lC~) ) , 247. 

•• " 11 plur1erOl'II Ula~o nell e vol 11 : !one mus i c ale, • 
~! V! !If "'o !iU'Iif' 't.lf' :tAlh!'l& , (lfl ... f>) , 1)0. 

Co:-!l'J, A. an~ E. V.e r ead i e r. "Sur l ol 1r. lf'rv111lles ~nus tc: au.x, • 
Co•:::tes R~t:dus t!f: ~ •:.cs.d,.,.!e cas ~~~'"'nee$ de ? a d s, 
{i JuCJ , ) Vi. - - - - - - -

Dr .,b t a ch , :.<. . .. " irbe:- ::J.J 1~u. l1 ~ehe 'tonbes t i zt.":ung uncl 
:e::,era.tu.!" , " .a-:.h&~d l u:1~· der n 'l t r..9.,.f\ll a ch- ph .. •a h eh•:l 
'laasw doe :- ~:o ••• ~ .:e!". ae':'i'T.sc::.t:: ,.. C'St) . ... d .. ·t.i. !'t. Ce:
~,~~-:.e :-. , :·.- (l-.~5) , l. 

~pont, ',ti l bel -e . 
Lrla.'"~s•n : 



.. - .~ sr::aew- z . ' !: • 

4$2 

Zeto:l , £die. ~-Studh :o. Os:o: Eberb. B. Op;>1 1 a :o:-la.s, 
19Z). 

-- ":ur ~~t3 tehuns und ~~:~ :e~l~~i de:- S£.ala," 
r e d e~..Ab~e:t as~ -·ebo!eM a t..."=. ' ="· 0 . : . Sc~.,ue:-l•er, 
: o~ave~~§Lt , 142$, lo~ --- -- --

£1t .t, Carl. "Von C:en :u.t.i!rl!ch ~tnen Stl~~unssve:-hilt
nlase:\,• ~. I (1920) , 29J . 

~----~E~)tis , AleXL~der J. "On the ~U~icAl Sctlul or Various 
l\11 t! ons,,. J~'.lr:u\ l. o~ t !:t So ':! e tv 2£. 6£1!, XX.XI !l 
oss» . .. s; . 

£n;el , Custe.Y . 
Pc:l"lSn: 

-· "£!nt ~8t=entt1sch· h&rr.cn!:che Anelyse d~• ton 
C!ov~..r.1 von 'eu.:·t . " . ! ( :-· e:::. ·,.~.!"'!S("hr>J f t. ~ 
f:us!.e:.;p..,!~~.£laft , ill {1 : . j}, t.Ol , 

!.:'.l!.er, Lecne~C . '"",;.r · r.-~r ~ f'~ •c'"''" r yu•tr••. (a ee 
lJ•t1nc unC:t:>:- s~\t.h, (" . s . ) 

Flckenache:•, A1• thu!" . " ':'ho •Po!ytc no• u~ t.hc Pohnt h .l ittea 
or A ?urtr L'ltona t i cn ,,. :::..J.s!ca: <j,i:a:-t t-!"ll X.XVI I 
(.lui~ , l <~l l , JS6 . 

Folc!,cer , Ad riu•n !:' . ~LI'IJ ei r.gul~·"~e: to t nn , " A e o~M!t lt:ue 
::u:!e~lt , LY.Y..'.l\1 o~;:a) . U tra!t, t d:tiC-:ll e~ Cont.re 
f;uto::.sl te la r .. c:her cl':t :e!e:"lt!t'Jctue, Pa.!"lll , 11:59 • 

.... " t r;:u.&l -e:-:;o :-r...,en t "''~t h 3l ::ot t a ," 2,~ !r.t.t! t.\l l,! 
'$\.UO!"tto:-h, i!: o. (\u t~-'l , 1~55), .. 1 .. 

. .. :u!lt :·.~ .~nl t ! 1v\ "-"d 1 ~!'" !': ... :o-.~ ~natJo!! of Har:r.onic 
O!n~c: :·o ~ ril!e ~ roua~-.-7t.t ::,t.U<' I :~{i.'i:dnua 
7f!ho??'";" 1':'49. 

-- t "" ~·:a ·'hl.~ t !;ues et. h ... us! sue . lJ:trt lt. Ou Toll'le 
X, ;:t:'Ct-.lvo: 6 : ;•._.s?i fiy!e:-:-!t. Et)'fl : z.:a.rtlaUa 
N!:hof !", l li£.t7• 

• • • tpt•lt.kkcorden," ~!! 1 ~ :·ele~1e , (Ma.)', 1~00) , 
11;$. 

R 



Pokke r , Adr1a-n 0 . P.eche rch@l ~us ic ~lt t t l(cr !gues et 
ort~t !!ve s '1~e:~des COMf¢:!tlona by :.~ VL~ DTJk , 
an er t clo t ) E. J . A. P~la , and the roll ov!ng 
•:- tide& by Pokker : "::X;:(rhne•~ r:u.s!c:Uot ~vee 
let ;enret c.I.U~C'&WC de Leonha:-d F.'.Jlt:- c or.hna.nt la 
~opt-~e ha~.on! q~e . ~ "L~ s~-~c , la ~us!que et le 
t•n;:; 6'ra..,6:\t (_t:al ,"' " lin or ou• • _d•~t t er.s "'-•.!•uri at. 
olr.et..:-8 pl ecf" a u :·:u.! le ":'e~ le r ~ Et l.":-!e:-., "' .._"td "Lea 
POD ~ 1b ll1 ti es d'une not&t!on =ua!col ~ de ~lu D s randa 
pr(ch1 o:-t ." ) Er.trt•! t du '!0!:6 X, .A:-c:t!~t s du X\lis'e 
'i'~J le:-, W H•ye: i!art tnua Ja :ho!'r, 1951. 

-- Re~~nkun d !re 9:cGr ie l'4!1l!nr de t :·u::hll::. Oot""!ncheo, 
J . :.o~rdu!~n en _oon, 1944. 

Forte , Al l ~n . Cont•~r.orAr~ ~ Struetur~s. Sev York: 
:ekch~r• Collt~e , Co!~~bi a Jn:v~r•1t7. lQ;s. 

F'ox-!t!'&n,r;:v e.::$, ;.::"U•.u r !l . ""''hence'? £R1t.ber! " Lon~oo 
:::!~J6T\er , (fo~et.r'U•rr 18 , :•h.rch ... , . . a.rch ~,34 ) . 

?r()at. Thorr.&s P. "A :·:ath:- or R'"'COr <!e. ,,. Or, •n :net!tut.e 
Sua:-t~r l• , \' : ,) (Su.:~.:t.e:- , 1'955 ) . 

J-'!"ye, R. :: . and~. '.1 . T1;tpl~. A t:ra:-!l1e !nt ~oit.:ct loo to 
i!!.! *•~.£::: , pr l \!tto prh.t. .Sr~£ . {Ctt r e-r) o!' Conb'ri.sa 
eu• l cguo n W'It•l· :1!. )~09 .T So C 7 ) . 

-- ~ft!• !u=-~e~ent t~ A Cr1~h !c I n troducti on to~ 
:is:-~ p:-1 va te p r·tiiti'ri't,: . U. J Lrt•rr of Cont:reii 
c•tAlo~:u o nunb• r ' .L )809 . ~ 557). 

Oevaert, Fr a:'leO i ! A ~a.•u s te . :l i e tC'tl!"fl et '!hi'Orl ~ ~ la 
•• ~... • 1' :' t~ rtf! ~ J.--r ' -·~ ~·,ut . ,ue E.! ,., ... tj,u . • .., .,,"'!' . ,... , .,n.t;r _ . 
~r•ee r.o;en , 18,,-Ja. 

:i~elch , Jo• eph . :'h '."~l":"'t elt onsttJfe n !"'I : ' tt".lto:u,l e • on 
:·:ontr -e ll!e:=:- ~ :-,.{burc; : Cr ttc:;o:-TiniscF.,.n A~tata:iT• 
;:u f re!t:\.lr s , 1911 . 

Ciol Cmtum , Rlchs r d f r llnko . " CUrrent Chr o ni cle , " :1u ~1 c al 
;u~~t ~~:• , XLV! (April, 1~00) , ~oO . 

Cor.1b(l,1 , Otto Joha.:u\es . '!'on.&!"t.tn und !:lltb_~·Jr.:-"'!n ~er 

Ant!;cen ~· ?-:oper.hate!':~!n• :- ::t..r"" a&at:re'i, 19,39. 



--
Gr oTt n , E1 • lfld . •"''y C'n t.e· ,pco rt~ d Or 6 an ,,. Orsan I nstitut e 

Suert., r.!I,, V:J {Su;_,"llt' :-, 1955) ) 9 . 

454 

F.••sh, :t'ar:~~ond Her b e r t . "Hugo R1e.;t~ L"\.."\ 1 t ' Gese:h1eht e der 
:~ut! i<theor1t 1r IX -·X:X J a t.r!'::u • .,tert,' !)ooir!a 1 a.nd 
: : ,~ Uny~bl!she d :oc tor~l d1:sbrt&t1on, Indl&na 
Unl~ertlty, Qloomi~stcn. Ind1L'11, 19bl. 

F.t.ba , A lola. "Kwort - t onen-proble men, " De YuzJ ek , (A~ ter-
du.. : 19<7 ), 109 . -

-· ";~eine V1er teltono?er D1o :~uuer, " Anbruch, 
:-:on_.ts:sehri!"t !£.!: :O"oC t-r-ne ~. 19)1 . 

-- Xusisue rour v!c l on ~. '•ii , n: On1• eraal- t d1t.1 on, 
19Z). 

!ie~., !!ar~onSf"lehre. Lo 1p:.!~ : F . ~- Kiotr.er and 
C. ~. ~lese ! , 1921. 

Ph~ttis!e pou~ viclon !!£!· Vion : Unive~••l· 
E:dl<ion , l~<). 

:!llndechln, Jacque8 . " l..kt•otiaeh•e au.s Ru:sland ," G•c!. t- !'l~1J I.l110:C: 
aL-:.·etodt-:: aan : r , ' · ; • ~~he"Cf'rleer. s Gr av&nh8&e , 
:'.ar<inun :a )horf,1~5. 

Har.son., Howtu·d , Hfll r .T.ion !c tfa ter! Al! o f :.(()~ftrn ~~u sic; Resourc~a 
of the '!'e.:--:- .. :-ed ~ce.i ~ . :;E,. '?0:-iC: Appl•t.cm• Ccn\.\!rJ'• 
~rom . lc:t..O . 

~•~.;pta!lru, , H. " 7o!"lperatl.U' ,"' Jt'h:-tec~t~r ~ ::uolkslhche 
Wi !&<'t!"".SC'ba ~l, I u eoJ ), Zb . 

~·l7~oltz, ,~~ar~ L. r . ~n the s~ns~ti ona or ~one A&. 
Ptt chol f" r! t"'l w,.r !.s!'or- t!:. t ":.,.u•:t o!'~us!c . 'fri.'l:~ 
h ttC b~ :..:e,a."'l.C!~.:- J • .:.1: 1,, v.:th aur~. l e:r.ent by :'.r . 
ZlU:s. Ott. Ec tt.i on , ~:ew "{oric. : Pete r Sa! th, 1q48 . 

?t~~e~!th, ffllul . ~ Co 1r oncr'ft ~~ uor! :ons ~ L!~i la · 
l.!.2!!.!.· C.:~orid£e : !:::s:-va:-0 -:. ni••:-s!ty fr-.se , l'i5Z. 

-- ":'he Cr e. : t. ,2!. !'us teal Co~pos! ti on . 7rAn!!'l a ted b1 
A:-t~ "er.l!el. ;,!', 'iorlt: A: :.oc l • ·ad Mut !c fubl!shers , 
194Z. 

&v•s , Charles. ~scme Quarter- 10ne L~press1on~, " f£2 Muaie a 
Sunrterl z, (;{a.rch, 192$) , 24. 



r 

Ja.nk6 , Peul von . ..Ub er l!lehr a l• : w8lrstuf1ie &le!thachve
bente !•t t~atur~~ . w =~!t ri~e : ur A~J!t!~ ur.d ~us!~· 
v ! 3• «::.sc hart (lC:Ol ) , o. -- -- ---

Jon(lu ith.e, Alrre d . ')n..nd r 1 u de!'" ;:u~!~&..l!sc~e: A4"...1atllc. 
Leipzig: Orle'Een •a '. e :-la£, 15\';o .. 

Y.a.llenb!lch ... Gre ller., Lot t t. • j t o hlator isCt.e n V~dla&ea 
de r ':1 ,..rtelt&n~ ."' ... ret:! ., ~!!r •. us!~wh!f't:schatt.., 
VIII (S•rto~b•r, ~~~1)7 

r.~~r=-~~. ~enrr. 1 V1 c f ntlno• s Arc!or g ano , an ~~~otated 
7r !'nllatlon, ~ ~-ourn,.l. £t. ~ ':'br orx , :Ap:r tl , 1961 ). 

K!.r.kolde) , Otto.. "!bo ~a....-aonic S~nse : Ita ! volut!on end 
1tJ ~est:ny .~ P~o~r• a~d f r Ot't edin; • ot the Huale 
"'e~o <"t:ttr ll ' ::&t to:::t.nst: ec .l t;Jdon , i ·. ~: Ill~):--cr-z6. 

Y.le l n , S1r,. ,.,_~<! . ·~~arter·':on~ Data , • f!.2 ::•.:!:1 c • S,la rterlJ, 
( .. ore" , 1'125) , Zl. 

KorneNp, 'fhorv~ld. Acotnlt!c Vethcds o f Wo r :O: . ':'-r aotlatod 
by ~~-ie ParY.l. C ope~.a~en : A3ct~hcuf ~o~l •£ , 10)4 . 

-· Ar curt!e \•lun ~ton or Intervals. 7ranl late d by 
Je•~~on. ~ope~~~aen : Ascte~oug 7o~l•t • 19)8. 

u A.ku!l t hc!:e Ce::e t :.e _lli lli_ A~kor~t il ~:.:ng . Copen
ht £ tm, ld)o . 

-- 'us1cal Acoust! c • ~ £!:!!. ~ ~ S;yat.,E. . 
'lrt."'.ela~el ~~ AU',:U t~ t a ? e tft rs eu . Co~ •:-.!"..t,•n : .lilhel• 
:i&.naen :·!ua!:t-':-"ot"l&g, 19U. 

-- '"' ""on, · • .stul ~~u : t a l t.en(I J't Zerl f ::o .. Cop•nh~gen: 
J . JO"rgense:; . l&Jr 



~ r•nek , tr:t t . ~Exl•nts &nd L~1ta o r Ser !&l T•ehniqu~a,• 
:-:us!csl qu~:-te-:-11, XLVI (Ap r!l, l OU~ ) , 210. 

Y.uu.ner , ?'rJ t% A •• and J . !o:ur rs.y Sarbour. ::u.nte ne ~e:r.rera· 
Meet ~ ':'~eot .. ~ -..~~ Prllll" t1c e. I~tro~uctory !.ot••· 
.-t:t.. ·~~r4(: .. ~utu~s. iieee:-ds 4 ... .3, 141$6 • 

...... lli !he~ry !!!£ Fr "'c tt c e ~ J:.J!t l:~.tonatlon . !ctrc 
c!uet; r 1 t.ote£ . :;~ \ol :..orlc: .. u•~•!• Rec-o r i a .:.-2 , 19~8 • 

..... ~.e ~e e ry of Ch.!!deel O&reit ~ua1c . lnt.r oductory 
~o t';i7 f.c ... )...,:::7: !!u:t!rt;!e .. ecor 1 A':'l~ l q$8. 

/ 
Lenorft.&.:.~ . ::!e="e . A ~~:.o<!!~ of -vE:".tleth Centur~ Hs~on:r . 

:rf3:lateC by :!er=•::T Ar.tc:!lfre. f.ondon : J. 
' .. .tllbtu . Sollon: B- . 'f . Wood , 1940. 

Ma lhe rbe, EC.:~ond . "S7ate~e .-,:.:s!.:nl et. cla• !er a ti ers d• 
toru ~ .. !:!, :·€ae:t rel, X.Xl.X (~ul)' 1q , 1929) , )29. 

~:cClu.re . A. R. "A:-: E:J.t~t.''lCed !-ttu . .n- t. ono Or r._,... ," The Ore~tn, 
p .._,,.•ry, 1.151) , 

...... •stut1es in ~e}~os :-d Te~per~~ent ," G&lt1! n Soetety 
oeO'.JZ"nfll t I • 

· ·:on ~ndo:-!":, w•11 1. : ... .~s !. :.C "l.!t 1.' .!. ~:-lelta~en . Lei pzig: 
~•=-1 •~ von ;. 4 . C. tc:c~-~t , : ~17. 

r:or e en , S . Lind:sey . "A Ue w Stud y of Int, rnl:lj ft )fo.·•n 
:~•!.!:. ·J te ;·.l'!i.:o t ~ !"lv, \' :1 (Af1:\t.e.:- , 1 '155 , 

·:,v•rro, Au:;· .. Jt 3 . S1H6.~i:l ::atu.r s l £!. l a :::::is!ea . Y.exleo 
:l. !'.. \151. 

~el~, fr!e~~~c~ W!lh_! , . A11;e-e!~~ ~~~~r!e t:: ~· 
Le~;:tz !g , l S$2 . 

Pa.:orett. ·,n l trid. 
ca..~Srid£•= 

So~e ~ue-st !on s of ~!u~ 1cllll Theo ry . 
~. He rfer Lr.O s~t , 14Zc. 



4>7 

Poolt , Henr1 ~•~d . "!s3ej on Pe~tect toto~a tlon a_~d t~e 
~ha:-:1o:Ue Grc~ L-: , • .\:":tl"'ic-.n .. · o u!"::lll £.i: !:c ~enc e ~ 
.!..h.! ~~ l dSo, 77. 

-- "' ?e rt•c: t llenon1 in ::us1 c , • ;, •. :-:. ~r1 c ao Jou:onel .2( 
Sc~ence ~ lh! ~. XLIV (J~!7 , l~ot) . 

?.<:e.se, Gi,j.Stav . ~OU!":O('O:'!' Cla3sles or Hus ic LitOt"$ture. l\ew 
York: L.1 boral Ar tJfrcli'i7""1 9;'7-.--

Rlea~"\l\ 1 Sugo. Ge aeh! c'":t.e ~ :~·u.s !.k tt.oorle. See under 
Hu,g_h. 

Sab~ne ov, Leonid . " Tho Po.s.s1b!tlty ot C'.lsrter-tone and 
o!!'l.er r:cv Scale s ," t ranJt):.c c' b:J S . \1 , r r1.1.g, 'Ihe 
!-'t.=.sit. ,1 ~. (:u:t~ 1, 1;.2-t:; ) . --

Sac:h& , ~elch!or £. "D•a te~per1 6rte 19~7on'1'~'~ und elne 
da !'·.;.el'" pa3se:o~o Sc:h..-i ft, " ::e ; o~t. :t!''lli Fo\Jr t.!l 
':o:1:r~'o c~ t~.: !nt~rnr ~! "::~ 1 ::.a.s~el sodet-:-
L~~=on , (::ay;-f911) , 279-231. 

Ssllntts , Pr ane!!co c!o. ~ ~-~Cia!e a, 1577. F'ai<o L:dle
:;achdruck , h.rsg. vo:t . .• car !.o s. Kastner . Kcu.sel: 
Di:-.;nrel te r '•'•rl a~, 19S&. 

Sa:.~.•eu!'", J o .uph . !\':~thode C~n,!"al~ pou!'" ?o~n~r loa S1at$noea 
L&.,pflrn c!o :•:u~tlquo et dl.l e_!lo1x do eo ~u 1 qu 1 on do1t 
Su ! vro ," "::i ,~ <~ t re Ce 1 ' .\ee:l e--, !. e ~o.- 8 le <!ts Sd Anee ~ . 
ll 'l oC l t a · ~-,:tt rcs Ce /a ti'?e~,.:J , a~e-rhv.sfoue , 
t"'"70t!":-llt , ~o3. - - -
-- "Sy&~~e C{n(!"& l de~ ! a te!"vftlles Co& Sons e t aon 
o\ppU ca t i on \ l O\U leo S:•o t-;.,., tt b. t.OUtl le.s lnst ru
n eon!IS .!6 :~·..1s! ~'..!e ," ? !3 'oire Oto l 'A:s.:<·~e ~o...-ale des 
Sc!. •nt-~ ., , l":'C:, avee l,. a : :::Z- ;!'-•! e e . 1 ~~, · h~.-:·.dJ:uo et 
ae }:1\'3! ~·~e:t't 7~ m . 
• :. " TOJ.ble .;{n~!"l\l e <!es ~ y.e;~.c l Te:-.p( .. e:t <!e ::~.:si~ue," 
!l'f!to~~e "' e 1'.\c:ai~ ~:., ~~-:lll! f" 4 u ::.: !.~ ~tt:: , a-:ec lea 
'11'.- ,• .. ,, Z: ,......--r--;s. ,, 1U ~--r-;.,. , • ~· •, U7rrT:- JQ9. 

S chafer , 7'tlllfj~n ~ . ':'he :'•Jsie ot '!'o-n~:o:-c ~.:: ':''h,l) Suo:-s 
OJ :no~ !e Seale, A ::ev ..:c·.ce r · r. !' 7i ~h :-;:-7!~e s.l~te
:r•o:~!e ;'u~ zn3·r-·.La~-: . ;..nr.,: lisno! h~r.s tEest.s, 
:-:11:: College, Oa...cl snd , iYttl. 

eriC - :c:"i-d'• 



Seh .. re!", 1! l l .111d\ a:td 'W. A. P l tthl . •:~us!etl l n:l t.Mne:tt s in 
:an~ tee!'l•':o:le Eql.lal ':e~;e:-a:.t:"' t ," J..c:nutl('~l S~c!eg 
: o-.,r:'lal , U<'i .. 7 ) , 7)0. 

Sc berchen, :ier:u~ . ':"ho Stt-.::-e o~ Y...ulc . 7-:-an.alat.td bJ 
.,ill ia;~~ :~a .. , .. -,..C!'l!cs;;o: ~en....,. ~~g.nery, l$50. 

Schl e! i n,t;O!"', ~:a thlet:t. ':"h~ ~ A.:l\03. Lo:':.don: Methuen 
a.n4 Co. , 19)9. 

Scho~nbe re, Arnol d . ~?roble~a ot ?a~cny ," ~~.XI 
(So••~b•r , 19~) , 167. 

Ses a l o~a, Roc or . "Prob l e~s L"ld !ss~ts ?acing the Co.;os er 
';odar, ,. : :-.:sicel ~u~:-arl~ , XL1."J U;:::-11 , 1960) , 1$9. 

Sl onims ky , N , The!t "-U:"U:I of Sct~l~~ a nt! :;llll od1e P•tterr.a, 
:;ew !cr41C: Cole:ul:~:'!foi'i""70:' , ~ .... 1. 

Chn:·les .S u.:nuel. "'-' 7'r a.:uh.t 1on o~ TentL'j.en !:ova.e 
':heo:-i ae :.:us!.cae b7 Lecn h ard i:J ler . • t "\rubH t t.e d 
doc~or•l ~~ss e rtat!on , ln!! &nl L!'llversl~, , ~lo~lns
t on, Juno, 1960. 

?.ob~r~. =:'I -:ton ! ('S or :.h! ;:on o~£-:->hl of i~us is 11 
.inun h . LonJo:o : t~a..~;. ; :urr!ii OO'O~t•elleJ•a ln 
c.,.6r fdo•· 17$9. 

StoS n.,r, Joaeh 1:"l . ".r.lnrlus s ~t:- :-e•nen S tl:--.:;;.uns a::r ~ ie tH'" 
f:nt~o~icklu!'l<; t e :o :iudi< , ~ 2t-:o!c~.t \'On ! : t !:on:''t'OSS de!" 
! !'\• t-:-.i-" 1. !on .. len :~ut!..cr~se11 : c:S ... :--r:- ,.·ien : Artar!._o_ 
and Co. , ,l'?C'i 1, ;d7. 

Str.al".;c , Ollv"'"r-, .::ou..• c e .,"! a<! ~:'1 • l:!. Yus 1e i:l!.tor'f . !i'e ~o~ :.o:o« : 
·,.•, ·,; . ··o:-t.o:l , 1~~0 . 

Waller, St . J l e ~r.J"\c!tl:e orle -!~ e V! • :-~~lt'!l:o:s;rste .. u . 
5ut&~eir: ~cl Li o~ :! e~tni!", l ~Jb. 

"" 



'4al lot.. J . "Se.!lorit'tJ.tl&o:l :u c!e r Al·he1 t \'On J . Wurs c h:~1 dt 
Uber loz~ r ~ th~sehe ~,0 gr•~hi s ~~~ Jarttel lu~c der 
=..ts ~ic:•Hscta~ : nte:ovallc, .. _,e! t sch :O:!'t ~ !hTs!.i\, 
n !l921l, 157. 

Woolhouse, '•'· S . S . ~ on _:;):s1 c e.1 : :"\t~r•·al •, 
e:"\d •h e - .. ~oe r&.-.o: ... n ! 0? ~ .;·JS~u. i .:ca! e . 
r ;)out.&:- , 18..3$. 

Vur.seh:!l!dt., Jo~~. "!.u.ehstabt :'lt.o :"\l ctr 1ft undo \.'on Oetttng en .. 
.shes ! o:t.bo"'cbe-, " :~ ! U: chri r,l. !fu:: Fht-ttil< , V, 111 . 

-- " Lo(5rit~~~:che und s r rrh! ,eht D&r~ tel lun& ~er 
~u'1~ ~l !!C~en :~t~~vall6 , 8 ~e itsc~~i~t !f r Phvsik , 
:u (1920) , 89. - ~ 

...... • o tec rfi tion~llE-~ '"'ons!.s te •. e 1::. ~u!.n ten-~e:o:.tnt;t"et~, • 
:e! 1 set-.r' r t !'~r i'h'fs 1i'. , .XLVI ( .;ft:·u tu7 , 1925 ) , )27. 

-- " '· era t · \Ulc! ~~c:~ltt lt onr..-.: sH:: , ~!ne ~!"! thcht 
s · ud · e , • ~ ~-~o~ tunr Y.L:j (1~~1 ) , l S). . . 

' \oo'y-s cl.ne c r e daky , t u n . ~: ·tu:u,.l c! ' !-:.• r~en~e a Suaru ~· ":'o~ . 
?ar! s : Lo Sir!' .. 6 ;.:".t:dt:e.le , f §'}). - - --

" Probl~:rte: c! • l.:ltre c~~o::Ja t.l!ne, " ?o h r hcnle , ~ahhr 
9, 1<!9 . 

-- "~unrt ert ono1 :'.ue :c: , It o Po::;s!l!. l ! t l(l's &nd Or£ M1e 
!:our ce:!. , " !!:2 Yut ~ -t t~ , (Oe t.obe: , 1e2 j). lC:. 

~&.!! !!lf'r, : o.stph. "'A Letter" fro;:, ArnolC ~ct:cenbtro , " Jo'l.:.r ne.l 
t'lf ill, A:-:~> r {t'f' n :·'13!.(' t'] t~td e• l '>C"'C~ I'h. (1 115'}) , cO . 

·- "'A ::te..-! se~ Co:-.ce;Hon o ! 7o..,l!ll!t y, • Vu~ !.t" -~Hhel"s 
:\"t1C"'~ ~~Journal , (1 9.)5 ) , lmr.-

·- 6, ':'~otoc ~;y o~ ~~ili ':'on.A l!t.J . New ¥o:-ic: Al'::.tr! ct.n 
LiCra:-r o .. :-:::::!colow , 19JZ. 

- - "The ~~~'t"·"''!J" a~d tl'>e =,--. aye o! ':'onal :=:,·ol•.-tlo!l ,"' 
~"'o .. r r."l l or tt~• A-e: :-!C.o\_:! : .. \ls "eol or '(' el -Oe~et.'\' , XI 
( Sep 1ent~r , l~4o) , lo0-121. · 

-- "7o:-.&11ty e..'ld A!.~:lAl !t;; as S)'ntte:.~ t eC 'b7 .;upr • · 
'Ton•lity,"' ~ ~~ (:iovtr:b~r, 19.)0 ), 347• 



~ bO 



%1 

J. D D EX Dlill 

Jooes , Clark:, •Re=a..rks on Just lntonatio.n a.Dd r.ua1ea..l Sea.lea,• 
Acoustical Soel!!z Journ~l , 194?, P• ?2?. 

Kent, Charlet S , An Ictroduc t1oc to TUniQg and Tt:perame nt, 
unpubl1Ghe~ Slooai£8toQ , r-D4~l-.--

Vogel, K~tia, Dte Zahl OLebe~ !g ~ spekulottven ~
theorie , ~nn-;-!95,. 

' 



Vita 

SDUC.t.TI OS: 

Hor•ce M&nn-LincolD High Scbool, Nev York , i .Y • 

.t.. B. «egno ctu~ laude , Ea:nard Onl.•enit)', 195~. 

M. F.A. vith high honor, Brandeis, Univ~r1it7, 1957• 

l'IUbr i gbt grant to iler llJ> G<>=ans, 1957-8. 

IJ>di ana tlnin rai t7. 

lOO'X!liJo:NC.&: 

I.Da t ruetor in Mu.sic *:heor,- , u .. s. t:av&l School o! Ku.aie., 
1955. 

~acbins Assist ant in Thoor1 •nd ~usic H!atory , Brandel• 
t.tld Indtaul& U:live rs itiea. 

EO~OR SOCI£TI ES : 

Phi ile ta lappa 

Pi i:ap;a !Acbda 

CO~!l'O:l I Tl ON S : 

Two oce-act opera• 

String ~artot 

'Joodvind ~intet 

Pi &.Do - ....... 0-·· 
Pie.u~ Concerto 

Orchestral vork 

Cl1 o ra.l ..or lui 

Sonata ! Or Clute &nd piano 

Song c~cle ror soprano 




