
313 

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 
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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 
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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 . 
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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 
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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-. 


