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Eigure 5 : The F’y’rhacjorean Chromatic Scale and its schisma
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with +the Harmonic
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Figure 36.

3(-E.T. The Diminished Te%rmo{ 5fqowm«j ;mLQSrnL/ of mech,on ie.
no ambi gl 'y in its reso [ution
®B
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Flaure 27 . Slhglc Axis of SmeeJrr/v

3IFET.: The Harmonic Ser;es Pentaol , being that c[qara( which
is mowfc up of the €irst 10 Harmonics (F’raw\es ?3,5,7,‘01”)

8 — ._.—-7

/\ /\ / z;, A The eleventh Harmonic of C is well

e r€$ey\+€ﬁ{ b Ff‘ (WLHCL‘\ 13
bracketed ) bind would $ranform
the {MHern m‘rLo H«e Her\OVnC
Series Hexad 50 Wel

Ollbpl’OXImﬂt‘l’éd’ lo)/

The mos+ mnmccurmLe.
Harmomc (s ‘Hfm Nnn'H'\
Gbh being one-half comma

- ﬁ:’a“f' O‘F G\C{S/Y‘M{'uo.
(F#) In'l‘Qr\/MIS from ‘H/\e 5“"
and Tt Harmonics cre
F ver ood 5 third Havrmomic
not a3 ﬁood but still worthy,
Even the' [P Harmonie 15 7
well- réfyresevﬂ—e

This mH«y\ is an example of a4 phon—
s mmd‘wcal structure —whose campllmenf

s the 514(0 Inarmomc Series ﬂh‘!‘md{




Fiqure 3% :
. T[‘]C assocm{'}on o{: ‘#Cow\yym Meantone (amc/( 3[~E.T>
with A5 , the Golden Meaw Ratio , and the Fibanacci Series :

T Mesdto it Conbia 7 ) i3 the asowmebeical mean of $he
Just Maior Thivd (Sfl‘f) . The avithmetic And harmonic means Are
the JcAst' Intonation wheletones 9:§ and 10:9 .

T[qz JtrCommm~ﬂaHemeo{ Fiﬂ"n (ka+io %} Caln lac Fovmd{ AS ‘FUHOWS'.

Mmlor T[f)}ra{ = V‘&x‘[’fo 54
\A/hé!c#one = Geometrical Mean of 5:4 = /\F:%
Ninth = "%X == AL

Fifth = AT = 4J5

que Sqmon-e KOO+ OF Five (’\j?) I CIOSC/ 5\5506)'0\+c0{ " comd%h‘ca'
Col:\st/wcf'iohs with the Golden Sectioin or Golden Meﬂﬂ/\ Regtio
whnieh 1% s

Lzad —"24}_5— and L;T“[E 2% ¢ and —é-

A|‘H'\om h the ¢ rm"'o a(o<s ym'l' apbpear ﬂ(irec‘f/ it a eqrs In
&{H'Cregf Farms 12 ‘f‘llql. B ‘Fﬂﬁopﬁc . 7/) [DP
ej. given Fhat P;hh C s watio 14 (rc{:ev‘cnc,e vatio)

+hen Pﬂ'c[f\ C# = 0 Qjé

F;+°”‘ E# = ‘Q_;‘—q’

iFclh P — V5

pite 7
pitch Abb = o

A” OFA‘H)& rygf’uos of ‘H')de{, i;())"emﬂfelqd( 21;-' Commm{: MEan‘}'ao,{hCS Fﬂ\bjic
Ay | ¢ exXpre v wers 2 an it a0
?;fellll Qlf‘e-dlmmx 3!—/0E.7§Sejs A 5O/Ma|+ fl{o%ermtioi of +hese rmL)OS, 7

AN p,'['ern{"mh !oe[ow H;e sonic ;‘jhreslf\o’a( 0{: Fﬁ'éla a(iScr':mihm{".on,
See F-ijmrc S S

F’WM’?, SEETD s F&w{' of a0 Fibonacci Series of aooa{ C)/c/iwt’

tempéraments which jncludle

i @), ), ), w,(m,(m)---
The Harmonic Axes of Just 2 useful =one
Infonation relates +o the o

Fibonacci Series : 1,1,2,3,57 5/7!3 """

Nl

Gl 2



FI'O( ure 39 :

TL\& ‘Fﬂbmc o{: Ex+5no{e&{ - COlfmmﬂ MEMV\'['OHC— leﬁmhﬁ CX r?SSeo(
as a Field of Ratios which stem from powersVo{ 2 (Octave)

and 5 :
The Feld o? Hmrmo/

is expressed ‘erOMﬂ
+the axc(ms:ve Uuse
+he *human"” V\Mmb<r
5 . The Tunin

system [2-E. T eppresses
hmr;{mon throua
exclusive use ‘of

the “divine” number, 515
o BT

Ihtonation

uses both,

Ffﬁmre 40 : 3I-E.T. and im;oor]l‘awf“ Se/:+swl Ratios s
Ratio (Cents) 3!‘51‘.((614"’5) D({’—Fcrence.((_'em%}

T4 — .73 Al — 967,74 — .09
7:5 — 5%2,5| Fi# — 5%0.65 ~-1.86
~7:L — 266,97 D —270.97 + 4,10
I — 16492 GRE~7T74.19 9 27
T 23T DE=a3231.21L + .04
107 — 611.44 Gh— 619,35 + [,56
12:7 — 13313  A+—92%.03 —~4.10

Y7 — 4350% Et— 425.% -9.27



19-E.T. (Quasi- One-Third Comma Meantone )

sL\ow'mfj deviation from [omra Jms-(' Imtonm";oh in fractional mer"s of a Comma
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ch\zj(ure, 42 [9-E.T. Pitch Fl'efv( :

G\enerm Z ‘l'WO ‘I’cl/\es are SL\owy\
{0} Lx/rmo

T |9 fc% T=E#-Fb
(b gf)mmqgg F&chl%C-B# Ch
| : . - 0,-..| Bmi some 0{: +;;C o'l'lqey" a{
- itches ma € expressé
g:g "-([é‘ﬁ) ( P doubfe—)%loﬂ-s or

o T . —— : a{oublc—skar 5 in order
A 3 iG#} to cfmfiF)/ notation .

: O For examp +he
7 Ma\jorTrmof 4-[0-1
(G) ........ ‘D A £ (B) is" DEMA=D# Fx- A#

The ; orEbeAfEbb'Glo'ﬁb}o
FOMY‘ P|+CL1¢$ - 3

around the (D) But the s ['“ﬂ
Enharmonic D# Gibe AF#
Gate wa ‘ qwkward
D~ FiE- Gll-At

are eminhasize

by tsoseevscasvece

The CEH+VM! Y'eﬁIOV\ (
in which 1('¢lqcs have :

\ . x iy
me A w2 P . : B
g +?Ny‘oe y),é's ma’jﬁed G#... eesvess D#‘.. aoe 1 . <Cf
)/ ————————— ...':: .'q .:‘ . . F 3 . ;
Numerijcal 5MF<rsch+5 (F#) -------- (Cﬁ') (G\#)
ndicate the 5+<,F Nim e r [Gibb] [yl [Abb)
F}g ure 43:

The 103'rca\ source of the F Commer _Em[)erinj of Fifths :

Just I fonation :
g The +Mmh3 of three Just Fifths (3:2) From
f\ C yresulPs in /A (qu af;ssov\om%, commao-

-_-G-—D——-/A raised form of the fn+€rvo!f>

Mem V\+0VIQ IV\‘{’OthiOY\

-‘%' Tlney-e{:ore ClaHen each Fifth fo L of o
\/\ i 4 Comma, S0 that /A lgecames A 2
e —-/A Then +he tuming orjents Grfoh +he MAJOV‘
2 Sixth (5:3) Adis.
\D—A—E_ s
\NL\+4 -




ch}mra 44 . ‘ [4-E.T. Functional Field

5[40in:6 the Sfx Rejions

#73 *#7 5
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i NGy 4o Gl H\
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b7 4 5 2
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B (X i

—————————— (Li) (Lé} b%) bT- ————————
5 » x2
The Flat- Minor \ \ / /
S Tgion - B #3 #7 e ¥ éé
The b4 bl ecH) #  GD x5

)
Enharmonic \ X / \ \

: £ N N 7
Re gion ﬁbé) (ﬁ’&) cfw) b4, b1

_________________ . W i

53 (hh2) (vbé)

thure. 4‘5 TL-,e Curce 0(: LH’%S 57%5 Showm Hue Kfiions as well
as the Bmma(ar/ Tr\ 6{\ Elgt n,.

TI/\C +r1m0{$ are F&HYC&(
according +o +he

MaJOr -I4eﬂaJrnvc Mmm~
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Faure 46 : 19-E.T. Cireular Gmpl«x SL\OWMj the a[;/proximm+ion
s of +the Plolema'ic Oadama{ :

4
\F——\C—\G D)
\
(F)
Note +he

shavp contrast in
size petween tThe
D.’ad'onic. 5&mi+ohe
Gp 10 (cj E-F or F#-G)
£ cand the Chromatic
Semitone (eg. F- F#)
~ FGﬁb"l The one js about

B twict as Ioia oas the
other.

E
&

L’.

5
F;’gmm ‘f"'] The ﬂ-E.T Circle of F-’Fﬂvs-’:owrf'fns

Sl'wOwinj the loaic. of the V)O+01+i0h.
) €9

(Fx) Note the symmetry around

Ab e Fi"'dn \\DX Wlnic.l/\ypof’i'}’iﬂﬂs
the middle of +he Diatonic
Hc[){—aa{ (the Netutral mo+es),
Two tones have equdl

5+o.{-c45 a5 Sharp'’s

and Flats . Other
5[/mr s oma( ﬂar”s
have Smlos.‘&(mr/
notations as Aonble-

Elats and doubfe'SLmrrs-

Note the o osﬂ'ioh”
of +he generator tone
*c” to Phe two tones
associated Wi'Hr\ the

Enharmonic Gateway — je.
DH and Af .

(Dx)




ngure 4% : Zarlino’s 19 note cembalo

¢ Dk Ft-ab GHAb Af-Bb
bc{ow) Mz/{icm{‘ing

Cb c#Db DfEb Fb

The k£ybomwd !
WAS +Mh€a( in
(/’5 Coy/ylwm me]”onc I ! l ! [
oy m 4 Cormma

caNnTone , A
shown in +he Field 1
the pitch name

Aiaqrams shown
of the pattern : CIpDiEIF|GIA B

%’ Comma Meantone (I9-ET.) 2{{" Comma Meantone (3I‘E-T.>

T‘nc keylgonm‘ c.om[ﬂ{ &1[50 Lﬁmve lycer\ an/mea( h A /q’"{'Oh& sc3mem+
of any of the other Meantone Temperaments. Below js Shown
+he Freld ,omH'ev-h for "’5’ Comma /EICﬁmf'ona (43"5'72)
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.............................

N
\ v
.



43-E.T. ( Quasi- One-Fifth Comma Meantone ) Field

Sfr\ow\nf} AQVM‘P!DV\ from Pt/lré JMS+ IV\JFOVerIOV\ tn \Cré\C]LlOIN/\' parts of 4 COW]W\Gi
Fi(\?{}%ra 9
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Fic\(,ure, SO. L{‘?)’E.T. Wl"{'Cl’\ Fiefd :

6 /31 .13 23
X / X
DL/ ~AL

26 3
;7 b
Iz'kl? éb-l‘?_';_.-'%z}" A+

F-if:'()ure. 5’ Civeular Gka!ol/\ showinj [MHCH\ of the Ptolemaic

Oﬁi{vma{ V B -
34 33 32 4 —E—B—
The smallest ere.f) is an o1 A ar . F/ N/
“oversize comma !’ of = : %M B A %l; Bﬁt I?C——G\'——:D
abovd" 27,5{ Cey,{'s, - Ab ¥

No‘[’c H‘\t ﬂ{iﬂ:&rence. 9 Bl
in size between "
qu. Dio\w"onic. o
Semitone (cj.E-F>

011/1/\)0{ “HM_ H

Chromatic Dobb
Semitone . FFH) ** BF
They ave’ o ¢

aQq rOﬂ&L\W\

£
Ha}:, same f=
Si'Z.C, "{'he. 2 g;f
Aifference

being onl 3
oncf)s-h_%

¢

Dt
E
Ebb 2@ D# EL Ef Dlai /5
Flobb Fbb
¥ I

T % 5 8



Fl“luhe 52 - 41‘3" ET F(/mc_“’ioram\ Fr'(’.f(/{ - SlﬁoWincj ‘H’le. E!gl'\f'
J Regqions -
3: o=

sl
~ol
/.

Double-shavp Region e

Triple=sharp Region= Enhavmonic R.

‘Slqmr,o chj'.on

Minoyr Rcaioh \
5b “‘g_y tb—3)
Zb Bpb Thb
ﬂ ¥4 @"l;"zf L+ 3t
AT
B B/

i
Double-flat Region

Bhbe" "Zukb /bbb /bbb TriFk"ﬂo\'}'—vaLarynoy\ic Weﬂ}oy\

Fiaure 53: The Regions shown on +he Cincle of Fif+h
- e G s e O(anchio: Notertion )

an

<5f'ep number)
74
A

/e
Triads are marked.
Their relative
minors cré
under stood .
For exam[gl&,
45 in VIEE,

Ohly the MaJ'or Bomwlar/
D)

the Functions %)

b7"2"[1" ‘Fov‘m o
+he Major— m
Triad which 3
borders the §
Tonic Region 2
(in 3"'5.{1 the | 3
quor ﬂej}ov\) 57

and the
Minor Region .
Its relative
Mimw-, +he mivor
Aommernt
5-bT-2 alse
borders the same
two regions .
Note H«g extreme Pasi%ohs
of +the two Enharmonic Regqion
Triads ot the Sends” of Q( Field .



Fn'qmre 5%. T"\C IO 'lcm[ Source OF ‘Hne 'Dr*OPosq[ to {:la‘Hem
J each Fifth by }5 Comma :

/E\—\-;B\ The 'f'?/]mmi So{: \eriifc PL\MNI;\ FiFtl?s rcsmH.;S
n A ( v ic ‘ iS50
Gt  ° %:g; b; S e
+) Bo
/ 2 2 4 o Therefore, FlaHen each Gifth by £ ¢
C3~\G.ZL—-'1>])*”—/:“\—‘1/Ei/B1 20 that 18 biiams B As 4 reysm?f -

+% /E is flaHened % Comma , which is
A\_lf\-i—t/g;)z the same a5 E rvaised b)zl/g COW)Y’hM-
e B B8
R The resulting tuning orients mfoma A
axis V‘an‘ml throualh C and 1B . O-l'ger P}"‘caES are vraisedVor
loWeve&( lo/ ither ’?j'ﬂs Comma (about 4.3 Cents)

% Comma (thowi' A Cey,.l.s)

Figsire B8 ¢ 49 E T Circle of Fiflhs=Fourths
v Showinj the Ioj}c_ of +the notation

The notation, of
course , must he
move complex +han
that of | s 19, ov
SEET.

TLQ mo4’a+i0n 1S
more comFllx
than that for
52-E.T. m the
r<5Pec+ that
more new Sigqns
are peeded .

igns oF
slion-penimg -

8,15 7,

Signs of
'Fl ++C’Vlir\f] .
Hy Lyky b




o -E. T (QM(AS(— One-Sixth Comma MeamLome_) Field
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(QM“@'OMC Evf)i/\‘H/\ Comma Meélm{'omc)

5//10\/1/!14? Aevietion in Fractional paﬂLS of & Comma €rony, Just Intonation

Fu:aure 5(07:

o
2

17 %‘Zmzé 14-\35
(1 tF 26\ 35 220§ ) 9 40 13\3q ¥ & X N
G 31 4 40 15\4 .2'7' 5 % 45903 | & o—-#‘;-—-m——so—-zs’
W2 ot R Y "
i =5 99 32 f—~l°l-— 5028 6 37 15 /46\2% /2 % :
o'/ . . X : . . o-': L S 97
_"'gi;/ ¢ 7 I5/wX#4/2 B [/ GEEENE 55 1C .
42 0 Sly2AN"T/ 3% 16 47 25— BBl 2=~ 43 \ 2| 30‘*5{7&‘15”
25--3-- iz 43\ 2152 90 e P av olrF 4N i
12548\ 2 . 47 VabT . -
n ‘fS’/zé-——‘(- 5 o4 <k otk
[0 F3iF 9 40 1gx AV : LR
/ﬁ*ﬁswas B2\, 10t = |F=-5 0 2y B 15 /v /A OB T/
/2% 6 37 15/46\24/ 2 33 11/422051 3y 16 7
e N
M 17 4§ zé +\35 13 4%
| §NFF 27 536

Jﬂ 0 g /ﬂ_y_@*__ 473




2% E.T- (vasimec”NfWH/\ Commwa MﬁamLOmQ)
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BT, (Quasi- 1o Cam il Meantone )

SL\OWI'V\ the O{Cwm 0N Fvom \JL/(S‘(“ IthonmL/or] T \C—rac‘l{’{ono‘f pq,ﬁ%g
of o Comma : /
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50-E.T. (Quasi-Two- Sevenths Comma Meantone ) Field:
Slnowinﬂ deviation from Just Intonation ex[)resseo{ in fractional Par%s of o comma
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Fio(ure_ 67.
T

The Division of the Wholestep between /p:{'clqcs Famaf G
(Function TV and ¥ ) dfns/ola)/ea{ lo ar—:qu,c_q

fractional Iwrrfs of a Comma For +he Prmc.,]l cyc lical
'f‘eml)erqmcn‘f‘s I'Z g 8 3] 43 53

53’E.T.‘Divisioy\ 'm+o Ni_he 5{?.[35 (Commﬁs)
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quuv‘e. é%/ The size of the WOH: FieH, in the IOP‘H’)(.II:)MI
Cyc/,caf ﬁmfyeramen+5 :

The ‘Wol€" Fifth occurs at the end of a chromatic line of Fifths
when the begivming of the line must be Smbva'l'vxhd for the next
- natuval Fif le( use as the Cx&wn/o +he |ine of Fifths,

DLr——AL-—Eb—Bb—F C—G—D—A—E—B—F#-~{CH)

Smce -Hf)e. [Wm o€ F»Fﬂ,g 1S mml &1! oWea( -Fo com+n nut b )/OHO{ F#

the Fifth” from F# to Db is Substituted —a Wo[ FEf+h whmh
is i reqlity a Diminished Sixth. This dissonance does not

occur in I12°6.T. , put is o feature of the other cyclical +€mf€fﬂlm€n‘l’$,

Colmma (19-E.T") %+ Comma (3-ET))
6 g (6#33 @K
N’ A 3 \B gt/ gt e gt
e &\D3 et oo ahip
AL EC W\/F 3 it A EG* B
/])L /AL3 3
\ . > Wol€” Ficth F# *- DI;#
“Wolf” Fi€th \F#—/DL3 is i5 about 2 commas (a Diesis)
about 235 commas Shmrp, Slnarp y 33.5% Cents
ie. 56 Cents
'é' Comme (‘/‘3'E.T~) _-‘L e (6‘5-};,7‘_)
T -5 7 + % -+
A% e ey / A*/ % gt A o)

i’ it &t oY /(E%%"F c® ot 735

0 A BT B Dt Ab / 4

‘Wol(: FIF‘H'\ F# Dbo is \\WOH:U F;('Hw F# DL—L {S 6([90(4‘(‘
about 1% Conmes Sl/)mr“}g 2 Comma sharp - je. about
ie. about 23,67 Cents Vi CQVE

[ can be seen H«wfl’ the size of the ' "WolE” i i Am.n:she; from
A wxaxzvm«m in 3 Comma - 'Hnrowafn 1‘;7*‘5, f ‘% etc 1o ,ormm";cou!/\
wo%hma in i Comma "415561/0}02&1Ymﬂ ke (127EL)



F'iz(ure 69:  Interval Classes of the MmJ'or Cyclical TemPeramen‘[’s (Cycfc of Fifths ora(er> -
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In 4his Fﬂr+JCMl&1r version of the keylgoara( [ have limited +he
number of U{pjﬂ'ads o 45 per octave g 350 that the sys%e
[2, l"{ 3’ AnddNG 3 mary bpe /Jlayea{, Ironical I/ the /<e /Joﬂrj
Wms mv(rﬂ"ec{ (:m‘ an 53 ’77/5+<m yef' f' s qu-;(' WQ” 5:4|7Le
that 5ys+em ; How<v<r,l+ s ver} ﬁood for these cycli Co;f
ynean‘]'one f‘em[per‘am&n‘l's X

IV\ 1‘{'3 E T ‘Hf)erﬁ ure '{'WO V‘C&(MV\J{MVHL ﬂ(lj '{':51/5 EY‘ OC{'&( ve 2
T[qt)/ Are /o;‘/’daes 5] Omo{ 4 — HqQ 1('Wo en har‘momcs In +he
sysﬁm.
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These F.quc SPo;y-. Jrch anti Oo{a\t”r :or) of the circle
of Efths . Circle o€ Fifths or CV' <7/ Aare o

T, 25,02, 00 0 72 9, 20, 119, 6, aml 24

These redundancies introduce al‘ferno\%vz ‘r—mﬁer’m s cind
are thus desireable for rap yol pa)//nﬁ This !«yldjmm‘ (s
‘deal for the 3 Syﬁ’em
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When +he I<C)/looo(rd is tuped into M'E.T., +there are 26
y—eé(bmdamcies fyer :
more Than once. The result is a very “Fagt” /<e)/boa'1m(

with [ots of alternative ﬁhjer?mjs.

octave . Thus the entive sca

le 15 rc/oemLc




Fi(jure, 73 A BOS@V\?/UIC'{' GChermfizeo( Keylaoarof
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When the keyboard is reduced to the 12-ET, system, it
becomes a + ge of ¥ §-¢" keyboard , with 4[%eer+’nVi

rows of -qu wholetone scale peculiar to this hatorntion

5 5+€m = Tﬁ,ere arc, of: Camrscj mam)/ kea(mna{amc[es . TL)'i
im3er'vn is wuch {-}\shv, more FlmemL, and easier ‘Jrhom ;
the sf'ﬂa\p{ard ke/bamf-a(, e p/animd’ric,, So ‘/’LWH' \/oasﬁions
are easiev o wmemorize . Note +hat the {‘—injem'hi is the same
Lor all mtonation 5/57Lcm5. The k(ybomro( is Wit —sysfem.”
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