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PREFACE
The aim of ’this treatise is:
N\
1. To propose a common intcrnational terminology of music; Hius, for the w
AN
- , el aloe] t J2] 2w
keys of the plgno {he names . bis |E fos | eig M i ons
. ¥ 4 ’.S

- ' f s | dis | <D fis | gis | ais | ...
and for the black keys { des s "‘} ges 1 as | Dbesg 1

and for double §if and pb the terminations:.@é and eses; for syntonic :Com
‘tones« the signs »-}« apd »—e¢ placed after,,{bé' name ©Of the ione 1o indieate incre

80>
a -+ = 906 cents, or 22 cents more.
Ounly Ellis’s 1200 cents are useﬁ (never 1000 millioctaves, or 100 Octav-Zenlimeter
or B00 centitones), as the numhcr 1200 can be divided evenly by 3, 4<4 and 5x(3 «
their multiples (as 720 par feles can be divided on a string by 3%3 and 44 and
Below are given somgt further proposals concerning terminology; for instance,
expression sriple cho is nsed for »triad¢ in opposilion to the »Greek Triads
neighbour-tones: des}—, des and d-), and »quadruple chords for schord of
Seventhe; »Tonjee“or starting-point for *key-notec; »Phrygian-Dorics for the Aeol
- seale- -type, and\»Lydian -Phrygiane for the lonic or Iastic scale-iype, according o
~ suecession metrﬂchords, Scheme 17; in other words, a difference is made betw
. )Secondaf} pdrtitlon in particles« in the formula X, and »tertiary division+ in
forml\la’Y further: quartary and guintary instead quaternary, etc.

’“The Greek spelling of names is also used, e. g Arkytas, Plutarches, Ptolem:
efe/, and the spelling. of the terms: Trichord, Tetrachord Tritonos, Medium represe

international spelling; and capital letters for »the tone Octavee, but small letters
*the interval octave«.

: . 81 AN . . .
or diminution of a Comma = . as, for{instance, in Indian music: a = 884 cents
<\

o S 3

2. Ta draw attention to 3 prineiples which have lately been set forth CONCErT
systemalic comparative Musicology:

a) that in the development of tone- system‘; from the earliest times to the pres
day there has, without a doubt, been a much greater stability than has hitherto b
supposed, viz. Professor v. Hornbostel’s demonstration of the stability in the ler
of the flute (and the gold measure} from 2000 up to 3000 B. €. till far down thro

the ages (Note 1). “This stabﬂlt) we- here transfer to the proporhon befween ihe p
of the tones,
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§ D) that in mentioning the ancient tone-systems it is only possible within very nar-

fow limits to rely upon abstract Fifth-sieps, but that omne can rely in the highest
%legrec on the concrete shortening of a string (secondary »partition into particlesr
prmula X) cf. ¢v. Hornbostel’s remark: :0ne of the fundamentals of the Indian tone-
vstem, the partition of a string, is evidently primitive: (Note 2); and v. Hornboslel’s
jnd R. Lachmann’s observation in 1933: »Breloer sought to dednce Bharata’s (indian)
fvstem solely from this prineiple (the pui‘e Fifihs); he arrived at the'22 Sruii through
chain of pure Fifths. Bul it is nol clear why the advance of the Fifths b]lOllld stop
hort at 22 Sruti.e (\Iote 3). :

¢) that the principle of Relativity can be recognized also in relation ‘t¢\the tone-
tervals, steps, ¢f. v. Hornbostel’s declaration: »The investigations Q(:r\ecent years
uve , . led to surprising consequences. As is known, melodies capsbe displaced in
cie pltch as optical figures in space, without changing their bhsi{)e they may also
e enlarged or diminished as figares in space without alteraﬁon of their shape if
nly the relative interval-distances are kepl, In this way 1l1g\§tructure -huilding inter-
rals, as. the Fifth and the Octave, also kecp their functioe in the new formation.«
l\o.te 4). _ : :2\\'

W

7

Indeed these 3 principles can also operatein a Vw‘i’der sense, as the above-menlipned
uthors. also point out: »Thus the comparlson ofmusical styles as well as the com-
arison of other musical functions — 10nes and instruments — might prove 2 valuable

Eld in the investigation of the hisiory 0! ,c~1v1hzat1en¢. {Note 4).

L For example: In his investigation offhe length of the flute (and of the gold-mea-
ure) Professor v, Hornbostel has hpdlt up a hypothesis of an ancient culture-streaim
rom China across the Pacific g{e}m to Central America.

3. To add to these 3 [)rmuples the under mentioned system of ﬂcouqtlc methods

of worl: \~

Chapter I: 5 kind8\of exact interval-caleulation, and:

Chapter][ 7 R othetical principal- rules for the origin {(genesis) and structare

of done-systems.
£\
vV .

4, To make plain the advantage of huving an objeclive means of valuation for

ancient as well as madern or future tonc-sys'tems, which, mathematically speaking, can
ynly c_)ccur' by means of the authoritative golden system formed by the golden cut
Lo

super division) of the octave according to the formula: l—l or
. ] —o .

. Formula:  of -+ ® .:l |/ET¥I
in decimals: | 0,381.966 - 0.618.034 =1 2

—w (Omega),

Luca Pacioli’s »Divina preportione«, Kepler’s rsectio divinas and »gemmac i, e. pre-
-ious stone (Note 13), the everlasting fundamental formula for universal power of
adaptation, — here the formula for universal sense of harmony
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CHAPTER 1

FIVE ‘KINDS OF EXACT INTERVAL-CALCULATION.
. : &
Scheme 1.shows five methods of calculation of the inter\’al§: :
Group A. Quantitative string-partitions (Nos. 1-2); e musical faculty
vision (musikalisches Sehen). : O
1. Primary (Flageolct)-string-partition, i. e., Partial- or-Flageolet-tones are crea
. by partition of a string (or flute) into several equal Parts, which all vibrate at 1
-same time, e. g. Natural triple chord ce g ¢, the Pﬁ‘r?tial-toncs Nos. 4, 5,6 and &
' The difference in the first grade hetween theleents of the adjacent Partial-ton
approximates o the golden tones (Chapter IV){\ J
The difference in the second grade appl:o):sifriates to the golden Molecules:

Partial-tone |- Cent : o of
artiatone e 1st grade’ | Golden tones: Golden
No. 8 g - 701.955 & i 2nd grade molecules :
: ———| ~d98.05. | - 503.79 f J
— 4 ¢ 0. - 111.7 118.9 des
- i . L N 386.81 . 384,86 e
— 5 ¢ 385.314'\‘..’ — 70.7 73.5 cis
S . 315.64 311.86 es
— 6 g 701.955 —_—|— : 48.8 45.4 deses
. | "\ - _ 266.87" 265.93 dis
— 7. aig 968,825 — >
_ ‘O\N
'"\Q~

2. Secoy&af}' (ornamehta[, decorative) string-partition: oﬁly part of the siri
vibrates; g divide the siring into 720 particles — 3 X 3 ¥ 4 X 4 X b,
‘The ‘toiie-fractions are indicated in the foliowing sstable formula Xe:

. \ .{_1116 whole string as the common numerator| never inverted
the vibrating part as the denominator J To'or laverted.

.7 Plutarchos’ median point, the .se'condarily halved octave, is the Fourth, tt

: - s 20 4., - 4 .
Mese, In.dl_ﬂn Mahuama:. %:—3 .111 formula X: 133, With the common numerator
_The octave secondarily 3-paried is the small Third eszz—ggzg and the Fifl
. . 5

7203 . o .
8= jg0— 5 Flutarchos Paramcsg, Indi;\n-Pancan1a, (*para: i.e. sheyand« the Mes

in formula. X: 5 BT§ with the common numerator 6.

-~ Tautological: the Fifth secondarily halved is th.c tone es: 6—-—;—5——4—
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Group B. Qualitative divisions, (Nos. 3 5)

3. Tertiary (arithmetlc) division of the declmals of the tone-fractions (as dcc:mal-
fractions), or division of the difference between the vibration- numbers, also lndlcated
in the followmﬁ »stable formula Ya. '

- The ot,tave 2,0 tertiarily halved is _]ust the Flft g-—l,a w1th the common denc-

‘minator 1, or in formula Y: 32 4. with the common. denomlnator 2, see Scheme 19.

The F}fth_l 250 tertlam]y halved is e, elther 1,25 (050 lnlved) or in Y 4 :L _b
with the commeon denominator 4, : : ’
i The number of vibrations (by Dr. o Peiers called ob]ective tone pltch){ncreases
:proporhonately to the given deeimal- fractions. :

E The difference beiweeu the dcc1ma1 fractions (or vibration- numheral D2 ad]acent

4

'Part;al-tones is constant 0,25; —2— minus f— i, or g’ mmus e = C, somparc Rule 5, d.

4. Quartary (geometrical, neutral) logarithm-division, ar (lizision (and transposing) of

! tone-intervals, steps; subjective tone pitch. O )
_The product of 2 tone-fractions is consislent {fith the sum of their logarithms

for example: 2 Fifihs- steps % % g agree Wlih

{2 >< 176.0013 = 352 1826 as logarltﬁm,
2 X 701.9550 = 1.403, 8100 &S cents, minns 1200 = 203. 91 =d +

Professor Joscph Yas‘;er, New York rem‘\rks sthat’ the New York Public Llhrary
possesses -a very raré and orlgmal inanuseript: The Geometrical Scale in Musick, -or
Gam-Ut reduced to Geometri{al proportions, and- according 1o the statement of its
{ author (whose name Gaudy’ \is merely guessed from indirect mdlcatlon) was writ-
ten some time before thelyear 1705« (Note 5), — he was thus the pioneer before the
| Swiss mathematician Qeonhardt Eunler (1707—83), who in the year 1729 limited the
common logarithmé&\ef tone-fraciions to one octave (2) by d1v1d1ng them by the.
logarithm of 2 =8, 0103. :

In order i@ Jscilitate the transilion io Ellis’ cen’rs as an mierndilonal method of
counting,, an \eflsy and practical method of logarllhm reckoning was mtmduced by me
in 1929 hv using the Constant K, i. c. (Scheme 22) :

Log 1.2=.eiiinninnns 0079.1812
minus log. of (log. 2= 0.30103) = minus 0 A786098 -1 -
' Dlﬁ'crence K =0.600.5714

Thus an addl’uou and a suhtractlon are merged into one smgle addlil()n—K

; 5. Quintary structure is used in connecction with the stretching of a strmg, see
- Scheme 1 above, (/2)=2 (or, the octave: 22=4). :

; By pressing the string down on the hnger—hoard (e g on a v1010nce]10) the string
| will be somewhat tightened, and acwrdmgly, the pitch of the tone w111 -also he
! somewhat raised (qumtarlly)
|
|
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Resumé: a) The methods of work set forth in Nos. 2, 3 and 4 will be recognise
in the Greek sphtting of fractlons, formula Z, e. g, the Fourth divided hiy thre‘
4 12

'Efﬁ -~>< ><— of which:

Form. Cents

X 1st fraction Il—f is secondary 3-partition .,..,........ 150.6

common humerator 12.

..... 2nd fracijion E equals neents: .............. ..., 165.0
. ]0 ¢"\\

. - 498

only llttlc below quartary 3-division :%—\: 166.0
{
NS ©
. 10 o \ 7

Y ith fraction T Is tertiary 3-division ... NG 182.4

common denominator Q'\ &

The quartary cents are but little below the avét‘age number of the secondary an
tertiary cents, 166.5 cents. \‘
Should the Fourth be divided ]Jy 4, the I*e.cmlt will be:

4 16 o8 16 15 14 13
Formula Z, T T —v I X 11 12 .
resp. Formula,......... >: . X 1ot Y of which:
"m} h-—v—.-—"
Cents __ .. \\.’:' ..... 111.7 1245 | 138.5

1st fraefiod % is secondary 111.7 cents, common numerator 18, X,

'\Q 13
4%’\}'— The tertiary 1385 — , — denominator 12, Y,
AN .

28

[

15
' Whe,rcas 'the average number between 7 and comes close to the quartary cents 124.2

3

b} Twofold.symmetrical calenlations, Pythagoras may have established shis smal

Third: es — :2—7:294.1 cents by means of
- Iaecnndary 8, partition -———3_2_._ our X,
. 32 27. 24
Spaces & =5 4+ 35
. tertiary 9. division 27 32 36 our Y,
. 27
Spaces-g = § -+ 4

s e s o
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Or by means of particles and decimals respectively:

|
secondarily ,......... : [ 88w f
Our particles.....,... 720 60742 - 540
Spaces 1125 4 675 = 180
abbreviated 513 — 8
tertiarily............, c ey — T
Decimal-fractions . ., ,, 1,0 1,185 1,333
Decimals - 0,185 + 0,148 = 0.333
abbreviated 8 -~ 4 = 9 &\
_ [ .
7N\, ¢
¢\
'S\
& N/
¢) The »Natural quadruple chord.: A
_ 1\\..
Partial-tones Nos. 4—8 c e g [adss, ¢
Pritnarily : Fractions 1 s e O A T2
. o~ —
Sceondarily : our particles, 720 376 480 '\ &V 411% 360
quickly decreasing spaces 144+ 96 RNGSYr 1% = 860
Tertiarily : numerator in Y 4 5 p ’:'&6 7 .8 Nos. 4—8
Quartarily: our cents, 0 386*1’;"’ 702 - 969 1200
slowly decreasing intervals 386 ~ 316 - 267 L 231 = 1200
—. . AN
(uintarily; stretching, 4 .‘s:, )

Znd power of No, 16 25 36 48 64 _
Increasing tension - NS 1 2 11 - 13 15 = 43
Arithmetical ton, N ' :

rithmetical -progression, Ol ... 2 o+ 2 4 2 —
Andir, Hornerup’s obscrfzxﬁmni o ’
sty

\
OO

e
P s
\J

\'"\3.
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CHAPTER 11
SEVEN HYPOTHETICAL PRINCIPAL RULES.

The following rules are proposed in the hope that a cooperation between philologic-
historic inquiry and instrument-investigation on the one hand and thearetic-acousiie
. calenlation on the other will lead to a clearer understanding pf\the origin and
development of the ancient tone-systems than has hitherfo beerx’thﬁ case. Natuarally,
these rules are partly hypothetic, and are only advanced as a ;t:)\as.is for discussion.
Group A. Presumable Construction of Seala-,tg{aes and Tonics, (Rules
Nos. 1—3). ' ')

Principal Rule No. 1. The step\\"iée progression of\d\scale-type is formed by secondary
. partition {on the string). 5-partition of the who,le’,ﬁ}'ing gives thus (by three successive

. . ~ 1 ,
halvings} »the ornamental pentatonic scaless e (l:%g e {ges —):?0 a. ¢
e . a ’) e” 0
| XN _ .
e N e I i
| £ ' !
PR B |
d Ages ) ’ 2l !
1 | S 1 I | o
720 448 it N a04 432 360 _ 288 216 144 ) 0

</ . .
. Secondary 2G«p§{riiti0n of the whole siring, then parily secondary 3-partition of the
Fourth, gives_alsd”5 ornamental Tetrachords in oriental tuning: '

N

1 20f5% 19y P11 e s 1/
=
e ) des — -t p— f Doric :
R ;'—‘m“_'—_”‘_ﬁ_”_ﬁ_”_'—i Primitive .
c cee o d es — . { e Phrygian Greek
e . d oL e f . Lydian = | before
- Pythagoras ¢
e .. d ces e - (ges —) | Tritonos '
B c des— ..., e - f . H:trmunic,I ariental.
for instanece: the Greek »scale-types«,..... Scheme 17, Nos. 1—7
Jewish Hedjuz-Kar, double harmonie.... — — — 8,
—  Ahavad-Rabbah, harmonie-Doric. — - =13,

according to some indications of A, Z, Idelsohn (Note 6).
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Prineipal Rule No. 2, The oriental sequence of Tonics (key notes) can be ferm'cd
by tertiary division. Three consecutive halvings of the Octave, Fifth and Third give

thus the presumed primitive Greek (before Pythagoras) as well as the Indian tunda- o

mental TDnic-sequence c‘-q——d—]»‘ e g ¢, (onlv Pamal toncs)

1 2fg n 3fy LT 15 2 A
1st hzilving ) % B i et it < oS e
2nd halving ' ¢ e g b d+
ith halving | ¢ d-+4- e rn e g a4+ b rl-}-
T 2\
NS ¢
The result, the oriental (Indian) Tonic-sequence: ‘ N
. N
L : O
Roman numerals: I I ILIV v vi NOYY L VILL
Oriental Tonies. . d+ ef | fif . a—K .. b.e
- . o i [ PN
indian Sruti-No. L 4 7.9 13 \1?“ - 20, 22
Scale-Structure: 4 a 2] 4 ' 4 W 3 ) a - | Ma-Gramsa
— SN N S — —
Scheme 2, J: 9 4 N 9. o= -

In any case it. agreecs, . mathemahcally, e'i‘u,tly with \vh'\t Victor Mahillon (cf
E. v. Hornbostel and R. Lachmar (i report Nofe 7} has reported (without mentioning .
the souree)} as an obd Indian DT ¢seription for the partition of an F string, so that

seven tones can be made jnjthé middle third part of the string correspondiag io the -

number of particles on d whole string as glven below (transposed fromi an F-string
to'a C siring by multl‘pﬂym“ hy §) .

F. 480 paltlcles..\:.( ...... | 426% .. 384 .. 360 .. | .. 320 .. 9284% .. 256 .. 240
| R .

c 729, tmm\osed ....... ‘ 540 .. 576 .. 540 ., | .. 480 .. 436%. .. 384 .. 360

C. Ma-Grama, Major:| d-— e i g ass b <

F. Particles [ 288 270 240

C. transposed ’ 452 405 S 380

C. Sa-Grama, Lydian-Phrygisn: [ a hes — [

Fractibns:_ ‘ Ba : _"jfﬁ oo 2

The d1ﬂ‘erencc between \I'l and Sd has referencc to {he Stl ucture of_the two Indian
scale-types respectively, see Rule 4.
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Principal Rule No. 3. The Pythagorean and Persian Tonic-sequence is paturally
formed quartarily, 6 Fifth-sleps (Q Fifth, q Fourth):

o 20 40 1q ... 10 3Q 5Q —
Pythagorean Lydian seale,,.............. e d4 e f....... g a4+ b+ ¢
23 Pythagorean Instrument:tones: Structure 4 1 4 1
19 — Song-iones — 3 1 3 1
Compare: 17 Persiun Sruti — 3 1 3 3 1

Q"

Group B. Probable Construction of Ancient ToneMater:al
(Rules Nos. 4—7). \ O

el
™

"Principal Ruole No. 4. Permanent and variable toneg.’j'?

a} The iransposing of secondary (ornamental, dege?&?ive) scales on the Tonics
(key notes) mentioned may give several fone-sysiemiswith not a [ew common per-
manent tones, for instance the presumed 13 opi¢utal permanent toncs, and the 17
Persian tones with the exception of 4, e, a and{B”

NN

Oriental Tonic No, | 1 1l R\ R v ges — \
Name,........... ¢ des— A+ 8 \ I e I ges2— __]l
Oriental Tonic No. | V _YI”:" VII _ L

Name..._........ g — - bes — b b+ ¢' | Scheme 2.

\Sic tope »ges 2—« almost ﬁs—f—

The 13 Persian i&nes (with the excepiion of d, e, a and b) are presumably the
common foundatl.@qfor primitive Greek, Persian, Indian and the later Arabian tone-
material. Contigited transposition on oiher Tonics or with other scale-types gives new
- tones, varyings joth. for the diflerent lone-systems and within the same system, cal-
led wariabfé tones of the systeme. The following are ciled as examples:

\13' 4 =17 Persian Sruti Nos., of whlch 13 are permanent, Scheme 2 P.
13 + 9 =122 Indian Sruti Nos., of whicli 17 are permaznent, Scheme 2, J.
22 4+ 2 =24 medieval Arabian tones,

The 4 variable tones in Persian musie are presumsably the Persian Sruti Nos. 2, 5,
12 and 15; the 5 variable tones in Indian music: the Indian Nos. 1, 6, 10, 14 and 19.
The structure of the Tetrachords:

C. Lydian C. Phrygian %
Indian ..... Ma:g a-t+ b ¢ | Sa: | o . a bes— ¢’ \
Intervals ...| ..... 204 182 112 | ... [ S 1820 112 204 | = 498
Sewtl ool Ll g -E T O 32 4 = 9




Acoustic Methods of Work. o B 13

b) The idea in itself of a few permanent Sruti-distances as a stracture cannot
be thought of »as rising through a simple advance: of a Second only, i. e.

[ e d+ e 3 g
Indian Nos , | 4 7 g 13

| .
Ma, Lydian. ..., 4 + -+ 2 e, =
Sa, Phrygian. . : » 3 -+ 2 4 4.l =
Persian Nos. ..{3  4-.........6 - T ...... ..., 13‘
Dorie.,....... ‘ i . e £ ...... - S d+: =17
Transposition. .’ d—]~ B8 e, S g l[ =1

but tertiary 9-division of the Fourth gives also the Indian Srutl numbbrs for the

upper Phrygian Tetrachord in Sa, LydmmPhr}glan. O
‘ . N
d- e f 9, Nl
Common derominator 48: &
. {i Bla 5y &fa"’}\ fy
Numerators............ . :I 64 G \64 -2 N
Distances ................ .. 6 -+ '\4,\ + 8 1=18
_ abhreviated, Indian Sa....| .. S0z .+ =9

cor‘responding io the tertiary 9-division. & »
€) The pumbér of touches: Scheme % P in all 7X7 =49, and Scheme 9 J, in all
5X7X2=70 disperse naturally vergiinevenly (ihe columns in the middle).
The number of Molecules (1nteﬁ§b of equal value) is, according to all Srnii:

in Scheme 2, Pcrgjay Total In Scheme 2, Ir.l_dian 7 > 4 Commas

12 X 4 Comuprias 53 : X3 -

5X1 Commas B [ B
........... 2\1\f01 ccules - civeainaaea | 3 Molecules

Imtervals 1724/Y..........
This conditioh™can paturally be changéd by cortinued transposing. The espression -
*Moleculee f6r equal infervals between fones in stepwise progression was suggested

in 1923 by Professor Chr. Kroman, (1846—1925), Copenhagen.

Prineipal Rule No. 5. Chromatic and Enharmeonic.

@ In the practice of Music even Dythagoras has not been able to carry through the
:consequent: Pyihagorean Fifth- -system, but he has had te content himself with the 7
fundamental diatonic Tonies, and has presumably formed the intervening chromalic
and enharmonic tones by, secondary interpolation, for instance, the ahove mentioned
chromatic des —, es —, ete. by secondary -halving of the small Second ¢..d, or d-. e,
whereby with great approximalion the same interval is oblained from des— o
4+ =113.7 cents, and from e to f==111.7 cents — inaudible difference {Formuia X):
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Ne..d { L} o des—:ﬂz'SS.S cents Tnandible dif
\z0 19 . 18 19 ference 1.4 cents,
. 956 : nearty Kk,
2y Pythagorean: 5 Fifths below ............. = fles— =yis— 90.2 = Scheme 14.
: 18 1 18 ' -
. Lod - [ — _—_—— | =—==9%9: .. -Pps
Be.. |_118' 7 16} (_des 3 ) 7 9; ¢.,es 3-parted |
£} syntonic, d.ifferencc, Scheme 24, between the | des — 16 1117 ot . .
Partial-tones Nes. 16 and 15............. — @ =1 1 4 Inaudible Scisma-dif-
- - — ference: 2.0 cents.
5) Pythagorean: 7 Fifths up................ —=cis24 "=1158.7 — .
6). Golden des — 5 X 503.8 cents _ = des = 1189 — »¢,. dg /EUPET divided.
" .15 L 15 N '
7)., e{l5 12 13 12} _ | ._(dc.as]._m_..llﬁ.a, c:\.e“’&parted.

The Greeks Eratosthenes and Plutarchos used the secon{ﬁ{f‘i‘ fraction 20/19; Arky-
tas, Didymos and Ptolemaios 16/15; Plutarchos also 1:1!{4@11 Kroma malakon (soft,
i. e. diminished Kroma). \V

When construing tonc-systems one can for convep@pce overlook the small inaudible
differences and, on paper, calculate by them'ct'ahi\fractions. The Grecks themselves
have-ic a large extent made use of the spl}'t\t{ng of fractions, Formula 7, i e,

20 20 19 . the first is secondary halvin
d= 187 19 x 18’ of which { and the se,c(it:id 4 terv'tiary on%:.

By this primitive method of wor‘k,..sIﬁit'ting of fractions, the legitimate tone systems
have been far outsiripped, by contifiual partition, i. €., secondary interpolation; thus

. 20 40 40 .39

Eratosthenes and Plutarchos X}l'sgve des — = 19— 38— 39 x 33’ of which the firstis a
secandary enharmonic deé\{s'i;—g: 44 cenis, while Didymos halves the synlonic

_ 1632 -3 31 L% . 32 _ . ) ) -
dels—ﬁ =3 31X3!):’\0f Avhich .~ =55 cents also .15 the secondary enharmonic deses,

31
jusi 11 cents larger.j\’"’

-Curionsly ei\n”u\gh Arkytas makes usc of the fraction 22—,E;:62.9 cents, very nearly
the Moleculgiin the 19-toned temperament 63.16 cents, just
the Four@h\’.té}tiarily 9-divided (Formula Y):
\m‘: ) c des — es — ) f
27 28 3 36
27

with 3—3:(185—_:62.9 cents and %%:294.1 cenis, see Chapter I, Resumé, b.

: : 1530
_ Plutarchos has a similar fraction iL?) =587 only a-littie lower, and (des) :1;:%
=11%5 cents, syntdnic 4 secondarily 3-parted, Formula X: '
30 e
30 29 28 27
" Piolemaios uses the fraction :—Z.: 389 cents, very nearly the Molecule in the 31-

toned temperament, 38.71 cents, the Pythagorean d + secondarily 5-parted (Formuta X):
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b) Inferpolation within ihe Tetrachords is also presmmably to be found Lo a great
exstent among other nalions than those mentioned. Thus Helmut Ritter quotes from -
Rauf Bey (Note 8) for the Turkish scale- -types »Suznak+ and »Neu eserc one and two'}._
Tetrachords respectively of two unusnal forms which we shall call.

Scheme 17, No. 13. . cents | |

{ *uneven Tritones-Tetrachorde 204 -4 120 - 267 == H91, Medinm 111 | total 702

*uneven barmonice ..., .......... 120 | 267 4 ............ 111 | total 498

Scheme 17, Nos. 10 b and 13. | N

which however .can easily be explained in the folluwmﬂ way: ,\‘\ :
‘The interval on the string »d -+ ..... fis 4= (m Tritonos) is pa:ted se&ond'trﬂy into

3 parts or the Fifth =d-~,..a T mto A parts in:

‘ d L+ es + Y3 Comma fis ‘ '—k-”
i e e, e e e N
Particles: ; 640 597 g 512 | 126/
i _ L e AN —
' |
Spaces ‘ 4zt 85 lfg -+ ‘ §¥}'3\ [. = 213
Abbreviated | 1 + L N " [ =35
| r. N
720 135 .. . ioh is 3156 '
Thus the tone 5077 119 = 323.4 cents, /s Camma over es, which is $15.8 cents. The

two scales can hereafter be charaderlsed gs follows

cents | _ : )
204, \) {a b . ¢ | Scheme 17
Snznak { c d- e f 304—\ g {as} _ c ‘ _
Lydian Major. . \ uneven harmonic No. 10D
—_—— = o ————— e e ——— i e
Rid : : |
New eser. c d+  fes) fish 111 g (as) b e o
uneven Minor Trltéhm uneven harm. repeated No. 15 [
N\ . i

¢j In the same way some five- or six-toned scales, as for cxample some Indian R

scales may be expl.uned by Trichords:

\ i Secondary partition: - ' Middle tone:

. Trichords: Par;i;:_les Ahhreviatéd

B 10 L M S—
¢ A+ 1 | om0 a0 | T T T iAs=9 o8 L
© (es—) 1 ] 108 + 72 | 3t2—3 . 20417 i

o et [ iigh 4 e 54 3 — 8| 82/27%)

¢ e 1| 1m0 4 e | PR _1_;_;'“675“_“_.,.:____
e e f .| 144 & 838 | ¢ ;C“;‘;_‘_;“‘_"ﬁ”“_““ BT _

Sy sec Chapter I, Resumé, h.
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And it may be supposed that many other riddlés of a similar type can be easily
cleared up as being something quite natural by sccondary interpolation alone —

without fantaslic Fifth-steps.

d) We might probably solve Professor v. Hornbostel's theory concerning Comma-

T, KorNERUE:

Fifth and Comma-Fourth, probably g— and f+ respectively, by means of

1) secondary interpolations, »4-partition of 2 Fifthse, d .

.a and d-} .. a- respec-

tively:
¥ : 40 :
Formula X: !
36 30 27 24 |
— —
g — Comma-Fifth d’ f E—\L a
Particles 6458 540 435 432
| PR |r
%
-3 propertionally 2 g M 1
abbreviated spaces 9 A\ 3 1 1
Particles 640 N\ 533 480 4262y
% — Comma-Fourth d+ \\’ f+ g a+
£+ 3
A\ 27
Formula X: G
14 2 20 18 16
Then Comma-Fifth: | d....... al #p'arted or: f ... ..u.. o
e halved
— — <Fourth: d§ .. g 3 — orzd—4........ a-+ ll
2} Further Tertiarily ic{gﬁzmg divisions, see Scheme 19:
....... " 4 8 1
3-divided & -
o\ 10 5
:“\.‘~
Formula Y /808" 32 36 40 45 48
Dennm‘.w%"?::' d es — f g— a hes —
N \ 10 10
Halved ...... N T
l 8 &
3-divided i8 38
He — 18 27
Formula ¥ 90 96 108 120 136 144 1
Denom. 80: d + es 4+ . & a-+ bes J

12
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3) Further sbhes...d+ ... f 4« and *g— ... b— ... ds are Major triple«chords:

[ £+ is deep difference-tone | between d -+ and bes }
lg— — - — d and b—

' . 9 72 50 e
Super-Tonic bes = — = 5 — b = - = 1,85185 Third
per-Tanic bes 5 iG 1,800 resp b 57 ir
minns Third d+ = % = i; = 1,125 minus d = -g-g = 1,11111 Sub-Fifth
Deep difference F - = 30 = 0,675 oo B = 23 = 014078 ~
' 27 40 &
Th i = = — = — = k i
e Fifih £+ N 1,350 veer B 37 1,4_81‘;!'8"Tnmc
! : o :\\ 4
o _ | . O 1
: 0,675 1. 1125 1550 - 1600 - 2
: _ A
! F.‘. d"‘ - 2 bes
T f ; :
0,74074 14111 149148 -185185
, G- AN g- b .
y > F" ! : 1
AR I PN :
C &\ [
| ]

Finally it may be proved by meaﬁs\of other similar difference-tones. Prof. v. Horn-
bostel however, gives as a physical explanation of this preblem (Note 8), (f +)=5215
cents, (g—)=46785 cents, Pdie’ Blas-quarte nnd Blas-quiniec 1n decimalfractions:
13515 and 1,479% Iespedlveﬁ :

.\

Prinefpal H’ll‘ké No. 6. The infervals between the tones in stepwise progression
can often he }roupcd in several »Greek Triads« (3 neighbour tones) of two dimen-

sions in two directions:

great »Triade | direct 4 4 1 Comma | retrograde 1 + 4 Commas, Pythagorean
] 3+1 » CoB 14+ 3 » Arabian?

small »Triade

As it happens the actave comprises 58 Commas of 2224 cenis (about midway
between the syntonic and Pythagorean Comma, respectively 21.50 and 2346 cents);
rom Scheme 3 can, for example, be constructed Scheme 4 as an experiment: the
direct Greek Triads«: with b3-toned tone-No. (Nicholas Mercater, Dane, 1675)%

Perhaps the structure of the »Greek Triadss« has had some [mpmtanw in Melndv

ormatmn
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Principal Rule No. 7, Javanese salendro and pelog Gamelan were interpreted by
F. Lassen Landorph (Note 9) in 1923 as »Two fone- -systems, in which twoe Gamelans
(adapted to two different systems) cannot be Played togethere; we assume that they
have both been built up by quartary interval- -division, but in two different ways.
During his stay in Sumatra (1877—99) Lassen Landorph recorded the vibration-nanm-
bers (oscillations) for the ones, and arrived at the conclusion that

1) the older form, the Salendro-octave, has 5 tones (Pentatonic) swith a distinct
tendency towards five equal (quartary) intervalse w1thm the octave, thus a 5-toned
temperament; whilst

.2) the laiter form, the Pelog-octave, is also scalled 5-toned, as the &bole material
of 7 tones in several places is scldom or pever used, but on the gthér hand, various

combinations on 5 tones onlys. )
'N\S “
Ny

Following the vibraiion numbers recorded by Lasseng l‘andorph Scheme 5 has
been constructed showing the Salendro-octave as a 5- toch temperament and the 7

tones of the Pelog as tone-material, i. e. ‘)
parily »a harmonic Tritonose, in guartary 4- division with omission of the central
toune: »c cisis ... eis fis -}q, 79 .\l
partly a Pythagorean harmonic Tetlachord\ ig 48— .... b+ ¢, in quartary 5
division with omission of the central tone. The 1nterva1 *as — ... b}« is the.syntonic
es = B/5. o o
Other intervals: *“ )
Nos. Interval|| Nos. Tntée 'I Nos. Inter. | Nos. Inter. Nos. inter.
1—2  eisis | 4—5 ,{“d}s 5—6 des— || 6—7 es | 4—6 A+
3—4  eisis | 5—5"Ndes—|] 6—7 © es | 78 des— o8 e

2—3 Sum es — C\S’ufh. d-f H Sum e - J| Sum e+ Sum  ges —
R0

Lassen La QI"};I}l is of opinion that the Saleadro is reminriscent of the very ancient
Chinese Toma\}stem, and :in its most simple composition, with reference to the
Java-tradxj{}oﬁ it is supposed to derive from Lhe oldest Hindu peried, or, more cor-
rect].)glo wbe traced to this period, which means, from the beginning of the Christian
era«; while »Pelog must be presumed-to be later, as it, with ils various tones and
varied musical instrumenis, is more fully developed:. Both are, however (parily) built
up on quartary interval-division, — naturally secondary in practice. '

The scale: »g as— b+ c fis4 g« may be presumed to be purc Pythfigorean (fis- =
ges 2—).

- In the pelog Gamelan the tone Pelog, 512 parlicles _390 cents, may however easily
be found on a siring {or on the flute) with great approximation by the 5-partition of
the octave, and the Fifth g exactly by halving, while analogously the other tones may
be found by sccondary 10- and 5-partition respectively, as shown in Scheme 5.
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CHAPTER 1II N
THE PYTHAGOREAN SYSTEM IN THEORY AND PB,AQTICE

That the pure, i. e. consistent Pythagorean system can only be tak‘en symbollcallv
is evident partly by the fantastic tone-fractions formed in the son‘tel circle of the-

system, partly by the Greek Schisma, for instance m\
. Pythagorean tones: o : S»ntuni'c i.oues:
9 Fifths is sdis 54« = ;gg:i L but es *\} ' 315.6 cents
e — rais 3 ¢« = ggg:: A Lg;:s ’: % = 101?.6. 3
11— seis 8 F« = 1;; ;:é 'w _f_|_ = ;_; = 5106
. The fr'ictmns overstfl,ted 1 . natural.

Only ﬁ Flfth -steps give the same! te}xe as »2 Flfth -steps and.in the opposite dlrectmn
1 syntonic Thirds, that is: \\

N

6 Pythagorcan Q minus 3 octayea"’ = 4211.730 — 3600 f = 611.730 J = fis 2+
2400 minus (2 § —|- 1 svnt;\mc Third) | = 2460 — 1790.224 | = 669.776 | — ges —
NV Differcnee, a Greek Schlsma ‘ = 1.9584 | cents..

After Pythagorag’}avmg altered the presumed primitive Greek

,»I'qu-scquence {key-notes): ¢ d- | | e

f g‘ a ‘ b+ ¢
¢ his Diatonic (Pcrsian) re d+| e—f—

gia—f-[h—i— e

which is also the anthorised Greek Tonic-sequence, he hereby reaches his limit,-
and Leyond that he only creates synlumt, tones with the exception of one Schisma,
so that the Pythagorean exaggeration recoils, in that, beyond 6 Fifths, all other Filths
return like a boomerang, as synionic interchangeable tones. It is the p]ayful way
of Natare that all cxaggeration corrects itself,

The Arabian-Persian musicians probably knew, before 636 A. D. that, for 1nstance,
8¢ Pythagorean = fes 2— are almost identical with the syntonic e, (accordmg to
Helmholtz, as quoted by Jonguitre, Note 10). :

If to this be added that the 4 chromatic tones des—, ¢s—, as— and bes— are so
near to the primitive secondary lonmes that the difference of 1.4 cents is inaudible
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all Pythygoras’s exagserated tone-Tractions may be éhanged to reasonahie human
fractions.

The Pythagorean system can thus (with the exception of the inaudibie Schisma)
be indicated as gnoted in Scheme 6:

Song Instrument
Lexis Krusis ! .Schr:me 14:
— 3 enharmonic interels abl :
_ | onic interchangesble tones stage No. 6 (e)
2 2 |; chromatic — SR .
5 5 — — — :
| B 6]
7 7 | diatonic Fifth steps f N
5 i) ‘ enharmonic 1nterchangeahle tone&; }'\:_\_. )
— LI S — o\ S -
19 23 | Tones in all .....,. Yeeens e Ao 3 shges

7N
< 3

The tones, however, are not used with equal fre(]ugm}'sf"; if all the Greek scale-types
he played on the following 7 Tonics (key-notes): ¢ &t ¢+ fgat and bes— for
song, the number of iouches will be 7 X7 X7, %\343 distributed as the numbers in
Scheme B, wiith the maximum 37 on g, Wlll@* is the middle one of the 7 Tonics
selected, arranged according to Fifths, "\: :

The number of Molecules for 1% song Pehes will be 10 X (]02—{—2 >< 866.7-F7 > 235
cenis == 1200 cents. N '

The names of the song- -tones dt;e thuq given in the Greek Triads from above down-
wards; for the instrnment-tones a' wame-No. was originally given to the uppermost in
the Triad (Note 11) followmﬁ\bur hypothesis as indicated in Scheme 7 according to
triple-chords (chords .of Thirds, English triads).

Scheme 17 Nos. 17, sliows the 7 Pythagorean scale-types in syuntonic or golden

tuni 6 paired off e tricall Nos. 1 ‘ 2 3
, air 7 etrically
noing, b paire nz‘s?;nm ety and 7| 6| and &
. PN
PR

N\

N\
s.’.
S

A

P\
\ }
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__ CHAPTER 1V |
THE AUTHORITATIVE TONE-SYSTEM, THE GOLDEN sys%’Em
AS AN OBJECTIVE MEANS OF VALUATION(™?

However, in order to pass judgement on the various historical ‘téne-systems, the
chief defect of which is the displacement of Commas betwcen/for example »d and
d -+, »des — and des« etc, it is necessary first to construct"’g}r_l authoritative tone-
system without these Comma-displacements, which claims ¢hat many tones with plus
wonld be made much Iower, and many tones with migqs\\ﬁuch higher.

In August 1930 I found the new Fifth in twe way:&}vﬁich gave the same result.

AN
LW
o N
v",
- %
©
>

Gfoup A. Arithmetic Serjes "I'—VI,-retrograde and direct.

The sum of 2 golden adjacent ol’\*mog. forms the following No., and the sum of the

cents of two golden adjacent tonc&’orms the following cents in the same golden Series.

1. The astronomer J. Keplsr”(1571—1630) combined tones with the sum of the
‘numerators .and the sum off ﬁlé denomipators respectively of 5 tone-fractions: '

O3
\Y o . . .
1 N2 3 5 8 13
1. O\ 1 ) ? 5 —S” Partial-tone 846 § cents
AN v ]
<\’ WG c g a as | . gisls
The golden gisis........... 843.2 s

In the 19-toned and the 31-foned golden section respectively we transform the
tone-sequence in this manner (see Scheme 10):

Dou.hlcéupe_r
division -
Fourth- | 19 tomed|.....|...-. lecis|2des{f 3d |5es &7 13as
. _ . . |
 Serles 1 b= Hdeses| 2 cis |3 des| 5d |8es 13 f]21as!
‘retrograde: 0 — |7 - e ]
] 1bisis|2deses| 3 cis |5 des| 8 ¢ Jid es . 21 | 34 as

>
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Ludwig Sonnenberg, principal teacher in Bonn (1820—88) called ihe sequence 1, 2

3, 5, 8, 13: »Kepler’s Series« (Notes 12—13), our golden Fourth-Series I retrograde, in-~

1844 exiended up to No. 17 by Gabriel Lamé, in 1929 up to No. 40 by .. Kaiser.
2. Dr. Ludwig Kaiser, the mathematician, found by pure mathematics (Note 14)

(without reference to tones) a similar sequence; we call the latter Kaiser’s Seriese,
our Fifth-Series IT, which we use in the following manner: '

Fifth- Double super

division.
Series II i e e o

19-toned 4dis Tfes‘ 11 g §18ces
reirograde | - :

| 31- — I; 7 dis -ilfesl 18 g |29 ces

3. In May 1930 Andreas Kornerup, engineer, directed my attention. 6 the fact that
the Fifth in these syslems has tone-Nos. which form similar sequenges of Nos. for

Fifth _ 7 11 18 29 47 )
example ——~— et : N\

Oclave 12" 19" 31" 50’ 81 \

We name the sequence 12, 19, 31, 50, 8t the Octa\re Qeme@ III Andreas Kornerup's
Series, the denominalors of the fractions.

a) It occurred to me to calenlate thesc fractions N ce\lts, ~whieh 1 did, August 15th
1030. The value moved like a pendulum quickly approachlng the point of balanee,
where the seventh decimal would be stable ﬂt\he f"lftl 1—2-00 X 3371 = 6962145 cents

6156
(Acoustu, slaties). A\

The temperaments, the octaves of “lnch are the denominators of these fractions,
1 called the organic temperaments, 'md 4t the same tiwe, it occurred to me to con-
struct an authoritative »ione- 93stem “of the Fifth« with this Fifth which, however,
also generally appears by meapsg of the super-division (golden cut) of the octave,
Scheme 10, Series I1L 1 calcul\ted the Pifth on August 17th 1930, as shown Dbelow:

P

b) The fraction of sup{}}ivision ............ Centls |oovvvven- Series Il:
® ,;0;513.03393 X 1200 gives 741.64078 §.....vn.n. direct ases
1 —\m:' 0,381.86602 X 1200 ..... 458.35922 |...... retrograde eis
\:"\Tota1 10 e aeranan 1200 cents ‘ .................. o
a%es is 11 Fourths from c and 4.octaves back then f= 903.7835
Further 0 ) ’ .
M~ eis is 11 Fifths — - — 6 — — — g = 6962145

\ 3

Total = 1200 cents
In 19-toned and 31-toned goldén sections rcspectively we use Andreas Kornerup’s
Series«< in the following manner: -
Octave-
Serles LI1 19-toned | Oec il ’? eis (12 asc.s lq [+

irograd —
e rfzg ° ‘ 31-tunc{1 | Oe |12 eis 19 ases] 31 &

Double super
division

The difference between golden eis = 458.4-
and syntonic — —4070

Schemes 14 and 15: nezirly =1 Comma= 14
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4, Out of the calcnlated golden sysiem 1 have formed some other Series for '
instance 31-toned se¢ Scheme 20 ' '

Double super
] . _ division.
Great Third-Serics IV: I‘l‘ﬂHﬁ esesf 10 e 16 ges 26 bes B
Tritonos — Vi {.covenr- _ g fes:. 156 fis 24 beses
Tored st =i | | vaisis | tegeses | 28 a o

Group B. Geometrical Constructions of golden T_ones.. N

The goldén tones and intervals can also be constructed geomet.rically' 'ag\shown in
Scheme 8, which indicates: o ' ;:\ ’ :

1} above, part of a regular Pentagon, the angle ‘of which :1!:[85’1.% divided into 3
parts by means of 2 chords; if the chord be equal to a Tetrac}g(@d’— the interval C-F,
(the Fourth f), this interval will be super-divided in sgreatdgnble super-divisione

g J Do Es F:s@s\eazl al
109,43 + 11898 -+ 19243 NEB03.79 cents |

%) below: a square placed inside a semicircley whereby the diameter is super-divided

into a »small double super divisions R
Cis . D_—E...F
. BN ... Es F..... Ges
in cenis,y 2 : .
\ ..... C - ... Es
O\ 118.93 4 192.43 + 118.93 = 430.20
__g:orrespondin@‘ with: C ..... n—F..... G
Rl 192.4 -+ 3114 + 1024 =696
2\& B
A |

3) further: wit!’l:il‘l the square we can form a »great double super division«

\ in D——_Dis-.... Bs—E :
: _ 78.50 + 45.43 + 7350 = 19243 ‘cents

Scheme 9 shows the golden system constructed by means of the Pentagrain with
the same chord G .. F, so that the side is == G .. Es in the Pentagon.

Yourth-Series I: C, Deses, (_}is,. Des, D, Es, F and furtber As, Des.

Further: CC ];:S) :'%: Cosinus 36°, the relation between small and great Third.

Scheme 10 shows :double super-divisione in 4 Series; the upper and lower edges
of a square are divided:

from ¢ upwards into ases, direct, -
— ¢ downwards into eis, reirogade.
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If we continue a single super-division,
1) direct, upwards, we will get decreasing intervals npwards,

2) retrograde, downwards, we will get decreasing intervals downwards. We use
from the corner upwards on the right

- — downwards — 1 ft
divisions, which give the result:

the oblique lines { } forming 8- double super-

upwards, retrograde: -Cents fdownwards, direct, Scheme 10:

A Series T | ¢ —.es.. T as  Bl3 )] e——g .. a ¢’

o WV e —e.. ges hes 1008 |eis f .. gis .y

]
fis .. as-.—_c‘ |
Y

— Il je fes .. g —ccs 1126 | d-
— NI ;¢ . egis_—. . et -1200 e ases ¢ N
O\
We continue double super-division only in Series I: ;:\
c—des .. d ——es 311 a ««—:J—’bes . h —7
Series 1: ¢ c—¢is .. des——d .192 Bésy b .. ces ¢
' c—deses .. cis — —des119 J\b' .— ces .. bis— ¢

Pe N\
The tones are in pairs supplement-tones (m‘;?kifxg an octave together) for instance:

deses
his

f retrograde

» w’ N
Series 1 cls r N ‘ d

ces o8 b | hes

es" f.(las[c’

direct a

W\
any

Scheme 20 shows golden tcmes in 6 Series formed geomctrlcally by means of
parallei lines in 2 Penta“on, fai\ instance:

_ \\ o o
The tones : Eis F.' Fis Ges G - As A o Des’
Series -III: I  CB.......... e 1. | S IIL L
— IVVI:n...... O V. Iv...... P A 4 T,
e\ :

o~ W

Scheme 21\:5hbws cents {fo 4 decimals) for an organic 19-toned section of the
infiniie guldifn tone-system with iwo Molecules: ’ :
SN :
{ ﬁﬁm eis, Wh:lch is the smallest interyal in this seclion,
v —4) 496 deses, the greatest interval in the next organic section on 31 golden tones.

| . v. t. eents
The Molecules in 12-toned golden section | 5 X eis 4+ 7 X des’ — 1200
' 19- — — — 703 deses + 12 X eis = 1200
21 — — 12 >< bisis 4 19 X deses == 1200

v. outside the section.
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Group C. All Comma-displacements disappear. |

- Example: d:% and d+ :—g—
rﬁerges into the golden tene d = 192.43 cents, apprdximating to the secondary halving

of the string between d and d -, which in the Formula X gives:

180 _
162 161 160 180 - _ : o
U d+ ¢ or 1—61-::193.12 cents, the difference is iQa_udihle,.
Particles 648 G44.3 640 : : ‘
cents 1824 1931 2039 : O\

7"\
so that the golden tone can easily be found approximately on t:hé}‘ string.
The tertiary halving gives a somewhat higher tone (Formuf}arY):
. N

/N

160 161 162 161
144 144

— 1932 cents.
The structure of the triple chord is oftep’the golden cut directly put io ust
(x = great 'Third, y =smail Third, (2) and (3)."['0"rmations):

a3
I 3

Triple chord: ‘ Symbel ‘fritervals l Simall Sixth with golden cut:
. .
| @
Major 2nd form......... i - (2 1 reirograde: 311 -F 504 = L
Major 2nd form ‘ xy (2) e g ¢© ‘ retrograde t 5 } a15 conts

Minor 83rd — ... ... dircet: 504 4 311 =

y)(\@ g ¢ es

For teachers of harrﬁ\uhy the golden system can thus also be of use through its
clear and logical cobsituction; thus xyy (1) the Dominant ¢uadruple ehord ¢e g hes
will, on the ‘lst\sitep‘,’ be resolved into xy (3) = the tonic triple chord on the 3rd
step: (¢) fa C"(b} ‘he Tonic f) by which means the tones e, & and bes glide either
‘119 or 192 eénts, »c des« and »¢ ds respectively, systematically up Or down, with the
intcl'val\"?li ‘ents: ' '

o 385 : 696 1067 1200. Symbols
From . ,
: c e g bes [ xyy (1)
: — s el
Gliding 119 - | - 119
in cents [ N -
‘ 192 192 ‘ 1 192 - )
¢ . f a e’ xy {3)
to {———————~ _—
0 504 : 888 1200
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Since all Comma displacements disappear in the golden system, one can therefore
iransposc any scale whatever on any golden tone as Tonic (key-note) with the
smallesl possible number of tones; the authoritative Golden tone-system represenis
in this field the formula for the principle of the smallest activity, Nature’s economic
minimum principle. It is the system with the smallest possible number of tones
(acoustic Okology), an ontcome of Nature’s wonderful power of adaptation, — the
supporting principle of all life in Nature.

Andreas Kornerup has called the fraction of the golden cui 0618 034 Omega, Wh1ch

i i 5 ore o't o= 1
or: eis - ases = ¢’, Series I, or 458 - 742 =1200 cents, which we here designate, once
and for all, as the authoratitive principle of relativity in the field of acoustics: The
essential formula for the universal sense of harmony. o .
Even if the composers do not know of this formula, the Dfmlsh\Phxsu,wt H. C.
@rsted (1771—1851) is indeed right in saying: »The work of the cmﬁposer is hased on
mathematics althoungh in 2 deeper measure than has ever dawne& upon us.« (Note 15),
[t will be the task of the future student of the theory of musac o get to the bottom

of this deeper -lying Taw of Nature, the golden cut, the sup\r division — the hasis of
the future renaissance of harmonics.

1
is recommended as an international expression in the formula -~ =
L)

N
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CHAPTER V
TEMPERAMENTS. -9
Tone-systems with 1 Molecule only. D

The Octave-Series III, Andreas Kornerup’s Series, marks 111&:"1‘).01111(131‘)( of the
organic temperaments, i. e. the only rational, the only temﬁe}arﬁcnis fit for use,
namely the sequence: 12, 19, 31, 50, 81 — with 19-toned as the\ﬁracﬁcal and with 31-
loned temperament us the Standard-temperament, see Schénies 12 and 18.

How many tones will be required for pianos, orgaonic. is indeed a question; but,
for practical measures only the organic 19 and 31{dre efficient; all the others are
unworkable. This is the authoritative judgement passed on the matter in guestion.

»Ceterum censco: If we wish fo abandog\tli¢ 12-toned pianoforte we can in no
circumstances choos any other than the practical 19-tonic temperament, and for finer
- -Tequirements the Standard 3i- (or the 50—)"16113(1 temperament.

All the inorganic temperaments ought ‘to be excluded. :

Scheme 11 shows, by way of efample, how the Fourth-Series I, Kepler’s Series,
is carried through logically, in d9A0r 31-toncd temperament, where the sum of cents
“Tor two neighbour tones gives, h)e next tone in the Serjes, bul is split in, for instance,
the 24-tone sysiem, which s therefore authoritatively considered 1o be unworkable.

Further: Dr. P. §. WetteH and N. P. J. Bertelsen, actuary, Copenhagen, in January
© 1915 proved, by mei}];ks;})f »the method of the smallesi squares«, that the 19-toned is
hetter than -the 12-f&iw'd {emperament, and that the 31-toned, again, is better than the
19-toned. To haye‘}nis'judgemcnt expressed in numbers it can casily be calculated
how much thelsingle tone in the different temperamenis deviate from the golden to-
nés, and ?‘é:llinming—up sitch deviations for 35 tones (the tones of the 7 white keys
and fI, b, Zkf,‘ and 2}) the result is found. to be as follows see Scheme 12:

12-toned Temperament 1174 cents estimated at 100%:

Deviation {19- — —_ 458 — thus 38—
for - — — 174 — — . 15— -

50- — — 67 — — 6—

" 1n comparison it may be quoted that in the pure consistent Pythagorean system,
the collective deviation for the same 35 tones is 1780 cents or 52°%. greater than for
the 12-toned iemperament. _

Among the numerons observations as to the change of the piapo-iemperaments
“we shall gquote the tollowing few selections:



28 ~ Tu. KorNEnOP:

Director Gotfred Skjérne says (1909): »We are indebted to the tempered tuning fm_'.
cnormous musical progress ..... but the ear is, as a matter of fact, coarsened.« ’

{Note 186).

.

Professor Dr. José Witrschinidt showed 1920—28 sthat a division of the octave inta
18, 24 or 36 parts can represent no natural extension of our tone system, but that we
have before us such an extension in a division of 19 steps. (Note 17). )

Professor Joseph Yasser, New York, recommends the 19-toned temperament w1t]1
the purpose: :to enrich our musical language, particularly when one takes into ac-
count the growing significance of the independent twelve-tone foundation in modern

- musice. (Note 18).

Professor Louis Kelierborn, Neuchéatel, (Note 19) proposes, further,’“o\n practical
grounds, that simultanecusly with the ietroduction of the 19—toned.t,e:mj)erament, the
piteh of sthe tone a= shounld be made a little lower, so that c:jf}ay'kéep the same
pitch as it has now. : A\

Ny
T
S D

Scheme 13 shows, geometrically, an equilaleral h)perh})l\é through the tones No. 5
in various organic temperaments forming the tones g ‘the Golden Fourth-Series I,

" retrograde, {(with approximate pitches of tone). \~

\\

Scheme 18 shows lines throngh correspondmg tones in 5 temperaments.
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CHAPTER VI
_ CHA\TGE OF THE SYNTONIC SYSTEM INTO GOLDTN TONTS

a) In Schemes 14 and 15 we have the syntonic system, hmlt ‘i’ Pvthagorean
Fifths (the Partial-tone = 3/2) in horizontal lines and the Th[rds‘-—- 54 in diagonal
lines with an angle of 60°, accordmg to the proposal of the Japaﬁese Shohé Tanaka
in 1890, ' ‘\§

The axis through »feses, ¢ or gisis« in the schemes is‘¢alled Zero-Axis, because the
difference between the synionic and golden feses {equallifg 15 golden Fourths) is al-
most nil, just as is the difference between the corres nﬁmg supplemeni-tones, syntonic
and golden ‘gisis (equal to 15 gelden Fifths), which s seen in fthe following table:

( 4 syntonic Thirds...... ;';:;I'. e give 1545.255 cents

minus 1 —  Fifth, the Ragtlal-tone 32 =g 701955 —
gwés syntonic gisis.... 843300 —

15 golden Flfthe minus. S\Octaves golden gisw is 843.217 —.

q_;—u—,w_q_._._._._._

:\ inaudible difference . 0.083 —

Further s}ntonlc ‘Third, the tone 5/4 == ¢ 386.314 —

4 golden Fﬂ;hS minus 2 Octaves: golden e..... 384.858 —
\ Slight deviationt ........ 1.456 —

115 afiaﬂyntomc Comma 21,5082 gents is k= 1 434 —
e inaudible deviation..... 022 — N

A .

g {

O

All the tones in Scheme 14 can thus, in a practical way, be changed to golden
fones by adding or subtracting a number of »ks. These numbers are regularly grouped
in all the lines which can be enclosed through the tones in the Scheme, i. c. with
regular rise in numbers of k, so that the Scheme will be reminiscent of mathematical
number-designs, or number-figures, constructed by the Danish astronomer ‘Thorvald . -
Nicolai Thiele (1838— —1910) in 1872 (Note 20). )

Scheme 14 is thus divided inlo 9 %)mmetl ical figures, each comprising 15 tones
formed on about 9 Lentrq] points of respectively - 15 or U or — I8k '
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+ | " Zero . —

gisis — gists 0 gisis
+15 | -0 —15
c— ¢ f e
115 0 —15

feses — feses feses -+
415 0 —15

resp from 22 | from 47 | from —38
to 48 to —7 | to—22 ~

" Thus, outside the Zero-Axis the lones are here changed by wag&iﬁbn on the left
sides, »subtraction on the right side: of fifteenth parts of a Comma, increasing evenly

tn all directions. N
) '\'\ 7 Result:”
Axis: Direction: \ \/ Central-points
1) Pythagorean Fifth-Axis, horizontal ., .|te the right | ¢l —4. g |—8. d+| —12.a+4
: AN — 3
then ene Small Third-step .......... downwabd\[J. ... | ... . |-
- « \J ) — 15 e
2) Pythagorean Fifth-Axis, horizoutal ...| tos t:he left | o.¢ | —4.f |+ 8bes—| -r12.e5—
. N - 3.
then one Great Sixth-step ........... W upward P T S {j— : —
A
—— m\\ L
3) Great Third, Axis, 60° upwaer...’. ..|to the right | o.¢ |— l.c [—2.gis ; —3 bis
. H __l_ 3
then one Great Sixth-stepg™,........ — — left | .. ] e { i —
.‘.\.' 1 T 0 gisis
4) Small Sixth-Axis 60dowoward ..... to the left | 0. ¢ |[|—|— l.as | + 2. fes -1 3 deses
N\
‘$ ) —5
then oune Smaﬂé{ﬁird-step. e ereaaaas — —right| ..., ...l -
A\ [ 0 feses
;~\ 3 - - ——— _,T-\._.— — —_— e ——
5 SmalJ\MTtlird-Axis through the figure . from »-- 15 gisis —« {throngh »0. ce)
to »— 15 feses -k,

If all the Third-lines, inclining 60° be elongated they will cut the Zerc-Axis in
nothing but Zero-points, — ad. infinitum.

Two examples of the division of 1 Comma will finally be quoted:

d-sunk B8h=11.4708 es sunk Jk=- 4.3 cents

d raised ¥k —=18.0362 ‘ es — raised 12k =172 —
" Total 15 k—=21.5062 l 5% 3k =Total 15k =21.5 — — 1 Commu.

The golden 'd =192.48 cents is only a trifle below the secondary halving of ihe
distance on the string belween & and d -+, as above mentioned (Chapter IV, Group C).
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Ana_logoilsly the distance on the siring between Pythagorean es—igg and the
syntonic es = % is secondarily 5-parted accerding to the Formula X:
‘ 480
J- 405 401 400
es — golden Gs
with the particles 637.5 601,48 600 |
r .

An exireme example: ' ' ~
Pythagorean g —ges 2 — = 588.3 cents | Syutonic fis - =— 590.2 cents
Scheme 14: plus 24K = f 844~ | Minus 0k = — 138D

golden ges= 6227 — |golden fis = 775 —

Scheme 21: | plus Molecule v —“i“l}— 454 —

gds )= 6227 —

T

) a\J . o
b) Scheme 15 shows the exact change (to three dqﬁmals} in the middle figure
(15 tones) and gisis. The number of cenis diminish ot Increase evenly with

§5.741 cents in all horizontal Fifth-Axis}

{1456 — — — ohligue = Third —
representing sthe 2 building materialss i the syntonic mizing-system : Fifths and Thirds:
AN _
1) - 1.373 cents eis | 2) — 2,912 gis '\’3j — 2,912 gis 4) 5 syntonic €==378.2 feses -|-
— 1,456 plus e 1 2.828 pluh} — 2,820 minus | 5golden e — 356.8 feses
— 0.083 gisis —0.083(gisis | —5.741 g . distance = 21.4=1 Comma

“¢) Rationa lexplana,ﬁ@h: Super division of the octaves e ... ¢ and as ... as’ (Supple-
" ment-pairs) gives sretrograde gisisc and sdirect fesess respectively. :

d) Similar 111&;11}3[13 (but of inferfor structure) were up to 1558 unsed in the three
famous systemy bf chance by: (see Scheme 16):

N/ N {

The unit

Zero-Axis -

increases | decreases
(X unknown author) hefore 1511...... a ¢ es {4 as| —lae
The Bohemian, Arnold Schlick 1511 .| as ¢ e + Y4 a| —ties
. . . A { as] —e

The Ttalian, Gioseffo Zarlino 1558 ....| ces ¢ cis | + /¢ if

) ; fa -— f1es5

here, Scheme 14 ..., 1930 feses ¢ gisis} + Y as | — Y e




32 o : Te. KORNERUP:

Scheme 16 shows the 3 Fifths oscillating about the golden g, rthe truthe:

(Golden
X Zarlino | gygtem [ Schlick

the result g: 694.8 685.8 696.2 696.6

by means of: 51s T s e
in decimals: § = 0,333 | = 0,286 | = 0,267 | — 0,250
Distance from the ideal: | 4 0,066 | 4 0,019 Ideal | — 0,017
Q"
2\
Addendum. OB

" Scheme 17 shows diagrams of 7 Minors and & 1 \Ia_]ors, Somc of them in pairs
symmetrically, see pages 10, 15 and 20. '

Glareanns’s erronecus nomenclature of the medlé\’\l scale-type should once
for all be obliterated. from the litterature of music,<and should be replaced by that
recommended in Scheme 17, comnpare Helmholtz'y lﬁartfelt cry: »Ubrigens werde ich
Glareans Namen nicht branchen .... es wiiresd L‘fberhaupt besser, wenn man sie ver-
gessen mdchie,« repeated by Ellis: :But Izﬁhafl not use Glarcanns’s names .... It
- would be better to forget them altogethera \(Note a1).
~ Scheme 18 shows lines through cm\respondmg tones in 5 temperaments.

 Scheme 19: tertiary distances as, ﬁI‘CS in a circle, sec pages 7 and .16.

Scheme 20: constrnetion of g@lden tones by means of parallel lines, see page 24.

Scheme 21: Golden tones 11:L\;ents with 4 decimals, see page 24,

Scheme 22: examples ok{oganthms as training in the usc of my Constant K —
0.600.5714, see page 7.

In Scheme 23 is sct forth a proposal for a eystcm of notation on music-paper,
staff, in" all other I\ne systems than the 12-toned temperament, with the suggestion, -
offered by K. StceQSﬁn (Note 22) for a rational arrangement of the if and p.

Scheme 24,¢hvws how the cents can easily be calculated by taking the difference
between the, ’i\agarlthmﬁ; for Parlial-tones, the nummbers of which are respectively the
numerator and the denominator in a tone- fracnon, according to the table constructed
by thwﬁgam‘;t Kai Kroman, Copenhagen for example:

Logarlthm for Partial tone No. 10 = 3.986.3
oriental d:%‘} -  — — — — 9=33039

difference ... 1824 cents

The word »Partial-tone« is preferred to sover-tone« in order to avoid the confusion,
which Ellis characterises as »great confusion, Tyndall’s erronecus translationes
(Note 21) between ) )

the German ober | and the English upper: adjective ..... _
C fiber — - over: preposition, adverb.
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|
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22 | 16 | 1110 b+ AN+ 2
. 1T Ny
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22 | 13 | 908 at+ la-- N adlaf+ | 4
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90 | 7 498L £ f f £ £ | ‘[ ’ 6
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& 1
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92 (5) € 388 1 e [ ’ | —
AN - L] -
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22 | 3 204 d+ |4+ d4-1d+ a4 | 5
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92 {2) 182 d | A —
L
90 | 1 90 | des — | des— ! 2
— 1 el o c c ‘ © © ! @ | o
] |
1200 | Total | 13 | 4+ 4 |=17 Total | 49

Scheme 2, P. - The 17-toned Persian Sruti-System; fis | == ges2 —.
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Scheme 2, J. The 17-toned Sruti-System, extended to 22-toned Indian-system,
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Scheme 8. Geometrical constroction of great'aﬁ’d\

small double super division (the golden cufj\BY

means of a Penfagon and a square respg&tjvely.

Scheme %. The golden system consiructed ‘hy_.means of the Pentagram,
The sides of the isosceles triangles are Molecules,
for examples deses and cis in 19-toned seciion.
: bisis and deses » 31~ » »
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Relragrade
Oclave - Se_riesmc- eis - ases <
Fitth » ~ Ie Fes/ /3
Third s — We
Fourth= - I.¢
e L.
e, SIV
/
\&;/ o,
¢ ' gisd\ ases ST
o AV Direct Series
Scheme 10.

a3

~

NS

»

N

Great double super giiﬁisfi;u {golden cut} in 4 relatioms {Series).

“<
A terﬁperament ,(};mm Organie [norganic
too small ,\"t;e'rﬁperament temperament temperament
. 12-{ones :t\w’ . 19-toned 31-toned 24-toned
- cis,'\'%‘(‘): cis. No. 1| 63.2 | cis. Nr. 2| 774 |[|eis. No.1 | 30
No- T"\{..s{e;.; 100] | des. 2 | 1263 || des. 3| 1161 |des. 2 | 100
Q) a QDD\L d. 3V 1805 || a 5Y 1035 | cisis. 8V 150| d. No.d | 200
8 es. 300 |es. 5 3158 |les. 8 3097 e 6| 300
5] f. 500 f. 8 5053 f. 13 5038.2 £ 10 | 500
8 as, 800 | as. 13 82141 a.s 21 8129 as, 16 v 800
a Scheme 11, Golden Series No, I used as a mcéns of valuation for organic :.md

inorganic temperaments, The lower ¢ always No, 0.



152 %) Pythaqorean
sgsiem,ubqndonéd .

/ 1e0f% 32-taned] |Exisking,

. ~\
38 1% 19-toned| |Prachical, A .
&\
.”\\
. \/

15 |[% 39-boned| | Standardy
| 617%50-toned| | 20

[ ——1" G| - colden syshamyBssential
] "

g K % :
5] e -
3 @ E 0_\.;

W

Scheme 12. Graphic description of the deqiaih:fn {falsity) of 4 organic
" temperaments and the Pyt];é}.goi‘éan systenr.
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R
Y
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E’ 75
50l
2 WO . &
. \"\ 3 ge/
™\ Ex 4
R\ e &
n<." 3t n _/
<\§‘./ / .
fmmt = e = Focus.
" AN%
B
12 . \ £
N2 |
- el Mupearbore
Lenbre O ’ Asymptste
Galden Series 1... des d. &. 3 3 ' g
retrograds. 520 & w % . = 1

Scheme 13, An equilatemi hyperbole through the tones
having No. 5 in- different organic temperaments:
des d es f as, the golden Serjes 1 retrograde.
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z| |
olTones | Tones Cenlral-tones Tones Tones
2 [2Commas{minus 1Comma|without plus or minus| plus 1Comma.+2 Comme
[cisis-|gisis-|disis i ‘
9 cisis-[gisis B
1~ 19+ 15 |+ 11 . ™ N |
3 bis- |Fisis|cisis|qgisis|disisd o
2 1248 | ¥4l 0 |-4] O
4 : dis|ais|eis ) bis |fisis+fCisis+|gisis+{disis2+
] | +9 |+5 [+1:1~-3 [0 -11]-15]-19
Fis | cis] gis|dist
i | f+6 .1._2-!92 <6 N
f-|{ec=-|gq-{d |-ale?2l'b -
E +19)+15 )11 +7 |+ 3431 -5 .
lhaaldes-| as-| es-|bes] F Lo/ | 9 [ d+| a+| e+|b+ |
7ol S50 a6 | 412 |28 |+4do |4 | Te |-52 |36 |-20 [Puthes
8 des|'as ! es | bes| F+| c+| g+
Jas |+ i3 (-7 |-11]-15] 9
Jbsses] Fes i ces|ges
9 «J¥e 2121 a
10| [|o3P2-|Feses-|cesesdyeses-|desesi ases |eses |beses -
] 49415 AT 7 [+ B 1 -1 |-5 ]-9
b3b-1feses] ceses|qgeses|desesH
" N 4]0 ]-4]-8]|-12
12 AN E,g b3 |FesesHeesess
A ~O p 1% -11]-15|-19

——

Scheme 14. Change of the syntonmic system into gelden tones by means of numbers of

k{= %1 of a Comma), in 9 oblique figures, each containing 15 tones, formed on

9 central-points of plus 15, 0 and minus 15 k respeciively.
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A - N
) 3' gisis .

- — D.083 -
. ais- eis “bis fisis -
+ T.114 -+ 1.373 — 4,367 — 10,108
!
5 . fis I = eis gis dis +
-4 8.569 -+ 4.829 — 2.912 — §.652
| ¢ \:\'
6 o d _ a e b o\
4+ 10.652 j + 4.285 — 1.456 — 7198 | S
! i AN 3
# '\.’
: £ g )
+ 5741 — 5,741 Pythai;()reau tones,
[ ’xi\
| 4.8 N\
= )
o)< o\
5 O
N | ».'
Scheme 15. The middle figure (2nd gms; in Scheme 14, showmg exact
change into g61de11 tumng :
:‘.,‘\ .
\'\“ 0. 0. 0. Zero—Axis.
The highest cents, | - #i,"cis. 76.0 - 0 gis. 7726
A. Schlick 1511. \ 0 e. 3863
He = 5377 cen’r{;"‘}"’(} c 0 )

Authoritativ;é. - 415 cisis. 147.6 +ths eis. 4584 ) 0  gisis, 843.2
~ golden swem k= ' — s gis.  769.7
Vs — \43'4 cents. 0 e 0 — s e, 3848 | — Y g 6962
The lower cents 0 . eisis. 1413 ' E — ¥, gisis. 837.2
G. Zarlino 1558, cis. 707 —-— e eis. 453.9 | — % gis. 7665
Y: = 5.072 cents. 0 c. 4 | — Y e 8832 —%*r g 6958

. . : b . .
The lowest cents — Yy eis.  63.5 f — 2% gis, 758.3

0 c 0 [ — s e 3791

X. before 1558, 0 es. 3156 | —Ys g 6048

Yy = 7.169 ccats. G ges. 6313

Seheme 16.

Tiiree systems oscillating around the authoritative

golden system, k == ‘15 of ‘a Comma.
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r
f c
1. Dorie-Tritonos Minor. Trifonos — ges.
des as ‘es bes
T ges
F c d
2, Doric Mipor. } /
des as es. {\, bes
0“\'
€ N\
4 K\
. N”
- tn-Dori ioll 1i \ WL g
3. Phrygiun-Doric {or Alolian) Minor, +
our descending melodic Minor. F,\: /
A\ as es hes
7 -,
4, Phrygian Minor, double symmetric. .\
X 3
£« g
’ es bes
. o o\ d a 1y
9. Phrygian-Lydian Miner,
out ascending melodic, Jlirtor.
. o’\" o
K F \/g
N e5
N
K7, iR d
11. Phry !qn\lia_rmomc Minor,
Ernst B E. Richter 1853, <
S 3
:..\’:; as as
\"‘\ N -
. N fis
13. Turkish 2uneven Trifonos uneven \
harmonice Minor, Neu-eser (Rauf d 3
Yekta Bey). Y€
. ) A
A
as | (es)

‘Scheme 17. -
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. a e
d b " 7. Tritonos-Lydian Major. Tritenos = fis.
¢ g
& a e 6. Lydi 3 . * b
b . Lydian Major, Indian Ma.

£\ ¢
2\

- 5. Lydian-Phrygian (or J onic, or Jastip)x@‘}.ajoi*,
¢ W .

/\ \ . | Indian Sa. ) ("}5 .

| S . ‘-"\LES \’"‘S\'

e b 8. Double harmo.ni'Q:}rlqior, Hedjaz-Kar {A. Z.
F . ~ Idelsohn). A \y/
c g ’:. N/
] v“'t‘“
des as &Y
l(].a.‘L‘_;di?in-harrnonic Major, Rimsky Korssa-
a e b A\ koff 1894, '

~ .
»{ J0h, »Lydian-uneven harmonice, Turkish Suz-
.. nak, {Rauf Yekta Bey).

as

D ' 19. Harmonie-Doric -Major, Ahavah Rabhah, .
(A. 7. Idelsohn).

- '"\i /4
“des N\,4s

Scheme 17. Names apd diagrams of 13 scale-types, on the Tonic ¢, in syntonic
or golden tuning on ¢; 7 Minors and 6 Majors; No. 1_——‘? Pythagorean.
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Scheme 18. Lines through correspending tones in tlw.\}’ythag. system and 5 temperaments.
. W

Scheme 19. Two Tetrachords tertiarily graduated as a
semi-circle and a secctor.
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Scheme 20. Geometrical construction
of many golden tomes, by means of w7
parallel lines.
\)
O
N
©
AW §a
¥
\E"\.‘¢
R\

N || ’”an}s, l Dec. No Cents Dee No. - Cents ‘ Dec.
26 | 16 ‘ bes 1007 | 3711 a5 | 17 | b 1081 0724 ap | 18 |his 1154 5737
21|13 | as 315 1421 o | 14 | a 888 ] 6434 a5 | 15 Jais 962 | 1447
16 | 10 ‘ ges 622 | T3z |18 |11 |8 go6 | 2145— | 20 | 12 jgis 769 7158
1] 7 ‘ fes 430 agag |13 ] 8 [ £ 508 7855 | 16 | 9 |fis 577 | 2868

" es 311 3566 10 G | e 384 8579 12| 7 jeis 458 3592
| des 118 9276 5 3 |4 192 4289 7 4 |dis 265 3303
I ]

29 | 18 | eces 1128 4987 | 31|19 | ¢ 0| — 20 1 |eis y-
[er—— 73 5013
or No. 0 : : t — cis

Two 19-toned Molecules.
) _ v — deses 4b 4263

Seheme 91.

The 19-toned guldeﬁ section,

with 19-toned and 31-toned Nos.




. Log'mthmlc fxamples:
1) The decimal fraction of the golden Eltth‘x‘

Log. 06982175 (g} = ....---- 0.842.7431 —1
minus Constant K.. = minus 0.600.5714

Log. difference .....-. = 02421717 —1
io which corresponds o 01746512 o

* to which again cérresponds the decimal
fraction 1,485.34]:
Syntonic g=*%: =13 is a little larger. :

How many partlcles‘? .

f.og. 720 particles ........... 2.857.3323 A
minus the above co (... 0174 6312........,,‘.5 A\

Dilference ... 2.6826813 .\
to which f’OI‘I‘eS[)Ond‘; ro .. 481,594 2
For »syntonic ge 480 pariicles a htlh’!\ess

Scheme 22, compare Chapter.IQ\B, 4.

'05_ &19 ."
ch LN 23 H A
z\ — BT
‘\‘
<2 —=
AN D =
D 5
O B -
L‘-—_ < =
N\ 0. Z
0“\\ s o
\/ ¢ C = )W
¢ | —
< o i e’
h v IV b L
. NH ¥ 7
— =

Scheme 23. B new 5-lined staff (1931] applicable to other tem-
~ peraments than the 12-toned temperament.



:"'The first § octaves The 6th octave _ The 7th ocl-..n;ys.': '

Lents Cents c—g Cents g _ cv|r " Cents

s : 1 =2 oo o 22=64c| 7 |200] 0 | 96g| 7 [002l o
G 1 v, elo 3 053 | 8 5 26 8 7 RTINS
o =2 |1 a0l 0 4 105 ¢ 8 5al 3 | s sl 7
. 8 |iiumzlo 5 1551 1 7 279, 8 | o 550 2.
o P4 i o0l 0 bad-e |6 |203]9 8 305 o | 100 72} 4
. NI 7 2511 3 9 30 2| 1 loss| g -
PR 6w i02l 0 8| (297|5 70 ss| 1| 2| s |o0€e
75 s 8 0| |[s42]5 1 sal 7| s | N

e =8 | ] w0 | 0 | e 40 |6|386]3 2 | 7 (403| 8 4 \\- 4] 5
at.. 9 | # sl o 1] |4z9b v 3| | o] s L8 w| 1
CH 1010 os6 | 2 470| 8 4 510 8, e\ 3| 5
_ 1ot he s 3 5114 5 5 ey 7 loss| 8
foo 12 ] g:suzi 0 4 351 3 6 w5 | 8 05| 8
13 1+ '.m;' s |tg+5 | 65001 2 7 ,:ﬁo 1 9 21 8
14+ lnes] 6| 1628|3 RIS 37) 6
B.,..15 i4 G883 7 8651 5 o) s B 1 s3] 8
e ot=16 | ¢ o0l 0| g 8 [6]702)0 e 386 3 | 2 68| &
17 4 905 0 ol l7az| 7 joSY 1 7 jeor| & ] 3 B4 2
d4..18 '5 !(u)3'| 9 g0 |0 f7T7zi 6 2 20) 1| -4 198{ 5
190 ‘weerj 5| 1 306 9 3 500 | 5 24} 6
e 5 38803 2 \ii&iu 5 g | 8| 6 )8
1, 27008 3N |83 5 5 go1| 3 | 7 44

2 | ,351% 3 \4 905 9 8 1) 5] 8 59 2

3 128 3NV 5 937, 6 7 s1| 8¢ 9 318

Boenn 4 ‘ 5 isoeh@f” 6| {9688 g <1| 3 |120b| 8 (288 3
5 | :?i?%\\(i 7 999} & 9 0 ] 1 ‘|302) 6

6 | (w040 | B §|7]020)8 g0 |7 790 2| 2 167 9

W) res ! 9 o | |ose]2 1 gog| ¢ | 3 e

s | i768] s | booo|7|oss)s 2 a8 5 | & 45| 0

9‘ 58‘29?6 1 116 | 9 3 sl oy 5. 58| ¢

b, 30 ‘5[888‘ 3 2 145 0 i g3 5 6 .72‘_7
st ‘945 0 s| 1172} 7 P T I I Rl

e P=32 lﬁ !uool 0 [2s==g4 | 7 200 0 s6g| 7 |s02| 0 |128¢] 8 409‘_ 0

Scheme 24. Special cents-table, showing 6 octaves of the Partial-tories 1—-128,'huﬂ‘t up upen
the original table by K. Kroman, Organist, Copenha.gcn- .

Example: b, Pariial-tone No. ....-- 15 ..ve- B0 60 ..eees 2 120
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Scheme-List.

O\

AN

Chapter 1—II. A

Graphic sketch of 5 kinds of calculation (primary—fqiﬁniary) of tones.
The 17toned Persiap Srufii-systeni, 13 permancnt,\f variable tones.
_. 93 — Indian — — 17 = — V5 —
Great and small retrograde »Triadse, Grgekénd presumably Arabian.
The 13 permanent oriental tones and.3 variable tones as »Triadse, Total
17 Persian. ' . AV -

Javariese Gamclan buiit up upon L’qss’ér’l Landerph’s vibration-numbers 1923,

“Chapter 111—1V.

“The 23 Pythagorean i.listrument-to'nes, Krusis; 7 diatonic, 7 chromatic and

5 enharmonic, =9 song-tones, Lexis.

| The Nos. for Ain rument-tones, presumably founded on triple-chords.

Geometrical~30n$[ruction of great and small double super division (the
golden uf), by means of a Pentagon and a square respectively.

The gg]\d@n" system consirvueted by means of the Pentagram.

Grea{\dﬁhbie_ super-division (golden cnt) in 4 relations (Series).

Chapter V—VL.

Golden Scries No. I used as a means of valuation for organic and inorga-
nic temperamenls. - .

Graphic description ‘of the deviation (falsity) of 4 organic temperaments
and the Pythagorean sysiem. . )

An equilateral hyperhole through the tones having No. 5 in different or-
ganic temperaments: des, d, es, f and =as, the golden Series No. I
reirograde. .

Change of the syntonic system into golden tones by means of xk (k = s
of a Comma), in 9 oblique figures, each containing 15 tones, formed
on 9 central-points of plus 15, 0, minus 15 k respectively. '

The middle Gigure (and gisis) in Scheme 14, showing exact change.

Three systems formed by means of /s, ety of 1 Comma, oscillaling
around lhe aunthoritative golden system, the ideal.
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_Aconstic Methods of Work, ) . o 55 .

Addendunt.

Names and Diagrams of 13 seale-types in syntonic or golden tuning,
Lines through corresponding tones in § temperaments. :
"Pelrachords tertiarily gradnated as a semi-circle and a sector.
Geometrical construetion of many tones, by means of parallel lines.
" The 19-toned golden section, with 19-toned and 31-toned Nos,
i Logarithmic examples, compare Chap. 1, B, 4.
I A new 5-lincd stal (1931). _
- K. Kroman’s special- table, 6 octaves of the Partizl-tones \Tos 1 198.' ’

'

N\
2 AN

Page

Scheme|
No

.Nutc
Ko

C Ontents_. W'\:"'

[
w1

~ Preface. The aim of thie treatise:
. International terminelogy of Musi€l)
2. Three principles concerning 3§si€matic comparative Musicology
(v. Hornbostel and R. Lachnrapn):
a) Stability in the develapiﬁent ol tone-systems.
b) Sceondary partitions of”a string, particles (spages)
¢) Relativity of intexyit-distances.
8. Acoustic methods{af work {Chapter I—ID).

—

4."An objective fxg’ea\ls of valuation for tone-systems {(Ghapter IV).

K |
Chapter I. Five kinds of exact interval-calculation:

;’\ g Group A. Quantitative string- partltmns.

L P“Q'n}ary (Elageolet) string- partition,
2§$ac0ndary {or namental, decomtlvc) string-partition. (Formula X}.

\ Group B. Qualitative divisions:
3. Terﬁal‘y {arithmetic) -decimal-division (Formula Y).

4. Quartary (geometrical) logarithm-division (Gaudy, before 1705).
5. Quintary structure, stretching of a string. '
" 1—5. Resumé: a) Greek splitting of fractions {Formula Z}.

b) Pythygorean es —, twofold calculations.

¢} Natural quadruple chord. :

Chapter II. Seven hypothetical principal rules:

Group A. Presumable construction of Scale-types arid Tonics.
1. The stepwise progression of the scale and Tetrﬂchorda, .]emqh

scale-tones (Idelsohn).
2. The oriental Indian sequence of Tonics.
8. The Pythagorean and Persian Tonic-sequence.



¢ Tir, Korwgnup?

Behema |7

No. -

Note -
No. |

15

{

27

|

L

S;l Gj

20231

11

14
15

18

13

O

10—11

}_“

16 19

" 90,

2192

Group B Probable eonstruction of Anelent tona materiai
4. Permanent and variable (Persian and Indian) tones:
" a) Sruti-Nos. in many systems. :
' b) The idea of Sruti- (hstanceb and Indian tcrhary strueture
¢) The number of touches and Molecules.
. Chromatic and Enbarmonic. Seeondary mterpolatlon‘ :
) Greek splitling of fractions, Formula Z; Pytlingoras, Ariﬁ'lab,
Ergtosthencs, Didymos, Plutarchos and Ptolemalos _
b) Turkish scale-types (Helmut Ritter). N
- ¢) Trichord-scales, 5-toned. Y
d) £ =*#/w and g — = */zr as difference- tonesd
. Greck {and Arabian?) »Triads«: des —, des, (EI‘?) d-l—
7. Javanese salendro- and pelog—Game]an (Lsassen Landorph).

m

o

Chapter III. The Pythagorean System in Theory
and Prqettce.

Chapter v, The authorlt‘atwe Tone-system, the goliden
System, as an ob]ect:ve means of valuation. |

Group A, Arithmetw Series [— Vi, retrograde and direot:
1. Johannes Keplere Seties I Fourth: 1,2 3, 5 8. '
2. Ludw. Kaiser’s Setes 11 Fifth: 3,47, 11, 18, 29, 47. 1
3. Andreas Komerupq Series II1 Octave: 12, 19, 31, 50, 81, }
©oa) Golden‘th as point of ‘balance. ' '
b) —\\ .— by means of the golden cut, Omega-—OGlS

14 New §e1‘1es IV Third, V Tritonos, VI Sixth.’

i ,\ Group B. Geometrical constructions of golden tones.
|

&\ Group C. All Cumma drsplacements disuppear

Chapter V Temperaments-
3i-toped: »the standard temp.« -

Chapter VL

Change of the syntonic system into golden tones' ’

" a) by means of k= "1 of the (‘omma ' '

b) The exact change.

¢) Rallonal explanation.
. _d) blrm]ar methods up to 1558,

Addendum.
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