THE THUMMUSICE SYSTEM

REVEALING THE SIMPLE GEOMETRY OF MUSIC

By
Jim Plamondon, CEO of Thumtroriicsicand Inventor of the ThumMusic System
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INTRODUCTION

ITBENOT YOUR FAULT!

Tonal music is one of tHe u ma n @Eeatest demtion®Many people attempt to learn to
understand, play, and create tonal music, bubfrtbsimfail. This high rate of failure i®tthe fault of
music teacherk is notthe fault of music studentsis notthe fault otonalmusic¢ which is actually quite
simple The high failure rate of music students is solely and exclusively thaHemétditionalystem of
represergand contingmusical informiThis traditional system will be referred to hereinafter as the
Common Western Musical System, or CWMS.

Humanki ndds wunder st asincgdMMGwasiévelopedanstandadndzedDvey r o wn
the centuries, many new truths have been revealedntigtsc engineers, aadists Combiningthese
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old and new truthallows musical information to be represented and controlled in a réeavrvesy way
that respectgast wisdomembracegresent technologgndenables future creativity

This new way ihe ThumMusic System.

MOTIVATION

Thecreation and developmaritthe ThumMusic Systdmas beemotivated byhree factord-irst,
| simply could not believe that something as elegant as tonal music could possibly be as complex as it was
alwaysaidto be Second, | had a despatedlesire to make music easier to teach, learn, and play, so that
more people could enjoy the many benefits of mmadimg Third, | suspectethat if |1 coulddeliver
these benefits to the world, tHerouldprovide financiaecurity to my family

The key to delivering these benefitsdvasa worddo s i mp |l i ci ty. 6

SIMPLICITY

Albert Einsteironce saidthate ver yt hi ng shbal dsbpomadbl as biump]

Scientificallysimpler modelare often ableo moreaccurately predict a wider range of results than
previous morecomplex models. Plate tectopgsslution by natural selecti@md electromagnetisre
weltknown examples of relatively simple modéls great predictive powerhis combination of
simgicity andpredictivep o wer i s known t @andtbd search foreleganceanwtivates| e g a
scientists just as it motivates artists.

Simplicity is an important factor in human cognition! @onsciously and unconsciously, the
human brairtongantly(a) scans its current and remembered sensory input, trying to find patterns from
which it (b)builds and test®miental mode]svith which it (c) makes predictions of cause and. éffsct
easier to construct mental models of sipgtterns than of complex patterns

Simplicity is also important in the design of educational matédatation is enhanced by (1)
organizingsensory input into its simplest foénthat is, the form which fully describes a given model
with the least possible informatidand by (2) exposing that input to the most possible senses in the
most consistemhanner over time.

AUDIENCE

In writing this document, | assumed that its redderud would know quite a lot about music
theory If youc a m@dut right nowandt each a ¢l ass on music theory,
much out of this documenh fad,i f  yadegidrmereeading this documewill tend to makenusic
theory seem much more complicateth it really isThis document mustompare and contraste
ThumMusic System to its traditional alternagivej f  yadegihnmeethenby defiitiony ou dondt
understanceither systenT he document &8s const amwnfttwoditiereptahingsng and
t hat you d ashikélyto aonfudeeyous t a n d

If you already have a reasonably solid grasp of music theory, then please, reddo@m@éiiigs
for you.

1 See Chater, N. , and Vitsgnyi, P., 0Si mplicity: A
http://homepages.cwi.nl/~paulv/papers/tcs02.pdf
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GOALS

The goa of this documersreto explain what the ThumMusic Systenoidescribevhat benefits it
is expected to deliver comparedC/MS andto encourage you to help support the widespread
adoption of th&’humMusic Systerifou can learn how to support the ThumMusic System at the end of
this document.

BACKGROUND

MUSICAL INTERVALS

As musi cal ointerval 6 is the harTodakethe oadavest anc e
as an example, given a vibration with frequeftycycles per second, ateown adHertz, abbreviated
Hz), the not¢ h aomedatave higher will vibrate with frequency 2f Hz, with successive octaves at 4f Hz,
8f Hz, 16f Hz, and so oRythagoras, a Greek philosoptierscribed this 2,500 years3ag

This doubling of frequency at each octave indicates a logarithmic relationship, which makes
discussion and comparison of intervals complex anihtngive | n t he | ate 18800s,
devised a system in which the octave was divided intd £28Qwithseach cent denoting 1/1206f
an octaveAny given intervad not just the octavé can be described as besogne number ofents
0 wi ,@reobcontaining or comprising this or that number of ceittegut needing tetateany specific
pitchesThus t he concept of the Oomusical interval 6 i ¢

In modernWesterrtwelvetone equalemperament tuning (€Y, all twelve sentonesm an octave
are of equal width00 centgacht

THE HARMONIC SERIES

When a tight string omhiform density and thickness is plucked, it does not sound a singh@ note
infinite numbebf notesaresounded, although most are sounded too softly to be detected by the human
ear. The length of the string determines the frequency of the loudestmi¢e sSfNo matter what the
pitch of f may be, the other notes sounded always have the same relationship to f, th&f,b#insf .2
6f, 7f, 8f, €, bDfEacWheeorfe theise dion feisdparticoatie]l ed o0 p
overall quality or timbre of the plucked stringo

The lowespitched notes (f, 2f, 3f, etc.) are loudést are very unliketg hear anyartials above
12f from any string.

Table 1 belowhowshe first six partials of the Harmonic Series in which the fundamental frequency
fis Middle C ().

2Yes, heds the same Pythagoras (c. 500 B.C.) who came up w
hypotenuse to the lengths of itsesttwo sides. He was very big on ratios of small whole numbers.

3 JearPhilippe Rameau (c. 16B34) is credited with explaining the relationship between the Harmonic Series and tonal music,
in his Treatise on Harmony (1722).

4To fans of Just Intonation be pati edt , 1611 get there.
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Tablel: The Harmonic SeoieG,J

f

2f

3f

4f

5f

6f

Cs

Es

As you can see, these first few partials sound the C Major triadfHBEIS not an accident or

coincidenceP |

The pattern of intervals defined by the Harim Series is thghysical basis 6fh e

music theory

uck

ing a string

PATTERNS OF INTE

tuned

RVALS

t

O any g
partialsn the pattern shown abovée tones of the human voice are also harmonitheundiman ear

contains myriad tiny hairdlsewvhich are oriented irpattern of spatial intervals which reflect the musical
intervals of the Harmonic Serie®, more or less

i vive not e

Scales argequentigbpatterns of intervalsycling at the octaveScales aiadependent of pitclror

exampl e, i
any starting pitchww-sw-w-w-s, wherewdés t and s

for -Deepmbd

n the didather ioanas theglhteed® of intervatsiisahe sdme d e
for

0 w h-mrie® antbsd stamds

(-tone)eChangenthie pitch of the first note (the tonic), and all of the othe
pitches must change accordiddiut the intervalbetweerthe pitches in the scaimain the same

Even chanigg to the relative minor of that tonic (Aeolian mode of the diatonic dmedehot
change theyclicsequence of intervals; only the sigupioint in thecycleis changedin effect, starting
t he
start of the pattern, yieldingsw-w-sw-w). It is this cyclic pattern of intervé@sndepndent of péidhat
defines the diatonic scal@y sequence of intervals, such as a melody, that is deriveddatensaalso
just a pattern of intervals, as independent of pitch as is the scale itself.

just beforsd tahetthiena&indowf

maj or

Simultaneous combinationsnotesd that is,chordsd are also patterns of interva@lsmajor triad is
simplyaroot note followed by a major third with a minor third on@bange the pitch of the root, and
the pitches of thether notesnustchange accordinghbut the pattern of intervals renstime samdt
pattern of intervals

i's thi

S

t hat

def i

The pattern of intervathat defines a major triad is the resujtedbfanothepattern, also related to
the patternof intervals inthe diatonic scal@he diatonics ¢ a | ecél sequence of intervalas 7
modesgach starting the same cyclical sequence in a differefigkiagthe starting note ofdiatonic
modeas itsfirst degree and stacking successivenaabered degrees one atop the othes, gets a
diatonico t iea n 6 dc¢hhtdsa chord in which the inteote intervals are always thirds (either major

5See Andrew Bel | &8s hipl/bogprirtsrond)/é86/004Weiano.B®If ano, 6

6 The Harmonic Series is the invariant bedrock of acoustic music theory in@hirgpeand Indigddloweverwhen producing
sound with electronics, one can adjust the pattern of intervals antéagrbeic Seriéss
Tuning Timbre SpectrunbBdiliam Sethares, 2004, ISBN 1852337974.

"This document will assume
are maximaHlgonsonant with equaliyrethed or compressed octa®=eTuning Timbre Spectrunitidale

8 Unless otherwise specifiedt 12 t

PAGE 4 OF 45

t hat

t he

octave

partial s

i s

interval stanedi mpbhin@edidbl eds e mi

Western wol
(t wo

scal eds int e
nes the o0On

t o.oSemaxi mi ze

invari ant ,

THE THUMMUSIC SYSTEM

al


http://cogprints.org/186/00/UWPiano.pdf

orminor) This o0stacking of thir dsagrosmlfondl dtaes,majast ¢ r ul
the diatonic scallt is an inherent charactgic of tonality.

There is another pattern in mubiat is deeper dtil, uni fied by the bAncept
meantone tuning (or temperament) is one in which (a) all of the notes are generated by fifths, and (b) the
syntonic comma is tempertedunisorf. The common Western -t@ne equalemperament tuning (12
tet) is a meantone tuning, but there are many other possible meantonéAtuoidesemeantone
tuningssupport (more or less) the fundamental features of tah#tiey tonic centreghords, chord
progressions, tension, release, etc.

Western music converged ontd2primarily because it was tmimal meantone tuning for the
pianestyle keyboard and guitar foetardif free modulations highly valued S o me o &hitger nat i v
have been explored in the higtof Western music, but most have not, due to their incompatibility with
pianestyle keyboards and fretted string instrumidntsever, nn-Western cultures make considerable
use oftuningswhichhave rarely been exploited in the mainstreamsiékVenusic, for reasons that will
be discussed later in this documEatilitating the exploration nbn-12-tet tuningscould open new
doors to cultural understanding and musical creativity.

In short, music is all abquaitterns of intefiralshythm) Unfortunately, these patterns of intervals are
not made obvious in the Common Western Music System, which focuses almost exclusively on pitch
Making these patterns of interval more obvious could have significant benefits to music education,
cultural exchange, and musical creativity.

THE THUM Music (PITCH) SYSTEM

INTRODUCTION

The ThumMusic (Pitch) Systemet ai ns t he Common West eramisMusi ¢
therefore entirely compatible withsitaff notation, chord names,.étcombinegwo past inventiond
one from the early 170008 sotoacaondistently exposetthe eatterrfs ofo m t |
intervals among these pitches

To understand this partial solution, one must first understand the concept of isomorphism,
isomorphic keyboards, and thenetz described below.

| SOMORPHISM

The termdis 0 mo r is hnderséood, in this documetat, meandbeing ofsimilarshape, form, or
structuréitisder ved fr om t hed nsaaereikn gwaodr ddestnedessiio 6 0 shape o
dhence 0s aAmgrevisulhadeseribed, the pattern of intervals that defiivenscale has the
same shapgie isdisomorphié d in all keys, as is the pattern of intervals that defines a chord built on a
given mode of that scaga arpeggio of that chord, a melagtglsomorphism is thus a central concept
in music (although the term is not often used in this context).

9 And ther& yet a deeper pattadrthat of rank2 regular temperaments efipit Just Intonatior® of which the meantone
temperament is just one example. ThenHields notepattern is the same for all such fankgular temperamentsg aven
for closelyrelatel irregular temperaments, not only the meantone temperament.

The word oisomorphismé is also strongl yylithes §domot meaetd wi t h C
imply any congruence between the two uses of the word.
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The inherentsomorphisnof musicis particularly pronounced in eg@ahperament tunisgout is
also a usefuloacept in norequdly-temperedtunings (such as meantone adgst Intonation) The
conceptof isomorphismis also applicable taningsthat divide the octave intnore or fewer than
twelve seriones The following discussion will, however, assume thefude 12tone equal

temperament scale unless specifically stated otherwise.

WHAT IS AN | SOMORPHIC NOTE LAYOUT?

A notelayout is a twdimensional pattern of notes, presumably associated with a particular
arrangement of notmntrolling buttonsin an i®morphic notdayout, any two elements that together
sound the same musical interval also have the samenspatalirelative to each otherhus, on an

isomorphic keybodyany given musical intefivah s t h e

0sametotisapeo

wherever

If each mdividual musical interval has a consisieape then every given sequence (melody) or
combination (harmony) of musical intervals has a conshkegg too. This means that on an
isomorphic keyboard instrument, every given scale, arpeggio, melddgholsbiprogression, or any
other sequence and/or combination of intervals has the same fingering in every key.

Figurel (below is an image dhe specific isomorphic ndtgout used in the ThumMaSystem,
which henceforth will be called fleumField€ layout The spatial arrangement and shape of the note

controlling buttons inFigure1 i s that of

ThummerE.

Figurd
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arrangement, as showrkigure2.

11Edge conditions aside.
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Figur

Esc F1 F2 F3 F4 — F5 F6 F7 F8 — F9 | F10 | F11 | F12
BS
Tab
Enter
Caps Lock
Shift Shift
Ctrl [M] Ctrl

Thesequence of intervals that defittesmajor scals shown inFigure3 (below) for the keys oC,
F, and GAny sequence of intervalaot just the major scaldés the same in all keys on a ThumField.

Figur&

The same is true for combinatiaf interval® chords and chord progressidrigure4 shows the
shape of thdiatonic tertian triads in the keys of C Major and Gb Major (the tonic is circled in red).

Figurd

In Figure4, each diatonic tertian triad is indicated with a trigmg@lept for Vii which is indicated
with ablack diagondihe) The vertices of the triangles point towards the notes in thatdo#dlosely
at the triangldabeled, IV, and V. They all have the same shape: an ugwarting triangle.
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Why? Simpléf you imagine a horizontal line connecting C and E, a diagonal line connecting that E
to G, and then another l ine connechapgs€ ahdaGme
third, a minor third, and a perfect fifth, respectiVelye r esul ting triangle is t
everywhere onBhumField

Li kewi se, i f you draw | ines between D&F, F&A,
minor third, major third, and perfect fifth, resulting in the downpradxd nt i ng tri angul ar
minor triads ii, vi, and iii.

The diminished triad is a stack of two minor thirds, forming a straight diagonal line which bisects the
stack of chords hisis shown above with the black line from B through D to F.

| SOMORPHIC NOTE-LAYOUTS FROM HISTORY

Paul von Janko, a German, patented two such isomorphic keyboards (German patent no. 25282 in
1883, and no. 32138 in 1885). The Chromatic Button Accordioallig csnfigured with one of two
other such layouts, theSystem or the -Bystem (http://www.thecipher.com/chromadiccordion
cipher.html).

Kaspar Wicki, a Swiss, patented an isomorphic arrangement-afntroléng devices in 1896
(Swiss patent no. ZZ3 No t knowing of Wi cki 6s pat epaténted Br i an
Wi c ki dayoutnnol98& (GB Patent no. 2131592) patent that was clearly invalid, since the
expiration of Wi cki 0subledomainfeevertaitasrde nt r el eased it

Wesleyan Americarpatented/et another isomorphic ndtyoutas recently @902 (US Patent no.
6,501,011

The worl ddéds patent offices should stop accept.i
layouts, because they have all Bralysed and their properties arekmelvn Ther eds a si mpl e
generating all possible isomorphic-eteuts for a given-{Et tuning, the discussion of which is beyond
the scope of this papérSuffice it to say thabif an T-tet meantone tung, there are (¢2)+1)"2
possible isomorphic layoutsn whi ch notes sounded -&djcenaandyi ven
upandleftwardbadjacent neighbours are no more than an octave away from the note sounded by the
given buttonTable2 shows the number of isomorphic layouts for sogeantone tunirsgy

Table: Isomorphic Note LayoutddoMeantone tusing

7 12 17 19

225 625 1225 1521

Of all of these isomorphic ndtyouts, the Wicki/Hayden laydésithe most suitable for a hareld
el ectronic musical i nst r umesmoelagout.ctie ThumField kayoutt r o n i
(shown inFigurel andFigure2 abové is the basis of the ThumMusic System.

2See Appendix 1 for OA Summary of I somorphic Note Layouts. (
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PROPERTIES OF THE THUM FIELD

The ThumField notlayout can only be mapped to an arrangement of buttons with are of
appropriate size, shape, and spabimgsuch buttorarrangemestare shown in Figures 1 andb®ve

Inspection of the ThumField shownFigurel reveals that the natural notes are in the middle, with
the flats on the left and the sharps on the fidjiet notes of the diatonic scale form a deoisenn, with
the pentatonic scale forming a subset thdtdwds compact aspect ratio, allowing three full octaves of
notes to be easily s p.aitntwodsuch YhunaFieldsobne ¢pt each bfean d 0 s f
mu s i c i adtliesnusitiannogblay notes from all six octaves simultaneously.

From any given root, the perfect fourth isangleftwardly adjacent, while the perfect fifth is up
andrightwardly adjacemth e buttons® si ze, shape, and ®pacing
buttons that sound these common intervals with a single firtdaviimy the major second also adjacent
facilitates playing sus4 and sus2 chords with a single fingertip.

Minor seconds are diagonalyarated, allowing a simple rocking motion of the foaplay a
chromatic scal&lajor seconds are adjacent. The layout strikes a convearerd batween melody and
harmony.The layout is vertically symmetrical around/tich turns out to be a surprisingly important
and useful property.

THE TONNETZ

Anotherundeut i | i zed t ool of music theory is a geome
or 0 t o n ndescribedby thef mathentaticiabeonhard Euler ¢.193Thetonnetzhas one axis
along which successive perfect fifths are indicatedjrasthndard practidea substantially orthogonal
axis along which major thirds are indicated. Minor thirds can be connected within the plane formed by
the first two axes, forming a geometric network of triangles, each representing a major or minor triad.
The tonnetzis an excellent tool for visualizing harmonic relation$hijzls, chord progressions, key
modulations, and the like. However, it is rarely used in music education (at least-apdzakitigh
countries), in part because it is hard tterédt@tonnetzto traditional staff notation, chord names, and
musical instruments.

THE THUM TONNETZ

The ThumMusic System (Pi#fdra me s ) r e al i g n ®nnetAoenatehxhe ShuroFeld Eu |l e r €
Such a ThumFielalignedonnetzcan be calledBhumTonnetzE . The ThumTonnetZs aconvenient
tool for presenting musical information in a geometstallstured way.

CHORD PROGRESSIONS ON ATHUM TONNETZ

In Figure5 (below, the pitchlabelectircles aligmwith their respective netentrolling buttons on a
ThumFieldYou will note that the shapes of, and geometric relationships between, the chords in Figure 5
precisely match those shown Figure 4 gdbové for C Major The ony difference between the
ThumTonnetzand the ThumField buttguattern is that the buttons in between the bigtirs that
sound major thirds are missifgr example, between C and E onTthemTonnetan Figure5 (below,
the ThumField button controlling D is missing fromTtimemTonnetz

Figure5 (below shows the-1V-V chord progression in C Major.
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Figure6, shows the-ii-V chord progression, also in C Maljoshould be noted that the two chord
progressions iRigure5 andFigure6 have the same shape onthemTonnetz

Figur®

The chord progression showrFigure? (below also has the same shape as those sh&iguies
andFigure6, althou@ in this case it shows th&/-bvii chord progression.

Figurg

In Figure8 (below, a related chord progressiate bVII-IV-1 § is shownlt has the same shape as
thoseshown inFigure5 throughFigure?7 (aboveé.
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Figurd®

The chord progressions kigure5 throughFigure8 are all closely related, and this relationship is
clearly indicated by their similarity in shape.

A more complex chord progression is shoviaigare9 (below.

Figur®

In Figure9, blue arrows represent major thirds, wileenarrows represent minor thirdsed
arrows show root movement in a chord progression in C. Mlagochord progressiatarts with the
tonic triad (the | chord, E5 i from the root, follow the blue and green arrows to higher degrees
moves up a fifth to the dominant, (8BD), up another fifth to the supertonic (ii), and then returns
0homed t hr o.Uihg progtessien thén waaders into subdominant terfitom | to 1V, then
to ii, vi, iii, V, and then finally back home to | again.
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This chord progression is simply a series of loops arouhdutind onnetzi and so are all other
tonal chord progressiots.

The rulesf tonal chord progressions BhumTonnetare simple: roots may progress only to roots
that are eitheg) adjacent along the lines of the latticdy)dmp steps higher up the same line of perfect
fifths; also,d) octaves are equivalent. All rules are made to be broken, of course, andstaseno
exceptiord as shown by theldVII-IV progression ifrigure8, which descends by two perfect fifths, and
is rarely usedHowever,these rules (a) are simple, and (b) can be derived from inspection of the
ThumField itslf. Theyare as concrete and tangible as thecoateolling ThumField itself

RELATIVE CHORDS ON A THUM TONNETZ

It is often difficult for students to grasp th
because the concepts are saadist

However, these concepts can be shown to arise directly from the concrete reality of a ThumField,
using &’ humTonnetz4

In Error! Reference source not found(Error! Reference source not foung. C is taken as the
tonic. To the right of C is foundetC Major portion of thvnnetz Each diatonic tertian chord is shown
as a triangle (except for the vii°, shown asthelineBbF¢ r el ati onship bet ween
and their relative minors is graphically consistent, and easily undgratepdchtionThe large dotted
red arrows in the C Major region of TieimTonnetpointfront h e 0 Re | atbthewlkordsnto nor s 6
which they are related.

Likewise, to the left of C is the C minor portion ofithemTonnetzHere, the arrows point from
the relative majors to their related chords. In both cases, the dotted red arrows are pointing back to the
line of perfect fifths which contains the tonic.

SUMMARY Relative

The ThumMusi¢Pitch)System
(1) combinesthe Wicki/Hayden
isomorphic notéayout with (2) an
appropriate buttearrangement to
produce a ThumField, a(®) aligns
a tonnetz with a ThumFieldto
producghe ThumTonnetz

Mafor ..

é . Domjnant’
[l "Mediantminor S

* Relativerpinor

“ Relativenfinor
e Sulrmedian
iv__/  Subdemiant i

CONCLUSIONS

¥ i?elgtive}hinor
‘Supertonic

The geometric consistency of
the ThumField and@humTonnetz
makes music easier teach, learn,
and play, while being entirely

Figurd 0

13 Although a detailed discussion of the mt ‘that
an equaliempered ThumLattice is a torus, without any of the commas that prevedinttendional Just Intonation lattice
from closing.

14Bill Miles created this demonstration of the rmjoor relationshipn the ThumLattice.
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compati ble with the Common Western Music Systemi
notation With a standard computer keyboard as its ThumField, the ThumMusic (Pitch) System is a
powerful anakasilydeployed addition to traditional music education.

INCONSISTENCIES IN COMMON WESTERN MUSIC NOTATION

INTRODUCTION

The benefits of the ThumMusic (Pitch) System arise from its isemofphisnd specificallyan
isomorphic notéayout (the ThumFieldnd tonnetz (th& humTonnetg Using isomorphism more
widely could produce even greater benefits, although at the risk of incompatibility with existing systems
Before discussing the ThumMusi ¢ HArcddsssterggosttee m an d

traditional approadio displaying musical information.
THE FIVE INCONSISTENCIES OF THE COMMON WESTERN MuUsIC NOTATION (CWMN)

Despite the central and pervasive role of intervals in thes@mmon Western Music System
focused on pitches. @ommon Western Music Notation (CWMKRr example, each line and space
represents a specific pitch (in Hz), with the A above Middle C representing (by international treaty) the

pitch 440Hz.

Figurells hows the tradiitngn&rabgdnnotdamt @WMNdIs t he
treble clef.

Figurd1
iA
: [ S—
|- | s P 11 LY
H—rh P et H—=r]
1 L) 1] I} 1= -I: E 1 1 1 L) L3 1]
A - maz - ing___. pracel How sweet the sound! ‘That saved a -  wretch like mel I
10
T - T—T T
o — ) I~ 1 — +F
Y T i T =~

was——  lost but  mow. M. found; wos  blind but__.  now 1 see

onge

Figurel2 shows the same song notate@ WM N bass clef. A comparison of the two shows that
the notes from identical pitch cksare placed in different vertical locations in the treble and b&ss clef

thus demonstrating WM N imconsistency between clefs

Figurd 2
1
T T 7% T
| s > Il
f——H e —eH e
N T 1
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was— . lost, but  now. am__  found, was blind but—  now I see.
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Figurel3shows the same song as th&igurell, in the same key, written in the same clef but an
octave higher. A comparison sh@W/M N iensistency between octaves
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Figurd3
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Figureld shows the same song written in the trebléncteé key of F and comparison wrilgure
11shows that individual pitch is notated differently, even if the intervals between them are the same. This
demonstrate€ WM N iconsistency between keys

Figurd 4
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Figurel5shows a chromatic octaveCitwM N fieble clef from middle C upwards, also showing the
note that is a major third (four seomes) above each chromatic note, using sharps as necessary. Thus
the musical intervlletween each pair of notes is identical and yet the spatial distancevbdieaden
pairs is inconsistent.

Figurd5
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A completely different pattern of vertical spacing emerges from the use of flats instead of sharps as
can beaen inFigurel6 This demonstrat€&s WM N eonsistency of interval spacing

Figurd 6
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Common Western Mudidotationhas another inconsistency, rarely recognizéttcarsisteacyoss
meantone tumiAgnotational system whiglasconsistent acrosaeantone tunirsgvould facilitate the
creativeexploration oguchtunings whether historical, cressltural, or novep

Four of these five inconsistenaiebetween clefs, octaves, intervalisgpa@andkeysd are well
knowonNew notation proposals have flourish-knd ever
staff (denoting the pitches of the diatonic scale in the key of C (although Guido would not have described
it that way) in roughly 102@AO0ver 500 alternative music notation schemes are described in Music
Not ati on Moderni zation Associati o ®ene affheseect ory
proposals has provided a sufficiecbiypelling beefit to become broadly popular (exceptgiaitar
tablature, for reasons that will be discussed below).

These inconsistencies appear most promine@yMM N 6 s nogation, but are equally present in
traditional musical instruments including the gigne keyboard, the guitar foetard (instandard
tuning), and in almost all other musical instruments.

THE THUM MusIC PLUS SYSTEM

INTRODUCTION

Whilethe ThumMusi¢Pitch)Systenexposes thgeometryf tonal music, it does not rescargof
thefive inconsistencies @WMN. To do that, we musbaa ndon t he Common Western
focus on pitch, and focussteadn intervals.

To find the tools that can make this possiséewill need to reach back into thst pmce again
Combining th& humFieldandThumTonnetavith three mor® i n n osvéoneifroomthe mid 7 0 036 s ,
one fromthemid 8 0086 s , and one dWewilmat lastlhave eecampletgly i2od@phid s
system for presenting and controlling musical information: the ThumMusic PLUS System.

THE CHROMATIC STAFF

Thenext 00i nn6n otvhadati we o1 | borr ow f r firshprapdsed by a st [
Roualle de Boisgelou in 1¥6K has seven equalipaced horizontal lines, wdlilt spaces in between
them, providing thirteen unique vertical locations altogElieis preisely enouglocationgo denote
each of the twelve notes of the chromatic scale, plus the Det®Basgelou placed C on the top and
bottom lines of his chromatic staff, as showigarel?.

15CWMN is arguably as consistent across alternative meantone tunings as is ThumLine (see below). However, by addressing the
other inconsistencies, ThumLine also makes the consistency of notation across alternative meantone tlvilogs, more
making this consistency easier to teach, learn, and use.

16Thomas S Reed, Notation Research Press, Kirksville, Mo, 199 7-9IB84%-1 .

7See OA Source Book of Proposed Musi e313R546%t i on Ref or ms, 6 Ge
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Figurd7
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Only the outer and middle lire® essential to this systénthreeline variation, with the four nen

essential lines erased except for ledger lines, works equally well, and is far easier to read, as is shown in
Figurel8

Figurd 8
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When the bottom line of one such staff (denoting C) overlies the top line of another such staff (also

denoting C), obscuring or repl aci ngéas shevnini ne b e
Figurel9

Figurd9
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To transpose a piece writternoima chromatic staffp a minor third (three seiones), the whole
pattern of notes is simply shifted up by three vertical locdtione patt er n 8 amesnoape st
matter how many seiaines it may be shifted under transposifion examplel-igure20 shows the
song OAmazi ng &variatoreofhechromaticsta#f id theokey of C
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Figur0

Figure21shows same song notated onctimematicstaff in the key of .Fn this key, all of the notes
fit within the range of a single stdffie pattern of notated intervals is consistent under tréimgpos
That isthe chromatic staff is isamorphic

Figurel

If the chromatic staff is drawn the same way in all oétagdsis irFigurel90 then music notated
in any ocve will look the same.

Thus,as a direct consequence of its isomorphising ahromaticstaff overcomes three of thve
inconsistencies of traditional notat@inconsistency of clefs, octaves, and interval sgatagng
inconsistency betweerygand tuningunresolved.

| SOMORPHIC BUTTON -FIELDS AND THE CHROMATIC STAFF

Isomorphic buttosf i el ds are a perfect match with De Boi
the pattern of intervals does not change when transposing a song from I&if joskeyoves to a new
position on the staff, the same way the isomorphic Huttioe | d pl ayer 6s hand move
fingering pattern on a different button.

However, there is still a problefio transpose a song to another key, one must m@gamthe
staff and 0 n e 0 4ield. hExam dvith can isoanorphia butthelch and notation, this
impedimenddi nconsi st end&rgmaibset ween keyso

To solve it, we must find a way to name intervals, rather than pibchesately, such a systbas
been available for almost a thousand years.
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TONIC SOLFA

In ¢1025 AD..Gudi o d 8 Banadirtime monknvented e first musical stafHe also
invented a system for namimgervals using short syllabigh as Ut, Re, and.Mihis systen®

slmizatondwas revised by the English music teacher ¢
called Norwich Sofd ohn Cur wen revised this system further
System. Tonic Solfa was widely taught and usee intthat t er hal f of the 1800
congregations to sing hymns.

Tonic solf&i s al so called oOoOmoveabl e Do, 6 indicati ng

omoveod on fThemnepodosi tai wmri ant c aldylabimadds areawesed Do, 0
to denote fixed pitcheSixed Do is just an alternative convention for naming péctwsntervélsised
exactly as Englisgpeaking countries use A, A#, Bb, etc. to name pitches.

Tonic solfa remains an important part of modecalmusic education, especially when using the
methods of Zoltan Bdaly or Emile JaquBsilcroze.

ToNICS, MODES, MAJOR, AND MINOR

A brief discussion of modes, major, minor, and their relationship to the tonic is in order, to avoid
potential confusion.

Figure22shows a circle divided by twelve lines around its perimeter, just as a clock face is divided to
indicde the twelve hours of the day, with noon & midnight sharing the top spot.

Figur@2

12/0

11

In Figure23 the twelve divisions correspond to the division of the octave into the twelve chromatic
intervalspf whichthe diatonic degreaselabeledvith their tonic solfa names.

18 Thereare 17 not@ames in tonic solfaone for each of the seven diatonic notes (Do Re Mi Fa So La Ti), one for each of the
five flat chromatic notes (Ra Me Se Le Te), and one for each of the five sharp chromatic notes (Di Ri Fi Si Ligylarerder, th
Do Di/Ra Re Ri/Me Mi Fa Fi/Se So Si/Le La Li/Te Ti. The specific syltaotees vary from culture to culture, region to
region, and perhaps even among individual teachers.
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Figur@3
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Some of thenitervals betweetiatonic scale degrese two serrtones fnajor secondwided Do-
Re, ReMi, FaSo, Sd.a, and L& d whereas some are only one geng(a minor secondyided Mi-
Fa and TDo. The particular pattern of intervals showRigure23is the defining characteristic of the
diatonic scafe.

Different scale$ diatonic, pentatonic, double harmonic, Neapplttd include or exclude a
different subset of the chromatic notes, thus producing a different circatar gfatitervals between
included notes.

The Omodesdé of the diatonic scale always have
only difference between the modes is the note o
circle ofintervals. The startirjand therefore endir@gnote of a mode in this circular journey is the
tonic of that mode.

For example, the red arrow kigue 24 shows Demode (lonian) starting on Do and sweeping
around the cycle.

Figure 23 can be usefully considered to be the diatonic sc
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Figue24
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Likewise, the red arrow figure25 shows LaMode (Aeolian) starting on La and sweeping around
the cycle.

Figur5

Ti

La

So Fa

When teaching music using the ThumMusic PLUS Sifstevarious Greek names for the modes
should be ignored in favour of Dwode, Renode, Mimode, etc This naming system clarifies the
relationship between scales, modes, and clibel&reek names can always be memorized later, once
the theory is undemid using the mommnemonidonic solfa names.

In thisdocument t he phrase oOmajor keyo6 al ways means 0
al ways means 0Aeol id®&griannRhrggian, .and Qdcridmre sometimhes €alled
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omi nor 6 anode st heci nterval from their root to the
confuses the issue by treating different modes as being the same, when they are not.

The discussioaboveuses the diatonic scélleoughout, but it should be clehatt the concepts
therein are equally applicable to other tonal .sThkse other tonal scales and their modes will be
discussed later in this document.

SOLFA-LABELED THUM FIELDS

A ThumField can blbeledwith tonic solfa interval names as showligare26 (below, rather
than with pitch names as shown in Figuaddvg.2°

Figur6

This places the intervals of the current diatonic scahe evhite buttons, and the chromatic notes
on the black button$Jsingsucha solfaabeledrlhumFieldmusical structures such as the diatonic scale
andthedlV-V chor d pr ogr es s i oshaps everdkey, thay aré plageal snghe same s a1
buttong every keyElectronic transposition can move the pitches todirectbuttons, maintaining this
consistency across all keys.

The ThumFields ifigurel and Figure26 will sound the same pitshéf thelowest Debutton in
Figure26is associated with Middle C

Associating solfa names with a ThumFieldoés bu
pitches. Each simple interval has a unique solfa name, witli@atalse key signatures, or pitch names
to confuse matters.

THE THUM LINE STAFF

Combining tonic solfa with a chromatic staff yields the Thum#af& shown irfFigure27. To the
left of the clef symbol, the staff is fililed;to the right of the clef symbol, the staffiihreeline form.
The tips ofitscrescesth aped c¢cl ef symbol dideways point to the

20 In Figure 26, the flat names have been used for both the flat and sharp notes, which is a convenient simplification if the
buttonfield is to be used solely forteP
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