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I NTRODUCTION  

I TõS N OT YOUR FAULT ! 

Tonal music is one of the human soulõs greatest creations. Many people attempt to learn to 
understand, play, and create tonal music, but most of them fail. This high rate of failure is not the fault of 
music teachers. It is not the fault of music students. It is not the fault of tonal music, which is actually quite 
simple. The high failure rate of music students is solely and exclusively the fault of the traditional system of 
representing and controlling musical information. This traditional system will be referred to hereinafter as the 
Common Western Musical System, or CWMS. 

Humankindõs understanding of music has grown since CWMS was developed and standardized. Over 
the centuries, many new truths have been revealed by scientists, engineers, and artists. Combining these 
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old and new truths allows musical information to be represented and controlled in a new way ð a new way 
that respects past wisdom, embraces present technology, and enables future creativity. 

This new way is the ThumMusic System. 

M OTIVATION  

The creation and development of the ThumMusic System has been motivated by three factors. First, 
I simply could not believe that something as elegant as tonal music could possibly be as complex as it was 
always said to be. Second, I had a deep-seated desire to make music easier to teach, learn, and play, so that 
more people could enjoy the many benefits of music-making. Third, I suspected that if I could deliver 
these benefits to the world, then I could provide financial security to my family. 

The key to delivering these benefits was ð in a word ð òsimplicity.ó 

SIMPLICITY  

Albert Einstein once said that òeverything should be made as simple as possible, but no simpler.ó 

Scientifically, simpler models are often able to more accurately predict a wider range of results than 
previous, more-complex models. Plate tectonics, evolution by natural selection, and electromagnetism are 
well-known examples of relatively simple models with great predictive power. This combination of 
simplicity and predictive power is known to scientists as òelegance,ó and the search for elegance motivates 
scientists just as it motivates artists. 

Simplicity is an important factor in human cognition, too.1 Consciously and unconsciously, the 
human brain constantly (a) scans its current and remembered sensory input, trying to find patterns from 
which it (b) builds and tests mental models, with which it (c) makes predictions of cause and effect. It is 
easier to construct mental models of simple patterns than of complex patterns. 

Simplicity is also important in the design of educational materials. Education is enhanced by (1) 
organizing sensory input into its simplest form ð that is, the form which fully describes a given model 
with the least possible information ð and by (2) exposing that input to the most possible senses in the 
most consistent manner over time. 

AUDIENCE  

In writing this document, I assumed that its reader ð you ð would know quite a lot about music 
theory. If you canõt go out right now and teach a class on music theory, then you probably wonõt get 
much out of this document. In fact, if youõre a beginner, reading this document will tend to make music 
theory seem much more complicated than it really is. This document must compare and contrast the 
ThumMusic System to its traditional alternative, and if youõre a beginner, then by definition you donõt 
understand either system. The documentõs constant comparing and contrasting of two different things 
that you donõt understand is likely to confuse you. 

If you already have a reasonably solid grasp of music theory, then please, read on. This document is 
for you. 

                                                      
1 See Chater, N., and Vit§nyi, P., òSimplicity: A unifying principle in cognitive science?ó 
http://homepages.cwi.nl/~paulv/papers/tcs02.pdf. 

http://homepages.cwi.nl/~paulv/papers/tcs02.pdf
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GOAL S 

The goals of this document are to explain what the ThumMusic System is, to describe what benefits it 
is expected to deliver compared to CWMS, and to encourage you to help support the widespread 
adoption of the ThumMusic System. You can learn how to support the ThumMusic System at the end of 
this document.  

BACKGROUND  

M USICAL I NTERVALS  

As musical òintervaló is the harmonic distance between the pitches of two notes. To take the octave 
as an example, given a vibration with frequency f (in cycles per second, also known as Hertz, abbreviated 
Hz), the note thatõs one octave higher will vibrate with frequency 2f Hz, with successive octaves at 4f Hz, 
8f Hz, 16f Hz, and so on. Pythagoras, a Greek philosopher,2 described this 2,500 years ago.3 

This doubling of frequency at each octave indicates a logarithmic relationship, which makes 
discussion and comparison of intervals complex and non-intuitive. In the late 1880õs, Alexander Ellis 
devised a system in which the octave was divided into 1200 òcentsó, with each cent denoting 1/1200th of 
an octave. Any given interval ð not just the octave ð can be described as being some number of cents 
òwideó, or of containing or comprising this or that number of cents, without needing to state any specific 
pitches. Thus the concept of the òmusical intervaló is independent of pitch. 

In modern Western twelve-tone equal-temperament tuning (12-tet), all twelve semi-tones in an octave 
are of equal width: 100 cents each.4 

THE H ARMONIC SERIES 

When a tight string of uniform density and thickness is plucked, it does not sound a single note. An 
infinite number of notes are sounded, although most are sounded too softly to be detected by the human 
ear. The length of the string determines the frequency of the loudest note sounded, f. No matter what the 
pitch of f may be, the other notes sounded always have the same relationship to f, that being 2f, 3f, 4f, 5f, 
6f, 7f, 8f, é, Ðf (where Ð is òinfinityó). Each of these notes, called òpartials,ó adds its òpartó to the 
overall quality or timbre of the plucked stringõs sound. 

The lowest-pitched notes (f, 2f, 3f, etc.) are loudest. You are very unlikely to hear any partials above 
12f from any string. 

Table 1 below shows the first six partials of the Harmonic Series in which the fundamental frequency 
f is Middle C (C4). 

                                                      
2 Yes, heõs the same Pythagoras (c. 500 B.C.) who came up with the Pythagorean Theorem, relating the length of right triangleõs 
hypotenuse to the lengths of its other two sides. He was very big on ratios of small whole numbers. 

3 Jean-Philippe Rameau (c. 1683-1764) is credited with explaining the relationship between the Harmonic Series and tonal music, 
in his Treatise on Harmony (1722). 

4 To fans of Just Intonation: be patient, Iõll get there. J 
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Table 1: The Harmonic Series (on C4) 

f 2f 3f 4f 5f 6f 

C4 C5 G5 C6 E6 G6 

 

As you can see, these first few partials sound the C Major triad: CEG. This is not an accident or 
coincidence. Plucking a string tuned to any given note will sound that noteõs major triad in its first five 
partials in the pattern shown above. The tones of the human voice are also harmonic, and the human ear 
contains myriad tiny hair cells which are oriented in a pattern of spatial intervals which reflect the musical 
intervals of the Harmonic Series, too, more or less.5  

The pattern of intervals defined by the Harmonic Series is the physical basis of the Western worldõs 
music theory.6 

PATTERNS OF I NTERVALS   

Scales are sequential patterns of intervals, cycling at the octave.7  Scales are independent of pitch. For 
example, in the diatonic scaleõs Ionian mode ð the òmajor scaleó ð the pattern of intervals is the same for 
any starting pitch: w-w-s-w-w-w-s, where òwó stands for òwhole toneó (two semi-tones) and òsó stands 
for òsemi-toneó (one semi-tone).8 Change the pitch of the first note (the tonic), and all of the other 
pitches must change accordingly ð but the intervals between the pitches in the scale remain the same. 

Even changing to the relative minor of that tonic (Aeolian mode of the diatonic scale) does not 
change the cyclic sequence of intervals; only the starting point in the cycle is changed (in effect, starting 
just before the final òw-só at the end of the major scaleõs interval pattern and then wrapping around to the 
start of the pattern, yielding w-s-w-w-s-w-w). It is this cyclic pattern of intervals ð independent of pitch ð that 
defines the diatonic scale. Any sequence of intervals, such as a melody, that is derived from a scale is also 
just a pattern of intervals, as independent of pitch as is the scale itself. 

Simultaneous combinations of notes ð that is, chords ð are also patterns of intervals. A major triad is 
simply a root note followed by a major third with a minor third on top. Change the pitch of the root, and 
the pitches of the other notes must change accordingly ð but the pattern of intervals remains the same. It 
is this pattern of intervals that defines the òmajor triad.ó 

The pattern of intervals that defines a major triad is the result of yet another pattern, also related to 
the pattern of intervals in the diatonic scale. The diatonic scaleõs cyclical sequence of intervals has 7 
modes, each starting the same cyclical sequence in a different place. Taking the starting note of a diatonic 
mode as its first degree and stacking successive odd-numbered degrees one atop the other, one gets a 
diatonic òtertianó chord ð that is, a chord in which the inter-note intervals are always thirds (either major 

                                                      
5 See Andrew Bellõs òThe Underwater Piano,ó http://cogprints.org/186/00/UWPiano.pdf.  

6 The Harmonic Series is the invariant bedrock of acoustic music theory in Europe, China, and India. However, when producing 
sound with electronics, one can adjust the pattern of intervals among the Harmonic Seriesõs partials to maximize consonance. See 
Tuning Timbre Spectrum Scale by William Sethares, 2004, ISBN 1852337974. 

7 This document will assume that the octave is invariant, although research has shown that òstretchedó or òcompressedó timbres 
are maximally-consonant with equally-stretched or compressed octaves. See Tuning Timbre Spectrum Scale, ibid. 

8 Unless otherwise specified, 12-tet intervals are implied by òsemi-toneó and òwhole-tone.ó  

http://cogprints.org/186/00/UWPiano.pdf
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or minor). This òstacking of thirdsó is the basic rule for chord construction across all tonal scales, not just 
the diatonic scale. It is an inherent characteristic of tonality.  

There is another pattern in music that is deeper still, unified by the concept of òmeantone tuning.ó A 
meantone tuning (or temperament) is one in which (a) all of the notes are generated by fifths, and (b) the 
syntonic comma is tempered to unison.9 The common Western 12-tone equal-temperament tuning (12-
tet) is a meantone tuning, but there are many other possible meantone tunings. All of these meantone 
tunings support (more or less) the fundamental features of tonality ð the tonic centre, chords, chord 
progressions, tension, release, etc. 

Western music converged on 12-tet primarily because it was the optimal meantone tuning for the 
piano-style keyboard and guitar fret-board if free modulation is highly valued. Some òalternativeó tunings 
have been explored in the history of Western music, but most have not, due to their incompatibility with 
piano-style keyboards and fretted string instruments. However, non-Western cultures make considerable 
use of tunings which have rarely been exploited in the mainstream of Western music, for reasons that will 
be discussed later in this document. Facilitating the exploration of non-12-tet tunings could open new 
doors to cultural understanding and musical creativity. 

In short, music is all about patterns of intervals (in rhythm). 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. 

T HE T HUM M USIC (PITCH )  SYSTEM   

I NTRODUCTION  

The ThumMusic (Pitch) System retains the Common Western Music Systemõs focus on pitch, and is 
therefore entirely compatible with its staff notation, chord names, etc. It combines two past inventions ð 
one from the early 1700õs and the other from the late 1800õs ð to consistently expose the patterns of 
intervals among these pitches.  

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

I SOMORPHISM  

The term òisomorphicó is understood, in this document, to mean òbeing of similar shape, form, or 
structureó.10 It is derived from the Greek words òiso-ó, meaning òsameó, and òmorphó, meaning òshapeó 
ð hence òsame shapeó. As previously described, the pattern of intervals that defines a given scale has the 
same shape ð ie, is òisomorphicó ð in all keys, as is the pattern of intervals that defines a chord built on a 
given mode of that scale, an arpeggio of that chord, a melody, etc. Isomorphism is thus a central concept 
in music (although the term is not often used in this context). 

                                                      
9 And thereõs yet a deeper pattern ð that of rank-2 regular temperaments of p-limit Just Intonation ð of which the meantone 
temperament is just one example. The ThumFieldõs note-pattern is the same for all such rank-2 regular temperaments, and even 
for closely-related irregular temperaments, not only the meantone temperament. 

10 The word òisomorphismó is also strongly associated with Gestalt theory, about which I know very little.  I do not mean to 
imply any congruence between the two uses of the word.  
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The inherent isomorphism of music is particularly pronounced in equal-temperament tunings, but is 
also a useful concept in non-equally-tempered tunings (such as meantone and Just Intonation). The 
concept of isomorphism is also applicable to tunings that divide the octave into more or fewer than 
twelve semi-tones. The following discussion will, however, assume the use of the 12-tone equal-
temperament scale unless specifically stated otherwise.  

WHAT I S AN I SOMORPHIC N OTE L AYOUT ? 

A note-layout is a two-dimensional pattern of notes, presumably associated with a particular 
arrangement of note-controlling buttons. In an isomorphic note-layout, any two elements that together 
sound the same musical interval also have the same spatial interval relative to each other.11 Thus, on an 
isomorphic keyboard, any given musical interval has the òsame shapeó wherever it occurs. 

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

Figure 1 (below) is an image of the specific isomorphic note-layout used in the ThumMusic System, 
which henceforth will be called the ThumFieldÊ layout. The spatial arrangement and shape of the note-
controlling buttons in Figure 1 is that of Thumtronicsõ new electronic musical instrument, the 
ThummerÊ. 

Figure 1 

 

A two-octave ThumField also fits conveniently on a standard computer keyboardõs button-
arrangement, as shown in Figure 2.  

                                                      
11 Edge conditions aside. 
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Figure 2 

 

The sequence of intervals that defines the major scale is shown in Figure 3 (below) for the keys of C, 
F, and G. Any sequence of intervals ð not just the major scale ð is the same in all keys on a ThumField. 

Figure 3 

 

The same is true for combinations of intervals ð chords and chord progressions. Figure 4 shows the 
shape of the diatonic tertian triads in the keys of C Major and Gb Major (the tonic is circled in red). 

Figure 4 

 

In Figure 4, each diatonic tertian triad is indicated with a triangle (except for vii°, which is indicated 

with a black diagonal line). The vertices of the triangles point towards the notes in that triad. Look closely 
at the triangles labeled I, IV, and V. They all have the same shape: an upward-pointing triangle. 
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Why?  Simple. If you imagine a horizontal line connecting C and E, a diagonal line connecting that E 
to G, and then another line connecting C and G, then youõve just mentally drawn the òshapesó of a major 
third, a minor third, and a perfect fifth, respectively. The resulting triangle is the òshapeó of a major triad, 
everywhere on a ThumField. 

Likewise, if you draw lines between D&F, F&A, and D&A, youõll have drawn the òshapesó of a 
minor third, major third, and perfect fifth, resulting in the downward-pointing triangular òshapeó of the 
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. This is shown above with the black line from B through D to F. 

I SOMORPHIC N OTE -L AYOUTS FROM H ISTORY 

Paul von Janko, a German, patented two such isomorphic keyboards (German patent no. 25282 in 
1883, and no. 32138 in 1885). The Chromatic Button Accordion is usually configured with one of two 
other such layouts, the C-System or the B-System (http://www.thecipher.com/chromatic-accordion-
cipher.html). 

Kaspar Wicki, a Swiss, patented an isomorphic arrangement of note-controlling devices in 1896 
(Swiss patent no. 13329). Not knowing of Wickiõs patent, Brian Hayden, an Englishman, re-patented 
Wickiõs note-layout in 1982 (GB Patent no. 2131592) ð a patent that was clearly invalid, since the 
expiration of Wickiõs earlier patent released it to the public domain forever afterward. 

Wesley, an American, patented yet another isomorphic note-layout as recently as 2002 (US Patent no. 
6,501,011). 

The worldõs patent offices should stop accepting patents such as Wesleyõs on ònewó isomorphic note-
layouts, because they have all been analysed and their properties are well-known. Thereõs a simple rule for 
generating all possible isomorphic note-layouts for a given T-tet tuning, the discussion of which is beyond 
the scope of this paper.12 Suffice it to say that for an T-tet meantone tuning, there are ((T*2)+1)^2 
possible isomorphic layouts in which notes sounded by a given buttonõs rightwardly-adjacent and 
upandleftwardly-adjacent neighbours are no more than an octave away from the note sounded by the 
given button. Table 2 shows the number of isomorphic layouts for some meantone tunings. 

Table 2: Isomorphic Note Layouts for T-tet Meantone tunings 

7 12 17 19 

225 625 1225 1521 

 

Of all of these isomorphic note-layouts, the Wicki/Hayden layout is the most suitable for a hand-held 
electronic musical instrument such as Thumtronicsõ Thummer. This note-layout, the ThumField layout 
(shown in Figure 1 and Figure 2 above) is the basis of the ThumMusic System. 

                                                      
12 See Appendix 1 for òA Summary of Isomorphic Note Layouts.ó 
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PROPERTIES OF THE THUM FIELD  

The ThumField note-layout can only be mapped to an arrangement of buttons with are of 
appropriate size, shape, and spacing. Two such button-arrangements are shown in Figures 1 and 2 above. 

Inspection of the ThumField shown in Figure 1 reveals that the natural notes are in the middle, with 
the flats on the left and the sharps on the right. The notes of the diatonic scale form a dense column, with 
the pentatonic scale forming a subset thereof. It has compact aspect ratio, allowing three full octaves of 
notes to be easily spanned by a single handõs fingers. With two such ThumFields ð one for each of a 
musicianõs hands ð the musician can play notes from all six octaves simultaneously. 

From any given root, the perfect fourth is up-and-leftwardly adjacent, while the perfect fifth is up-
and-rightwardly adjacent. The buttonsõ size, shape, and spacing are optimized to make it easy to play the 
buttons that sound these common intervals with a single fingertip. Having the major second also adjacent 
facilitates playing sus4 and sus2 chords with a single fingertip. 

Minor seconds are diagonally-separated, allowing a simple rocking motion of the hand to play a 
chromatic scale. Major seconds are adjacent. The layout strikes a convenient balance between melody and 
harmony. The layout is vertically symmetrical around D, which turns out to be a surprisingly important 
and useful property. 

THE TONNETZ  

Another under-utilized tool of music theory is a geometric construct known as the òharmonic latticeó 
or òtonnetz,ó first described by the mathematician Leonhard Euler c.1739. The tonnetz has one axis 
along which successive perfect fifths are indicated, and ð in standard practice ð a 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 tonnetz is an excellent tool for visualizing harmonic relationships ð triads, chord progressions, key 
modulations, and the like. However, it is rarely used in music education (at least in English-speaking 
countries), in part because it is hard to relate the tonnetz to traditional staff notation, chord names, and 
musical instruments. 

THE THUM TONNETZ  

The ThumMusic System (Pitch-Names) realigns the axes of Eulerõs tonnetz to match the ThumField. 
Such a ThumField-aligned tonnetz can be called a ThumTonnetzÊ. The ThumTonnetz is a convenient 
tool for presenting musical information in a geometrically-structured way. 

CHORD PROGRESSIONS ON A T HUM TONNETZ  

In Figure 5 (below), the pitch-labeled circles align with their respective note-controlling buttons on a 
ThumField. You will note that the shapes of, and geometric relationships between, the chords in Figure 5 
precisely match those shown in Figure 4 (above) for C Major. The only difference between the 
ThumTonnetz and the ThumField button-pattern is that the buttons in between the button-pairs that 
sound major thirds are missing. For example, between C and E on the ThumTonnetz in Figure 5 (below), 
the ThumField button controlling D is missing from the ThumTonnetz. 

Figure 5 (below) shows the I-IV-V chord progression in C Major. 

http://www.thummer.com/blog/2007/06/eulers-tonnetz.html
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Figure 5 

 

Figure 6, shows the I-ii-V chord progression, also in C Major. It should be noted that the two chord 
progressions in Figure 5 and Figure 6 have the same shape on the ThumTonnetz. 

Figure 6 

 

The chord progression shown in Figure 7 (below) also has the same shape as those shown in Figure 5 
and Figure 6, although in this case it shows the I-IV-bvii chord progression. 

Figure 7 

 

In Figure 8 (below), a related chord progression ð the bVII-IV-I ð is shown. It has the same shape as 
those shown in Figure 5 through Figure 7 (above). 
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Figure 8 

 

The chord progressions in Figure 5 through Figure 8 are all closely related, and this relationship is 
clearly indicated by their similarity in shape. 

A more complex chord progression is shown in Figure 9 (below). 

Figure 9 

 

In Figure 9, blue arrows represent major thirds, while green arrows represent minor thirds. Red 
arrows show root movement in a chord progression in C Major. The chord progression starts with the 
tonic triad (the I chord, CEG ñ from the root, follow the blue and green arrows to higher degrees), 
moves up a fifth to the dominant (V, GBD), up another fifth to the supertonic (ii), and then returns 
òhomeó through the V to I. The progression then wanders into subdominant territory, from I to IV, then 
to ii, vi, iii, V, and then finally back home to I again. 
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This chord progression is simply a series of loops around the ThumTonnetz ñ and so are all other 
tonal chord progressions.13 

The rules of tonal chord progressions on ThumTonnetz are simple: roots may progress only to roots 
that are either (a) adjacent along the lines of the lattice, or (b) two steps higher up the same line of perfect 
fifths; also, (c) octaves are equivalent. All rules are made to be broken, of course, and these rules are no 
exception ð as shown by the I-bVII -IV progression in Figure 8, which descends by two perfect fifths, and 
is rarely used. However, these rules (a) are simple, and (b) can be derived from inspection of the 
ThumField itself. They are as concrete and tangible as the note-controlling ThumField itself. 

RELATIVE CHORDS ON A THUM TONNETZ  

It is often difficult for students to grasp the concept of òrelative minor,ó or similarly, òrelative major,ó 
because the concepts are so abstract. 

However, these concepts can be shown to arise directly from the concrete reality of a ThumField, 
using a ThumTonnetz.14 

In Error! Reference source not found. (Error! Reference source not found.), C is taken as the 
tonic. To the right of C is found the C Major portion of the tonnetz. Each diatonic tertian chord is shown 
as a triangle (except for the vii°, shown as the line BDF). The relationship between C Majorõs major triads 
and their relative minors is graphically consistent, and easily understood by inspection. The large dotted 
red arrows in the C Major region of the ThumTonnetz point from the òRelative minorsó to the chords to 
which they are related. 

Likewise, to the left of C is the C minor portion of the ThumTonnetz. Here, 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  

The ThumMusic (Pitch) System 
(1) combines the Wicki/Hayden 
isomorphic note-layout with (2) an 
appropriate button-arrangement to 
produce a ThumField, and (3) aligns 
a tonnetz with a ThumField to 
produce the ThumTonnetz. 

CONCLUSIONS  

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

                                                      
13 Although a detailed discussion of the music theory of ThumLattices is beyond the scope of this document, suffice it to say that 
an equally-tempered ThumLattice is a torus, without any of the commas that prevent the N-dimensional Just Intonation lattice 
from closing. 

14 Bill Miles created this demonstration of the major-minor relationship on the ThumLattice. 

Subtonic minor

Mediantminor

Submediantminor

D

F

Ab C E

A

Eb

Bb

F

G

D

B

Tonic

Tonic

minor
Relative minor

iii
I

i

V

VI

iv

v

ii

vi

III

VII

IV

Mediant

Subdominant 

minor
Subdominant

Dominant

Dominant

minor

Relative

Major

Relative 

Major

Relative

Major

Relative minor
Submediant

Relative minor
Supertonic

Figure 10 



THE THUMMUSIC SYSTEM THUMTRONICS INC. PAGE 13 OF 45 

compatible with the Common Western Music Systemõs traditional pitch names, chord symbols, and staff 
notation. With a standard computer keyboard as its ThumField, the ThumMusic (Pitch) System is a 
powerful and easily-deployed addition to traditional music education. 

I NCONSISTENCIES IN COMMON WESTERN M USIC N OTATION  

I NTRODUCTION  

The benefits of the ThumMusic (Pitch) System arise from its use of isomorphism ð specifically, an 
isomorphic note-layout (the ThumField) and tonnetz (the ThumTonnetz). Using isomorphism more 
widely could produce even greater benefits, although at the risk of incompatibility with existing systems. 
Before discussing the ThumMusic PLUS System and its benefits, letõs examine the inconsistencies of the 
traditional approach to displaying musical information. 

THE FIVE  I NCONSISTENCIES OF THE COMMON WESTERN M USIC N OTATION (CWMN)  

Despite the central and pervasive role of intervals in music, the Common Western Music System is 
focused on pitches. In Common Western Music Notation (CWMN), for example, each line and space 
represents a specific pitch (in Hz), with the A above Middle C representing (by international treaty) the 
pitch 440Hz. 

Figure 11 shows the traditional hymn òAmazing Graceó notated in the key of C using CWMNõs 
treble clef. 

Figure 11 

 

Figure 12 shows the same song notated in CWMNõs bass clef. A comparison of the two shows that 
the notes from identical pitch classes are placed in different vertical locations in the treble and bass clef ð 
thus demonstrating CWMNõs inconsistency between clefs. 

Figure 12 

 

Figure 13 shows the same song as that in Figure 11, in the same key, written in the same clef but an 
octave higher. A comparison shows CWMNõs inconsistency between octaves. 
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Figure 13 

 

Figure 14 shows the same song written in the treble clef in the key of F and comparison with Figure 
11 shows that individual pitch is notated differently, even if the intervals between them are the same. This 
demonstrates CWMNõs inconsistency between keys. 

Figure 14 

 

Figure 15 shows a chromatic octave in CWMNõs treble clef from middle C upwards, also showing the 
note that is a major third (four semi-tones) above each chromatic note, using sharps as necessary. Thus 
the musical interval between each pair of notes is identical and yet the spatial distance between vertical 
pairs is inconsistent. 

Figure 15 

 

A completely different pattern of vertical spacing emerges from the use of flats instead of sharps as 
can be seen in Figure 16. This demonstrates CWMNõs inconsistency of interval spacing. 

Figure 16 
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Common Western Music Notation has another inconsistency, rarely recognized: an inconsistency across 
meantone tunings. A notational system which was consistent across meantone tunings would facilitate the 
creative exploration of such tunings, whether historical, cross-cultural, or novel.15 

Four of these five inconsistencies ð between clefs, octaves, interval spacing, and keys ð are well-
known. New notation proposals have flourished ever since Guido dõArezzo invented the first four-line 
staff (denoting the pitches of the diatonic scale in the key of C (although Guido would not have described 
it that way) in roughly 1026 AD. Over 500 alternative music notation schemes are described in Music 
Notation Modernization Associationõs òDirectory of Music Notation Proposals.ó16 None of these 
proposals has provided a sufficiently-compelling benefit to become broadly popular (except for guitar 
tablature, for reasons that will be discussed below). 

These inconsistencies appear most prominently in CWMNõs staff notation, but are equally present in 
traditional musical instruments including the piano-style keyboard, the guitar fret-board (in standard 
tuning), and in almost all other musical instruments. 

T HE T HUM M USIC PLUS SYSTEM  

I NTRODUCTION  

While the ThumMusic (Pitch) System exposes the geometry of tonal music, it does not resolve any of 
the five inconsistencies of CWMN. To do that, we must abandon the Common Western Music Systemõs 
focus on pitch, and focus instead on intervals. 

To find the tools that can make this possible, we will need to reach back into the past once again. 
Combining the ThumField and ThumTonnetz with three more òinnovationsó ð one from the mid-1700õs, 
one from the mid-1800õs, and one from the early 2000õs ð we will at last have a completely isomorphic 
system for presenting and controlling musical information: the ThumMusic PLUS System. 

THE CHROMATIC STAFF  

The next òinnovationó that weõll borrow from the past is the chromatic staff, first proposed by 
Roualle de Boisgelou in 1764.17 It has seven equally-spaced horizontal lines, with six spaces in between 
them, providing thirteen unique vertical locations altogether. This is precisely enough locations to denote 
each of the twelve notes of the chromatic scale, plus the octave. De Boisgelou placed C on the top and 
bottom lines of his chromatic staff, as shown in Figure 17. 

                                                      
15 CWMN 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 tunings more obvious, 
making this consistency easier to teach, learn, and use. 

16 Thomas S Reed, Notation Research Press, Kirksville, Mo, 1997, ISBN 0-9638849-2-1. 

17 See òA Source Book of Proposed Music Notation Reforms,ó Gardner Read, 1987, ISBN 0-313-25446-X. 
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Figure 17 

 

Only the outer and middle lines are essential to this system. A three-line variation, with the four non-
essential lines erased except for ledger lines, works equally well, and is far easier to read, as is shown in 
Figure 18. 

Figure 18 

 

When the bottom line of one such staff (denoting C) overlies the top line of another such staff (also 
denoting C), obscuring or replacing the line beneath, the result is two òstacked staves,ó as shown in 
Figure 19. 

Figure 19 

 

To transpose a piece written in on a chromatic staff up a minor third (three semi-tones), the whole 
pattern of notes is simply shifted up by three vertical locations. The patternõs shape stays the same, no 
matter how many semi-tones it may be shifted under transposition. For example, Figure 20 shows the 
song òAmazing Graceó notated on a variation of the chromatic staff in the key of C. 
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Figure 20 

 

Figure 21 shows same song notated on the chromatic staff in the key of F. In this key, all of the notes 
fit within the range of a single staff. The pattern of notated intervals is consistent under transposition. 
That is, the chromatic staff is isomorphic. 

Figure 21 

 

If the chromatic staff is drawn the same way in all octaves ð as it is in Figure 19 ð then music notated 
in any octave will look the same. 

Thus, as a direct consequence of its isomorphism, using a chromatic staff overcomes three of the five 
inconsistencies of traditional notation ð inconsistency of clefs, octaves, and interval spacing ð leaving 
inconsistency between keys and tuning unresolved.  

I SOMORPHIC BUTTON -FIELDS  AND THE CHROMATIC STAFF  

Isomorphic button-fields are a perfect match with De Boisgelouõs chromatic staff. On such a staff, 
the pattern of intervals does not change when transposing a song from key to key ð it just moves to a new 
position on the staff, the same way the isomorphic button-field playerõs hand moves to start the same 
fingering pattern on a different button. 

However, there is still a problem. To transpose a song to another key, one must move notes on the 
staff and oneõs hand on a button-field. Even with an isomorphic button-field and notation, this 
impediment ð òinconsistency between keysó ð remains. 

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

In c.1025 A.D., Gudio dõArezzo, a Benedictine monk, invented the first musical staff. He also 
invented a system for naming intervals using short syllables such as Ut, Re, and Mi. This system ð 
solmization ð was revised by the English music teacher Sarah Glover in the 1830õs, producing a system 
called Norwich Solfa. John Curwen revised this system further in the 1840õs, producing the Tonic Solfa 
System. Tonic Solfa was widely taught and used in the latter half of the 1800õs, especially in teaching 
congregations to sing hymns. 

Tonic solfa18 is also called òmoveable Do,ó indicating that the pitch of the note called Do can 
òmoveó on transposition. There is a variant called òfixed Do,ó in which the same syllable-names are used 
to denote fixed pitches. Fixed Do is just an alternative convention for naming pitches ð not intervals ð used 
exactly as English-speaking countries use A, A#, Bb, etc. to name pitches. 

Tonic solfa remains an important part of modern vocal music education, especially when using the 
methods of Zoltan Kodaly or Emile Jaques-Dalcroze. 

TONICS , M ODES, M AJOR, AND M INOR  

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

Figure 22 shows a circle divided by twelve lines around its perimeter, just as a clock face is divided to 
indicate the twelve hours of the day, with noon & midnight sharing the top spot. 

Figure 22 

 

In Figure 23, the twelve divisions correspond to the division of the octave into the twelve chromatic 
intervals, of which the diatonic degrees are labeled with their tonic solfa names. 

                                                      
18 There are 17 note-names in tonic solfa ð one 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 Li). In order, they are 
Do Di/Ra Re Ri/Me Mi Fa Fi/Se So Si/Le La Li/Te Ti. The specific syllable-names vary from culture to culture, region to 
region, and perhaps even among individual teachers. 
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Figure 23 

 

Some of the intervals between diatonic scale degrees are two semi-tones (major second) wide ð Do-
Re, Re-Mi, Fa-So, So-La, and La-Ti ð whereas some are only one semi-tone (a minor second) wide ð Mi-
Fa and Ti-Do. The particular pattern of intervals shown in Figure 23 is the defining characteristic of the 
diatonic scale.19 

Different scales ð diatonic, pentatonic, double harmonic, Neapolitan, etc ð include or exclude a 
different subset of the chromatic notes, thus producing a different circular pattern of intervals between 
included notes. 

The òmodesó of the diatonic scale always have the diatonic scaleõs circular sequence of intervals. The 
only difference between the modes is the note on which the mode starts its journey around the scaleõs 
circle of intervals. The starting ð and therefore ending ð note of a mode in this circular journey is the 
tonic of that mode. 

For example, the red arrow in Figure 24 shows Do-mode (Ionian) starting on Do and sweeping 
around the cycle. 

                                                      
19 Figure 23 can be usefully considered to be the diatonic scaleõs òCircle of Seconds.ó 
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Figure 24 

 

 

Likewise, the red arrow in Figure 25 shows La-Mode (Aeolian) starting on La and sweeping around 
the cycle. 

Figure 25 

 

When teaching music using the ThumMusic PLUS System, the various Greek names for the modes 
should be ignored in favour of Do-mode, Re-mode, Mi-mode, etc. This naming system clarifies the 
relationship between scales, modes, and chords. The Greek names can always be memorized later, once 
the theory is understood using the more-mnemonic tonic solfa names. 

In this document, the phrase òmajor keyó always means òIonian modeó, and the phrase òminor keyó 
always means òAeolian modeó. Other modes ð Dorian, Phrygian, and Locrian ð are sometimes called 
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òminoró modes because the interval from their root to their third is minor. This òsimplificationó actually 
confuses the issue by treating different modes as being the same, when they are not. 

The discussion above uses the diatonic scale throughout, but it should be clear that the concepts 
therein are equally applicable to other tonal scales. These other tonal scales and their modes will be 
discussed later in this document. 

SOLFA -L ABELED THUM FIELDS  

A ThumField can be labeled with tonic solfa interval names as shown in Figure 26 (below), rather 
than with pitch names as shown in Figure 1 (above).20 

Figure 26 

 

This places the intervals of the current diatonic scale on the white buttons, and the chromatic notes 
on the black buttons. Using such a solfa-labeled ThumField, musical structures such as the diatonic scale 
and the I-IV-V chord progression donõt just have the same shape in every key, they are played on the same 
buttons in every key. Electronic transposition can move the pitches to the correct buttons, maintaining this 
consistency across all keys. 

The ThumFields in Figure 1 and Figure 26 will sound the same pitches, if the lowest Do-button in 
Figure 26 is associated with Middle C. 

Associating solfa names with a ThumFieldõs buttons focuses its player on intervals rather than 
pitches. Each simple interval has a unique solfa name, with no accidentals, key signatures, or pitch names 
to confuse matters. 

THE THUM L INE STAFF  

Combining tonic solfa with a chromatic staff yields the ThumLineÊ staff, shown in Figure 27. To the 
left of the clef symbol, the staff is fully-lined; to the right of the clef symbol, the staff is in three-line form. 
The tips of its crescent-shaped clef symbol always point to the staffõs Do-line. 

                                                      
20 In Figure 26, the flat names have been used for both the flat and sharp notes, which is a convenient simplification if the 
button-field is to be used solely for 12-tet. 


