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The Twelve Note Conspiracy: Exploring Methods of Comparison Between Various Equal 

Divisions of the Octave 

 

For the last few hundred years, Western music has mainly used a system called 12 tone equal 

temperament. This means it has 12 equally spaced tones before it reaches the same pitch as the first 

again, an octave up. This system is ingrained in our musical culture and isn’t often questioned, at least 

in mainstream music.1 However, some musicians maintain that there isn’t any particular reason why 

this status quo should be continued. The microtonal composer Harry Partch even goes as far as to say 

that 12EDO (Equal Division of the Octave) is a “musical conspiracy.”2 

My aim in this project is to try and compare different EDOs. There are 12 semitones in an octave in 

the 12EDO system and there are 100 smaller divisions called cents in each semitone, so there are 1200 

cents in an octave. Therefore, I need to divide 1200 by however many divisions I want in that octave 

then keep adding that amount to work out the number of cents in the different intervals in the 

chromatic scale. Here is an example of the simple arithmetic to work out 19EDO: 

1200 ÷ 19 ≈ 63 

Interval Number of cents Closest 12EDO note Difference from note Difference from Just Intonation 

1 0 C 0 +0 

2 63 C# -37  

3 126 C# +26  

4 189 D -11 -15 

5 253 D# -47  

6 316 D# +16  

7 379 E -21 -7 

8 442 E +42  

9 505 F +5 +7 

10 568 F# -31  

11 632 F# +32  

12 695 G -5 -7 

13 758 G# -42  

14 821 G# +21  

15 884 A -16 +0 

16 947 A +47  

17 1011 A# +11  

18 1074 B -26 -14 

19 1137 B +37  

20 (+8ve) 1200 C 0 +0 

 

I have also shown which notes are closest to a Just Intonation major scale (specifically Ptolemaic, 

which is a tuning system connected to the naturally occurring harmonic series) - see highlighted in the 

table. I then entered all these numbers into a music producing program called Logic Pro X, which 

created a 19EDO chromatic scale.  

                                                           
1 Duffin, RW. (2007) p.16: “It’s all wrapped up in recent evolutions in musical performance and teaching, the 
result of decades of delusion, convenience, ignorance, conditioning, and oblivion.” 
2 Chesworth, D. (BBC4, 2002): 6:45 
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As you can see in the far right column of the above table, the differences between Just Intonation 

pitches and certain intervals in the 19EDO chromatic scale are very small. This makes 19EDO quite a 

good temperament. 

To explain what I mean by this, I will do so from the perspective from a 20th Century microtonal 

composer and theorist Harry Partch, who was strongly against the 12 tone equal temperament 

system. He posits his view in his landmark book Genesis of a Music. 

The reason Harry Partch was so against the 12 tone system is because it is completely distinct from 

the intervals that exist naturally. When you half the length of a vibrating string, the note that it 

produces is exactly an octave higher than the original note. This ratio, 2/1, is the simplest ratio and 

therefore, Partch argues, the least dissonant3 (equal with the unison). In a concept that he calls 

Monophony, he says that the bigger the numbers in the ratio are, the more dissonant it is so that the 

fifth is made by the ratio 3/2 so is also very consonant (but slightly more dissonant than the unison). 

Pythagorean tuning is a system which uses just those two very simple number ratios to build a whole 

scale4, which Partch would have agreed with to a certain extent. However, the problem of this is that 

there is sometimes a discrepancy when you stack intervals on top of each other that should get to the 

same tone. For instance, when you stack 12 perfect fifths on top of each other and compare that note 

with 7 octaves stacked on top of each other, there is a difference of 23 cents, which we call a comma.5 

The Pythagorean system is a 3-limit tuning system which means it only uses ratios using numbers less 

than or equal to 3. If we use a 5-limit tuning Just Intonation system, we can use the slightly higher 

number ratios 4/3 and 5/4, for the perfect fourth and the major third respectively, which for Partch 

makes these intervals slightly more dissonant than the fifth or octave. 5-limit tuning still creates 

problems though and, again, we end up with a comma. Known as a systemic comma, equal to about 

21 cents, this is created by the difference between stacking 4 perfect fifths and stacking 2 octaves with 

a major third. 

So, in general, using Just Intonation creates problems and yet it is still considered the gold standard 

for tuning.6 Over many centuries, systems have been developed as a compromise which “temper out” 

the comma – and so these systems became known as temperaments. Today we mainly have Equal 

Temperament, which means that each semitone is equal. This may sound like a good thing but for 

Partch, it is a fundamentally flawed system, believing that “for some hundreds of years the truth of 

Just Intonation has been hidden… maliciously.”7 This is because all the intervals in this system (apart 

from the octave) are out of tune with Just Intonation, which is the system of purely tuned notes found 

in nature in the harmonic series. To squeeze each semitone into being exactly 100 cents, some very 

complex ratios must be used; for example, a fifth in 12TET is 2.996614/2 instead of 3/2. As Partch 

argues that the lower the number in the ratio are, the more pleasing they are to the ear, the massive 

                                                           
3 Partch, H. (1974) p.87; Levy, E (1985). p.56. “[the hierarchical order begins] with the octave, the most 
universally recognized norm, and proceed through increasing instability towards indistinctness.” 
4 Levy, E. (1985). P.55. Levy actually hypothesises that the genesis of the diatonic scale was that of a 
Pythagorean heptatonic scale (similar to our dorian mode). This is made by symmetrically stacking 3 fifths both 
up and down from the generating tone, as opposed to the major scale formed from stacking 5 fifths upwards 
and one fifth downwards. However, Pythagorean tuning can be used to create a whole chromatic scale, so this 
is irrelevant to my main point. 
5 Duffin, RW. (2007). p. 25. 
6 von Helmholtz, H. (2007 (1863)). p. 640. “I think that no doubt can remain… that the intervals which have 
been theoretically determined in the preceding pages… are really natural for uncorrupted ears; that moreover 
the deviations of tempered intonation are really observed and disliked by uncorrupted ears.” However, 
according to Barbour, J (1938). this “[doesn’t rest] upon unassailable, scientific evidence.” 
7 Chesworth, D. (BBC4, 2002): 7:01 
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ratios that have been worked out to make ET are dissonant. He explains this further by saying that the 

ear has to jump to hear the implied frequencies in ET, and that it wouldn’t have to jump if the intervals 

were purely consonant like in Just Intonation. (See what Partch’s solution to this was and criticisms of 

Partch in Appendix 2.) 

One way to make a temperament is to use an EDO (though this is far from the only way). One can 

select certain notes from an EDO that are close to the Just Intonation or Ptolemaic equivalent and use 

them to create a scale, avoiding the problem of the comma. So here is 19EDO used 

as a temperament, followed by the 12EDO diatonic scale that we are so familiar 

with. It is subtly different to 12EDO and I like that sound.  

However, I do not think that working out how close an EDO is to Just Intonation is a good way of 

comparing different EDOs. This is because my aim (even though that would be a completely valid and 

useful aim) isn’t simply to create a temperament. To compare EDOs to Just Intonation assumes 

sovereign importance of JI.8 Surely just because it is found in nature this doesn’t necessarily mean it 

has to sound better than anything else?9 And indeed, lots of EDOs are far off from Just Intonation and 

composers use these because of this as it is exciting to get new, unknown and other-worldly sounds 

(known as xenharmony). 

This means that in order to compare EDOs, one needs a new framework. One could look at the 

characteristics or properties of a certain EDO and see how that makes it a useful, interesting or piercing 

sound. For example, 19 is a prime number so whatever interval you choose, if you keep going up by 

that interval, you have to go through every note before you get to the note you started with.10 If you 

stack minor or major thirds in 19EDO, you effectively get massive “diminished” or “augmented” chords 

spanning multiple octaves. This is different to 12-tone systems as 3 stacked major thirds or 4 stacked 

minor thirds gets you back to the original note an octave up but fourths or fifths you need to go 

through all the notes before you get to the original note (all these examples in Appendix 1). These 

kinds of simple mathematical properties differentiate between and enable us to compare EDOs and 

may make them appealing or not to composers. 

However, I believe that the best way to compare EDOs is a more qualitative approach.11 This is because 

the main reason people look at different EDOs in the first place is because they provide a completely 

different flavour to anything we have heard before, so we should take that as a starting point instead. 

I learnt a lot from Partch’s Genesis of a Music as he categorised the intervals of his Genesis Scale, 

putting the sound and purpose of the notes at the highest importance. This qualitative approach 

helped me understand that the most important thing is that the music I make sounds good to me. 

Music is an art, so it can never be the theory that is of the upmost importance. Inspired by this, I had 

an idea about comparing different EDOs by arranging versions of the same piece in each of the 

different systems. However, after I had completed this, I realised that what I had done was just to 

transpose a diatonic piece written for a 12-tone system. I had chosen the intervals that were closest 

                                                           
8 Levy, E. (1985). Levy disagrees with me, saying that “this is the viewpoint of behaviourism applied to music.” 
Hugo Kauder goes further than this and says it amounts to nihilism. 
9 Barbour, J. (1938). “The non-musical intervals (formed with the quarter-tones between or tempered 
semitones were in general as well fused as the musical intervals… these experiments prove conclusively that 
Helmholtz and his followers are wrong, that singers have no predilection for the so-called natural or just 
intervals.” 
10 Mandelbaum, MJ (1961) p. 387 
11 Maor, E. (2018). p.76: “Ultimately the choice of scale is a subjective matter.” This is actually an old approach: 
“Aristoxenus (born 360 BC) rejected the Pythagorean philosophy of “number rules the Universe,” especially 
when it came to music. Intervals should be judged by the ear alone, not by arithmetical relations.”  
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in pitch to the 12 tone equivalent (although there was some artistic choice in some of the smaller 

EDOs as some of the intervals were pretty equidistant from the nearest 12 tone equivalent), which 

meant all I had done was created an out of tune major scale, from which I built chords and the melody. 

This did sound nicely out tune and quite arresting for someone like me who had been surrounded by 

12EDO my whole life. However, I felt that I hadn’t used these EDOs to their full potential as I missed 

out a lot of notes and therefore harmonic colour and interesting tonal possibilities. But I still wanted 

to be able to directly compare the different EDOs (which included the original 12 tone system). 

I came up with a compromise – to do variations on the melody and harmony (including on the original 

12EDO version to make it a fair comparison) which used as many notes of that system’s chromatic 

scale as possible.  

The Process 

My aim, as I said earlier, was to arrange a few different variations on one piece in different EDOs.  I 

decided on Mozart’s Piano Sonata no. 1612 because it is instantly recognisable, has both conjunct and 

arpeggiated passages and it is completely tonal and diatonic.  I only used the first eight or so bars 

because after that it becomes more chromatic, so wouldn’t be possible on the simplest system, 7EDO. 

My compromise to make a comparison as fair as possible between the different systems was to 

arrange a variation using all of the notes in that system (but some of them I could only find a place to 

put them once or twice and a Webernian serialist technique where all the notes are played the same 

amount of times would obscure the original Mozart Sonata completely). I also provided a chromatic 

scale of each EDO to accustom the listener’s ear to that system, although it would probably take 

further listening to that EDO to become fully comfortable.13 I also arranged a 12-tone 

variation of the Mozart Sonata as a reference point.  This wasn’t just the same as the 

original – I added ornamentation to use all the chromatic notes in just the same way 

as the other EDOs. 

7EDO 

I started with 7EDO as it has the 

exact same number of different 

notes as the C major scale. This 

means that after I worked out all the 

exact number of pitches in the 

chromatic scale of 7EDO, I could program in the pitches 

in the same way as the original version. Obviously, it 

sounds vastly different to the 12EDO version as all the 

notes are spaced equally across the octave instead of both semitone and tone intervals in the 12EDO 

system. Five notes of the 7EDO mode is an approximation for a pentatonic scale found in Thailand14, 

so it is an ancient scale (although studies like these have sometimes been discredited as the tuning 

varies massively even between individual instruments). However, because 7EDO has so few notes, it 

is quite limited, so the harmonic palette is restricted.  

 

                                                           
12 Mozart, W.A. (1915) p.1  
13 Chesworth, D. (2002): Philip Glass: “My main impression when I first listened to it was one of shock. I had to 
adjust to listen to it.” 
14 Morton, D. (1980).  

  12EDO Sonata 

7EDO Sonata 



Stan Lawrence L6-10 
 

19EDO 

This system, used in Easley Blackwood’s majestic Fanfare in 19-Note Equal 

Tuning15, took more thought as it was the first one I did where I had to make a 

“variation” on the original Mozart Sonata. I started by working out which intervals 

of 19EDO were closest in pitch to their Just Intonation equivalent and then made 

a 7 note “major” scale to be 

the main notes to base the sonata variation 

around. I then added ornamentation and 

passing notes to cover some of the other notes. 

Significantly, I also reharmonized the Sonata, 

partially inspired by listening to Sevish’s 

otherworldly, jazz inspired 19EDO harmony in 

his EDM composition What Year is This.16 (I also replicated this same reharmonization on 23EDO and 

12EDO, although it was impossible in 7EDO.)  

From bars 4 to 8 in the original Mozart, the harmony descends with each chord being played twice (on 

beat 1 and beat 4). However, I decided that I would be able to use more notes of the EDO by changing 

the second of the repeated chord to a very slightly lower version of that same chord. As I had choices 

which notes to make up each chord – for 

instance having two options in the A in the 

Fmaj7 so making the A in the second chord 

the slightly lower version. I think that this 

makes the progression slightly smoother and 

this extra chord has a similar function to the 

simple tritone substitution 

in jazz music. 

 

 

23EDO 

As 23EDO is one away from 24EDO, which is exactly twice the number of notes 

in the usual 12 tone system which makes it a simple quartertone scale, you might 

expect 23EDO to 

be quite similar and 

as wieldy as 24EDO or 12EDO. However, 

the unnoticeable difference of 2.17 

cents between the interval size of each 

one stacks up pretty quickly. So much 

so, in fact, that it is the biggest EDO that 

does not act as a very good 

temperament at all, 

not having the vital 3rd, 

5th and 7th intervals 

within 20 cents of the just intonation equivalent. This gives it quite an otherworldly 

                                                           
15 Easley Blackwood, Fanfare in 19-EDO, (Cedille Records, CDR 90000 018, 1980). 
16 Sevish. (2015)  

F C/E Dm C

Fmaj7 Em7-A7 Dm11 Cmaj7

19EDO Sonata 

23EDO descending 
chords 

Original harmony (top) and my reharmonization (bottom) 

23EDO Sonata 

19EDO descending 
chords 
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and unusual sound and it is quite appealing to me. I also did a similar microtonal tritone substitution 

effect to 19EDO. 

Conclusions 

I really enjoyed and making these little arrangements. I find the harmony in these different EDOs so 

fascinating and it is inspiring to know that there are unlimited EDOs to try out, each with very slightly 

different harmonic colour.  

However, I also think that, while it is near impossible to compare the EDOs quantitatively, it is also not 

easy to compare them qualitatively. My natural, impulsive description of each of the EDOs (other than 

12) was that they were all alien, indescribable and chillingly, piercingly out of tune. 

I was stuck between a rock and a hard place when I wanted to compare the EDOs. This was because 

when I made an arrangement, I couldn’t simply have used the notes closest to Just Intonation or Equal 

Temperament as while this would have made a more easily comparable experiment, this would just 

be an “out of tune” arrangement of the original and also wouldn’t use all the notes in that EDO. I did 

not set out to create a temperament to form an alternative to Equal Temperament or one of the many 

other systems that temper out the comma. So, I came up with a compromise: to make a variation of 

a piece, which would include all the notes in that EDO. However, this meant that each variation must 

be different as there are varying numbers of tones to fit in in each of the 4 EDOs I arranged. This, as I 

have found out, makes it hard to compare them.  

It is also worth noting that, as society is entrenched within the “musical conspiracy” of 12-tone 

systems, it is extremely hard to break out of the 12-tone bias and compare other systems objectively. 

I agree with Joel Mandelbaum when he says that 12-tone systems will likely never be replaced on a 

popular scale. However, he goes on to say that “on an experimental scale [different EDOs] can co-exist 

with 12-tone.”17  

Furthermore, when I arranged the Mozart Sonata in different EDOs, I was in effect squeezing a 12-

tone piece with 12-tone harmony into a non 12-tone system. Other EDOs can sometimes 

accommodate 12-tone harmony; however, this may also not be using these EDOs to their full extent 

– and having new harmonies is arguably one of the biggest advantages of new systems.  

So, I created an original 19EDO composition called Stars in the Sea, which includes harmony that would 

be impossible in 12-tone systems. But as I was composing this, I realised I couldn’t use any normative 

harmonic theory to develop chords to create a satisfying sequence. This meant it was a very slow 

process as I had to work out what chord I wanted from scratch. However, this is also what makes it all 

so overwhelmingly inspiring – the possibilities of different EDOs are almost endless. 

 

 

 

 

 

 

                                                           
17 Mandelbaum, MJ. (1961). p.383  

Stars in the Sea 
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Appendix 1 

Extra Recordings 

12EDO circle of fifths  

12EDO circle of fourths 

19EDO circle of minor thirds/diminished 

19EDO circle of major thirds/augmented 

 

Appendix 2 

Harry Partch’s System 

Partch invented his own system. He used something called a tonality 

diamond, an invention in which one can work out all the possible ratios 

from a given frequency. This is a 5-limit diamond, in which he only uses 

ratios built up from a fundamental starting point made of prime 

numbers less than or equal to 5. This makes it a very pure, Just 

Intonation system and so, according to Partch, much less dissonant than 

12EDO. He wasn’t satisfied with this, however, so he made an 11-limit 

tonality diamond. He then added some extra notes so that all the 

intervals were roughly the same size and he was left with a monstrous 

43-notes-in-an-octave scale which has been called the Genesis Scale. It 

is not an EDO because the intervals are different sizes, which means that it is like a tree in that it starts 

in one place and branches out, which means it cannot modulate and sound the same in another key. 

Significantly, Partch divides all the notes in this scale into 4 categories: The intervals of Power, which 

are equivalent to our 4ths, 5ths and 8ves; the intervals of Suspense, which are our tritones; the interval 

of Approach, which are our 2nds and 7ths; and the intervals of Emotion, which are our 3rds and 6ths. 

Petter Ekman critiques Partch in his thesis The Intonation Systems of Harry Partch.18 He describes 

Partch’s methods as “unscientific” and having “inconsistencies” as Partch groups his different intervals 

arbitrarily and, significantly, without much notice given to the size of the numbers in the ratios of 

which he gave so much importance to before. Ekman says that in Partch’s work we “hear the voice of 

the artist and the musician Partch and not the scientist.” However, Ekman doesn’t necessarily 

postulate this as a criticism as he says that “it may have been this inconsistency that resulted in his 

unique and beautiful music.” Partch was guided by his ears and even if his ideas about Monophony 

and smaller ratios making more consonant sounds are wrong (Ekman posits that consonance may be 

completely subjective and Mandelbaum says that “the Cologne school and other groups hold that no 

small-number ratio possesses any special intrinsic value”), it doesn’t really matter. At heart, Partch 

was a musician and he wanted to make music that sounded good. Levy agrees here that music is 

“above all, a matter of spirit and not of acoustics in the engineer’s sense. Music… is not primarily 

something that happens in the air.”19  

 

 

 

                                                           
18 Ekman, P. (2011). 
19 Levy, E. (1985). p.59 

5-limit diamond 

https://www.google.com/url?sa=i&url=http://www.tonalsoft.com/enc/t/tonality-diamond.aspx&psig=AOvVaw2MxVOULV6G2QuWL45E2gkF&ust=1589496894298000&source=images&cd=vfe&ved=0CAIQjRxqFwoTCPCqz8T3sekCFQAAAAAdAAAAABAD

