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CHAPTER ONE
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Historical Perspective and Introduction

Almost all of Western Music is based on a system of heptatonic scales, that is, scales consisting of seven tones within each octave. Whether it be Church modes, or major or minor scales, one of these tones establishes itself as the tonal center, while another one assumes the position of being second in importance. We take this for granted, and do not give it a second thought. Exceptions to this are (among others) the chromatic scale, the whole-tone scale, and pentatonic scales. In all of the dodecaphonic music that has been written to date, no one tone or pair of tones ranks higher in importance than the others; hence, the music is atonal.

The oldest musical idea is to choose seven of the available twelve tones and to work within that framework. In the Middle Ages, the first heptatonic sets of notes, called modes, were established. All of these used what today are the white keys (on a keyboard) only. But they were all made different by varying the final (what we call the tonic), the ambitus (what we call the octave range) and the dominant, which was like a secondary tonal center. Over the centuries, all but two of the modes got phased out. The two that remained were the Ionian (what we call major) and the Aeolian (what we call natural minor). Since the Baroque period, the vast majority of Western Music has been written in either major or minor mode. The major scale has remained unambiguous to this day, but three forms of the minor scale have evolved: The original natural minor, the harmonic minor, and the melodic minor. When the melodic minor scale is incorporated, the fact is that nine of the twelve available tones are being used. If we were to write the melodic minor scale as shown in Example 1-1, then we could call it a nonatonic scale.

[image: image]..

However, that is not the way that we write this scale. In ascending form, we use the major scale, and change the third scale degree from a major third to a minor third. In descending form, we use the original Aeolian mode. So actually, we use one of two heptatonic sets, not one nonatonic set, of tones.

An invention occurs when an old idea and a new idea meet. The old idea was to choose seven of the twelve available tones. The new idea presented in this book is to invent a system in which nine of the twelve tones are used (hence, a nonaphonic system), and in which major and minor modes are combined to form bi-modality.

In Example 1-1, if we added the major third (e-natural), we would have bi-modality, but we would also have a decaphonic (ten-tone) system. This was, in fact, the original idea upon which this book was based. What happened then, though, was that ten tones turned out to be too many, because they yielded too many triads, too many seventh chords, and too many tonalities as subsets of the system. It turned out that the best number of tones to use to create the basic bi-modal system is nine.

We can derive the desired result in at least six different ways. The first way is to form a union of the major and harmonic minor scales, as shown in Example 1-2.

[image: image].

The other five derivations are more interesting, and they serve to reinforce our confidence that we are doing the right thing. For this reason, Chapters Two and Three are devoted mostly to this topic.

The creation of a new nonaphonic bi-modal (major/minor) scale brings with it many challenges. A new, expanded tonal system must be constructed and defined. For one thing, we need new key signatures, and that is the topic of Chapter Three.

Right now we need to get started on the right track, and to do so we address three issues:


1. Why develop a nine-tone scale?

2. Why use bi-modality?

3. Why and how should we combine a nonaphonic system with bi-modality?



So first, why should we use 9 tones and not 8, 10, 11, or 12? The short answer to this question is that, for the basic system, eight tones are not enough, and ten tones are too many. A longer answer is that our task can be compared to that of an engineer selecting his structural materials. After all, Music Theory is, among other things, the engineering aspect of music. Scales, modes, keys, and key signatures are our raw building materials. The more thoughtfully and carefully these are selected, the finer our results will be. The ironic part is that more materials, or more “expensive” materials, do not automatically make a better choice than does a strategically chosen combination of various types of materials.

Our next question is “Why use bi-modality?” There are many excellent reasons to do so, and Music History (specifically the History of Music Theory) provides all of them. Common sense tells us that if throughout history as many as 14 different modes were used, and of these, major and (natural) minor turned out to be the only two survivors — and long-term survivors at that — it must mean that these two modes were by far the best of the lot. By “best” we mean most workable, most popular, most practical, most often used, and so on. But if we say that, then we better not dare to forget to add one stipulation: The natural minor was rarely fully satisfactory to people, and survived only because it took on enhanced, modified (harmonic and melodic) forms. This point is a very important one to us, because enhancement and modification are exactly the same two things that we are doing today.

There was no talk in the Middle Ages of relative (or tonic) major and minor keys. Not surprisingly, it was not until equal temperament was clearly established in the first half of the eighteenth century that pairing off of modes (one major and one minor) became standard practice. Due to the fact that they have the same key signature, the most common way of pairing these off has been that of a major key and its relative minor.

Still, many composers — including some of the greatest — liked, or even preferred, to pair off the Tonic Major with its own Tonic Minor. In spite of this, for some reason, something did NOT happen in Music History: NO key signatures for Tonic Major/minor were ever developed. We can speculate about possible reasons for this; here are two of them.

First, composers can — and do — use accidentals all they want. So one can write in C Major/minor (for example) and just indicate in each case whether b, e, and a are to be natural or flat. In the Middle Ages, there were no key signatures at all, and in the Renaissance, only partial key signatures were used. Only in the Baroque period did key signatures, as we know them today, evolve.

Another possible reason that bi-modal key signatures were never developed is that bi-modality was used in a specific way, namely, to determine the form of a piece. We see this in many of the works of Chopin, particularly in the short ones. Out of his 51 Mazurkas, seven are in a-minor. In all seven, the middle section is in A major, thus creating their A-B-A form. Opus 59, No. 3 is in f-sharp minor, with the middle section in F-sharp Major. And Opus 63, No. 3 is in c-sharp minor, with the middle section in D-flat Major. The same is true about his Waltz, Opus 64, No. 2. A posthumous waltz (marked “Vivace”) is in e minor, with the middle section in E major.

Two other Waltzes are even more notable from the standpoint of bi-modality. Opus 34, No. 2 is in a-minor, but two sections are in A major, which gives it the form of: a-minor/A-Major/a-minor/A-major/a-minor. In the case of Opus 69, No. 2, in b-minor, the middle section is in B Major, but there is a bit more to it: While still in B major, Chopin cannot resist doing, in measures 82-94, as shown in Example 1-3.

​[image: image].

The seeds of bi-modality in the nineteenth and twentieth century’s, as well as the seeds from which this book grew, were sewn in works like these. Yet, for some reason, not one of Chopin’s Mazurkas or Waltzes in a major key has a middle section in the tonic minor. He seemed to like to begin in “darkness” and to “turn on the lights” for the middle section only, but not to begin and end with the “lights on,” and to “turn them off” only for the middle section. Nor are there any examples of A-B form in the sense of “Tonic minor-Tonic Major” or vice-versa.

So the answers to the question “Why use bi-modality?” are as follows:


1) For centuries, people have desired to pair up a major key with a minor key. By far, the most common method of doing this has been to link a major key with its relative minor. Some composers have paired up the major key with its tonic minor, but not nearly as much; others have not done so at all. There remains very much more that can be done by using bi-modality.

2) When a composer divides a piece into three (or more) sections in the form minor-Major-minor, but does not do something like Chopin did in the example above, this is not really bi-modality. It is alternating modality. The difference, of course, is that the “minor-Major-minor” form reflects the use of one mode OR the other, whereas simultaneous (or continuous) bi-modality is the use of one mode AND the other.

3) As mentioned above, the ascending form of the melodic minor scale is really the major scale with a minor (instead of major) third. This is already getting awfully close to bi-modality. Now, if we just use the Picardy Third in the last chord, the two modes become one. The potential for exploiting this partnership — much more than it has been — is tremendous.

4) We could produce a nonatonic system by adding together two major keys: A given key plus its double dominant, that is, V of V. For example, C+ plus D+ equals c-c#-d-e-f-f#-g-a-b-c. This, however, would produce tri-tonality, because it is impossible to add D+ without adding G+ as a subset in the process. Also, it is impossible to add two minor scales together and achieve a nonatonic total; at least ten tones are required, no matter what we do. This means that the only possible way to produce a nonaphonic system that is “bi-anything” is to combine a major and a minor key.



Our third and last question is: “Why and how should we combine a nonaphonic system with bi-modality?” Another way of asking this question is: “What are we doing and why are we doing it?”

What we are doing is taking two raw materials that are extremely compatible, and combining them.

Why we are doing so is because by doing so we can create an expanded — but still reasonably limited — system (or framework), that broadens our horizons, and one that we can see will enable us to create a new universe for tonal music.

The goal of this undertaking is to create, define, and present a new tonal system by pairing up a major key with its tonic minor key in a way that will enable us to write music in both these modes simultaneously. To do this, it is necessary to use a number of tones that is greater than seven. For a uni-tonal system, the number that works best is nine. This, of course, represents an expansion of heptatonic (or octatonic) scales and key signatures.

Some might ask what is considered to be of primary importance here — whether it is that the system is bimodal or that it is nonaphonic. Other than saying that both are important, especially in combination, we can also say the following:


1) The saying “opposites attract” applies to major and minor modes. We know from reading the history of music in the Classical period that tonic and dominant were used as alternating, contrasting, keys. Of the hundreds of works written in Sonata-Allegro form, none are written by using two major keys (or two minor keys) together. This in spite of the fact that it would have been very easy to create octatonic systems by combining tonic and dominant (for example c-d-e-f-f#-g-a-b) or tonic and subdominant (for example c-d-e-f-g-a-b[image: image]-b), or all three, to form a tri-tonal, nonaphonic major system, as shown in Example 1-4.



​[image: image].


2) Once we have made up our minds that we want to create a bi-modal, uni-tonal system, what becomes important is to choose the number of tones that works best in order to achieve this. And here, something important needs to be said: “The more the better” is not true; in fact, “The less the better” is true.



In summary, the reason for creating nonaphonic bi-modality is: Because IT WORKS! It works as an expansion of tonal systems used in the entire history of music.
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CHAPTER TWO
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Musical Scales From the Middle Ages to the Present

Before we undertake to construct new scales, we had better take a look at the scales that already exist. The most complete list of musical scales appears to be on the Internet in Wikipedia, which devotes 51 pages to musical scales, and defines 37 of them. (Actually, more than 37 are described, but the rest are either not used in Western music or are otherwise not applicable to our study, for example, scales which result when the octave is divided into more than 12 parts). These 37 are written out in Example 2-1, transposed (when necessary) to begin on c. They are presented in the following order:


Pentatonic (or five-note) scales: 6 (Numbers 1-6), 

Hexatonic (or six-note) scales: 5 (Numbers 7-11), 

Heptatonic (or seven-note) scales: 19 (Numbers 12-30); of these 19, one is an Ancient Greek Chromatic Genus, and seven are Church modes,

Octatonic (or eight-note) scales: 6 (Numbers 31-36),

Dodecaphonic (or twelve-note) scale: 1 (Number 37).



Readers are requested now (before reading on) to take a good, long look at these. Sing them, or play them (or both), and make as many observations about them as come to mind. It is important to observe not just what is there, but also what is not there. The challenge here is to find the nonaphonic, bi-modal scale in the list. Hint: It is not there, as such, but it can be derived — in more ways than one. (Time out.)

[image: image]​.
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Very many observations can be made about these scales; so many, in fact, that this chapter would become extraordinarily long if we were to write up a detailed analysis. So only the most relevant features will be mentioned here.

In the pentatonic group, the first five scales are anhemitonic, meaning without semitones. The sixth one is hemitonic because it contains at least one (actually two) semitones. Because there are only five tones, two intervals of a major third result. These two factors combined make the scale sound uneven compared to other scales. Also, it sounds exotic (not to the Japanese, but to us).

In the hexatonic group (scales 7 to 11), scale 7 is the well-known whole-tone scale, which consists of every second note of the chromatic scale. It does not contain any perfect fifths or perfect fourths, but contains three tritones. Only augmented triads, and no seventh chords, can be formed using these six notes. So in a way, the whole-tone scale is a melodic and harmonic garbage can ... Nevertheless, composers such as Debussy made beautiful use of it.

Scales 8 and 9 are jazz scales, in which d# and f# (respectively) are chromatic passing notes. If these are not used, the scales equal scales 1 and 2 respectively. Scale 10 is called the Augmented scale because it consists of two augmented triads. Scale 11 is really a list of the notes used by Scriabin to construct his quartal “Mystic Chord.” The key signature is that of G Major plus F Major, even though the note g is missing.

The heptatonic group is by far the largest one, containing 19 of the 37 scales listed, so just over half. This is partly because it contains the oldest scale listed and the all-important original seven Medieval (or Ecclesiastical or Church) Modes. In scale 12, d-flat and a-flat are chromatic passing notes; if they are not used, then scale 3 results.

The seven Church Modes deserve special consideration, not just because of their historical significance, but also because we can easily establish key signatures for them, provided we indicate the tonic note, as shown in Example 2-2. (C Ionian has the key signature of C major; it is omitted here).

Incidentally, can any readers figure out the formulas used to derive the key signatures for any mode starting on any note? The answers are given at the end of this chapter.

[image: image]​.

Scale 19 has to be the “perpetual disgrace” to the family of Church Modes. It contains a tritone instead of a perfect fifth above the tonic note, so the tonic triad is diminished. Also, the tonic note c clashes chromatically with the tonic note of the major key whose key signature it uses (D-flat Major). Because it has these characteristics, composers have found it extremely difficult to write a piece of music entirely in this mode.

The remaining eleven heptatonic scales are a mixture. Scales 20 and 21 are very common, but Number 22 is somewhat of a paradox. Its obvious feature is that with the sixth scale degree being lowered, the subdominant triad becomes minor and the supertonic triad becomes diminished; these, therefore, are borrowed chords. Scales 23 and 24 represent variations of scale 19. Number 23, without the f, equals number 7. Scales 25, 26, and 29 are three more examples of scales that sound exotic to us. Because they all contain augmented seconds, their steps sound uneven. Numbers 26 and 29 are the same, except for the seventh scale degree. This is not surprising if we recall the long Arabic (Moorish) occupation of Spain. Number 27 is more a list of notes than a scale. In number 28, every note, except the tonic, is flattened. Scale 30 is a “custom built” scale used by Verdi.

In the Octatonic group, scales 31 to 34 are jazz scales. Each one contains a chromatic passing note (b, e, g#, and g# respectively). If these are omitted, the resulting scales are 17, 14, 13, and 21 (ascending) respectively. Scales 35 and 36 are the octatonic scales which are sometimes called diminished scales, because if every second note is used, the result is a diminished seventh chord. These scales are the result of cross-pollination of the whole-tone scale with the chromatic scale (Number 37), in the sense that every second interval is a semitone and every other second interval is a whole tone. These three scales are all examples of symmetric scales. They also fall into the category of synthetic scales. Technically, almost any scale that a person dreams up (such as Number 30) is a synthetic scale. Scales such as these three (whole-tone, diminished, and chromatic) form a mathematical progression more than a musical one. Number 37 is really a list of all 12 available tones.

It is rather easy to make up such a scale. For example, we can readily construct a scale that proceeds in steps of 1-2-3-1-2-3 semitones, or 3-2-1-3-2-1 semitones, and call it the “1-2-3 scale,” as shown in Example 2-3.

​[image: image].

Whether or not any composer can make practical use of this scale is another matter entirely.

Scales such as the “1-2-3 scale,” the octatonic scales (Numbers 35 and 36), the whole-tone scale (Number 7), and the Locrian Mode (Number 19) suffer from many ailments. (We could really put them into an Intensive Care Unit of a Musical Hospital) ... Here is why: First of all, scales that do not contain the perfect fifth, or at least the perfect fourth, (above the tonic note) make life very difficult for the composer of tonal music. Secondly, scales that contain the augmented fourth above the tonic, instead of the perfect fifth, make life doubly difficult. Thirdly, scales that proceed in augmented intervals are awkward to work with because of the gaps that these intervals create. For example, in Number 25, because e[image: image] is followed by f#, neither e-natural nor f-natural is available. To our Western ears, the steps of these scales sound uneven. But their exotic sound effect is wonderful.

On the other hand, in symmetrical scales, ascending or descending, the effect of finality is either poor or very poor. When the end of the scale is reached, it does not sound as if we landed (or reached a destination point). It sounds more as if someone cut off the rest of the melodic line with a pair of scissors. Incidentally, it is not what is on paper that counts; it is what the ear hears that truly counts. This is heard very clearly when we listen to the major scale and then to the whole-tone scale. In the former, the steps sound even, although they are not. (This is why Julie Andrews was so successful in teaching the Von Trapp children how to sing.) And in the latter, where the steps really are even, it does not sound like it. The interval between steps three and four sounds larger, and the whole thing sounds as if we suddenly switched keys at the halfway point.

So now, before we go on, did any readers find our nonaphonic, bi-modal scale in the list of 37? It is not there as such, but it is there three times — by derivation. The first time, it results from forming a union of scales 13 and 20, the same major and harmonic minor scales that we added in Chapter One. The second derivation comes from uniting scales 21 (ascending) and 22, that is, by combining the ascending melodic minor scale with the harmonic major scale. The third derivation is also a pairing, but it is a bit disguised, in that g# must be changed to a[image: image] when we add scales 33 and 34 (the Bebop major scale and the Bebop melodic minor scale). This is why it was suggested to sing or play these scales. If and when we do, it does not matter that the two g-sharps are chromatic passing notes and not written as a-flats; the resulting sound is the same. From the music theorist’s viewpoint, though, spelling does matter; this will be discussed in the next chapter.

Now, with regard to the question of what is not there: Unless we combine scales as described above, there is no nonatonic scale. In fact, the only place where one can find a so-called nonatonic scale is on page 72 of the KGT (Klingon Galactic Traveler), where it says the following:

“Older Klingon music was based on a nonatonic scale — that is, one made of nine tones. Each tone has a specific name, comparable to the “do, re, mi” system used in describing music on Earth. The nine tone names are (the first and ninth, as with Earth’s “do”, being the same): 1. –yu 2. –blm 3. –‘egh 4. –loS 5. –vagh 6. –jav 7. –Soch 8. –chorgh 9. –(yu)”

But this is not a nonatonic scale; it is octatonic. The Klingons don’t know what they are talking about; the earth is safe! So there are really no nonatonic scales defined yet — on earth, or anywhere else.

There are no decatonic (ten-tone) or hendecatonic (eleven-tone) scales, either. Scale Number 37 (the chromatic scale) is dodecatonic (twelve-tone), but it is only a scale in theory. In practice, there are no key signatures for chromatic scales; nor does one write music in C-chromatic or G-chromatic, for example.

This brings us to the last point to be made about what is not there: Key signatures. It was shown earlier how key signatures could be defined for the seven Church modes. But what would happen if we tried to define key signatures to correspond with the other heptatonic scales? The results would be as shown in Example 2-4.

​[image: image].

Some of these are fairly clear, but others are quite difficult to decipher. And these are only for C, with the tonic note indicated, at that. By the time we added transpositions, almost nobody could recognize what was what. Someone would have to compile a dictionary of key signatures.

The fact remains that scales and key signatures define the raw materials used in any piece of music. This is true even in atonal music — if we think of a tone row as the chromatic scale with its tones rearranged in a specific way. In the case of some of Bartók’s unorthodox key signatures (for example, in the Mikrokosmos), these have a more practical look, such as one showing a-flat only. 

Three common definitions of scales are the following:


1) The tonal material of music arranged in an order of rising pitches,

2) A related set of pitches that can be used as a compositional unit,

3) A group of musical tones that provides raw material for part or all of a musical work.



One definition of a key signature is: “A set of symbols, called sharps and flats, which define the set of tones being used in a piece of music, and hence, the key in which the piece of music is written.” At least that is what a key signature is supposed to do. The reality is, that, in spite of the tremendous amount of music that has been written over the centuries, we have developed key signatures for only two modes: Major and Natural Minor. The key signature that is being used for Harmonic and Melodic Minor modes is actually borrowed (or stolen) from the corresponding Aeolian Mode. As Music Theorists living in 2013, we can certainly afford to create some new standardized key signatures. This is the topic of the next two chapters, and some later ones, for which the groundwork has now been laid.

Here is an afterthought for readers who noticed that the only scale of the 37 listed in Example 2-1 that is different descending than ascending is scale 21, the melodic minor scale. People can argue that the melodic minor scale had to be invented in order to avoid the presence of an augmented second. But we can also argue that it did not. There is a way around it, as shown in Example 2-5.

​[image: image].

There. No augmented second. Happy now?

* * *

[image: ]


You can figure out the key signature in your head for any mode starting on any note, if you memorize the following formula: First, consider the location of the white-key-only mode (having a blank key signature) compared to c. Then proceed the same interval in the opposite direction. The key signature is that of the major key of the note on which you landed. The point is, that everything always has to balance out evenly.

EXAMPLE:


1) The Dorian mode using white keys only begins on d, which is a major second above c. So the key signature for x Dorian is that of the major key whose root is a major second below x. So f# Dorian has the key signature of E major.

2) The Phrygian mode using white keys only begins on e, which is a major third above c. So the key signature for x Phrygian is that of the major key whose root is a major third below x. So b Phrygian has the key signature of G major.

3) The Lydian mode using white keys only begins on f, which is a perfect fourth above c. So the key signature for x Lydian is that of the major key whose root is a perfect fourth below x. So A-flat Lydian has the key signature of E-flat Major.

4) The Mixolydian mode using white keys only begins on g, which is a perfect fifth above c. So the key signature for x Mixolydian is that of the major key whose root is a perfect fifth below x. So E-flat Mixolydian has the key signature of A-flat Major.

5) The Locrian mode using white keys only begins on b, which is a minor second below c. So the key signature for x Locrian is that of the major key whose root is a minor second above x. So e Locrian has the key signature of F major.
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CHAPTER THREE
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The Harmonic-Melodic Octatonic Minor Scale and the Nonatonic Bi-Modal Uni-Tonal Scale and Their Key Signatures

The evolution of minor scales in music is well-known. Because the Medieval Aeolian mode was almost never completely satisfactory to people, due to its lack of a leading note, the harmonic minor scale was born. So the leading note was gained, but then the resulting augmented second between the sixth and seventh scale degrees was deemed to be unacceptable, so the melodic minor scale evolved. Ironically, its descending form reverted back to the Aeolian mode. Nevertheless, no matter which form of the minor scale is used, the same key signature (that of the relative major key) has been retained to this day.

In the meantime, again ironically, someone invented the Harmonic Major scale by lowering the sixth scale degree, thus creating the very same augmented second that poses a problem in the harmonic minor scale. Perhaps some people would describe this whole picture as craziness. But for us, trying to construct a bi-modal (and, for now, also uni-tonal) system, this is wonderful, because it proves that the major and minor modes have been swapping tones with each other for a very long time. All that we have to do now is to get the two of them to unite and to join forces.

Minor keys suffer from three ailments: 1) either the lack of a leading note or the presence of an augmented second, 2) alternating raised and lowered scale degrees, and 3) key signatures that do not strictly identify the set of tones being used, as do the key signatures of major keys. In this chapter, we start by presenting one possible method of achieving standardization of the minor scale and its key signature. It meets the objective, which is to design a key signature that differs from that of the relative major key, but still relates to it, while at the same time specifying the differences between the two.
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Gypsy Hungarian scale, which equals the Hungarian Minor scale

Gypsy Spanish scale, which equals the Phrygian Dominant scale

Acoustic scale, which equals the first seven different notes in the harmonic series
Altered scale

Arabic scale

Scala Enigmetica

Bebop dominant scale

Bebop Dorian scale

Bebop major scale

Bebop melodic minor scale

Octatonic scale, which equals the diminished scale beginning with “tone-semitone™
Octatonic scale, which equals the diminished scale beginning with “semitone-tone™

Dodecaphonic (Chromatic) scale
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14 = C Dorian,

15 = C Phrygian,

16= C Lydian,

17 = C Mixolydian,

18 = C Aeolian,

19=C Locrian,

‘which has the key signature of the major key whose root is a major
second below (B-flat major)

‘which has the key signature of the major key whose root is a major
third below (A-flat major)

which has the key signature of the Dominant major key, whose
root is a perfect fourth below (G major)

‘which has the key signature of the Subdominant major key, whose
root is a perfect fifth below (F major)

‘which has the key signature of what we call its relative major key,
‘whose root is a major sixth below (E-flat major)

‘which has the key signature of the major key whose root is a minor
‘second above (D-flat major)
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1) Major Pentatonic, which equals black keys beginning on f#

2) Minor Pentatonic, which equals black keys beginning on e

3) Pentatonic, which equals black keys beginning on d>

4) Pentatonic, which equals black keys beginning on a-

5) Pentatonic, which equals black keys beginning on b>

6) Iwato Japanese Pentatonic, which cannot be played on black keys only

7) Whole-Tone scale
8) Major Blues scale
9)  Minor Blues scale
10) Augmented scale
11) Prometheus scale, which contains only and all the notes found in Scriabin’s “Mystic Chord"

12) Ancient Greek Chromatic Genus

13) lonian mode, which equals major scale

14) Dorian mode, which equals the white keys beginning on d

15) Phrygian mode, which equals the white keys beginning on e
16) Lydian mode, which equals the white keys beginning on f

17) Mixolydian mode, which equals the white keys beginning on g
18) Aeolian mode, which equals the natural minor scale

19) Locrian mode, which equals the white keys beginning on b
20) Harmonic minor scale

21) Melodic minor scale

22) Harmonic major scale

23) Major Locrian scale

24) Half-diminished scale, which equals Locrian sharp 2, which equals Aeolian flat 5
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