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FOREWORD

All music is based on the relations of sounds, and a careful
study of the numbers by which these relations are ruled, brings
us immediately into the almost forgotten science of numerical
symbolism. ‘Through musical experience it is easy to see that
numbers correspond to abstract principles and that their application
to physical reality follows absolute and inescapable laws.

It is in music only that this connection between physical
reality and metaphysical principles is evident. Music was, there-
fore, justly considered by the ancients as the key to all sciences
and arts, the link between metaphysics and physics, through which
the universal laws and their multiple applications could be under-
stood. In the present book we try to give some’'idea of these
universal laws which the numbers represent, and to make a rapid

survey of their application to music in the different traditions,
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FIRST PART
METAPHYSICAL CORRESPONDENCES
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La novitd del suono e il gran lume
di lor cagion mi accesero un disio
mai non sentito di cotanto acume. ...
“Tu non séi in terra, si come tucredij ...
“ Qui veggion I'alte creature l'orma
dell’eterno valore, il quale & fine,
al quale & fatta la toccata norma.”

( Dante, Paradiso, Canto I°, v. 82 e segg. )

. . . The newness of the sound,
And that great light, inflamed me with desire,
Keener than e'er was felt, to know their cause. . . .
Thou art not on the earth as thou believest ; . . .
( Then said Beatrice ) . . . ... ..... Here
The higher creatures see the printed steps
Of that eternal power, which is the end
For which the order of things is made.

( Cary’s translation, adapted ).






FIrsT PART
METAPHYVYSICAL CORRESPONDENCES

ODERN civilisation has tended to reject the ways of thinking

and the scientific conceptions which were the foundations
from which it arose, Western people have largely broken away from
the social and intellectual regulations by which their freedom was
restricted. But in doing so they abandoned the age-long order
and the traditional knowledge which had been the basis’ of their
development, ‘This is why sciences and arts, which were origi-
nally understood as the diverse applications of common principles,
have been reduced to a condition of fragmentary experiments isolated
from each other.

In the case of music, with which we are here more particularly
dealing, except for a few technical and mostly arbitrary rules about
the relations of sounds and chords, there remain in the West no data
on the nature of music. ‘The strange phenomenon, by which co-
ordinated sounds have the power to evoke in man feelings .or images,
is accepted simply as a fact, Attempts are made only to define the
effects of certain particular combinations of sounds without searching
for their cause; and even such definitions depend entirely on the
hazards of discovery. And, just as one day Newton discovered the
law of gravitation, it is only through the genius of some musician that
we may be able to rediscover the significance of a particulgr relation of
sounds ; it is Gluck or Chopin who may suddenly reveal to us the deep,
absolute and inevitable meaning of a chord or of a melodic interval.

Unfortunately, such fragmentary experiments do not allow us to
reconstruct the general laws which would give us the key of all foreseen
and unforeseen combinations, and those experimental discoveries remain
for us without any logical connection. .

The idea that ali sciences are originally experimental is so dear to
Occidentals that they do not even notice that all the elements of their
musical system are symbolic, as also are almost all their ways of
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measuring time and space, and that, if those elements appear to us as
natural, it is only because of the correspondence between those symbols
and the perceptible world. We find in writings, which we should.
expect to be scientific, the poetic story, decorated with sentimental
details, of the good savage who, havin.g cut a bamboo and blown through
it, discovers the diatonic scale as defined by Zarlino, which is supposed
to be the “natural scale”. Such stories are without any foundation and
simply show the complete ignorance of those writers as to the
thousands of scales which are possible, expressive, pleasant to the ear
and perfectly natural and legitimate,

Besides, the real problem is not for us to know by what means men
may have acquired the knowledge of musical intervals, which brings us
back always to a question of myth ancient or modern, but to find out the
real nature of the phenomenon by which some noises or sounds can be
used in combination for the representation of ideas, images or sentiments.
This we obviously cannot discover by experiments nor decide by wvote.
So we shall have to draw upon the data of traditional metaphysics which,
under the diverse forms which they may take, according to time and
place, present always the same logical and coherent theory of which we
shall presently try to give an outline.

“All things", once said Dante, “are arranged in a certain order, and
this order constitutes the form by which the Universe resembles God.”
(Paradiso, I - 103).

If sounds can evoke emotions, beings or landscapes in us, it is
because there are, between the different aspects of the manifested world,
some correspondences that the laws of music allow us to bring out,

In the Li ki, memorial of rites, edited by Confucius, we can read:—

“Music is intimately connected with the essential relations of
beings”; and, according to Tong I'shung-chu ( 2nd century B. C.) : “The
vital spirits of men, tuned to the tone of Heaven and Earth, express all
the tremors of Heaven and Earth, just as several cithars, all tuned on
Kang (tonic ), all vibrate when the note Kang resounds. ‘I'he fact
of harmony between Heaven and Earth and Man does not come from a
physical union, from a direct action, it comes from a tuning on the same
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note producing vibrations in unmison. ..In the Univesse there is no
hazard, there is no spontaneity ; all is influence and harmony, accord
" answering accord.” (Cited by A. Préau, Lie Tseu, in “Voile d'Isis”,
No. 152-3, 1932, p. 554-5).

To be able to realize the nature of this accord between the different
aspects of the Universe, we must know the principles which are common
to all these a'spects. This is why the theorists of Hindu music assert
that though the subtle correspondences between the laws of nature and
the laws of harmony, between the modes of music and the modes of our
sentiments, can be experimentally discovered, they can be completely
and logically explained only by traditional metaphysics whose source
is in the Veda, As Mr. René Guénon explains :—

“I'he affirmation of the perpetuity of Veda is directly connected with
the cosmological theory of the primordiality of sound among sensible
qualities (sound being the particular quality of Ether, akasa, which is
the first element). And this theory is, in reality nothing else than that
which is expressed in other traditions when ‘creation by the word’ is
spoken of. ‘The primordial sound is the divine word throﬁgh which,
according to the first chapter of Hebrew Genesis, all things have been
made. ‘This is why it is said that the Rsis or sages of the first ages
‘heard’ the Veda. Revelation, being a work of the Verb, as creation
itself, is actually a hearing for him who receives it.” (Etudes T'radition-

nelles, 1936, p. 68, Quelques aspects du symbolisme du poisson.)

According to Ksemardja (Commentaries on Siva Siitra Vimarsini,
cited by André Préau, in Voile d’Isis, 1935, p. 350):

“The Bindu, desirous to manifest the thought it has of all things,
vibrates, transformed into a (primordial) sound of the nature of a cry
(nada). It shouts out the Universe which is not distinct from itself,
that is to say, it thinks it : hence the word $adda (word). Medi-
tation is the supreme ‘word’ : it sounds, that is, it vibrates submitting all
things to the fragmentation of life; this is why it is na@da (vibration).
This is what is expressed in the half §loka—Sound ($abda) which is of
the nature of Nada resides in all living beings.”
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Swami Hariharanand Saraswatl explains (Siddhant, I 43, Sabda
and Artha) the fundamental inter-dependence of sounds and forms :

““T'he things named and their names are both parallel manifesta-
tions resulting from the union of Brahman (the undifferenciated principle)
and Maya (appearances) just as waves appear in the sea. From Brahman
united with Sakti (Energy = May#) is issued, in the order of manifestation
of the world, on the one hand the Principle of naming : from it the
monosyllable AUM, and from AUM all words (or sounds) ; and on the
other hand, from Brahman united with Sakti, in the order of manifesta-
tion, is also issued the Principle of forms and out of it all the world,
living beings, etc. .

But, between those two aspects of manifestation, the relation re-
mains close, there is fundamental identity between the principle of names
and the principle of forms, as well as between words and objects.”

The Universe is called in Sanskrit Jagat (that which moves) because
nothing exists but by the combination of forces and movements. But
every movement generates a vibration and therefore a sound which is
peculiar to it. Such a sound, of course, may not be audible for our
rudimentary ears, but it does exist as pure sound. FEach element of
matter producing a sound, the relation of elements can be expressed by
a relation of sounds, and therefore we can understand why Astrology,
Alchemy, Geometry, etc.,, express themselves in terms of harmonic
relations,

Although those pure sounds, those absolute sounds which Kabir
calls “the music inaudible”, cannot be perceived by our ears (they may
be perceptible for more delicate instruments; and the perception of such
sounds is one of the stages in the practice of Yoga), yet we may be able
to produce corresponding sounds within the range of vibrations which we
can perceive. Among these partial sounds we can establish relations
similar to the subtle relations of Nature. ‘I‘hese will be only gross rela-
tions, but may approach sufficiently the subtle relations of Nature to
evoke images in our mind. As explained by Sir John Woodroffe, the
learned commentator on Tantric metaphysics (Garland of Letters, p. 77) :
“there are, it is said, closely approximate natural names, combined
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according to natural laws of harmony (chhandah), forming mantras
which are irresistibly connected with their esoteric arthas (devatas).”

If we were able to reproduce the exact relations which constitute
the natural names, we should recreate beings, things, phenomena,
because this is the very process of creation, explained by the Vedas, and
also indicated in Genesis or in the Gospel of John when “creative

"

word” is spoken of. If, however, exact relations cannot be produced,
approximate relations have a power, if not of creation, at least of evoca-
ting : “sound which works now in man’s small magic, just as it first
worked in the grand magical display of the World Creator.” (Woodroffe,
Garland of Letters, p. 210).

‘““T'he natural name of anything is the sound which is produced by
the action of the moving forces which constitute it. He therefore, it is
said, who mentally or vocally utters with creative force the natural
name of anything brings into being the thing which bears that name.”
(Woodroffe, ibid., p. 209).

By the artificial construction of harmony we can go beyond the
phenomenon of sound vibrations, and perceive not sounds but immaterial
relations through which can be expressed realities of a spiritual nature.
We can thus lift the veil by which matter hides from us all true realities.

By “the mutual aiding and inhibiting of the sounds in the
Chhandah', the veils of the individual sounds are removed by the order
of their collocation. ... The cumulative effect of the repetition of sounds
and strings of sounds also may produce the aforesaid result.” . Woodroffe,
ibid.,, p. 77). ‘The effect produced by a group of sounds is practically the

I+ M. René Guénon, in an article on the langnage of birds (Voile d'Isis, 1931,
No. 143, p. 670), explains : *The ( Vedic ) hymns were given the name of chhandas, a
word which properly means ‘rhythm’. The same idea is contained also in the word
dhikr which, in Islamic esotericism, applies to rhythmic formulas exactly corresponding
to the Hinda mantras. 'The purpose of the repetition of such formulas is to produce
an harmonisation of diverse elements of being and to'detemine vibrations susceptible,
by their re-percussion across the series of stages in indefinite hierarchy, to open some
communication with superior stages which is, as a rule, the essential and primordial

purpose of every rite.”
P
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same whether their collocation is simultaneous (chords) or whether it is
successive (modes) ; the numerical relation being in both cases identical.

Evocation through sound, as creation itself, takes place not because’
of the material fact of physical vibration but on account of the existence
of metaphysical correspondences, ‘Therefore all psychological explana-
tion of musical experience has to be discarded. In reality, the personality
of the hearer counts for nothing in the phenomenon of musical evocation,
because evocation takes place even if there is no hearer; and if the
existence of this evocation is ephemeral it is only because of the imper-
fection of the relation of sounds. Hearers can only be differentiated
negatively by the relative acuteness of their perceptions, their greater
or lesser deafness.

“Several centuries before Plato, Pythagoras, imbued with Egyptian
doctrine, requested his disciples to reject the judgment of their ear as
susceptible to error and variation wherever harmonic principles are
concerned. He wanted them to regulate those immovable principles
only on the proportional and analogical harmony of numbers.” (Fabre
d'Olivet, La Musique expliqude comme Science et comme Art, p. 24).
The work of the musician consists therefore only in knowing, as
accurately as possible, the symbolic relations of all things, so as to
reproduce in us, through the magic of sounds, the feelings, the passions,
the visions of an almost real world. And the history of Hindu music,
as that of Chinese music, is full of the legends of marvellous musicians
whose voice could make the night fall or the spring come out, or who,
like the celebrated musician Naik Gopal, compelled by the Emperor
Akbar to sing in the mode of fire (Dipak riga), made the water of the
river Jumna boil, and died burnt by the flames which came out from
every part of his body.

The Greeks too knew the science of connections between sounds
and other aspects of manifestation, which science modern Westerners
are pleased to call magic,

“Everything (pan) obeys a secret music of which the Tetractys is
the numerical symbol, and the man who, like the initiated Pythagorean,
has understood its true laws can achieve apparent miracles, It is, for
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example, from the sounds of the lyra that Amphion built the walls of
Thebes.”! The mathematical laws of music are part of the laws by
‘which the world’s harmony is regulated. This is why we shall find in
music the same characteristics, the same geometry, the same particular
numbers which are found in other aspects of the Universe. The
hermetist, the physicianh Michel Maier, in the beginning of the 17th
century, attempted to determine those relations:

“Like all the visible things which are in Nature, celestial bodies
as well as terrestrial ones have been created in terms of number, weight
and measure. There is, thus, between them, an admirable and marvel-
ous proportion in the parts, the forces, the qualities, the quantities
and their effects, from which results a very harmonious music.
There is also a kind of accord and musical concert between spiritual
beings, among which the soul and the human intellect are counted.

In the great system of this Universe, there is a dilone or third from
the Earth, which is the base, to the sphere of the Moon; from there up to
the Sun, which is the heart, a diapente or fifth ; and from the Sun to the
Supreme Heaven a diapason or octave; so that the first distance is
composed of 18 commas or intervals, the second of 36 and the third of
61.1 In the Microcosm or little world, that is to say in Man, one can see
also a similar proportion between the main parts which are the liver, the
heart and the brain, counting from the sole of the feet, not as
mathematicians or geometers do, but as physicists do.” (Cited by Paul
Chacornac, Michel Maier, Voile d'Isis, 1932, p. 461).

To be able to establish the correspondence between sounds and
the different aspects of the Universe, we must divide the indefinite
progression of sound according to certain proportions which are

determined by the cyclic character of certain intervals and the properties
of fundamental numbers,

In conformity with the formula of the Tao-te King “One has given

1. Elie Lebasquais, Tradition Hellenique et Art Grec, Voile d'Isis, 1935, p. 492.
9. Michel Maier thus divides the octave into sixty intervals, as do the Chinese,
in conformity with the traditional division of the scale of ffths.
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birth to two, two has given birth to three, three has given birth to all
numbers,”? the orginal sound produces first its octave (2/1), giving the
dual, then a third sound, the fifth (3/2), from which all other sounds are .
born. Among these sounds, in indefinite number, we must select a few
whose respective ratios are adequate for the representation of the world
in which we are living. In this way has been formed the scale of §
sounds, corresponding to the material world, to the 5 directions of space
(4 directions and the center), the 5 elements, etc. . This is the basis
upon which develops the whole system of the harmony of fifths which,
through their revolutions, form, within the octave, first a series of
12 sounds, then a series of 52 sounds, and, finally, a series of 60 sounds.
As explained in an extremely ancient Chinese treatise : “‘the 5 degrees,
born from the principles Yin and Ying (female and male), divide them-
selves into the 12 Iyii® which, by their revolutions, produce the 60
Iy#l.” (Rules from the Hén).

To these five principal sounds are added two auxiliary ones which
form the scale of seven notes, image of the celestial wotld, to which
correspond, in the world of spheres, the seven visible planets. ‘“I'he soul
of the world is divided into seven parts,” said Plato in his Timaeos.
And this is why it was the seven stringed lyra which symbolized the
beauty or the order (harmony) of the spheres. Each string of the lyra
was related to a planet. ‘The musical sounds themselves were given the
names of planets, And, “because the mathematical laws observed in
musical art and in cosmic spheres are related to the natural rhythms
of the soul,”® music forms a logical and direct tie between the move-
ments of the world and the movements of our soul.

T'he symbolic ladder by which Dante rose up to the supreme light
had also 7 steps which are “the printed steps of the eternal power which

1. See: R. Guénon,Remarques sur la notatation mathématique,Etudes Tradition-
nelles, Fevrier 1937, p. 75.

2. The LyH are sound-tubes, of rigorously accurate dimensions, which are used
as gauges for the measnrement of sounds,

8. Paul Vulliaud, La Tradition Pythagoricienne, Voile d'Isis, 1934, No.171,p.105.
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is the end for which the order of things is made.” (Dante, Paradiso,
I, 106). “But what are these steps ? They are precisely the different
aspects assumed by this eternal power on which the order of the Universe
rests; they are the seven differentiations of the one light, the seven
colours of the prism and of the rainbow, the seven sounds contained in
the primordial sound, the seven luminaries by which is reflected on our
Earth the light of the eternal Great Luminary which shines in the centre
of immensities”! I'hey are the seven horses which drag the chariot
of the Hindu Surya. The union of the ternary and the quaternary,
the sevenfold (4+3), symbol of the soul of the world, was represent-
ed by the seven pipes of the flute of Pan, the God of the Universe.
Assimilated to the seven planets, the seven notes move across the
twelve regions of the octave, corresponding to the Zodiacal signs, in
which, as we shall see later, these 7 notes will occupy 22 main positions
(a number which is, in certain cases, reduced to 17). We shall also see
why the twelve regions of the octave cannot be assimilated to twelve
fixed sounds as has been attempted in the temperate scale. They deter-

mine the space in which the notes move but can in no case be taken for
the notes themselves.

‘““I'he number 12, formed by the combination of the ternary and the
quaternary (3+4=12),? is the symbol of the Universe and the measure
of sounds. . . . Pythagoras, Timaeos of Locres and Plato, when they
gave the dodecahedron as the symbol of the Universe, only re-exposed
the ideas of the Egyptians, the Chaldeans, the Greeks. . . . The institu-
tion of the Zodiac is the result of the application of the number 12 to
the Supreme Sphere. . . . The number 12, so applied to the Universe
and all its representations, was, always, the harmonic manifestation of
the principles One and T'wo and of the way in which their elements
were co-ordinated. It was, therefore, also the symbol of the co-ordina-
tion of sounds, and, as such, applied to the lyra of Hermes.” (Fabre
@Olivet, La Musique expliquée comme Science et comme Art, p. 59-60).

1. Argos, Dante et 1’ Hermetisme, Voile d'Isis, 1931, p. 702.
2. We can see here that the number 12 represents an area and not a sequence,
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Built on such bases, music becomes a difficult science capable
of a profound action. “In ancient times, music was something other
than mere pleasure for the ear : it was like an algebra of metaphysical
abstractions, knowledge of which was given only to initiates, but by the
principles of which the masses were instinctively and unconsciously
influenced. This is what made music one of the most powerful instru-
ments of moral education, as Kong-Tsee (Confucius) had said many
centuries before Plato.” (G.de Mengel, Voile d'Isis, 1929, p. 494).

But, on account of the imperfection which is at the very basis of
the world existence, because if it were perfect it would immediately be
reabsorbed into the infinite perfection, just as the heart of man is not
in the centre of his chest, as the axis of the Earth is oblique, as the
solar year does not coincide with the lunar year and thus are created
the cycles by which all existence is conditioned and human destinies
measured; so, in the same way, the development of twelve fifths (as that
of the twelve months), instead of bringing back the octave, will leave a
difference, the comma, with which we shall have to negociate, which
will make every calculation complicated, and which will prevent us from
formulating those rigid and simple laws, attractive but inaccurate, in
which our vain reason delights. ‘This comma, which the modern world
tries so hard to ignore, represents, for those who can understand it, all
the difference between what is finite and what is indefinite, Those fifths
‘form a spiral of which the sounds, coiled around themselves, can never
meet. For us, this limitless spiral can be the joint in the structure of
the world, the narrow gate, which will allow us also to escape from the
appearence of a closed Universe, to travel in other worlds and to explore
their secrets.

It is only by respecting such subtle differences that the edifice of
‘sounds can be the image of reality and can become one of the ways of
spiritual realization. “It is literally by way of ‘assonance’, of ‘accord’,
that ‘he who understands’ (evamvit) is assimilated to the source of light
or—in Christian termvinology —assumes a glorified body. . . . And this
is possible precisely because, as Plotinus expresses it, this music is ‘a
terrestrial representation of the music which exists in the Kingdom of
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the ideal world.” (A. K. Coomaraswamy, Beautd, Lumitre et Son,
Etudes Traditionnelles, Fevrier 1937, Note p. 53).

Even if we leave aside the réle of music as a means of spiritual
realization, the effect of musical chords and modes (ragas) is much more
far reaching than our ears are able, at first, to allow us to perceive. Our
ear can apparently be satisfied by a very approximate accuracy. But a
perfectly accurate interval does not react only on our ears, it produces a
transformation in all the cells of our body, a slowing down or an
acceleration in the movements of every molecule in ourselves and in the
surrounding matter, This effect was utilized, not only in India but in
Greece, and later in Persia and Arabia, for curing certain diseases.
Mohammad Hafid describes at length these musical therapeutics
indicating the scale to employ for each disease. But, if we utilize
habitually inaccurate intervals, on the ground tbat our ear does not
clearly perceive the difference, the effect that those sounds will produce
on our organism can well be the opposite of that which our ‘complacent
ears persist in accepting. It is with our mind only that we cognate this
inaccurate music which leaves us tired, contracted by the unconscious
effort of adaptation instead of being agreeably transformed l;y the bene-
ficial influence of harmony. This is why to disregard small differences
in intervals has very grave consequences with regard to the deeper effect
of music ; consequences which can only be neglected when the
real purpose of Art is totally mis-understood. Unfortunately the
materialistic and highly utilitarian tendencies of our times rarely
allow people to bother about anything which is not immediately
tangible. We utilize daily all sorts of forces, recently domesticated,
in total ignorance as yet of their effect upon the structure of our
organism and upon the balance of external events. Thisis why we
find it quite normal to change the course of sounds, if so doing brings
some immediate simplification ; and this leads us to try to change into a
closed circle the endless spiral of fifths, to tear up the comma and
divide it between the other notes and "so bring the cycle of sounds
within the narrow limits of human logic. Whatever advantages may
be obtaind by such an action, and there is no doubt that such advantages
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do exist, we expell the heavenly element from music when we
obliterate the possibilities of contacts with spiritual forces by dis-
figuring the intervals. The music so reformed loses its true purpose,
and its magical effects, henceforth uncontrolled, can become dangerous.
It is not without reason that Plato puts in the mouth of Damo,
the last of the great Pythagorean teachers: “One cannot touch the
musical modes without disrupting the constitution of the state.” He
could as well have said : without disregarding universal order. (See :
Elie Lebasquais, T'radition Hellenique et Art Grec, Voile d'Isis.
1935, p. 493).

As Mr. René Guénon says: “In ancient times, as can be seen
particularly clearly in the Far East, modifications could only be brought
into music in accordance with some changes which had occured in the
very conditions of the world, according to cyclic periods. This is because
musical rhythms were intimately related at the same time to human and
social order and to cosmic order and they even, in some way, expressed
the relation which exists between the ore and the other. The Pytha-
gorean theory of the ‘Harmony of spheres’ is connected also exactly with
the same sort of consideration.” (R. Guénon, Les arts et leur concept-
ion traditionnelle, Voile d’Isis, No. 184, 1935, p. 134).

For the world to be in a state of equilibrium, it is necessary that
its different elements be harmonized. Music being the expression of the
relations between human and cosmic orders, it is essential that it should
respect the data on which these relations are based, that is to say, the
exact intervals of notes as determined by the traditional data which
define these relations. The disregard of such an obvious law leads
necessarily to a rupture of equilibrium, that is to say, to social disorder,
As expressed by the Y3 ki

“If the Kong (C=tonic) (Sa) is disturbed, then there is disorganiza-
tion : the Prince is arrogant.

“If the Shang (D) (Re) is disturbed, then there is deviation : the
officials are corrupted.

If the Ky3 (E) (Ga) is disturbed, then there is anxiety : the people
are unhappy.
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If the Chi (G) (Pa) is disturbed, then there is complaint :
public services are too heavy.

If the Vi (A+) (Dha+) is disturbed, then there is danger:
resources are lacking.

If the five degrees are all disturbed, then there is danger : ranks
encroach upon each other —this is what is called impudence — and, if
such is the condition, the destruction of the Kingdom may come in
less than a day. . . .

In periods of disorder, rites are altered and music is licentious.
Then sad sounds are lacking in dignity, joyful sounds lack in calm. . . .
When the spirit of opposition manifests itself, indecent music comes into
being . . . when the spirit of conformity manifests itself, harmonious
music appears. . . . So that, under the effect of music, the five social
duties are without admixture, the eyes and the ears are clear, the blood
and the vital spirits are balanced, habits are reformed, customs are
improved, the Empire is in complete peace.” (Cited by M. Courant,
Essai sur la musique classique des Chinois, Dictionnaire du Conser-
vatoire, p. 206-207).
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THE CONFLICT OF MUSICAL SYSTEMS

The different musical systems.

WESTERN musicians have a tendency to believe that their

musical theory and script are sufficient to express everything.
When they hear of other intervals, they think of quarter-tones, of
commas and other small units which, in their opinion, even if they
may have an interest of curiosity, can have no serious importance so
far as the general structure of music is concerned. Itis not, however,
without amazement that we observe their total inability to put into
notations, without completely disfiguring them, the melodies and chords
of Oriental music.

We might have a tendency to conclude that Orientals have a
different theory and are using other intervals than Occidentals, as has
often been suggested. But a more serious study shows us that these
apparently different intervals have, for their basis, the same definitions,
and refer to the same acoustic principles. Hence the difference can
only come either from a musical practice in contradiction to the theory,
or from the utilisation of a part only of the possibilities opened up
by those common principles. We shall see that both these causes must
be considered.

As noted by M. Yekta Bey (I.a Musique Turque, Dictionnaire du
Conservatoire, note p. 2953.) :

“Music is, like the other mathematical sciences, a science whose laws
are fixed and invariable. Just as 2and 2 make 4 in the Fast as well as in
the West, the fundamental laws of music are also permanent and for all
men. ‘The differences in views which can be noted among theorists in
each century and in each country can originate only from their greater
or lesser lack of insight into the diverse questions whose study requires a
knowledge of music at the same time theoretical and practical,”
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The musical system actually employed in the West is far from
being a logical and absolute system based on irrefutable acoustic realities.
It is the result of a mixture of traditions which has been arbitrarily
simplified without faking into account, or without the knowledge of,
the principles on which the component systems were based. The
musical system so simplified being insufficient, musicians have attempted
to develop it according to their observations or their instinct, accumu-
lating many discoveries and observations, forming a kind of “dictionary
of harmonic relations”, but without any explanation of their cause or
the reason for their significance. )

The different musical systems do not oppose each other, but, on
the contrary, they complete each other, as they all spring necessarily
from the same fundamental laws of which they exploit different aspects.
Like the forms in language, the musical modes are permanent marks
of the tradition to which a people belongs. Everywhere, when artificial
systems have not destroyed or disfigured traditional modes, it is as
easy by the study of musical modes as by that of linguistics to observe
the migrations and influences of races upon each other. Striking
examples are the importation of Mongolian scales into China by Gengis
Khan or that of Persian modes into Northern India. In the West, in
spite of the havoc created by the temperate scale, it is possible quite

" easily to find the continuity of Celtic modes from Scotland to North
Africa; while the modes of Spanish Gitanos are actually Hindu modes
even in minute details of execution. ‘

But, before we can study musical systems, it is necessary to define
the exact nature of sounds and their relationship.

The Structure of Musical Sounds.

Any object made to vibrate produces a combination of sound waves
which, according to its composition, is more or less pleasant to the
ear, more or less “musical”, This sound is formed of one, or several,
fundamental notes and of other notes cailed harmonics. The sounds
utilized in music generally have only one.fundamental note., The
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harmonics of this fundamental, according to their relative intensity, make
the notes appear pure or nasal (the harmonics of a flute are weak; those of
a violin much stronger). When, with the help of different instruments,
some of these harmonic sounds are reinforced, the quality of the basic
sound is enhanced and its expressive value, which is different according
to the reinforced harmonics, improved. Thus is born harmony which
is the art of superimposed sounds. If those sounds are successive
instead of being simultaneous, -- the notion of time intervening—we
have to call upon memory to establish the harmonic relationship
which, alone, gives to the melody its meaning.

The group of two or three fundamental chords which displays
all the notes of a melody is called a mode. The mode, being therefore
a series of sounds having definite relations with a permanent tonic,
can truly be said to represent the fixed harmonic basis of all melodic
music, modulation? being almost unknown in modal music as the
uncertainty it would create in the harmonic significance would last
too long. The melodic figures, turning within a fixed circle and coming
back frequently to certain mnotes, create a harmonic complex which
gives its significance to the melody. )

The relations between the notes which constitute a mode can
be represented numerically, The mode is then, with its complete
significance, represented by a group of numerical relations. Chords,

also, can be represented in the same way.

In the musical systems in which the tonic is permanent and cons-
tantly present to the mind of listeners, each note has, by itself, a signi-
ficance, determined by the relation which binds it to the tonic. The
melody is thus composed of a succession of sounds with a perfectly defi-
nite meaning, and, therefore, its significance is absolutely clear.

But, if the tonic is not absolutely permanent, no note can have
a significance unless the ratio which measures its expression is at
the same time given. ‘This is why, in every musical system where
modulation is admitted, it can be asserted that no mote and no

1. Change of tonic.
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melody can have a significance without the harmonic context which,
alone, can establish the ratios necessary to define the meaning of
each note and consequently of the entire melody.

Gounod once wrote : “Sounds alone can no more constitute
music than words alone can constitute a language., Words can only
form a proposition, an intelligible sentence, when they are associated
in a logical sequence according to the laws of intellect. ‘This is also
true of sounds which must obey certain laws of attraction and
mutual response, by which is ruled their production successive or
simultaneous, before they can become a musical reality a musical
thought.” (Menestrel of the 22 January 1882).

The Relations of Sounds.

The number of possible musical intervals is obviously unlimited.
But, because of the limits of discrimination of our ears and of the
consonant properties of some ratios, the number of intervals utilized
in musical practice is limited. ‘The case is different in magic where
the absolute precision of a mathematical interval is necessary to
produce the phenomenon. For a musical evocation, the simpler
acoustic intervals are sufficient. Besides, they appear so natural that,
without external help, it is vocally almost impossible to get away
from them, “the sounds which form consonances being the only
ones that the human ear can accurately detect and that the human
vocal organ can spontaneously utter.” (Gevaert, Problémes musicaux
d’Aristote, p. 177.)

If, therefore, in musical practice, there can be utilized only a
small number of intervals having between themselves definite ratios,
it must be possible to divide the musical scale in such a way as to
allow of all the possible combinations of such ratios. To determine
such a scale we must attempt to discover the laws of numbers on
which such a division must necessarily be based and we must study
the methods used in the application of these laws to musical practice
by different peoples at different periods. Comparing then the structure
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of the most important systems, we shall see whether it is possible
to bring all the intervals which they utilise within the frame of
a fixed division without disfiguring them as the equal tempera-
ment does.

For our -investigation, musical intervals appear under two
aspects : one mathematical, of numbers and logical ratios, the other
symbolical and psychological, in which the relations of sounds, their
harmony, awaken in us feelings, ideas and precise visions. These two
aspects obviously have their origin in the same principles, but this
unity is beyond the scope of experiment and, consequently, beyond
the understanding of modern Occidentals. This deficiency naturally
brings them to the illogical situation of leaving aside one aspect of
experience whenever they study the other, as if the laws of acoustics

and those of musical expression did not refer to the same sounds.

Fifth and Octave.

According to circumstances, to time and to the role attributed to
music, theorists have compiled musical theories either from the point
of view of expression or from that of numbers. We shall see that,
in the first case, the basis is generally the interval of the octave and
the relations of notes with a fixed sound, the tonic, giving birth to
modal music; in the second case, emphasis is given to the properties
of the interval of the fifth, and the successions of fifths, which leads
to modulation and therefore to harmony.

““The conflict of the fifth and the octave, the impossibility of
going from one to the other, could not escape the notice of musicians
and theorists. . . . This difficulty, known to Tsyao Vén-chet and
King-Fing, led them to the series of sixty lyii [division of the octave
into sixty parts] which they explained by comparisons with natural
philosophy.” (M. Courant, Chine et Corée, Dictionnaire du Conserva-
toire, p. 88.) :

It is obvious that in the beginning such an opposition did not
exist because, as all the traditions assert, people still looked at things

4
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from the metaphysical point of view, which explains this apparent
dualism. Unfortunately, even in Hindu tradition, the definitions
which have reached us on such fundamental points are often of a
fragmentary character and intentionally obscure. But such definitions
are implied by the very text of certain sacred books and a deeper
study of such books can always give the key of it to those who
possess the requisite qualifications.

Octave and Mode.

In modal music, intervals are measured by the relation of the
different notes to the tonic (Sa). ‘The numbers which symbolise
those relations form, with the tonic, ratios which are gen;zrally simple
and which allow comparisons to be made, for instance, between musical
harmony and the proportions of sacred architecture, the proportions
of the human body, the relations of colours, or the divisions of time,
etc.. Further, asthetic emotion being the mark of the synchronism
of our subtle self and certain ratios, we can, with the help of
those ratios, determine the fundamental numbers on which the
human organism is based. ‘These common proportions constitute the
key whereby we can understand the real structure of music and
utilise its power. On the utilisation of these common proportions
depends the significance of chords taken individually, as well as the
significance of the systems of modal music whether Hindu, Turk or
Arab, including the modes used by the Greek musicians. ‘T'o these
must be opposed the modes defined by the Greek physicists which
are based on a different principle.

That which characterizes the system of relations to a tonic is
the almost continuous sounding of that tonic. ‘This constant tonic
is called “Ison” in Byzantine music, ( Sadja in modern Hindu
music ). It seems that modern Westerners are completely unable to
perceive relations with a tonic. The remarks of Bourgault-Ducoudray
comparing the Ison to a spit piercing through the melody, or
of Amédée Gastoué¢ (ILa musique Byzantine ) saying : “It is not,
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as far as we know, from a need of harmony that the “Ison” was
introduced (!) into the Byzantine chant but it was from the
necessity of keeping the singers in tune,” imply that they have not
the slightest idea of those relations which are, properly speaking,
the harmony of so-called monodic music and outside of which melody
has not much effect or meaning. It would be just as ridiculous to
speak of adding a fundamental to a chord, since a chord exists only by
relation to its fundamental note.

The “Ison” or “equal” of Byzantine music was called “Chhandovati
$ruti” ( the measuring sound ) in ancient Hindu music. It is, properly
speaking, the standard by which all intervals are measured. No
interval, no note, no melody has a meaning unless the “Ison” (Sa)
is present. It seems that Occidentals are just as unable to ‘“hear”
those relations as Orientals are unable to perceive chords, but this
is not a sufficient reason to consider either system of relations as
unpleasant and useless. The “Ison’ defines the meaning of each
note, which can he expressed by a numerical ratio, exactly as does
harmony. And melody without “Ison” is just as flavourless as is, for
the modern Westerner, melody without harmony. When they disregard
the importance of the “‘Ison”, learned and respectable Occidentals
only show that they understand nothing of the Eastern music they
pretend to study and explain, and that they perceive nothing of its
marvellous power.

The “Mesa” was, to ancient Greek music, what the “Ison” is to
modern Byzantine music. “For the ancient [Greeks], the A (Mesa)
is a directional string whose permanent use constitutes a guiding
mark for the ear and a reduction to unity for the mind.” ( Maurice

. . - . [{3 .
Emmanuel, Gréce, Dictionnaire du Conservatoire.) The “Mesa” is

“the connecting element of successive sounds, . ... the connecting
agent of all the melodic forms of the octave.” (Gevaert, Problémes
d’Aristote.) .

Orientals often make remarks similar to this: “T'he Beethoven
.symphonies are very interesting, but why have all those chords
been introduced spoiling the charm of the melodies ?” From
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such remarks we can know for certain that they do not perceive the
essential elements of the music. ‘Their failure to understand is similar
to that of the Westerner who refuses to admit that modal music has a
full musical significance without the addition of harmony.

Such misunderstandings are not without serious consequences.
To realize this, it is sufficient to hear the so-called Oriental melodies
arranged by Western composers, or, still better, to hear the so-called
“westernised orchestras”, of which many Indian Rajis seem to be
so proud, where “harmony” is understood to be the art of playing
together as many disconnected sounds as possible.

In modal music, the pedal point of the tonic is indispensable
for the melody to have its expression, because other notes, when
they are accentuated, would have a tendency successively to
substitute themselves for the tomnic, and so render the expression
of the mode completely indeterminate.

Suppose, for example, in the diatonic scale (white keys of the
piano or organ) we choose the mode of A (Dha)' (Vavanpuri Tod1)
whose 3rd, 6th and 7th are minor. If we do not maintain the
pedal point of tonic (A) (Dha), C(Sa) will have a tendency to become
tonic instead of being a minor 3rd, the meaning of every note will be
changed, and, modes destroying each other, melodies will be without
expression, as is the case of Western melody if not harmonised.

It is the loss of this pedal point of the tonic, somewhere
in the course of ages, which renders the modes of plain-chant so
vague and so weak. They lack a basis, and their classification
becomes a rather abstract game, like the system of the Greek Dorisii
in the unreal form generally attributed to it. It is by an artificial

conception that a mode can be assimilated to the plagal? form of

1. For the convenience of readers, we shall be giving everywhere a double
notation in the Western and the Indian systems.

2. In a given mode, when, without changing anything in the notes, we
start the scale from a unote other than the original tomic, the scale o obtained
is called a plagal form of the original mode,
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another mode. It is not sufficient to declare that D(Re), E(Ga), or G
(Pa) has been chosen as a tonic to obtain the corresponding mode in
any melody. ‘The melody remains unaffected and in the tone of
C (Sa), because, to determine a tone, a permanent element is required,
and habit can, up to a certain point, create this permanence in favour of
C (Sa) : that is, in favour of the western major mode, supposing that
we are still using only the white keys of the piano. Another mode
can be determined only by constantly imposing its tonic. Percussion
instruments, such as drums, cymbals, etc., can be sufficient to determine
this tonic. This is why, in ancient music, the problem did not arise,
as such instruments were always present in a musical performance.
The accurate tuning of the different notes of the scale should, of course,
be sufficient to define the tonic, but, as the differences in intervals
are very small, rare indeed are the musicians who can maintain this

accuracy without referring constantly to the tonic.

Fifth and Modulation

In modal music, as soon as the tonic moves, the modal‘ structure
crumbles and every note loses its former significance. But, in con-
nection with the changing cycle of fifths, some new permanent relations
can be established, and those relations will evoke other aspects in
the Universal structure. In the cycle of fifths we can perceive the
reflection of the world of spheres in which we dwell. We shall
find in it the Jaws which regulate the movements of planets, those of
seasons and of days, and all those cycles which, within this universe,

measure our destinies’.

1. A striking difference between the structure of the cyclic system and
that of the modal system is that the one normally forms an ascending scale
and the other normally a descending one. This allows us to distinguish at first
sight to which family a system originally belongs Ry its very structure the
oycle of fifths forms an ascending scries. Therefore, within each tetrachord,
the intermediary notes between the tones will be considered as sharpened

(tivra). On the contrary, modes normally form descending scales and, consequently,
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Starting from a given point, the general tonic, the fifth will
form ratios, at first simple, but becoming more and more complicated.
These will allow us, counsidering as the basis the note adapted to-
the cosmic period, the year, the month and the day, to find out
auspicious days, events past and future. This is the traditional system
of the Chinese, the utilization of which in official ceremonies, as we
noted already in the Y& kf, helps to maintain oEder, political harmony
and security within the empire, but which can also contribute to their
over-throw because it is the inescapable instrument of magical
realisations.

Still, every system exclusively based on the properties of fifths
remains incomplete from certain points of view. Fabre d’Olivet' says
that such a system ‘“will always be lacking in descending chromatic
and enharmonic. Rameau, who, more than eight thousand years
after Lyng-Lun, wanted to make it the basis of his musical system,
starting from the same experiment, was forced to resort to an insipid
temperament which mutilates every sound and which, twenty times
proposed in China, was twenty times rejected because the scholars
of the nation, although they had known for a long time the hol-
lowness of their system, preferred to maintain it pure, if incomplete,
rather than to spoil it in one of its parts in order to make up for

that which was missing.”

Harmony and temperament.

Following the mistake of the Greeks, the FKuropean classical
system is divided between the two antagonistic tendencies, between
mode and modulation. And, although built without any “scientific”

within each tetrachord, the intermediary notes will be considered as flattened
(komal), as is the case respectively in Chinese and Hindu music.

The sharpened fourth (F sharp=Ma tivra) follows the opposite rule,
being considered as a flattened fifth in the ascending scale and as sharpened
fourth in the modal or descending scale.

1. La Musique expliquée comme Scieuce et comme Art, p. 80,
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method, with pieces from every system, it has been able, taking
advantage of this lack of a rational theory, to give rise to unexpected
' developments, the importance of which, in the general history of music,
should, however, not be overestimated. But this lack of a proper
theory, by allowing such aberrations as equal temperament, will, in all
probability, quickly drive the European classical system to complete
decadence. The success of Negro music with its brass instruments
so alien to equal temperament, and, therefore, so expressive, is not a
simple fashion. It shows the need for an understandable musical
system, for logical and true intervals which may remove the veil
of inexpressive insipidity which temperament spreads over the

most pathetic movements of the greatest symphonies.

Melodic expression or Harmonic expression.

The development of harmony corresponds in modern Western
music to an equivalent destruction of modes, so that, from the strict
point of view of musical expression, that is, from the amount of
sentiments and images which music is able to suggest, it is very
difficult to assert that the harmonic system gives greater possibilities
of expression than any modal system. Means of expression differ,
possibilities seem equal.

Many imagine that the best would be to combine both systems,
as has been often attempted, but this is not possible hecause there
is an almost complete opposition between them. Except for a few
fundamental chords, which are also utilised in modal music as
ornaments, all changes in chords and modulations are possible
only by violating the small distinctions in the structure of intervals
which are the very root of modal expression.

“It is, therefore, the introduction of harmony in musical art
which has caused the disappearance of the distinction between
the ancient mcdes. It is due to this introduction ..........
that our musical system is limited to the only two modes which
possess a distinctive harmony and completely different chords, the
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major and minor mode which are.............those in
which the greatest simplicity is united to the greatest number of
differences.” (H. Dubrochet, Mémoires sur une nouvelle théorie de
1I’'Harmonie, Paris, 1840.)

All those who have been in contact with ancignt Western
modal music or with the music of the middle and the far East
have deplored the ruin of the melodies and rhythms corollary to
the development of harmony, a phenomenon which could be
observed all through the 19th century and which is still perceptible
in Northern countties, Russia and even Scotland and Ireland.

Willard! has even said this, which, on consideration, is not
without foundation :

“I'he modern melody has not the merit of the ancient
and .. ......... harmony is used with the view of compensa-
ting for its poorness and diverting the attention of the audience
from perceiving the barrenness of genius.”

No better description could be given of a great number of
modern works.

Jean Jacques Rousseau once observed :

“If we bear in mind that of all the people of the Earth,
who all possess music and songs, Europeans are the only ones
who use harmony, chords, and who find this mixture pleasant; if
we bear in mind that, of all the nations who cultivated fine atts,
not one knew this harmony ;2 that no animal, no bird, no being
in Nature produces any other sound than unison, any other music

than melody ; that Oriental languages, so sonorous, so musical,

1. Of Harmony and Melody, Hindu music, p. 55.

2. J. J. Roussean was mistaken when he asserted that Earopeans are
the only people who possess harmony and chords, beciuse polyphony was
practised in many countries a very long time before it was heird of in
Europe. Chinese and especially classical Javanese music are essentially polyphon-
je. But it is interesting to note that, among the Eaistera systems, they are
very much among the less refined and, delicate and it has even been said that

Chinese music is a pleasure rather for the mind than for the ear.
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that Greek ears, so delicate, so sensitive, trained with so much
art, have never guided those voluptuous and passionate peoples
towards our harmony ; that, without it, their music had such
extraordinary effects ; that, with it, ours has such feeble ones:
that: finally, it was to be the privilege of Northern races, whose
organs hard and rough are more impressed by the shrillness and
the noise of voices than by the softness of accents and the
melody of inflexions, to make this great discovery and to put
it as the principle of all the rules of Art ; if, I say, we bear
all this in mind, it is very difficult not to suspect that all our
harmony is only a gothic and barbarous invention, to which we
would never have taken had we been more sensitive to the real
beauty of Art and of truly natural music.” (J.]J. Rousseau, Diction-
naire de la musique, at the word : Harmonie.)

Of course, modern people, who accept so seriously many another
theory of Rousseau’s much more difficult to demonstrate, smile at
such Genevan sallies, but they would have much difficulty in contra-
dicting them. As Fabre d’Olivet has very justly remarked’': “It
is true that our modern symphonists, who can understand nothing
of the marvels described by the ancients, prefer to deny them ; but
a denial is not an answer, and it is not sufficient to say that some-
thing is untrue for it to be so.”

Famous Western scholars have spoken with irony of such irra-
tional conceptions. Sir William Jones once wrote? : “ The astonishing
effects ascribed to music by the old Greeks and, in our days, by the
Chinese, Persians and Indians, have probably been exaggerated and
embellished ; nor, if such effects had been really produced, could
they be imputed, I think, to the mere influence of sounds, however
combined and modified.” Happily, Sir William Jones allows us to
know what sort of effects he attributes to music in terms which show

quite clearly the understanding he has of the subject® :

1. La musique expliquée, p. 16. .
2. On the musical modes of the Hindus, Hindu Music, p. 128.
3, ibid, p 127.

5
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weee.. After food, when the operations of digestion and
absorption give so much employment to the vessels that a temporary
state of mental repose must be found, especially in hot climates,
essential to health, it seems reasonable to believe that a few agreeable '
airs, either heard or played without effort, must have’all the good
effect of sleep and none of its disadvantages; pulling the soul in
tune, as Milton, says.” )

It is only natural that the followers of a particular musical
system, as those of a particular religion, should consider the adepts
of another school with contempt. ‘This only proves that they have
that absolute faith in the path they follow without which no
realization is possible. But, if we want to rise above mere practice,
and search for the principles which allow of such realizations, we
have to give up the outlook of faith and accept only the logic
of reason. We shall then observe that, although we are at first
utterly unable to discern in a strange form of music anything com-
parable to that which we experience directly and without effort in a
form ' familiar to us, an impartial scrutiny will show that all the
essential elements or relations which are found in the one are also
present in the other. ‘There is, consequently, no theoretical reason
why the same expressions, the same realizations, should not be equally
possible through these different forms.

For judging, therefore, the possibilities and the value of musical
systems, we should not trust the prejudiced judgment of our ears,
but envisage, in their most abstract form, their theoretical pos-
sibilities. We may then discover the ‘equivalence of systems
which, at first, seem to have nothing in common ; we may also
discover a profound difference between systems whose forms are
outwardly very similar. By so doing we shall, in any case, judge
the musical systems soundly and on safe grounds. T'o be able to
realize their beauty or directly to perceive their meaning is another
matter and generally requires very long practice.
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“There are two effects one seen and one
unseen. Svaras (notes) when thrown here and
there without order cannot produce any results.
Therefore, to realize all results, seen and

unseen, we shall define grama (scale) first.”

(Sangita Ralnakara.)






THIRD PART

MEASURE OF INTERVALS AND HARMONIC SOUNDS

The Measure of Intervals,

O be in a position to study the different musical systems, we

. must first see what are the methods of measuring musical
intervals and decide which method we shall use.

On any stringed instrument, to realize equal intervals at different
pitches, we shall have to use smaller differences in string length the
higher we go in the scale, This is because sound vibrations increase
according to a geometrical progression : the number of vibrations is
inversely proportional to the length of the string.

To note musical intervals, the simplest system is, of course,
either to note the respective string lengths or pipe lengths of the
notes, which'is the ancient system, or to note the respective numbers
of vibrations, which are only the inverted string length ratios, as is
tbe general practice to-day. .

For example : suppose the open string gives the C4(Sa)=512
vibrations. T'o obtain the D (Re), which is one major tone (9/8) above,
we shall have to shorten the string by 1/9th of its length. ‘The
8/9th remaining giving the sound D (Re).

To calculate the vibrations, we have, D4 (Re)=9/8 of C4 (Sa), that
is to say, the inverted string length proportion.

Thus, D,(Re)=512x9/8=576 vibrations per second. This
simple and accurate system has one defect which comes from the
difficulty of knowing the relative value of ratios without making
calculations.

For example : the major half-tone corresponds to 16/15 and the
minor half-tone to 25/24. We can easily know that the minor
half-tone is smaller. But, is the Greek limma (256/243) bigger or
smaller, and in what proportions ? We cannot, without calculation,
know that it is half way between the two.
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If we represent the notes by their vibrations, it will not make
things easier, because the numbers of vibrations, varying proportion-
ally, do not allow, without great labour, the analysis of intervals.
This is why, for easier reading and comparisons, it is necessary to
replace length ratios and vibrations by additionable numbers, which
are no other than the logarithms of the geometrical ones,

If, then, we take the ordinary logarithms (base 10) and, for
facility, we multiply them by one thousand, we shall have the fre-
quencies expressed in terms of SAVAR'T'S', whose symbol is ¢ (sigma).

The Chinese use a similar but less convenient system based
on the decreasing powers of 3.

The interval of the octave (Sa to upper Sa) is equal to 2, as
it corresponds to a double number of vibrations (half string length).

The logarithm of 2 being 0.30103, the interval of the octave
is equal to 301.03 savarts or, with an accuracy generally sufficient, 301
savarts. ‘This division makes the comparison of intervals very easy.

For example :

the minor half-tone (25/24) is equal approximately to 18 savarts,

the major half-tone (16/15) to 28 savarts,

the Greek limma (256/243) to 23 savarts.

We can see immediately that the limma is situated between the
minor and major half-tones, at one comma (81/80=>5c¢) from either.

In America, according to a method which has a tendency to
spread, the temperate half-tone has been divided into one hundred
parts ; the octave is thus divided into 1200 cents. This method
has three main defects: 1° — it starts from the temperate scale, which
always brings errors and does not permit the nature of intervals
to be understood ; 2° — it requires a multiplication by 4 if one wants
to utilize logarithm tables, which are necessary to find out the
correspondence betyveen this sort of division and the proportional
ratios ; and 3° — it gives only inaccurate numbers, as the octave
is divided into 300 instead of 301.

1, The Fre‘uch physicist Savart (1791 — 1841) advocated this system to
which his name was given.
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The Scale of Sounds.

Suppose that we collect all the intervals which, in ordinary
practice, are used in modes (ragas), as well as in chords, in
relation to a note considered as the tonic. When comparing these
intervals, we shall find a certain number of points within the octave,
each of which corresponds to a perfect relation with the basic note,
though they may not have harmonious relations between themselves.
When we apply the same process to each of the notes of the diatonic
scale (Sa or Ma grama), in relation to each note we shall obtain
a certain number of points, some of which will coincide with those
of other notes, and some of which will not. We shall thus have
a number of distinct points within the octave, and we can then
see whether they bring out a simple division of the octave and
whether the points which form an harmonic interval with one note
are also in harmonic relation with other notes.

By trying all the possible combinations of the minor tone,
the major tone, the major half-tone, and all the intervals resulting
from their sum or their differences (the minor hali-tone is the
difference between the minor tone and the major half-tonc ; the limma
is the difference hetween the major tone and the major half-tone ; the
maximum tone (8/7) is the difference between the ditone (2 major tones)
and the minor tone, etc.), we get a division of the scale which is
of nine intervals for the major tone, eight for the minor tone and
five for the diatonic (major) half-tone. These intervals are separated
from each other by one comma (81/80=5 savarts), except for a dis-
continuity of 8 savarts between the notes of different name (C and
C sharp ( Sa and Komal Re), E and F (Ga and Ma), etc.). If
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