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ARISTOXENUS AND THE INTERVALS OF
GREEK MUSIC.

ANCIENT Greek music was purely or predominantly melodic; and in such music
subtleties of intonation count for much. If our sources of information about the
intervals used in Greek music are not always easy to interpret, they are at any rate
fairly voluminous. On the one hand we have Aristoxenus, by whom musical
intervals were regarded spatially and combined and subdivided by the processes of
addition and subtraction ; for him the octave consisted of six tones, and the tone was
exactly divisible into fractions such as the half and quarter, so that the fourth was
equal to two tones and a half, the fifth to three tones and a half, and so on. On the
other hand we have preserved for us in Ptolemy’s Harmonics the computations of a
number of mathematicians, who realized correctly that intervals could only be ex-
pressed as ratios (e.g. of string-lengths), that the octave was less than the sum of six
whole tones and that this tone could not be divided into equal parts. These authori-
ties are Archytas, the Pythagorean of the early fourth century, Eratosthenes (third
century), Didymus (first century) and Ptolemy himself (second century a.n.). To
these we must add the scale of Plato’s Témacus (358) and, closely related to it, the
computations of the pseudo-Philolaus (ap. Boethium, Mus. I11, 8) and of Boethius him-
self (IV, 6).1 Aristoxenus is less easy to understand than the mathematicians because
of the unscientific nature of his postulates. His importance, however, is very great,
not only from his comparatively early date but because he claims to champion the
direct musical consciousness against the scientific approach of some of his pre-
decessors and contemporaries. But if they are under suspicion of letting irrelevant
factors intrude into their calculations, he must equally be suspected of yielding to
the attractions of symmetry and convenience. Only their mutual agreement, perhaps,
can establish any point strongly. This article is an attempt, first of all, to state what
precisely Aristoxenus says directly or by implication about the intervals of Greek
music, secondly, to compare his evaluations with the ratios of the mathematicians
and so consider what his rough-and-ready mathematics may conceal in the way of
real musical intervals.

L. In the fragments of Aristoxenus’ writings known to us as the Harmonic
Elements are preserved two separate but similar accounts of the genera or yévy Tis
perodias (I, pp. 21-27; II, pp. 46-52, Meibom). Like theorists before and after him
he considers a typical tetrachord or group of four notes composing the interval of the
fourth, of which the extremes (uéon, vwdry) remaining fixed the means (Aixavds,
wapurdrn) move in each of the three genera (diatonic, chromatic, enharmonic) within
a certain locus. The genera are characterized by these loci; the nuances (xpdac) are
special cases of each genus, selected by Aristoxenus on a principle that will be dis-
cussed later. These loci he sets out to discover (22, 24), taking first the higher note,
Awxavés. The upper limit he finds in the distance of a tone from péon, appealing to
the practice of the diatonic genus.? The lower limit is a matter of controversy, in
which Aristoxenus’ emotions are closely engaged. In his view the Auxavds that is
separated by a ditone from péoy was not only a real fact of music but characterized

1 Gevaert (Histoive et Théovie 1., pp. 304-327)  Scientifiques I11, 97-115, reprinted from Revue des
was the first to give these formulae the im- Et. Gr. XV, 336-352).
portance that is their due. This article owes 2 22, 33 olx before ouoloyeirar is rightly
much also to the work of P. Tannery (Mémoires bracketed by Macran.
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its noblest and most beautiful type, as employed in certain ancient styles to which he
refers. To his grief this true enharmonic is being banished by contemporary per-
formers, who prefer the higher lichanos of the chromatic, and even when they employ
the enharmonic approximate it to the chromatic with an inevitable alteration of
character. The implications of this passage (23, 4-22) are of the utmost importance.

The locus of lichanos is thus a tone. That of wapvwrdry is the smallest diesis,
i.e. a quarter-tone, since it is never less than a quarter-tone or more than a semitone
above vwdry. The two loci, then, meet at a point a semitone above vmrdry. Aris-
toxenus now turns to consider the genera and nuances individually. He defines a
wukvéy as a combination of two intervals which together are less than the remaining
interval that makes up the fourth. The smallest pycnon consists of two smallest
enharmonic dieses (he has already—p. 21—defined the smallest enharmonic diesis as
a quarter of a tone, the smallest chromatic diesis as a third); next to it comes that
which consists of two smallest chromatic dieses. And soon. Aristoxenus establishes
the position of lichanos in each of his six nuances. We need not follow the details here,
but we may notice certain points. His use of the imperative of definition suggests
perhaps something arbitrary. And indeed on his own assumptions it must be so.
If lichanos moves within a certain locus, then theoretically it may occupy an infinity
of positions (26, 14 vonréov yap dmeipovs Tov dpiBpdv Tas Auxdvovs). There is not one
enharmonic lichanos solely. Aristoxenus’ argument is not that the 8irovos Aixavds
gives the only enharmonic intonation, but that it gives the best.

Secondly, note the great importance given to the note lichanos in establishing
the nuance and the relatively small stress laid upon parhypate, to which he turns in
26, 29. There are two loci of parhypate, one peculiar to the enharmonic, the other
shared by the chromatic and diatonic. This for the first time brings us to the
question of the combination of lichanos and parhypate in a single nuance and the relative
size of the three intervals of the typical tetrachord. So far we have only been told
that the smallest (enharmonic) pycnon consists of two smallest enharmonic dieses, the
next smallest (soft chromatic) of two smallest chromatic dieses. Does this imply
that the constituent intervals of a pycnoun are always equal? On p. 27, 2 it is laid
down that (1) the lowest interval (dmdrn—mapvrdry)is either equal to or less than the
middle one (wapvrdry—>Aixavds); (2) the middle interval is either equal to, less or
greater than the highest (Aixavds—péon). To illustrate this last possibility he appeals
to the sharing of wapvrdra: by chromatic and diatonic; that tetrachordal division also
is legitimate that has the lowest chromatic parhypate and the highest diatonic
lichanos;! or, to express it in figures: 1 +1}+1. We shall see the importance of
this later. This still leaves untouched the question of the division of a pycnon
proper, except, apparently, in the cases of the enharmonic and lowest chromatic.
We must now turn to the parallel passage in Book II.

On the way thither, however, we may note a passage on p. 44, where there is a
reference to mixture of the genera. This mention of mixed types (cf. pryvvpévor rév
yevv 7, 3; also Cleonides g, 30) is yet more evidence that Aristoxenus was prepared
to admit considerable variety within the framework of his scheme.

In Book II, 46, 19 Aristoxenus begins with a brief description of the loci of
lichanos and parhypate in slightly different terms. He then answers the objection
that notes bounding different magnitudes should be called by different names.
Among other arguments he points out that this would make necessary an infinity of
names. It would also be impossible (and this is the point of interest) to decide
between rival claimants for the title of e.g. lichanos. 7 pdAdov v irovov Aixavdv

1 P, 27, 9: the text is corrupt, but Macran's ing passage in Book II. There is no reason why
xpwuaricis Tis Bapurdrys for xpwparikds mapurdrys  Aristoxenus should not have been more precise
is almost certainly right. Marquard imported here than there and in III, 73 (v7s mapvmdrys émi
the more general phrase used in the correspond-  Bapd kwnfelors).
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AexTéov 1) TV pukpg cuvToveTépay s dppovia pév yap elvar Ty aicOioe kar duorépas Tds
Biarpéoers daivera, 16 8¢ peyébn Tév Swatypdrev SjAov dri ob Tadra év éxarépg TGV
Suupéoewy. Again we have admission of a type of enharmonic whose lichanos was
slightly higher than the 8{rovos Aixavés that Aristoxenus approved, but still un-
mistakably enharmonic.

At 50, 15 he redefines wvkvdv. He then proceeds to give those tetrachordal
divisions * which stand out from the rest as familiar (éfaiperol Te kal yvdépupuor), because
the magnitudes of the intervals in them are familiar’ [Macran]. Thus he gives one
enharmonic (} +}+2) and three chromatic, padaxdv (3 +3% + 1§), fudlwov (3 + 3 +13),
Toveaiov (3 +4+14). In the description the emphasis is on lichanos again (that is, on
the total size of the pycnon), but here it is definitely stated that these pycna are
divided in half by parhypate. Up to this point, he says (51, 11), both notes move;
after it parhypate stands still, having run through its locus, while lichanos rises by a
quarter-tone ; the division ceases to contain a pycnon, and we reach the first diatonic
variety, padaxév (4 +4+1}). One more diatonic remains, oivrovor (} + 14 1). There
are then six different Auxavol, one for each nuance, but only four wapvrdra:, because
the last three variéties have the same. Not only so (and this is the same significant
addition as before), but all the three higher wapurdra:c are common to diatonic and
chromatic alike. Again we have the rules for the relative size of intervals in the
tetrachord. But here the possibility that the lowest interval may be smaller than
the middle one is illustrated not only from the diatonic but from the following
particular case of the chromatic: ¥ +%+14. «kal yop ai rowadras Suupéoes T6Gv mukvéy
éupeleis paivovraut The intervals are still what Aristoxenus would call yvdpipa, but
he has acknowledged that his standard types in which parhypate moves propor-
tionately to lichanos are simplifications which do not cover all the possibilities of
genuine melody. He goes on to deny that the lowest interval can be greater than
the middle one, giving two divisions which he stigmatizes as dvdppooror: %+ + 13
and §+75+15.2 As an instance of a middle interval greater than the highest
Aristoxenus does not this time give the specific case of }+1}+41, but speaks
generally of the combination of the highest diatonic lichanos with a parhypate lower
than that which is a semitone above hypate. He excludes presumably the enhar-
monic parhypate, thus leaving two possibilities: } + 1} + 1 (asin Book I) and § + 14 + 1.

To sum up, we may say that Aristoxenus’ primary object is to delimit the
spheres of enharmonic, chromatic and diatonic by defining the loci of the movable
notes in each (a task, he says, never before attempted in theory: 35, 4); then within
each of these to enumerate certain simple and intelligible types. He himself reveals
that they do not represent all the genuinely melodious divisions, and in particular
that equal division of the pycnon is not obligatory. Far less do they represent all
conceivable divisions, which are infinite ; and in particular he refers to an enharmonic
lichanos lying between his lowest enharmonic and his lowest chromatic as being
popular in his day but not accepted by him. Was it partly because he could not
reduce the intervals it gave to yvdpipa peyédn ?

To facilitate comparison with tetrachordal divisions expressed in ratios, I here
give the nuances that occur in Aristoxenus’ account with the value of their intervals
in logarithmic cents (1,200 to the octave) in brackets :3

! The same possibility of equal or unequal chromatic in actual use at an early date? And

division of a pycnon is expressed in III, 73, 20.
In I, 29, 16 he says that the small intervals are
equal ds éml 70 TONY.

2 The latter is close to the enharmonic of
Archytas, as we shall see, and the former not far
from the chromatic of Didymus, both of which
break this rule laid down by Aristoxenus and
repeated by Ptolemy (Harm. II, 14). Was this

is there a polemical purpose behind the selection
of these two instances ?

3 In order to give whole numbers I have
allowed inconsistencies involving one cent in the
figures for one and a half tones and between the
three-quarter tone in the soft diatonic and the
three-quarter tone pycnon of the hubhor xpdua.
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Enhavrmonic :

Chyomatic :
(podaxdv) % +%+ 15 (66 +66 + 366).
(hpmbleov) §+3+1% (75+ 75+ 348).
(roviator) L+ %+ 14 (100 + 100 +298).
(mixed, p. 52) + + 2+ 13 (66 + 133 +299)

}+%+2 (50+50+398).

R. P. WINNINGTON-INGRAM

Diatonic :
(paraxdv) 3 + 3+ 11 (100 + 149 +249).
(odvrovov) £+ 1+ 1 (100+ 199 + 199).
Diatonics with chvomatic parhypate :
L4144+ 1 (6642334 199).
§+1E+1 (75 +224+199)-

II. Enharmonic.—Eratosthenes apart, the evaluations of the enharmonic fall into
two groups according as they make the pycnon consist of a major semitone (1£) or
a leimma (256 To the former class belong Amhytas 28 x 38 x5 (63+49+386):
D1dymus 82 x fm x5 (55+ 57+ 386) Ptolemy +&x 2% x5 (38474 +386). The lichanos
here is a major thlrd from péon, less by a comma §l=22 c.) than the full ditone
(I x$=381=408c.). The latter class is, in effect, based upon the diatonic sequence

288 % 2x3) which we find in Plato’s Timaeus. It is the product of Afjyus Sud ovp-
¢ovias, and so to be found in those authors who give us a ¢ Sectio Canonis.” It has
been held to be characteristic of the Pythagorean school, but on inadequate grounds.
It certainly owed its later theoretical importance to the influence of Plato; and it is
very doubtful if the Pythagoreans of the sixth and fifth centuries did more than
establish the harmonic framework of standing-notes with the series of numbers
6, 8, g, 12. There is reason to believe that the pseudo-Euclidean Sectio Canonis is
an Academic document, while the enharmonic and chromatic tetrachords of the
pseudo-Philolaus (I.c.) cannot possibly be Pythagorean, since they ignore the impos-
sibility of equal division of tone and semitone, which must have been recognized by
the early Pythagoreans. We need only note in passing that pseudo-Philolaus divides
his enharmonic pycnon of a leimma into two equal diaschismata without attempting
to evaluate the latter. Boethius (IV, 6) divides the 22§ pycnon into 51%x 422 by

+,,><T,=;- The tetrachord of Eratosthenes is close to the

ditonal scale with a slight variation : £ x 39 x 12,2

Before we can consider which of these types Aristoxenus intended to represent
by his enharmonic, we must of course be clear that he intended to represent one of
them. The term ‘equal temperament’ is often used in connection with Aristoxenus;
and in a sense by dividing the octave into six and the tone into two he has produced
¢equal temperament.” But the difference between his procedure and the temperament
of modern theory and practice is more important than their resemblance. Our equal
temperament is dictated by practical convenience in the matter of modulation. The
modern theorist knows that the intervals are distorted upon a tempered instrument
and by how much. But Aristoxenus did not live in an age when temperament in
the modern sense was either necessary or desirable. The very existence of such
variant intonations as he describes would have reduced it to futility. He believed
that his semitone was equal to half a tone; he did not say ‘I will make a semitone
which shall be half a tone, and that tone slightly less than a true tone.” He did not
set out to distort slightly his fourths and fifths ; but when in the course of experiment
difficulties arose he said ¢The consonances vary within a minute locus.” Four

the naive formula

1 It may be, as Tannery suggests, that con- unlimited ; the functions and mutual arrange-

fronted with the incommensurability of the tone
and varying musical practice they relegated the
movable notes to the realm of dwewpor and refused
to speculate upon them, till Archytas tackled the
problem on more realistic lines. Aristoxenus
himself, who in Books I and II selected certain
magnitudes as yrépipa from the infinite possi-
bilities, in Book III, 69, 6 affirms that in these
matters of pitch and magnitude scientific treat-
ment is impossible, since the possibilities are

ments of notes in the scale only are werepacuéra.

2 The ratios of Eratosthenes’ enharmonic are
dictated by his choice of the minor third (§) for
the upper interval of his chromatic and by the
assumption, made also by Didymus and Boethius,
that the pycnon of the enharmonic should be
equal to the lowest interval of the chromatic.
Dividing his chromatic pycnon 32 into 2§x 18,
he then takes 2§ as his enharmonic pycnon,
leaving 1% for the highest interval.
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passages throw light on his point of view. Two are from the first book, two from
the second; and they seem to show a development. On p. 24 he shelves the
question of the commensurability of the intervals making up the fourth, but decides
to assume that it consists of two and a half tones (ds pavopévov ékelvov 8o Tévwv xai
fpioeos). The guilty conscience appears again on p. 28. The ditone, he says, is
either eight times the smallest diesis or very slightly less. Between the writing
of the two versions represented by Books I and II he seems to have devised an
experiment, if it can be dignified by such a name, proving to his satisfaction that the
fourth conmsists of two and a half tones. It is described on p. 56. We need not
examine it in detail. Its success depends on a slight distortion of the fifths or
fourths or both by means of which it is conducted ; if these are all true the interval
finally obtained will be in error by 24 cents. Its success, that is to say, in theory;
for in practice a strictly accurate result was unlikely. Is it not a sufficient com-
mentary upon it that, apart from the initial fourth and the supposed resulting fifth,
it involves the judging by ear of ten successive consonances? If he had once after
an accumulation of small errors obtained a recognizable fifth, would not that have
satisfied him? How often did he conduct this operation? If it did not always come
out right, it may have been this that led him in the fourth of our passages (p. 55) to
say that even the magnitudes of the consonant intervals perhaps vary within an
extremely minute locus (témwov . . . wavredds dkapiaidy Twa). This is a very vague
kind of ¢temperament’!

Which, then, of the enharmonic types does Aristoxenus intend to represent by
his enharmonic? His ditone of approximately 398 cents falls between the major
third (386 c.) and the true ditone (408 c.). It is slightly closer to the latter, which
I believe it to represent. = Since Aristoxenus believed that his tone, ditone and
semitone could be obtained by means of the consonances, there is surely a presump-
tion that they are respectively £, $1 and 25%. It needs a distortion of consonances
to obtain ‘equal temperament’ by this method, but a still greater one to obtain the
major third and semitone. There is a further reason. As we have seen in the earlier
section, Aristoxenus more than once mentions a certain type of enharmonic as
popular in his day. It had a slightly higher lichanos than the type he preferred, but
was still genuinely enharmonic; that is to say, its highest interval was greater than
that of his own lowest chromatic, greater than 366 cents. It is hard not to believe
that his own 8irovos Aixavés is that which gives an upper interval of a strict ditone,
while that which is pkpg ocvvroverépa gives the major third of Archytas’ enharmonic.
If that is so, Aristoxenus recognizes here, at least, the difference of a comma between
the ditone and the major third. And this is the difference between a major and
a minor tone. The further implications of this must wait till we consider the diatonic.

But if the ditone is really a ditone, then the semitone is really a leimma (go c.),
and less than an equal semitone, though nearer to it than is the major semitone
(112 c.) on the other side. As a rough approximation this is as good as we can expect
from our author. But we must here face a piece of evidence that tells against the
interpretation that has been adopted. In a passage already noted (p. 28) Aristoxenus
grudgingly admits that the ditone may be slightly less than eight times the
enharmonic quarter-tone. That is, the semitone is slightly more, not slightly less,
than the equal semitone. The passage would seem to point to the lichanos of
Archytas. In that case, it is hard to conceive what the pikp§ ovvroverépa Aiyxavds
can be. I think we can understand the working of Aristoxenus’ mind which pro-
duced this statement without abandoning our first hypothesis. How did he arrive at
the conclusion that the ditone might be less than eight quarter-tones? Not by
adding quarter-tones together till he found out, certainly. It is a concession to
mathematical doctrine in some form. It might, it is true, be an admission that
the § interval of Archytas was less than four times 14, if that fact had ever been
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brought to Aristoxenus’ notice. But it might also be due to a much simpler form of
objection. It had certainly been established by mathematicians that the fourth was
less than two whole tones and a half. Now Aristoxenus believed, first on faith, later
on the evidence of a bad experiment, that his semitone was a correct half-tone. If
any concession was to be made it should be made in the other direction: the ditone
should be less than two full tones rather than the semitone less than half a tone.

Apart from this passage there is an objection of a more general kind that might
be made to the view advanced. Aristoxenus claims to trust his ear and to represent
the facts of practical music. If the ditonal scale was a theoretical elaboration of the
Academys, it is unlikely that Aristoxenus had its intervals in mind for his enharmonic.
Further, to our ears the scale of Archytas with its major third would appear far more
melodious than the Platonic scale with its harsh third.* The answer is suggested by
various considerations. Aristoxenus’ 8irovos Aixavés is clearly a lost cause. The
enharmonic in any form is rarely attempted and when it is the &i{rovos Aixavds is
slightly raised. The process is described as one of ‘ sweetening’ (yAvkaivew). What
is this but the employment of the major third instead of the harsher ditone?
Secondly, though the ditonal scale may owe its theoretical importance to Plato’s
Timaeus, it is absurd to suppose it was invented by him. Immediately the ratio
expressing the tone () had been discovered it was surely likely that theorists, not
necessarily Pythagoreans, would try to evaluate the tetrachord by subtracting the
tone twice from the interval of the fourth. By the remainder they were baffled, and
it is quite possible that the speculations (and terminology) found in the pseudo-Philolaus
are pre-Platonic. But, more important still, a scale of this sort is the direct result of
tuning a stringed instrument by means of the consonances of the fifth and fourth.
Starting from péon A a fourth and a fifth give the two E’s, a fourth upward D; a
fifth downward from D gives G, a fourth upward from G C; thence a fifth downward
F, and we have a diatonic scale consisting of major tones and leimmata. The effect
must have been familiar, even if the tuning was subsequently adjusted to produce
sweeter thirds. Indeed, Aristoxenus may be right in holding that this was the actual
intonation of the older and severer style of music. That it did not entirely disappear
is testified by Ptolemy, where he describes (Harm. 1, 16; 11, 16) the intonations most
in use in his day for the lyre and cithara.?

As to the division of the pycnon, practice, at least in his day, may have approxi-
mated to Aristoxenus’ version by aiming at strict equality. Eratosthenes and Didy-
mus both give approximate equality in the pycnon, and the slight difference between
the two ratios is really a mathematical fiction. Ptolemy’s lower interval is little
more than half the upper one and less than a fifth of a tone.> Both he and Aristoxe-
nus declare that the lower should not be the greater; and, in so far as the parhypate
was a leading-note subject to attraction by hypate (as the leading-note of our major
scale is subject to attraction upwards towards the tonic), the principle seems reason-
able. But we know so little of the real nature of Greek melody that we cannot sum-

1 The tempered thirds we tolerateare actually
nearer to Plato than to Archytas.

2 Note that it is the practical musicians, not
any theoretical xavovixof, to whom it is ascribed.
They tended, he says, to substitute it for the
intonation 3¢ x&x%2. And, as it was used in
combination with a tetrachord of §x§x$, we
can see clearly one reason why they did so:
23X EXExEXx3EX x4 in the E mode gives two
false fourths and two false fifths ; the substitu-
tion of 2§$4x$x ¢ in the upper tetrachord gives
all true fourths and only one false fifth [F-C].
It is also interesting to note that these intona-

tions of the practical musicians of Ptolemy’s
time show a complete avoidance of both major
and minor thirds, except in the tetrachord for
which the ditonal type was substituted !

3 Tannery suggests that this is the legacy of
some earlier theorist who wished to deny that
Aristoxenus’ quarter-tone was the smallest
melodious interval. It seems to me more likely
that he adopts here for the sake of uniformity
the principle of division by tripling the terms
(3e=43 =48 x4 =48 x£$) which gave him most
satisfactory results for his chromatics. The en-
harmonic was extinct in his day.
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marily dismiss the £§ interval that Archytas places in the lower position, and we
shall later see reason to relate it to other information we possess.

Diatonic.— As the chromatic nuances of Aristoxenus present points of particular
difficulty we will pass straight to the diatonic. If our interpretation of the enhar-
monic is correct it carries important implications for the diatonic. For us this
enharmonic has in the strict sense the 8irovos Auxavés. A comma higher comes the
lichanos of Archytas’ enharmonic. To this Aristoxenus refers, but does not take it
as one of his types, partly perhaps because he disliked the school of Archytas (he was,
by all accounts, a maliciously-minded person), more probably because he could not
reduce it to such fractions as seemed to him intelligible. The smaller intervals of
his system are the quarter- and third- tones; the interval of three-eighths of a tone
only enters it gué one and a half times the quarter-tone, and even in that nuance the
lichanos, the important note, is three-quarters of a tone above vwdry. He might have
represented the pycnon of Archytas by seven-twelfths of a tone, but he would not have
considered it yvdpiyov. However, that he did distinguish his own enharmonic from
that of Archytas shows that he was aware of the comma difference, and makes it
therefore unlikely that he would fail to distinguish a major from a minor tone if
he wished to represent a diatonic scale which combined the two, Actually the
varieties of diatonic in Aristoxenus are as follows:

(1) $+1+1 (100+199 +199). (2) 3 +§+ 1] (100+ 149+ 249).
(3) 3+ 1%+1(66+233+199). [And perhaps (4) §+ 13+1 (75+224+ 199).]

Let us set against them the evaluations of the mathematical theorists. (&) First we
have the scale of the Timaeus and the kavovikoi, which is also that of Eratosthenes and
Boethius and employed under certain circumstances by the professional string-players
of Ptolemy’s day: 258 x § x 2 (90 + 204 +204). (b) Didymus and Ptolemy (ovrovor)
both give us a diatonic consisting of major and minor tones and a major semitone.
Ptolemy’s is as follows: 1§ x § x 12 (1124 204+ 182); Didymus has the tones in
reverse order. (c) Archytas and Ptolemy (roviaiov) both have a diatonic containing
a septimal tone: 28 x §x 2 (63+231 +2o4.) (d), (¢) Ptolemy gives us two further
varieties, a soft diatonic: Z3x212x$ (85+182+231) and the curious duaddv:
12 x11x 10 (151+165+182). Now if we take Aristoxenus’ enharmonic as equiva-
lent to a pycnon of 28¢ plus a strict ditone, we are bound also to take his diatonic (1)
as the equivalent of the scale of the T4maeus ; for he expressly states that the lichanos
of the one is the parhypate of the other. Where then is that variety in the size of the
tones that we find in the other computations? Above all, where is the minor tone
(32) that we find in our own ‘just’ intonation? If nowhere else, do we not find here
a kind of ‘temperament’ in Aristoxenus, by which a perfect fourth consists of a major
semitone and two equal ‘tempered’ tones? This is the view of Tannery (/.c.), and it
is superficially attractive. But it is inconsistent even with such evidence as we have
in favour of ‘temperament’ in Aristoxenus. It is inconsistent with his view that the
tone is a magnitude that can be obtained by subtracting the fourth from the fifth,
Tone, ditone and semitone are all intervals which he believed could be found by the
process of Ajyis 8t oupdwrins, so that any tempering that was contemplated must
also apply to the consonances. The most that could be said is that he failed to dis-
tinguish, or turned a blind eye upon, the comma difference between major and minor
tones. The likelihood of this depends upon the general degree of accuracy shown in
all his computations; and judgement should thus be suspended until we have them
all under review. But at least the absence of variety of tones cannot be adduced as
evidence, unless the nature of Aristoxenus’ system is misunderstood. His nuances
are not exclusive but representative types. Quite apart from the soft diatonic (2), of
which consideration must be postponed, he does in effect admit a variety of diatonic
containing unequal tones.
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The intervals of his diatonic (3) are, expressed in cents, 66 +233 +199. Those
of Archytas’ diatonic (¢) are 63+231+204. The discrepancy is minute. It is
surely impossible to doubt that the diatonic Aristoxenus had in mind was that of
Archytas, and that it was in general practical use. Any doubt of its practicality
would be set at rest by the discovery that Ptolemy not only records it but regards it
as the most fundamental type of diatonic, and declares that the artists of his day only
used the other intonations in combination with it, a tetrachord of each. This, then,
is a most interesting fact about Greek music that alike in the fourth century B.c. and
the second century a.p. the Greeks used a diatonic scale containing septimal
tones (%)

There remains unmentioned by Aristoxenus the type (3), our ¢ just’ diatonic, the
advrovov of Ptolemy, with the variation of it that occurs in Didymus. If Aristoxenus
could speak of an enharmonic lichanos which, compared with the 8irovos Aixavds, was
pikpy ovvroverépa, he could equally well have spoken of a diatonic wapvrdry that was
similarly slightly raised. He does not, and various causes may have led him not to
do so. As in the case of the enharmonic, the resulting intervals cannot be expressed
in the fractions he favours; and there was no necessity for him to mention varieties
to him anomalous, unless he had either a point to make as in the case of diatonic (3)
or a grievance to air as in the case of the enharmonic. But perhaps it weighed more
with him that such an admission would have disorganized his theory of the loci of
lichanos and parhypate. To admit a lichanos higher than the lowest lichanos was
simple, but to have a parhypate wandering by however small an interval into the
locus reserved for Auxavol would never do. ' The loci might meet at a point but not
overlap. Thus, if he was aware of a kind of diatonic in which this took place, he
has suppressed it—or else it is impossible to extract any consistent sense out of his
doctrine. But it is not certain that our normal diatonic (or that of Didymus) was in
common use at that time, and it may well have been that when the citharodes had
turned their instruments to the ditonal scale the intonation to which they adjusted
them, if at all, was that which was obtained by slackening the wapvraroe:dh
only to obtain a septimal tone from the Aixavoe:d7. The evidence of Archytas is
strong. We must now see what bearing it has upon the even harder problems of the
chromatic nuances.

Chvomatic.—Aristoxenus gives three types: (@) palaxéy §+%+ 15 (66 + 66 + 366),
(8) Hpuodeov § + &+ 13 (75+ 75+ 348), (¢) Toviaiov § +4+ 1% (100 + 100+ 298); and we
may here consider also (4) the soft diatonic: }+2+1} (100+149+249). The
mathematical theorists give us two types in which the pycnon is a minor and a major
tone respectively. Into the first class fall : (i) Eratosthenes—29 x 13 x & (89493 +
316; (i) Didymus—34§ x 3§ x § (112+ 70+ 316) ; (iii) Ptolemy (padaxév)—33 x 1§ x §
(63+119+316). Into the second fall those xavovikoi who made the pycnon consist
of leimma + apotome, the latter being the difference between the tone and the leimma
(cf. Gaudentius, p. 343, Jan), the pseudo-Philolaus, who split the difference between
leimma and apotome without attempting a mathematical evaluation, and (iv) Archy-
tas: 2§ x 353 x §7 (63 + 141 +294).

Let us consider Aristoxenus’ (¢) first. Does its pycnon of a tone represent the
182 cents of Eratosthenes or the 204 cents of Archytas? The difference is less than a
comma in either case, but it is definitely nearer to that of Archytas. Further, the fact
that Archytas prefers the above formula with clumsy ratios that are not of the favoured
’%1 type to the simpler 2§ x 1£ x ¢ would seem to indicate that the major-tonal pycnon

was favoured in contemporary practice, But Aristoxenus differs from Archytas in
the division of the pycnon by giving it equal intervals.! His parhypate is that

1 The nearest approach to these equal semi-  Aristides Quintilianus, p. 117, Meibom, who
tones in mathematical dress is to be found in  divides the tone as follows: §=1§x .
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of the diatonic, so that, if that gavea leimma to hypate, it gave an apotome to lichanos
here. The difference is the ¢ Pythagorean comma’ of 24 cents. It seems likely that
this difference between two consecutive small intervals was neglected by, Aristoxenus,
while he was aware of a slightly smaller difference in two rival tunings of the same
string, comparison being obviously more difficult in the former case. This is the
nearest to equal division of the major tone that makes musical sense.! But we must
also call to mind that Aristoxenus regarded all the wapvrdrac above the enharmonic
as common to all chromatic and diatonic Aixavoi, and gave as an example of a
melodically satisfactory combination: (¢) 1+ %+ 14 (66 +133+299). Compare this
with Archytas’ chromatic: 63+ 141 4+294. The maximum difference is one of
8 cents, that is, practically negligible. Just, then, as we discovered Archytas’
diatonic in Aristoxenus’ scheme, so now we have also found his chromatic. This
agreement is surely very significant. We can hardly avoid the conclusion that in the
Toviafov xpopa also Aristoxenus’ tone is the major tone. Before we pass on to the
chromatics of lower lichanos, we may note that none of Aristoxenus’ evaluations
corresponds closely to the chromatics of Eratosthenes, Didymus and Ptolemy (soft).
I find it easier to believe that this reflects the practice of his time than that he either
failed to recognize the distinction between major and minor tones or deliberately
adopted a compromise between them.

There remain the two lower chromatics, (¢) padaxdy and () juiéAiov, and the soft
diatonic. I cannot pretend to solve the problems that arise when we try to interpret
them in terms of musical practice. I have, however, various suggestions to make.
The first point that is remarkable is the extraordinary closeness between the two
chromatics, which Aristoxenus yet thought it worth while to record as distinct types.
Even between the respective Auxavoi of (a) and (b) there is only a difference of 18 cents,
less than a comma ; that between the wapvrdrac is only half as much. We must,
however, keep in the forefront of our minds that Aristoxenus was not wedded to equal
division of the pycnon in the chromatic but regarded the various mapvrdrac as
common ; we must then examine all the values involved independently as well as in
combination.

First we should consider a theory advanced by Tannery in an article published
posthumously (¢ Sur le spondiasme dans I'ancienne musique grecque,’” Rev. archéol.,
1911, Vol. I, pp. 41-50=Mém. Scient. 111, 299-309). There he attempts to identify the
soft chromatic lichanos with that of Archytas’ enharmonic and the hemiolic lichanos
with that of the chromatic of Eratosthenes. Thus two-thirds of a tone represents 1,
three-quarters of a tone represents the minor tone 12; and it is pointed out that the
minor-tonal pycnon of the hemiolic type is very nearly one and a half times the
major semitone 1¢, There are then, in effect, only four upper intervals in enhar-
monic and chromatic nuances (31, §, &, 22), and the four types of Aristoxenus are
inaccurate interpretations of them. The conclusion would be a satisfying one if we
could feel it was honestly come by. But there are objections. In the first place the
hemiolic lichanos of Aristoxenus is one and a half times not his soft chromatic but his
enharmonic lichanos ; 182 centsis near enough to being one and a half times 112 cents;
but in the case of 182 and go the error is too great. That is to say, Tannery’s
interpretations of the two chromatics are mutually inconsistent, There are also
difficulties about each taken separately. The equation of two-thirds of a tone with
1¢ involves an error of about a comma; it therefore just doubles the true difference
between 22§ and 1. The equation of three-quarters of a tone with 22 involves the
still larger error of 32 cents. Further, whatever three-quarters of a tone means here,
it presumably means the same also in the soft diatonic, where it occurs as the middle

1 Similarly, the minor tone can be divided with it is the division of Didymus that gives the more
approximate equality, as by Eratosthenes; but convincing intervals.
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interval. The mathematicians give us two evaluations with a minor tone in this
position—Didymus’ diatonic: 1§ x1%2x $ (1124182 +204) and Ptolemy’s soft dia-
tonic: 23x%2x % (85+182+231). Aristoxenus’ 100+ 149+249 can scarcely be
intended for the former, since 100 cents absurdly misrepresents the difference
between the two tones.! The latter is more plausible, granted the error of 33 cents;
but we can find a closer parallel than this to Aristoxenus’ soft diatonic in Ptolemy.

Let us return to the soft chromatic of Aristoxenus. Its parhypate is a third-
tone above tmdry, its lichanos two-thirds of a tone. But with the interval of a third-
tone we are already familiar and have seen reason to equate it with the ratio of &
occurring in Archytas’ chromatic and diatonic. This would seem to be a fixed point.
But if we have found parhypate, we are far from finding lichanos. The nearest
interval to two-thirds of a tone that we can find among the mathematicians is Archytas’
243 But this gives us an incredible top interval for the tetrachord, consisting of the
combination of a minor tone, a major semitone and Archytas’ third-tone. The major
third is 20 cents larger, but must belong either to Aristoxenus’ enharmonic or to that
variant of it that is expressly distinguished from the chromatic. There is in fact no
musically probable interval that can be held to be represented by the top interval of this
tetrachord and yet distinguished from that of the hemiolic chromatic. I suggest that
Aristoxenus, favouring the equal division of pycna, and knowing his third-tone (%)
to be a true musical interval, assumed that by doubling it he could obtain a satisfac-
tory lichanos, and so produced a completely factitious nuance.

The hemiolic chromatic and soft diatonic alike contain the interval of three-
quarters of a tone, the former as pycnon, the latter as middle interval. The interval
is also known to us as owovdeaopuds, both from pseudo-Plutarch de mus. § 112
(Weil and Reinach) and from Aristides Quintilianus, p. 28 (Meibom). It was employed
apparently in the old Spondeion scale for the undivided ¢ pycnon’ in the upper (and
presumably also in the lower) tetrachord, instead of the semitone of the enharmonic
pycnon or lowest diatonic interval. Tannery, as we have seen, interprets this
three-quarter tone as the minor tone. But there is a musical interval occurring in
Ptolemy’s tetrachords that is far closer in value. Three-quarters of a tone is worth
148 cents, and the interval of 12 is worth 151. The latter occurs as the lowest inter-
val of Ptolemy’s épaddv Swdrovor. Whatever may be the truth about this peculiar-
looking tetrachord (1% x 11 x 12), it is unlikely to have been pure invention of Ptolemy,
and it would seem to have relation to the Spondeion. If the ‘lichanos’ of the Spon-
deion was 12 above the hypate,? did it remain so when in the course of develop-
ment the pycnon was divided? If so, into what intervals was it divided? These
questions cannot be answered with certainty. %% x 23 would merely give the familiar
fiction of equal division. The musical interval nearest in value to Aristoxenus’ three-
eighths of a tone (75 cents) is our own minor semitone 3§ (70 cents), which occurs as
the middle interval of Didymus’ chromatic, but it will not conveniently combine in a
tetrachord with an upper interval of 1. Perhaps we must here, as in the soft
chromatic, consider the validity of parhypate and lichanos separately, and regard the
intervals of a minor semitone and an undecimal three-quarter tone as both familiar to
Aristoxenus from actual practice, but their combination in a single nuance as factitious.

1 If Aristoxenus wished to represent this type
of diatonic and was taking 12 as three-quarters
of a tone, he was faced by a dilemma. Either
he must grotesquely exaggerate the difference
of the tones, as above, or, representing the major
tone, as usual, by his own whole tone, make the
lowest interval also three-quarters of a tone,
which is absurd.

2 The interval of %2 will not really square

with the account in Plutarch, which demands
the possibility of confusion between the upper
interval of the lower tetrachord (F-A) and the
combination of disjunctive tone and owordetacués
(A-C). 1% as omovdeiaonés makes these intervals
practically identical. On this point, and on the
Spondeion in general, I would refer the reader
to my article on ‘¢ The Spondeion Scale’ in C.Q.,
Vol. XXII, 1928.
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This same interval of the three-quarter tone occurs also in the soft diatonic of
Aristoxenus. This tetrachordal division assumes the possibility of dividing the fourth
into two equal parts, each 1} tones in size. The division of the fourth (%) into simple
ratios which comes nearest to this is $ x % (231+4267). Aristoxenus’ 1} tones (249)
lie exactly half-way between these two ratios. But it would be somewhat in favour
of equating the upper interval of his soft diatonic with % that elsewhere he appears to
represent Archytas’ § by the interval of 1} tones. On the basis of the above division
Ptolemy constructs two tetrachords, his soft diatonic 23 x 2 x & (85+ 182 +231) and
his odvrovor xpépa 22x12xZ (80+151+267). If we compare Aristoxenus’ soft
diatonic with these we find that in the former case, which sets three-quarters of a
tone against the minor tone (as on Tannery’s hypothesis), the maximum error is the
large one of 33 cents, in the latter it is less than a comma ; the middle intervals are
practically identical, the semitone, which in the enharmonic represented go cents, is
here 8o, the upper interval of 1} tones represents the septimal third . This last
interval shows a divergence of 18 cents, yet I hope to show that it is really the
strongest possible reason for equating Aristoxenus’ soft diatonic with Ptolemy’s
obvrovor xpépa.r For the part played by this septimal minor third in Greek music
has not yet been fully recognized.

The soft diatonic nuance of Aristoxenus is not the only place in Greek musical
theory where the interval of 1} tones is mentioned. Two theorists (both perhaps
depending ultimately on Aristoxenus) mention the term éBo)7j and define it as a
rising interval of five dieses, or quarter-tones, These are Aristides Quintilianus and
Bacchius. It is also mentioned, without definition, in pseudo-Plutarch, de musica.

(@) Aristides Quintilianus inserts between his accounts of Modulation and
Melodic Composition (p. 28) a brief description of three intervals, namely : ékAvous, a
fall of three dieses; omovdeiaouds, a rise of three dieses; and é&fBo)j, a rise of five dieses.
These intervals had to be employed, he says, by the ancients mpds 7ds Swpopis Tdv
appovidv. They were called wdfy r6v Siaoryudrov (whatever that may mean) owing to
the rarity of their employment. They are, then, connected in some way with the old
dppoviar,

(b) Bacchius §§ 41, 42 defines éxAvois and é&Bo)s) similarly, using the phrase dré
Twos $fdyyov dppovias, where dppovia might perhaps mean ‘scale,” though in the only
other place where the word occurs in Bacchius it means ¢ enharmonic.” (That he
illustrates the intervals from that part of the scale in which the tetrachords cvvyppévev
and Swlevypévov overlap is probably because this offered the only opportunity of
illustrating the interval of three dieses.) In an earlier passage, however (§§ 36, 37),
he definitely associates them with the enharmonic. After distinguishing between
‘standing’ and ‘movable’ notes, he adds to the definition of the latter class the
remark €8, &v 74 Swaomimata wdvra dvietar kal émitelverar wAjy Sbo. The catechism
continues. ¢ Which are these?’ ¢é&kAvois and é&Boly.” ¢ How is this?’ ¢ékAvousis a
fall in pitch, é&Bo)vj a rise in pitch.” ¢In what genus?’ ¢In the enharmonic and in
no other.’

(¢) The pseudo-Plutarch passage (§ 287) associates éxBolj and ékAvois with
Polymnestus and may ascribe to him their ‘invention’ (the reading is doubtful).?

1 If this equation is correct, we have the
interesting fact that the only type of chromatic
that Ptolemy found in practical use in his time
was actually regarded by Aristoxenus as diatonic |

2 kal Ty &Nvew kal iy éxBoNiy moNd uelfw
wewoupkévar @acly avrév. woNd pel{w certainly
makes bad sense, and Reinach brackets it as
concealing a marginal IloAvuvneTor or IloAv-
wroror and translates wewoupkévar by ‘il créa.’
But elplokw (or some compound) is usual in

pseudo-Plutarch of musical ¢inventions,’ and I
prefer Westphal’s hypothesis of a lacuna after
ékBolyy ; these accusatives then are constructed
with IoAvuriere . . . dvariféas: in the preceding
phrase. It is conceivable that, just as Terpander
is associated with the employment in melody of
Dorian vy, so Polymnestus popularized the
addition of D below an enharmonic E octave.
See below.
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It must be confessed that our authorities are unsatisfactory. Bacchius is very in-
coherent. Can any intervals except the fourths and fifths of the harmonic framework
(E-A-B-E) and the disjunctive tone be said to be independent of the movements of
the ‘ movable’ notes ? But it seems that he is trying to distinguish these intervals
from the normal mutations within the tetrachord. I believe that the clue to éxBoAs
at least is to be found in the disjunctive tone and also in the tone between vwdry and
the note a tone below vmdry (Aristides and Theo Smyrnaeus give us the convenient
term vrepvrdry). This interval is found combined with an enharmonic pycnon in the
old dppovia: described by Aristides (p. 21) and also in the Orestes fragment.! There
we twice find an instance of the progression P ®, namely from enharmonic rapvrdry
to diatonic Aixavds dmardy (or dmepvrdrn)—an interval, that is, of five dieses. These
tones, both, it will be noted, outside the tetrachordal variation, offer no clue to inter-
vals of three dieses; and orovdewaopds must certainly be associated, on the strength of
pseudo-Plutarch’s evidence, with the lower interval of the Spondeion trichord. It
will have been remarked that the intervals quoted from the Orestes fragment are falls,
not rises, of five dieses. Why is the term omov8eiacués limited to a #ise of three dieses?
If ékAvous is to be taken as its corresponding fall, it is thereby divorced from éxBols.
Was there no name for a fall of five dieses? It is hard to believe that the account
of these intervals has come down to us aright. It seems to me at least credible that
there has been a confusion here and that omovSeiaoués meant a rise ov fall of three
dieses and was associated with the Spondeion scale, while éxAvois and éxBols) were
respectively a fall and rise of five dieses.

However this may be, there is evidence (including that of an actual musical
document) for an interval of five dieses, called into being through the relation of the
enharmonic pycnon and a tone (unaffected by the genera) lying immediately below
it. Now, the employment of such an interval may or may not have been rare, as
Aristides says; but in any case it is likely that it was some comparatively simple
musical interval and not the result of a haphazard approximate splitting of a semi-
tone. Indeed such an interpretation of the enharmonic pycnon is only possible if we
imagine the pesdéruxkvor to have been employed merely in relation to the extremes as
a ¢ Durchschleifen durch das Intervall,’ as Westphal puts it. It is one of the great
values of the Orestes fragment for us that it shows us that this was not so. Now,
there are only two intervals smaller than the major semitone (}§) which will make
with the tone below a satisfactory interval. One is %, which makes with the major
tone (%) the septimal tone (£). But this is smaller (27 cents) than any interval
which we can postulate for Greek music.2 The other is 2#, which with the tone
makes the septimal third Z.

Perhaps we can now see why Archytas selected 2% to give the common parhy-
pate of his three genera. As Tannery points out, to understand his ratios it is
necessary to consider not only the typical tetrachord (E-A) but also the tone below
(D-E). For he obtained his enharmonic lichanos by dividing the fifth (D-A) into

1 It is found also in the second Delphic Hymn,
but there the pycnon is more probably chro-
matic.

2 This interval is the difference between the
septimal tone (§) and the major tone (§). It
plays an important part in the theories of Dr.
W. Perrett (Some Questions of Musical Theory,
1926 and 1928). Though I find difficulty in
accepting them in detail, I believe with him that
the Greeks used intervals strange to us with
precision. They can scarcely, however, have
used so small an interval as 27 cents. It is
possible that the aulos-player, who could control

the intonation at will, varied the pitch of the
enharmonic parhypate according as it was em-
ployed in relation to hypate or to hyperhypate.
If then in the course of the same piece he made
the interval between hyperhypate and parhypate
that of § and also employed the lichanos of
Aristoxenus, a leimma above hypate, he would
in effect be employing two notes distant only
by $%4. Procedure of this sort might also have
led Aristoxenus to evaluate ¥ (=%x$%$) as 1}
tones (see p. 207), which an interval of § (=§ X §$)
between hyperhypate and parhypate would not
do, as that he elsewhere equates with 1} tones.
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£ x % ; and, having fixed his diatonic lichanos a major tone from A, he divides the
fourth (D-G) into § x § and so finds his common parhypate a septimal third above D
and the interval of 28 above E. This was no mere mathematical trick. If we are
to believe the evidence, he was making a genuine attempt to interpret the actual
facts of music, and the criticisms of Ptolemy arise in part from Ptolemy’s ignorance.
Archytas is in a fair way towards being justified in every department. His diatonic
and his chromatic are found to square with tetrachordal divisions admitted melodious
by Aristoxenus. His enharmonic lichanos appears to be that higher enharmonic
lichanos that so roused Aristoxenus’ ire, while now his parhypate is seen to give
with the dwepurdry (or, in the upper tetrachord, with péey), an interval which may
have been of great importance in the genuine enharmonic music of ancient Greece
(an interval which, it may be added, is produced also by his diatonic, which is
also Ptolemy’s staple diatonic ; it is thus the only type of third which occurs freely
in the lyre and cithara scales of Ptolemy). Finally, we may add that what is
Archytas’ justification is also perhaps the explanation of a peculiarity of the notations
that has often been remarked, the fact that parhypate in all genera, including the
diatonic, is indicated by the same alphabetic sign.

An obvious inconsistency will have occurred to the reader. 'Exfo)1 is evaluated
at five dieses. Similarly the highest interval of the soft diatonic of Aristoxenus is a
tone and a quarter. Ihave been interpreting this as equivalent to the interval of the
septimal third (3), which occurs in Archytas’ system as the product of a major tone
and the small septimal semitone (28). But in the discussion of the chromatic and
diatonic nuances this same semitone has been taken to be equal to Aristoxenus’
third-tone. The distinction is small, whatever Aristoxenus meant by his quarter-
tone, but still Aristoxenus makes it. In strict consistency, then, § should appear in
Aristoxenus’ system as 1} tones. He should, for instance, have evaluated his soft
diatonic : £ +$ + 1}, which would then have corresponded exactly with Ptolemy’s
abvrovov xpopa. To this may be replied that he would not countenance % in his
scheme any more than 4 for the higher enharmonic pycnon. To the contention that
he ought to have evaluated the é&So)+ as 13 I can only reply that he was determined
that his enharmonic should have quarter-tones, that he knew the éfBoA:) was an
enharmonic interval, that he hoped and believed it was represented by a tone plus
his enharmonic diesis, and that he was convinced that the lowest interval of a tetra-
chord was never larger than the middle one.

If we can, then, equate Aristoxenus’ soft diatonic with Ptolemy’s alvrovor xpbpa
with a high degree of probability, does Ptolemy’s own soft diatonic, 2§ x*2x 3
(85+ 182 +231), find no reference in Aristoxenus? Not, clearly, in his system of
nuances. But there is a difficult passage in pseudo-Plutarch de mus. (§§ 394-407)
which I think provides a mention of it. The speaker (and his authority is almost
certainly Aristoxenus), answering the objection that the enharmonic quarter-tone,
which he is defending, cannot be obtained by means of the consonances, turns the
tables on his opponents by remarking that this objection applies equally to the
intervals also which consist of an odd number of dieses. Now, they themselves
prefer to employ tetrachordal divisions in which the intervals are for the most part
either odd or irrational ; for they are continually lowering (paAdrrovot) the Aexavol and
wapavijrae. (The continuation raises a fresh problem of considerable difficulty which
is not relevant here.) In what genus did this lowering of lichanos take place? Not
in the enharmonic, for it is the raising of lichanos that he cavils at there. More
likely it is in the diatonic. The odvrovov diatonic for all theorists except Ptolemy
has as its upper interval a major tone. The popular tendency was to lower the
lichanos and produce a ¢soft’ diatonic. This could be done in two ways, by substi-
tuting for the tone () either the septimal tone (§) or the septimal third (3). In the
latter case there resulted what Ptolemy called a odvrovov chromatic and Aristoxenus
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a ‘soft * diatonic, of which the two upper intervals were three and five dieses, that is
to say wepirrd. In the former case there resulted Ptolemy’s ¢soft’ diatonic. Now
the highest interval of this is in Aristoxenian language 1} tones, and this is an
irrational interval (on any possible theory of that debatable term which is consistent
with the evidence of the fragment on Rhythm).!

This article must have seemed to the reader a mass of hypotheses, some more
plausible, some less. No one is more conscious than the writer of the number of
loose ends that remain. This was inevitable in dealing with such an unscientific
author as Aristoxenus. But it seemed to me worth while to attempt to extract
musical sense from his simple arithmetic; and in some cases, notably his implied
admission of the diatonic and chromatic of Archytas, the sense appears to be so good
that it creates a certain presumption that his other dicta are not wholly nonsensical.
The acceptance of Archytas’ ratios means in effect the acceptance of the seventh
harmonic as an important element in Greek music. What is more likely to provoke
opposition is the use of the eleventh harmonic to explain the three-quarter-tone
interval (the musical probabilities are hard to estimate); and some may prefer,
despite the difficulties I have mentioned, to find in it the minor tone and so equate
the #uéhiov xpdpa of Aristoxenus with the chromatic of Eratosthenes, his soft
diatonic with Ptolemy’s soft diatonic. In any case the absence of this latter interval
from the above interpretation of Aristoxenus’ nuances is a serious matter. Rather,
however, than find it in the three-quarter-tone, I would believe that it has been lost
by attempting to ascribe too great accuracy to the author. The rovwiov xpbpa is a.
crucial case. Evaluated in cents it comes closer to the type with a major tone in the
pycnon than to that with a minor tone. But it must be noted that twice Aristoxenus’
leimma-semitone is almost exactly a minor tone. It is conceivable that the upper
interval of this tetrachord may represent not only 22 but §; that in the latter case its
pycnon may, on the principle of common wapvrdra:, have been divided into a major
and a minor semitone (though on Aristoxenus’ principles it would have been in the
reverse order to Didymus). It is conceivable that he intended his oévrovov diatonic
to represent either the ditonal diatonic or that with a major and a minor tone
(probably in Didymus’ rather than Ptolemy’s order). He may in either case have
disregarded the difference of a comma. But I have already stated why I find it
hard to believe that the theorist who was agitated by the raising of the enharmonic
lichanos by that interval (and how else can the gvvrovwrépa Aixavés be interpreted ?)
disregarded that difference everywhere else. I could believe more easily that he
deliberately banished the minor tone from his system along with the major semitone
because he could not express them in simple enough fractions, because they were
associated with the enharmonic lichanos he deplored, because they disarranged his
theory of the loci of parhypate and lichanos. It may even be the case—and this
hypothesis would save both the appearances and the reputation of Aristoxenus—
that the minor tone was not in fact an interval in common use in this period of Greek
music; that the harsh thirds of the ditonal scale, which were sweetened in the
enharmonic by substituting the major third, were habitually modified in the diatonic
by an alteration in the other direction to give the large septimal third (§ =% x §).

However that may be, the chief service of Aristoxenus’ account of the genera
seems, on examination, to be the confirmation of Archytas.

R. P. WINNINGTON-INGRAM.

TriniTY COLLEGE, CAMBRIDGE.

1 Aristoxenus’ remarks upon the lowering of as 4% and 1} of a tone, and would thus both be
lichanos here and his polemic against its raising  irrational. It would be possible to fill up the
in the enharmonic combine to show the primary  tetrachord also with 3§ x §, that is to say §+1,
importance of this string in determining genus intervals more familiar to Aristoxenus. But
and nuance. As for the two lowest intervals, this has no independent support.
those of Ptolemy’s tetrachord might be expressed
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